Chem. 108

Aldehydes and Ketones

Chapter 9



Aldehydes and ketones are simple compounds which contain a
carbonyl group (a carbon-oxygen double bond).

aldehyde ketone
0, ;
T N N =Y
carbonyl group H H R H R R
R can be Ar

Some Common Classes Carbonyl Compounds

Class General Formula Class General Formula
1 |
ketones R—C—R'’ aldehydes R—&—H
I 1
carboxylic acids R—C—OH acid chlorides R—LC—Cl
I I
esters R—E—0—R’ amides R—C—NH,




Aldehydes

RCHO or RCH=0
Nomenclature

Common Names

» Use the common name of the carboxylic acids.
» Drop -ic acid and add -aldehyde.

= ] C: formic acid formaldehyde
= 2 (C’s: acetic acid acetaldehyde
= 3 (C’s: propionic acid propionaldehyde

= 4 (C’s: butyric acid butyraldehyde.

oY



Structure IUPAC name Common name Structure IUPAC Common name
HCO,H methanoic acid formic acid HCHO methanal formaldehyde
CH;CO,H ethanoic acid acetic acid CH;CHO ethanal acetaldehyde
CH;CH,CO,H  propanoicacid ~ propionic acid CH;:CH,CHO  propanal  propionaldehyde
CH3(CH,),CO,H  butanoic acid butyric acid CH3(CH,),CHO  butanal butyraldehyde
CH;(CH,);COH  pentanoic acid valeric acid CH;(CH,);CHO  pentanal valeraldehyde
CH;3(CH,)sCO,H  hexanoic acid caproic acid CH3(CH,)sCHO  hexanal caproaldehyde

» Substituents locations are given using Greek letters

(o, B, v, 0) beginning with the carbon next to the carbonyl carbon.

5 4
C—C—C—C
O v B «

0
CH,CHBrCH,C—H

B-bromobutyraldehyde

3 2

OH

CH,CHCH,CH,C -H

y-hydroxyvaleraldehyde

0 0
H,C -H

a-phenylacetaldehyde



[UPAC System

= Select the longest carbon chain containing the carbonyl carbon.

* The -e ending of the parent alkane name 1s replaced by the suffix -al.

* The carbonyl carbon 1s always numbered “1.” (It 1s not necessary to
include the number 1n the name.)

0 OH 0 0
CH,CHBICH,C-H CH,CHCH,CH,C -H CH,C-H
4 3 2 A 5 4 3 2 1 2 1

3-bromobutanal 4-hydroxypentanal 2-phenylethanal



» Aromatic aldehydes are usually designated as derivatives of
the simplest aromatic aldehyde,

Benzaldehyde
CHO
Benzaldehyde
H o) o) H
OH
NO :
| ? Salicylaldehyde
m-Nitrobenzaldehyde

(o-Hydroxybenzaldehyde)

3-Nitrobenzaldehyde 2-Hydroxybenzaldehyde

[



Ketones

RCOR’ (R and R’=alkyl or aryl)
Nomenclature

Common Names

The common name for a ketone 1s constructed by adding ketone to
the names of the two alkyl groups on the C=0O double bond, listed in
alphabetical order.

[UPAC System

= Select the longest carbon chain containing the carbonyl carbon.

= The -e ending of the parent alkane name 1s replaced by the suffix -one.

= The chain 1s numbered in such a way as give the lowest number to the
C=0 group.

[ [ A%
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Dimethylketone Diphenylketone Methylphenylketone
aceione Benzophenone acetophenone
2-Propanone diphenylmethanone 1-Phenyl-2-ethanone
O
] 0 i
CHs— C—CH—CH, ~
] \)J\ CH,CHyC— |
CH, \_—

isopropyl methyl ketone Methyl vinyl ketone  Cyclopentyl ethyl ketone
3-Methylbutan-2-one 3-buten-2-one 1-Cyclopentyl-1-propanone

Va

Cyclobutanone

oA



» On a molecule with a higher priority functional group,
C=0 1s oxo- and -CHO 1s formyl.

» Aldehyde priority is higher than ketone

» Carboxylic acid priority is higher than aldehyde

CHO

3 ( O
|
O 5 6 OH

3-Methyl-5-oxohexanal 2- formyl benzoic acid



hn

6

2- 1,3- dihydroxypent-4-yn-2-one
4-amino-3-isopropyl-2-hexanone pentenal ydroxyp )

O O
O“ M
OH
2,4-pentadione
3-Ethyl-2-hydroxycyclohexanone 5-hydroxy-2-cyclohexenone



Physical Properties of Aldehydes and Ketones
\ >
C=0 sp? 120°

/ Tt
52
/
Carbonyl compounds are polar, containing a dipole
along the carbon-oxygen double bond.

W , ol*l 5@
=0

v

This creates weak attractive forces between carbonyl compounds,
but these attractions are not as strong as those that result from
hydrogen-bonding.



1. Boiling Points

More polar, so higher boiling point than comparable alkane or ether.
Cannot H-bond to each other, so lower boiling point than comparable
alcohol.

CH,CH,CH,CH, CH,—O—CH,CH,

butane methoxyethane
bp 0°C bp 8°C
| 1
CH,CH,—C—H CH,—C—CH, CH,CH,CH,—OH
propanal acetone 1-propanol
bp 49°C bp 56°C bp 97°C



2. Solubility in water

» Carbonyl compounds can not hydrogen-bond to each other, but
they can hydrogen-bond to water through the carbonyl oxygen.

» The lower aldehydes and ketones are soluble in water because
they form hydrogen bonds with water.

» Aldehydes and ketones with more than six carbons are essentialy
isoluble 1n water.

» The higher aldehydes and ketones are soluble in organic solvents
such as; benzene, ether, and carbontetrachlorid.

O O
O U
o/ ){3 " 3P 0

H B HH
50 50

| g O
7 7
H



Preparation of Aldehydes and Ketones
1- Oxidation of Alcohols

» Oxidation of alcohols gives different products depending on the class of
alcohols that 1s oxidized and on the kind of oxidizing agent that is used.

» Oxidizing agent:

Very strong: KMnO,/H"/ A

Strong:
Mild:

Primary alcohol

Secondary alcohol

KMnO,/OH- or H,CrO, or K,Cr,O,/H"
CrO; /pyridine or Cu/300 °C

OH O O
(|J - (”3 = g H
R/ “H R™ H R™ Yo~
H
An aldehyde A carboxylic acid
OH O
é [O] llj
R/ “H R™ DR

R 1]
A ketone

®\¢



Tertiary alcohol OH

| [O]
L > NO reaction
RR'/ R" Mild or strong oxidizing
OH O O
(|: O] > g y) H
AN A
RR'/ R"  very strong oxidizing R R R™ o~
A ketone A carboxylic acid
Examples:
CH
| [O] .
CH;CCH; > No reaction
H Mild or strong oxidizing
t-butyl alcohol
CH
. KMnO,/ H*/ A |
CH;CCH;3 > Hy(—C-CH; + HCOOH
H

Acetone Formic acid



Examples:

with mild oxidizing agent

Cu or CrOs3/ pyridine
: o

Ethanol Ethanal
Acetaldehyde
with stronger oxidizing agents
H:C.I'g(_)jr ?H
CH,CH,OH > CH7—C=0
Ethanol Acetic acid
OH 0O

| 0 [
H,o—C-CHy 9L o (e,

2- Propanol Acetone il



2.0 lysis of alk
Rl ot O1 aIKCNCs Oxidation of alkenes by ozone O,

N [nert solve « arrangement
>C=C\ + ()3 nert solvent N %{ J\ nealrdngemen> /K
T
0 )}) -0
N

An ozonide
(not 1solated)

Ozone Molozonide
Unstable intermediate

B bo - ol
N + H,0 —= R_&=() + =0

—0

An ozonide

aldehyde ketone

The ozonolysis reaction can be summarized by the following equation:

K/c C/R (1) O, R
R N1 (2)Zn, HyO =0 + O_{<H

u’\/\.f\/\/‘lb/\/\/\/‘



Examples:

H,CH CH,CH;,
k- (2) Zn, H,0 H

Methanal Propanal

CH:‘>C C/CH3 (1) 0 ;} 0 + O:<
\H (2) Zn, Hy0 2 equivalents of:
Ethanal
3
S (o, o
CH (2) Zn HzO
3

Cyclohexanone Pmpdnone

O

M+ 1) O; |
0 N7, H20> H—C— CH,CH>—C—H

@A



3.Hydration of alkynes: Addition of water

O
R R | «—— carbonyl group
H,O N R. C
R—C=C-R ﬁ» =G < ¢ R
Hoso,  H OH H H
go%4 less stable enol ketone
Markovnikov addition H,O has been added.
& o=
2 R
o ~cl oj el
| TH |
H
L keto enol B

keto—enol tautomerism

@14



Examples:

o)
mo | St CHa_ €.
CH;—C=C—CH; ——— C=C — G~ “CHg
H2SO4 H/ \OH H/ \H
HgSO, enol
H  CH, 0
-C=p-Cl, e o=d = N5
a 3 80, | K _ R s
H OH H H
HgSO, enol Dinfct};tyclnf:tone
H
H,S0 |
H—C=C-H + H,0 ———| H—(=C—H|— H—C—C—H
2Y THgS0, ] ]
_ H O
H OH
Acetylene Acetaldehyde

° oy,



4- Friedel-Crafts acylation

The reaction involves treatment of an aromatic ring with
an acylchloride 1n the presence of AICl;, which acts as a catalyst.

O O
| s \
Example:
0 (’)
AlCl,
Propionyl chloride Ethyl phenyl ketone

{ oV



Reactions of Aldehydes and Ketones

Nucleophilic Addition Reaction to the carbon-oxygen double bond.

+
C 0 3
sp “ . SP Nu

1. Addition of metal hydrides: Formation of alcohols.

tetrahedral .
1 Lo & "0: alkoxide :cl):
I

< T T
tH™ H;0%
/C\/\ * IS SN - O
/7 H / H
A carbonyl An alkoxide ion An alcohol
compound intermediate

{ oYY



Reduction by hydride reagents, Lithium aluminium hydride LiAlH,
or Sodium boron hydride NaBH,.

o OH
] .
H/C\ o 1) LiAlH,/ dry ether or NaBH, H_(l_‘_H Methanol
+
Formaldehyde 2) H;0 H
0 OH
/él,\ 1) LiAlH,/ dry ether or NaBH, H_ G—H 1° slcohal
dehyge | D HO | '
Aldehyde R
O OH
g‘ 1) LiAlH,/ dry ether or NaBH, |
~U~ 4, H—C—R' 2°alcohol
R R 2) H3O+ | 1lcoho
Ketone R

. oYY



Examples:

O
/\(l-l/H 1) LiAlH, / dry ether or NaBH, /\CHE/OH
2) H;0"
Propanal [-Propanol

1) LiAlH,/ dry ether or NaBH,
O > OH
2) H,0O"

Cyclohexanone Cyclohexanol

[ AR



Examples:

\/\/\O 1) LiAlH, / dry ether or NaBH, =\ 7"\

2) H;07 OH
3-pentenol

3-pentenal
Catalytic Hydrogenation
\/\/\O JH,/Pt NN
g OH
3-pentenal | -pentanol

o @Yo



2. Addition of Grignard Reagents : Formation of alcohols.

Grignard formation

o= o+
R—X + Mg — R—DMgX R = 1°, 2°, or 3° alkyl, aryl, or vinylic
X =ClLBr,orl
A Grignard reagent
| N
1. RMgX, ether M oX
/C\ 2. H::()' ,,/C\ + HO:\[b)\

R

{ [ Al



Formaldehyde reaction

A~ MgBr O _~_ CH,OH
‘l 1. Ether solvent [
' + H=C—H T 4o >
Cyclohexylmagnesium Formaldehyde Cyclohexylmethanol
bromide (a 1° alcohol)
Aldehyde reaction
(|3H3 (”) " MoBr (|3H3 (I)H
AP / N\
CH,CHCH,CH + | | o *%, CH,CHCH,CH— )
- G \—/
3-Methylbutanal Phenylmagnesium 3-Methyl-1-phenyl-1-butanol
bromide (a 2° alcohol)
Ketone reaction
OH
O _—
1. CH4CH,MgBr, ether _ CH,CH;
2. H;0" g
Cyclohexanone 1-Ethylcyclohexanol

(a 3° alcohol)

YV



3. Addition of Hydrogen cyanide: Formation of cyanohydrin.

O OH
R Hor R =< = R H or R'
CN
aldehydes or ketones Cyanohydrin
Examples:

) OH

| HCN |
CN

Benzaldehvde Benzaldehyde cyanohydrin
7 HO CN
HCN _

o Cyclohexanone Cyclohexanone cyanohydrin ® YA



Cyanohydrins are very useful because the CN group can be converted to
other functional groups.

(i)H
1) LiAlH,/ dry ethe; —H
2) H,0* |
OH CH>NH,
@‘(;’—H 2-Amino-1phenyl-ethanol
N OH
o H,0" |
> C—H
heat |
COOH

2-hydroxy-2-phenylactic acid

{ [ AR



4- Nucleophilic Addition of Alcohols:

A) Formation of Hemiacetals and Acetals

II:I} T‘H
R—C—H + ROH —H—~ p_c_0or
H
An Aldehyde An alcohol A hemiacetal
TIH (l)l{"
. ‘|L —OR' + R"OH HIGWIL g QR
! )
A hemiacetal An alcohol Acetal
Example:
P O OH )CH;
. ”. . H™ . | ) H (anhyd.) j -
| CH;0H R :
H H
Ethanal Methanol I-Methoxyethanol 1,1-Dimethoxyethane

e (A hemiacetal) (An acetal)

oy,



B) Formation of Hemiketals and Ketals

O OH

| +

R"
A Ketone An alcohol A hemiketal
OH ?R
+ :
R—C—OR' + pwoy —H@vdl . - o
R" -
A hemiketal An alcohol ketal
Example:
: ?CH3
CH;—~C—CH, + 2CcHoH _HTanhyd)

- = (.‘IIB—(_‘—()CH:;

CH,
° ketal o



5- Addition of Ammonia and Ammonia Derivatives

A) The Reaction with Hydroxylamine

R R

------ +

C:CO + H',INOH —) \CzNOH " H’)O

R' (H) ------ Rl (H)
Hydroxylamine Oxime

B) The Reaction with Hydrazine

R R

----- +

CIO + HquNNH2—> “C=NNH, - H,0

R () R' (H)

Hvdrizine Hydrazone
o : oYY



C) The Reaction with Ammonia NH,

R\ ‘ R
%() + Nl—bi, \C=NH
R (H)/ R (H)/
Imine

[ ] oYY



Chem. 108

Saturated Hydrocarbons:
Alkanes

Chapter 2



Hydrocarbons

Aliphatic

Straight
chain
o

saturated

unsaturated

| Alkane
" cycloalkane

| Alkene
| cycloalkene

. alkyne
cycloalkyne



General Molecular Formula of Hydrocarbons
(Homologous Series)

Alkanes CH, ., Saturated

Cycloalkanes | C H, (containing a single ring)
Alkenes C. H,, (containing one double bond)
Alkynes C.H,, , (containing one triple bond)

oY



Alkanes

CH, ., Saturated

-dne

Names, Molecular Formula and Structural Formula of the first Ten Alkanes

Carbon Name Molecular Structural
Formula Formula

1 Methane CH, CH,
2 Ethane C,Hg CH,CH,
3 Propane C;Hg CH,CH,CH,
4 Butane C,H,, CH,CH,CH,CH,
5 Pentane CH), CH,CH,CH,CH,CH,
6 Hexane CHy, CH,(CH,),CH;
7 Heptane C.-Hq CH,(CH,);CH,
8 Octane CgH ¢ CH,(CH,),CH,
9 Nonane CoH,, CH,(CH,),CH,

0 10 Decane C,oH», CH,(CH,)sCH,

o



Structural Isomerism

structural i1somers:
compounds with identical molecular formula and
different structure

Examples:

CH3CH3CH3CH3 CH3CHCH3 or (CH3)3CH

C4HIO CH;
n-Butane isobutane
CH;
CH3;CH,CH>CH,CHs CH;CHCH,CH3 CH3CCH;
CHs CH3
CSHIZ .
n-Pentane 1sopentane Neopentane



Alkyl Groups

Classes of Carbons and Hydrogens :

10 20
Primary carbon ~ Secondary carbon N
H -
H—(|:-— c—?—
H H
Primary alkyl group Secondary alkyl group
quaternary tertiary

N

CH,—C—CH,—CH—CH,

| |
CH, \ CH,

. Secondary

(:n}{2n+1

30
Tertiary carbon ~
]

c—cl:—'-
H

Tertiary alkyl group

Primary

[



| Alkyl Groups

1,1-dimethylethyle

-ane —> -yl Ethyl CH,CH,-
n-Propyl CH,CH,CH,-
' 1
PO CH;CHCH;
1-Methylethyl
sec-Butyl
or CH;4 CHz(leCH3
1-Methylpropyl
isobutyl
or (|3H3
2-Methylpropyl H;C-CH—CH,—
tert-Butyl Hs
or H;C— (lj—

CH,

(%



The IUPAC System of Nomenclature

1. Identifying the parent hydrocarbon chain  (the longest one)

2. Numbering the chain  (starting at the end that a side
chain is nearer from )

3. Listing the side-chains before the of parent chain

(in alphatbetical order, giving the number of the carbon
atom of the parent chain)

7 6 5 4 3
CH;CH,CH,CH, (H(H
6 5 4 3 2 1

CH;CH,>CH,CH,CHCHj > CH,

|
(,”_: | (H:

2-Methylhexane 3-Methylheptane

oA



CH;
CH;,CH—(I‘—CHCHzCH_«,
i,
&,
3-Ethyl-3-methylhexane

(l"H_;
CH;CH=—CHCH; CH.:%‘HCH(I‘HCH;
N B
CHy CH, CH;  CH;

2,3-Dimethylbutane ~ 2,3,4-Trimethylpentane

6 5 4 302 |
H;C—(I’H—CHE-%"H'(I‘H-CH;,
CH, CH; CHy
2,3,5-Trimethylhexane
(not 2,4,5-Trimethylhexane)

CH;CH—CH,—CHCH,CHj

[
CHs, $k5
CH,

4-Ethyl-2-methylhexane

2,2.44-Tetramethylpentane

7 6 5 4 3 2 I
CH_«,CHf_,—CI’H—‘(I‘H—(l‘ H-(l‘H—CH-;,

CH,4 (I’Hg CH; CH;4
|
CHj
2,3,5-Trimethyl-4-propylheptane
(four substituents)

@1



If any other substituents are found on the parent chain, all
these substituents are arranged alphabetically.

-NO, nitro
- NH, amino
-CN cyano

- C1 Chloro
-Br bromo

- I 10do

YV V VY V VYV V



Examples: CH:

|
CH,CHCHCH,CH; CH;CH,CI
Cl Chloroethane
2-Chloro-3-methylpentane Ethyl chloride
Gr
H3C_(|3_Br CH3CH2(|3HCH3
CH; Br
2-Bromo-2-methylpropane 2-Bromobutane
fert-Butyl bromide
1
CH3TCH2BT
CH;

1-Bromo-2,2-dimethylpropane
. Neopentyl bromide

CH3 CH2CH2BI'

1-Bromopropane
n-Propyl bromide

CH,

isobutyl chloride

1-Chloro-2-methylpropane



Physical properties of alkanes

A Physical States and Solubilities

C,-C, colorless gases
Cs-Cy7 liquids with characteristic odor

C,, and more odorless waxy materials

Alkanes are nonpolar compounds. Thus alkanes are soluble in
the nonpolar solvents such as carbon tetrachloride (CCl,) and
benzene (C Hy), but they are insoluble 1n polar solvents such as water.



B Boiling Points

The boiling points of the normal alkanes increase with
increasing molecular weight.

Branching of the alkane chain lowers the boiling point.

180

Example:

160

o
CH;CH,CH,CH;  CH;CHCH,

140

n-Butane Isobutane
(bp = 0°C) (bp=-12C)

Boiling point,” C (1 atm)

C Melting Points

Generally, melting point increases as molecular weight
icreases, but with no particular pattern.



Preparation of alkanes
(1) From Alkenes & Alkynes

Catalytic Hydrogenation

Pt. Pd. N1, or Rh | I
>

N
C=C + H—H
/7N

(CHy),C=CHCH; + H, —> (CHs),CHCH,CH,
2-Methyl-2-butene ~ Hydrogen 2-Methylbutane (100%)

R,Pd, N, «

RC=CR' + 2H, > RCH,CHR'
Alkyne Hydrogen Alkane

CH.CHCHCHC=CH + 2H, —> CH,CH,CHCH.CH,CH,

CH, CH;
4-\161]‘1\” ,hexyne Hydmgen 3-.\'Iethylhexane (77%)



| (2) From alkyl Halides
A) Reduction of alkyl halides

R—X + Zn + X ——> R—H + ZnX,

HC=CH-ClCHCHy + 220+ 261 ——> HC~CH-CHy ClCHy +Zal Z1Br
|
CH, Br CH,

3-Bromo-2-methyl-pentane 2-Methyl-pentane

B) Hydrolysis of Grignard Reagent

R _él —X %n- R —él —Mg—X
an alkyl halide a Grignard reagent H3C_CH2'(|:H_ CHZCHzBI’ + Mg H3C—CH2.(|:H_ CH2CH2MgBI‘
é é CH, CH;
RoqMe—% o ROGTH * MEORT ) Bromo-3-methyl-pentane Grignard reagent
alkane H2O

H3C . CH2 (EH“ CHZCH3
CH;
@)°
3-Methyl-pentane



C) Wurtz Reaction

2R—é|—>{ Na R—&l—él—lz + 2NaX

S}?lrf;rf;ical 2 CH;(CHysCHyBr + 2Na —» CHy(CHy)CH; + 2 NaBr

[-Bromo-pentane Decane

D) Corey-House (Gilman reagent)

R—X -1 s R_ILi + LiX

R
sR—13 <X o >:u—1.i + LiX
R

an organocuprate

{Gilman reagent)
R CH;
Cu—Lli + R'-X —= R—R'+ R—Cu + LiX |
R H3CH2C_CH
. + CuCl AN .
HyC—CHy=CH—CHy + 2Li = HyC—CHy~CH—CH, — > JCuti
-Li
2-Chloro-butane Secbutyllithium |
cH

- LiBr
+ 2C5H11Brl - CuBr

2 H3C i CH2 - (EH— CH2CH2CH2CH2CH3
o CH, ®)1
3-Methyl-octane



Reactions of alkanes
(1) Halogenation

heat or light

R—H + X, » R—X + H—X (X=Cl,Br)

(2) Combustion

CoHopso  + (3n2+1)02 — nCO; + (n+1)H0

CI‘L; + 202 —_— CU_‘; + EH:}U

Methane Oxygen Carbon Water
dioxide

(CH;),CHCH,CH; + 80, —— 5CO, + 6H,0

2-Methylbutane Oxygen Carbon Walter
dioxide

o\Y



Selectivity in Halogenation Reactions

C
CH3CH2CH3T}2H> CHyCH,CH,Cl +  CH;CHCH,8
Cl
45% 55%

cl
'CH3CH2CH2CH3FIZH> CH;CH,CH,CH,Cl + CH;CH,CHCH,

Cl
28% 72%

CH; CH; CH,
Cl
CH;CHCH,4 Tﬁt» CH;CHCH,Cl  + CH3(|?CH3

Cl
64% 36%
BI'Z
H,CH; —————> CH;CH,CH,Br + CH;CHCH
CH;3CH,CH3 light, 127°C 3CH,CH,Br 3 3
Br
3% 97%
Br,
CH,CH,CH,CHy ——2—» CH,CH,CH,CH,Br + CH3;CH,CHCHj;
light, 127°C |
Br
2% 98%
CH; (IjH3 CH,
Br
CH;CHCH; ——2—» CH,CHCH,Br + CH;CCH,
light, 127°C |
Br
trace over 99% @A




C H

n

2n

Cycloalkanes

H—CHZ— CH,—CH,— CH,— CH,—CH, —H

(:nI12n+2

containing a single ring

CH,
—~ X
CH, @5l
- S | |
CH, CH,
S -
CH,
—
(:nIIZn



Nomenclature of Cycloalkane

cycol-

A O O

Cyclopropane  Cyclobutane  Cyclopentane  Cyclohexane

CHyCH3 CH,CH
CHs ff

methylcyclopentane ethylcyclopropane ethylcyclobutane
,:ji/ Ol:/
1 2

-not-
I-Ethyl-2-methylcyclohexane 2-Ethyl-1-methylcyclohexane



CHs

3 CHjz
4

1,3-Dimethylcyclohexane

CH,
1
8 ~-CHs
2
(]
4] 3
CHs

1,2,4-Trimethylcyclohexane
(1+2+4=7)

CHj

Cl

1-Chloro-2-methylcyclobutane

CHj;
2 6

5 CH,
4
-not-
1,5-Dimethylcyclohexane

CHs
4 CH,

° 3

6
i
CHs

-not-

1,3,4-Trimethylcyclohexane
(1+3+4=28)

Mv\;.

1-bromo-2-chlorocyclopropane

CH,CH;

Cl

4-Chloro-2-ethyl-1-methylcyclohexane
(not 1-Chloro-3-ethyl-4-methylcyclohexane)

oV



Geometric Isomerism in Cycloalkane
Cis-Trans Isomerism

Ring structures like C=C restrict rotation and therefore can result
In cis and trans 1somers.

The Trans-isomer 1s the molecule with branches on OPPOSITE
sides of the ring

The Cis-1somer 1s the molecule with branches on the SAME side

of the ring.
Ck Cl
I\

L/
Y cis-1,2-dichlorocyclopropane
place designation
Cl / in front of name

>\/\ frans-1,2-dichlorocyclopropane
Cl

{ oYY




=

CH,

cis-1,2-Dimethylcyclopentane

H

CH;

cis-1,3-Dimethyvlcyclohexane

K

CH;

cis-1,4-Dimethyvlcyclohexane

H CH;

frans-1,2-Dimethylcyclopentane

CH;
; H\

CH;

frans-1,3-Dimethylcyclohexane

CH; H

frans-1,4-Dimethylcyclohexane

oYY



Reaction of cycloalkanes

Ring less stable

/N

> b D

Ring more stable 5 and

¢l
o

HI
CH ;CH ,CH 5|
H,80, /H,0
CH ;CH ,CH ,0H
B e CH,CH ,CH;
Heat or UV
Br,/CCl 4
AIBT » BrCH ,CH 2CHzBr
H, /N1
- ol CH3CH2CH2CH3
high heat, p

CH,
Br,/UV or Heat* Br

Cl/heat or UV Q/CI
-

[ AR



Homework - 2

1- Indicate whether the following pairs of structures are (1) the same,

(2) structural 1somers, or (3) entirely unrelated.
CH,

a) CH3—CH—CH; and  CcH3—CH—CH;

CH;
b) CH3—CH,—CH, CH,

CH,—CH,—CH; &4 H;C—CH—CH,

CH2_ CH3
¢) CH3—CH, CH,—CH, CH, CH,
and |
CH2_CH2_CH2 CHz_CH_ CHZ_CHZ_CHz

CH,

2- Arrange the following compounds in order of increasing boiling points :

n-hexane; 2,2-dimethylbutane; 2-methylpentane.

@Yo



3- Give IUPC names for the following compounds.
CH,

a) CH3CHCH2CH2CHCH2CH2CH3 b) H3C— C— CH2— CHCH2CH2CH3

CH; CH,; CH; CH(CH;),

¢) CHBr,CHB, d) CCl,CH;4

4- Write structural formulas for the following compounds.

A. 2,3-Dimethyl-4-ethylhexane.
B. 2.,4-Dimethyl-5-ethyl-4-#butyleheptane.
C. 3,4-Dimethyl-5-ethyl-6-isopropylnonane.

5- Write the condensed structural formula for each of named compounds,

and give the correct name for each.

a) 1,4-Dimethylcyclobutane

b) 2,2-Dichloro-5-methylcyclohexane

c) Cis-1,3-Dimethylcyclopropane

d) 1,1-Dibromo-3-methylcyclopentane (note: There are no cis and trans in this case.
Vhy)

[ AN
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Unsaturated Hydrocarbons:
Alkenes
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Alkenes or Olefines CH,

Crabon-carbon double bond

Nomenclature of Alkenes

Common names:
ane ——» ylene

CH,=CH- vinyl group}

CH,=CHCH,- allyl
[UPAC rules: 2 - allyl group

* Determine the parent name by selecting the longest chain that
contains the double bond and change the ending of the name of
the alkane of 1dentical length from -ane to -ene.

* Number the chain so as to include both carbon atoms of the double
bond, and begin numbering at the end of the chain nearer the double
bond. Designate the location of the double bond by using the number
of the first atom of the double bond as a prefix.

e o



* In cycloalkenes, the double 1s always found between carbon 1 and
carbon 2. It is therefore not necessary to specify the position of the
double bond with a number. If substituents are present, the ring must
numbered, starting from the double bond, in the direction that gives
the substituents the lowest number(s).

Examples
H,C=CH, H;CHC=CH,
Common name: Ethylene Propylene
TUPAC name: Ethene Propene
H H
S \_
C=C C=C
/ \ / \
H Br H CH)(C1
Bromoethene or 3-Chloropropene or
vinyl bromide (common) allyl chloride (common)
CH;

CH;CH,; CH=CH, CH;CH=CHCHj CHCHCH,CH=CH,

|-Butene

(not 3-Butene) 2- Butene 4-Methyl-1-pentene

( not 2-Methyl-4-pentene)



CH;C=CHCH;§

2-Methyl-2-butene
(not 3-methyl-2-butene)

[
gH3qH:¢H§rHZ$_—%H3
CH;

5,5-Dimethyl-2-hexene

CH,

3-Methylcyclohexene
(not I-Methyl-2-cyclohexene)

C|TH3 C'TH'J'
CH 3C ~~CHCH,CHCH 3
1 "2 3 4 °5 6

2,5-Dimethyl-2-hexene
(not 2,5-dimethyl-4-hexene)

-~

4 3 2 1
CH3;CH=—CHCH,(I

1-Chloro-2-butene

Cl

CHCH;

3-Chloro-4-ethylcychlobutene
(not 1-Chloro-2-ethylcyclobutene)

o ¢



Hybridization in Alkanes:

P T e BT T
Energy ~MErg) 2 2p.2n. 2

&) ls 2s 2p, 2p, 2p. 1s 2s 2p, 2p, 2p.
Ground state Promotion The excitation of one of the 2s

electrons, resulting in the presence
of four unpaired electrons.

H

Eneray |7 T 1T 711

hybridization 1s sp sp*sp? sp?
A —"

‘\\\r\ C e | {
The 2s orbital mixes with the three 2p H /
orbitals to form four sp® hybrids.

I)‘\

k.



Hybridization in Alkenes:
¢y L1 v oA

p 2 2p,' 2p,

' 2 2p, g
Energy ﬁ Energy 942

2¢?
ﬁ Promation ﬂ

l$  — T

1.34A°
H H L
i o <
c=C = ~@ D200
H H L 4
ethylene sp? hybridized

+ 2
f A
Energy 12 .f‘.z.f.z 2p,
NP PSP
hybridization -
_—> Is

[



Geometric Isomerism 1n Alkene

Ci1s- Trans Isomerism

cis (1dentical or analogous trans (1dentical or analogous

substituents on same side) substituents on opposite sides)

oYV



If either vinyl/ carbon 1s bonded to two equivalent
groups, then no geometric 1Isomerism exists.

CH,CH=CHCH, CH,CH,CH=CH,
yes no
CH,
(CH,),C=CHCH, CH,CH=CCH,CH,

no yes



Examples:

H3C\ /c:H3
C=—C
/N,

cis-2-Butene

Cl Cl

\_/
C=C
VRN

c1s-1,2-dichloroethene

H CH,
trans-2-Butene

cl H
\ /
C=¢C
/ N\
H cl

trans-1,2-dichloroethene

@1



The E-Z System

Entgegen
higher ranked substituents on opposite sides
/usammen

higher ranked substituents on same side

higher lower higher higher

@ © @ ¢
® ©¢ o ©

lower higher lower lower

Entgegen Zusammen



Examples:

% %
H3C\ /CH2CH3
/C:C\
H CHs
*
H3C\ /CI
/C:C\
H Br

Z-3-methyl-2-pentene

E-1-bromo-1-chloropropene



Physical properties of alkenes

A Physical States and Solubilities

C-C, gases

More than C,, solids

Alkenes are nonpolar compounds. Thus alkenes are soluble in
the nonpolar solvents such as carbon tetrachloride (CCl,) and
benzene (C Hy), but they are insoluble 1n polar solvents such as water.



Preparation of alkenes

» Alkenes can be prepared from alcohols and alkyl halides by
elimination reactions.

1- Dehydration of Alcohols

cid catalyst (H™) . i
———— C=C{_ + H0

| D
A S

An alkene

An alcohol

Examples:

¢H z—g » CH~—CH, + H,0
H

Ethanol Ethene

OH -
(X - )+ o
H A

Cyclohexanol Cyclohexene

ey



Which alkene Predominates?

._T’ CH;CH,CH—CH, + H,O

I-Butene
CH;CH,>,CHCH;
L +
— L~ & CH3;CH=—CHCH; + HO

2-Burene

How do you which one 1s major product?

Saytzeff’s Rule:

Hydrogen is preferably removed from the carbon with least
no. of hydrogen since the alkene formed is more highly branched and

1s energetically more stable.

Examples: H | S A
H A 2-pentene 1 -pentene

Major product Minor product

2-pentanol

Cyon o (o (O

A CHS CH3
CH;

| -methylcylohexene 3-methylcyclohexene

. . V¢
2-1nethylcyclohexanol Major product Minor products



2- Dehydrohaloganation of Alkyl halides
R A

—(C-C— + KOH > C=C KX + H:0
] . yd AN 2
H alcoholic

In similar way to that in the dehydration of alcohol, Saytzeft’s rule
again applies; that 1s, the alkene with the most alkyl substitution on
the double-bonded carbons predominates.

Examples: ; i i
CH;CH— l'[_éHz + KOH = CH;CH=CHCH; + CH;CH,CH=CH,
2-Bromobutane Alcoholic 2-Butene |-Butene
Major product Minor product
(81%) (19%)
H,C H
H
31 3 Hj
A
H + KOH
+
I-Bromo-2-methylcyclohexane I-Methylcyclohexene 3-Methylcyclohexene

Major product Minor product  '®



Saytzeff orientation:

Ease of formation of alkenes:
R,C=CR, > R,C=CHR > R,C=CH,, RCH=CHR > RCH=CH, > CH,=CH,

Stability of alkenes:
R,C=CR, > R,C=CHR > R,C=CH,, RCH=CHR > RCH=CH, > CH,=CH,

o\



3- Dehaloganation of vicinal dihalides

—(’j (’j— + Zn
X X
Example:
H3C_CH2
CH-C{iz + Zn
Br Br

alcohol ’ ‘

> C=C— + ZHX2

H3C _CH2

HC=—CH, + ZnBr,

Br
O/ 4+ zn _CHOH _ O + ZnBr,
“Br

eV



Reaction of alkenes

1- Addition reactions on the carbon-carbon double bond.

2- Substitution reactions on the saturated alkyl chain.

Addition reactions

s FJ —

.\G'DC""JQ\UI-I—

. Addition of H,

. Addtion of X,

. Addition of HX.

. Addition of H-OSO,H

. Addition of H,O

. Addition of halohydrin XOH

. Oxidation(visual test for unsaturation)
. Ozonolysis

Polymerization

Substitution reactions

1- Halogenation at High temperature

@A



Substitution reactions

Halogenation at High temperature

C—C—C—H

Addition reaction: Substitution reaction:
low temperature High temperature
Absence of light X, or X, or Ultraviolet light
Example i]
Ch H—CH=CH,
A 3-Chloropropene
(as phase Allyl chloride
CHyCH=CH, —— 5
Propene Cl/CCly, lril ‘—il l,
Low temp ,
k |,2-Dichloropropane

@14



Addition reactions

N |
/C=C + XY — —(ID—(IJ—
A 25
This T bond is broken. Two o bonds are formed.

1- Addition of Hydrogen: Catalytic Hydrogenation

\C C/ H—H Pt, Pd, Ni, or h C—C
/ \

Example:

P
(CHy),C=CHCH, + H, — (CH:),CHCH,CH,
2-Methyl-2-butene ~ Hydrogen 2-Methylbutane (100%)



2- Addition of Halogens: Halogenation

This © bond is broken.

Examples:

CH;CH=CH; + Cl,
Propene

-+ Bl'2

Cyclobutene

I I
X X

vicinal dihalide

| 'l
CCl . o lifl l—iu2
1,2-Dichloropropane
Br
CCl;

Y

Br
1,2-Dibromocyclobutane

«—— X, is added.

(X=Clor Br)

oV




3- Addition of Hydrogen Halides: Hydrohalogenation

\ / 5t & | |
/C:C\ + H-X —— ~CTC™
]‘ X =Cl. Br. 1) H X <«—— HXis added.
alkyl halide
This m bond is broken.
Examples:
CH=CH, + H—] CH;CH,CI
Br
CH3C]‘I=CHCH3 + H—Br > CH_’,CH:&HCH‘I

®+H—I—’é

{ oYY



Markovnikov’s Rule
With unsymmetrical alkene
N CH3EHCH3
.

2-Bromopropane

(major product)

CH3CI‘I:CH2 + HBr

Propene

An Unsymmetrical alkene CH3C Hziﬂz

r
I-Bromopropane

(minor product)

In the addition of an acid to an alkene the hydrogen will go
to the vinyl carbon that already has the greater number of
hydrogens.

. oYY



Anti Markovnikov’s Rule

no peroxid
r
2-Bromopropane

CH3CI‘I:CH2 + HBr

Propene

An Unsymmetrical alkene R OOR CH3C HZEHZ

r
I-Bromopropane

In the addition of an acid to an alkene the hydrogen will
go to the vinyl carbon that already has the lowest number
of hydrogens.

[ AR



4- Addition of Sulfuric acid

H
R—CHICH, + HsS0, —» R—CH-CHZ-H—ZO> R—CH-CH,'H + H,SO,

I heat |
(cold, concentrated) (I) OH
(H-OSO;H) O=?=0 an alcohol
OH

an alkyl hydrogen sulfate

Addition of Sulfuric acid to alkenes also follows Markovnikov’s rule,
as the example

(I)SO3H OH
CH,CH=CH, + conct, 80, CH;CH—CH; 25, CH,CH—CHy
Propene Isopropyl hydrogen sulfate 2-Propanol

[ ] [ AR



5- Addition of Water : Hydration

\ / & & H,S0, ||
C=C + H-OH —_— —(C-C—
p & \ =
H OH «<——H,0 is added.
This n bond is broken. alcohol

Addition of HOH across the double bond is in accordance
with Markovnikov’s rule, as the example

OH

|
CH;CH=CH, , HOH _H'_ CH,CH-CH,

Propene 2-Propanol

[ AN



6- Addition of HOX : Halohydrin Formation

N/ ||
CcC=C + X—X —_—s —C—C—
/4N H,O 1
T (X =Cl or Br) X OH <«—— X and OH added
This n bond is broken. halohydrin

The addition of the chloronium ion, CI" or bromonium ion, Br" and
the hydroxide 1on, OH", follows the Markovnikov’s rule, as the example.

(l)H lel
CH;CH=CH, . Cl,,H,0 .. CH;CH-CH,
Propene Propylene chlorohydrin

(1-Chloro-2-Propanol)

® oYy



7- Oxidation of alkenes

1) Oxidation of alkenes with Permanganate (Baeyer test)

cold, dilute,

/ .
>C=C\ + KMH04 alkaline . _i N Mn02
(Purple) H j)H (Brown precipitate)
A glycol i
Examples: gl syn hydroxylation
cold, dilute,
C[‘I?_:CI{:Z + KMnOy4 alkaline il{v—ill‘) + MnO,
Ethene H H

1 .2-ethanediol
Ethylene glycol

cold, dilute, H
2

OH

cyclopentene Cis-1,2-cyclopentadiol

o YA



2) Oxidation of alkenes with peroxy acid

+ OH
|
AN c=c~ _HCOOOH AN o H;0 U
- AN YN | |
@) OH
Epoxide . .
ant1 hydroxylation
Examples:
H H y My
H H . H;0
H;C—HC=CH—CH, HCOOOH _Cc—C ———— H,C—C—C—CHjs
H.C™ \/ H |
o0 CH OH

2,3-butanediol

+ OH
@ HCOOOH O> H,0 OA
—_— O —_—

“OH

trans-1,2-cyclohexanediol

{ [ AR



8- Ozonolysis .
Oxidation of alkenes by ozone O,

N [nert solve « arrangement
>C=C\ + ()3 nert solvent N %{ J\ nealrdngemen> /K
T
0 )}) -0
N

An ozonide
(not 1solated)

Ozone Molozonide
Unstable intermediate

B bo - ol
N + H,0 —= R_&=() + =0

—0

An ozonide

aldehyde ketone

The ozonolysis reaction can be summarized by the following equation:

K/c C/R (1) O, R
R N1 (2)Zn, HyO =0 + O_{<H

u’\/\.f\/\/‘lb/\/\/\/‘



Examples:

(2) Zn H,0 H

Methanal Propanal
CH:|> A wo, ;\/r 0 + o<
\H (2) Zn, Hy0 2 equivalents of:
Ethanal
CH H;
e (o o,
O Hzo

CH;

Cyclohexanone Plopdnonc

oY)



9- Polymerization

A) s CHy~C Hy~CHz~CHz-CHz-CHg

S heat
n CHs=CH, C;te;yst > A[—CHZ—CHZ—]B n= (600-1,000)

Monomers Polyethylene polymer
J J J
R
nC peroxide catalyst _ ‘[‘CH“S‘ 4]7] R=H, alkyl or Cl
]
Avinyl compound A vinyl polymer

oYY



Homework.

1- Which of the following compounds can exist as cis-frans isomers?
Draw the structures of the geometric isomers.

a) CH,=CHCH,CH,CH,

b) CH,CH,CH=CHCH,CH,

2- Draw the structures of the following compounds.
a) trans-4-Octene
b) cis-1,2-Dichloropropene

3- Name the following compounds using the E,~Z .

H\ /Cl Br\ /Cl
a) c—C b) cC=C
/ \ / \
H5C Br I F

4- Write the structure of the major product expected on reaction of
a) 1-butene with H,SO,
b) 2-methylpropene with aqueous bromine
c) 1-methylcyclopentene with water
d) The ozonolysis of 2-methyl-2-pentene

oYY
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N
W

N
\\\\\\\ \\

= Amines are organic nitrogen compounds, formed by replacing one
or more hydrogen atoms of ammonia (NH;) with alkyl or aryl
groups.

= Amines are classified as 1°, 2°, or 3° based on the number of
alkyl groups bonded to the nitrogen atom.

AMMONIA PRIMARY AMINE | SECONDARY AMINE | TERTIARY AMINE

H—I'TI—H R—fT]—H R—I‘TT—R' R —1'\|]—R'
H H "

CH,




* When a fourth group bonds to the nitrogen through this lone pair,
the product 1s a quaternary ammonium 1on, which has a positive
charge and forms 1onic compounds with anions.

Cll:

/l\

CH; CH,
CHL

= Amines are stronger bases and better nucleophiles than other
neutral organic compounds.



Nomenclature of Amines
Common Name
* Name the alkyl group bonded to the nitrogen atom and add the
word amine, forming a single word (alkylamine).

* Secondary and Tertiary amines having identical alkyl groups
are named using the prefix di- or tri- with the name of the
primary amine (Dialkylamine or Trialkyamine)

CH; NH,
CH,;NH, | CH;CH,NHCH,CH,CH;
. CH;CHNH, :
Methylamine - Ethylpropylamine
[sopropylamine cyclohexylamine
11:C—N—CH,CHs |

H CH; ©/ \O

Dipropylamine Ethyldimethylamine Triphenylamine

[ ] o ¢



[UPAC System

Aminomethane 1-Aminopropane

CH,CH,NHCH,CH,CH,

If the compound does not contain a functional group except
amino group, In this system find the longest chain and give it a
suitable name and the amino group 1s considered as substituent,
and 1ts position on the chain 1s indicated by the lowest possible
number.

Substituents attached to the nitrogen are indicated by using “N-”
as the location number.

CH,—NH, CH,CH,CH,—NH, CHxCHzCH:CIHCHx
NH,
2-Aminopentane

N-Ethyl-1-aminopropane

N,N-Dimethyl-1-aminopropane



cleQ(:H3
CH,NCH,CH,CH,

N-Ethyl,N-methyl-l-aminopropane
Nomenclature of multifunctional compounds

NH, NH, o

2-Amino-4-methvlhexane 5-Aminoheptanoic acid _
: ) 3-Amino-2-butanol

Ox NH,

O
/ /

° 3-Aminocyclohexanone 2-Amino-3,3-dimethyl-butanal o4



Aromatic amines are named as derivatives of aniline. Substituents
attached to the nitrogen are indicated by using “N-" as the location

number.

-NH2

a

Aniline

\,
\ r -
/——NHCH3
/s =
\\ //
\‘\\\ / /
| S——

N-Methylaniline

NO,

N-Ethyl-4-nitroaniline

NH,
.”” -
,:\'
/ / N\
/ “-... -
\\ /"/// -
//

2-Nitroaniline

4-Chloro-N-ethyl,N-methylaniline

oV



Precedence Order of Functional Groups

Class Functional group | Prefix suffix
Carboxylic acids COOH oic acid

Cyclic alknes or alkenes carboxylic acid
with COOH group

Aldehydes -CHO Formyl al

Cyclic alknes or alkenes carbaldehyde

with CHO group

ketone -C=0 0X0 one
Alcohols -OH hydroxy ol

Amines -NH, amino amine
Ethers -OR alkoxy -

Alkenes and aAlkynes = & = bonds - ene & yne




Physical properties of Amines

1. Solubility 1n water

1°, 2°, and 3° amines with small alkyl groups are very soluble in

water due to hydrogen bonding with the solvent.
= Solubility decreases as the molecules get heavier.
» Aromatic amines are insoluble in water.

x e B
(|>/ (I)/ (l)/
o H L H o
/ /
CHQ—T_H """" O\ CHg_II\J—H""""O\ CHg—N—CHg
H H CHa H CHs

@1



Boiling point

= ]°and 2° amines can hydrogen bond to each other:

CH3—|\|I—H CHz3—N—CHj
=
H CHs CHj CHj

* 3°amines cannot hydrogen bond to each other:

CHz3—N—CHj;

CHs CH3
X
CH3—N—CH3 X N—CHg3j;
CHsj CHgj
Boiling Point:
CH3CH2CH2CH3 CH;CH2CH2\ H: CH}CHQCHon Carboxylic acid
Butane, bp 0 °C Propy! bp 48 °C P |, bp 97°C Alcohols
utane, bp 0° ropylamine, bp 48 ° ropanol, bp 97 ° ©/90 A i
MW = 58 MW = 59 MW = 60 L /2° Amines

3° Amines/Alkanes

).



Basicity of Amines

Amines are basic because they possess a pair of unshared
electrons, which they can share with other atoms.

T ome : Z
R-NH, + H-A =——= R-NH, + :A
base acid conjugate acid

Groups that donate or supply electrons will increase the basicity of
amines while groups that decrease the electron density around the
nitrogen decrease the basicity of the molecule.

(CHs)sN > (CH;),NH > CH;NH, > NH,

Most basic [ east basic

Aromatic amines are less basic strength than aliphatic amines.

NH
NH, NH, 2
NO,
> >
o o))



Preparation of Amines

1- Reduction of N-containing compounds
(nitro compounds, nitriles, amides, and oximes)

H, /Pt
Nitro compounds R—NO, 2 5 R-NH;
or 1° amine

1) Sn / HCl / 2) NaOH
or
LiALH,/ dry ether /2) H,O

2) NaOH

Nitrile R—C=N 1) LiAlH,/ dry e’cher> R—CH,NH,
2) H,O

12 amine

o)y



Oxime

RCH=NOH -

Amides

[
C

= \NHZ
1° amide

O
[l

C
R TNHR'

2° amide
O
Il
R/C\Nﬂé
3° amide

1) LiAIH,/ dry ether

2) H,O

1) LIAIH,/ dry ether

2) H,O

> R_CHzNHZ

12 amine

RCHZ_NHZ
1° amine

RCHz—w—R'
H
2° amine

RCH,—N—R'

Rl
3° amine

ey



2- Alkylation Of Ammonia

NaOH

R—X 4 NH, RNH, X » RNH, + NaX 4 H,0

Alkylammonium salt

Cl
©/ + NHg Reot >

Ammonia

NH,

Primary amine

HyC—NH, + cHel @ —Ma9H - HC—NH—CH,

Primary amine Secondary amine

HsC—NH-CH; + CHCI —NaOH H3C—IIJ—CH3

Secondary amine CHj Tertiary amine
H, CH,
NaOH |, _
HsC—N—CH;  + CHCI —NaCH Hsc—T—CHs Cl

Tertiary amine
v CH,

Quaternary ammonium salt
Tetramethylammonium chloride

®\¢



' 3- Hoffman Degradation Of Amides

By the action of Sodium hypobromite NaOBr

It will reduce 1 carbon atom 1n this reaction

o

)J\ NaOH /Br, - RNH2

R NH2 or NaOBr
0O

NH,
©/U\NH2 NaOH / Br, - @/




Reactions Of Amines

Reaction of Amines with Nitrous Acid =8

nitrosonium ion

electrophile
" Nitrous acid reacts with 1° alkylamines and arylamines to form
diazonium salts. This reaction 1s called diazotization.

NaN02
HCI

alkyl diazonium salt

NaN02 o _
NH, H—CI’ N=N: ClI

aryl diazonium salt

R—NH, R—N=N: CI

= 2° Alkylamines and aryl amines react with nitrous acid

to form N-nitrosamines.
NH o2 g N-fi=5:
i | HCI [ o
R R
° 2° amine N-nitrosamine

o\



= 3° Alkylamines react with nitrous acid to form

Water -soluuble ammoium salts.

NaNO,, HCI ,
R;N » No reaction

= 3°aryl amines react with nitrous acid to form
p-nitroso aromatic compounds

(-N(CHy, 50 N(CHy),



H,O0 / H*

> Ar—OH
Cu(Cl
> Ar—Cl
CuBr
> Ar—Br
HONO + CuCN
Ar—NH, W’ Ar—N, > Ar—CN
Arenediazonium -
salt > Ar—1
Fluoroboric acid | (1) HBF .
- > Ar—F
(2) heat
H.PO,, H,O
b2 > Ar—H
CH,OH / H*
>AI'—OCH3
Azo coupling QN; Cr + QY — QN:NQY + HCI
Y = NH,, NHR, NR,, OH azo compound

(a strong electron-
donor group) YA



Halogenation

NH, NH»
Br. Br

Br
NO, NH, N, CI~ Z
HNO4 H, NaNO, Z
—_— —_— —_ _
H,SO, Pd-C HCI
nitration reduction diazotization substitution

@14
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Ethers

Ether 1s a class of organic compounds that contain an
ether group R—O-R.

For the simplest ether, Dimethyl ether

’ sp® hybridized

| T ’ (l) - ’ ’/4
H_‘C 2 CI CHFf~>CH, ~ ’ -

4 i 111°

Lewis structure

Classification of Ethers

(I) Aliphatic Ethers (II) Aromatic Ethers

C‘H:’C‘HQC‘H:C‘HZ_O_C‘HB CH+0O @ @ @

' Butyl ether Methyl phenylether Diphenylether



Types of Ethers

1- Simple Ethers or Symmetrical Ethers

Diethyl ether

2- Mixed Ethers or Unsymmetrical Ethers

CH,—0—CH,—CH,

Ethylmethyl ether

oY



Nomenclature

Common Names

The two-alkyl groups bonded to the functional group (- O -) are
written alphabetically followed by the word ether.

Examples:

\
CH,- O - C,H. @o

Ethyl methyl ether Ethyl phenyl ether Methyl t-butyle

o ¢



[UPAC System

The shorter alkyl group and the oxygen are named as
an alkoxy group attached to the longer alkane.

They are named as alkoxyalkanes.

methoxy propane
A
[ | A
l \ -methoxypropane

alkoxy group

Examples:
_CH,CHj

CH;CHCH;—O—CHs
3 2 1

[-Methoxy-2-methyl propane
[-Ethoxy-1-methyl Cyclohexane



_CH;,
9]

Methoxy cylohexane

Methoxybenzene

04\
Cl

5-Chloro-3-ethoxy-hex-1-ene

CH3
P-Methoxytoluene

[



Physical Properties

Boiling Points of Ethers:

hydrogen bonds cannot form between ether molecules

Butane Methoxyethane I-Propanol
(butane) (ethyl methyl ether) (Propyl alcohol)
M.W. = 58 M.W. =60 M.W. =60

b.p. = - 0.5°C b.p.=7.9°C b.p. = 97.2°C



Solubility of Ethers:

Ethers are soluble in water, due to their hydrogen bond
formation with water molecules.

H

Hydrogen O/

bonding

ﬁ‘ :’{
s

\/ /

O S T

/

-

¢
v

o’ H// ot ot \\H
H H

The solubility decreases with increase in the number of carbon atoms.

oA



Preparation of Ethers

1- Dehydration of Alcohols

ROR
+
ROH + R'OH ROR' + H,O0
——— H;80, +
1° alcohol R'OR'
H,SO,
2R—OH -~ » R—0O—R =+ H,0
140 °C
Example:
H,S0,
2 CH3CH20H 14-00 c > CH3CH2—O—CH2CH3 + Plzo
Ethanol Diethylether



» The dehydration of 2° and 3° alcohol is unsuccessful
to get ethers as alkenes are formed easily.

H>SOy4, heat

CH; C—CHj; » CHsz— >+ H,O
OH
CH; CH,
. H,SO,, heat |
CH3—C|—()H » (CHy C=CH, + H,O
CH;
H,SO,
s0°C ) 2t
CHCH,OH — Ethene
H,S0,
——— CH;CH,0CH,CHj;
140°C Diethyl ether




2- Williamson Synthesis

» The reaction of a sodium alkoxide RONa or a sodium
phenoxidex ArONa with an alkyl halide to form an ether.

» The reaction involves nucleophilic substitution of an alkoxide ion
for a halide 1on.

R—O"Na~ + R-—X » R—O—R' + NaX
Sodium alkoxide Alkyl halide Alkyl ether

Ar—0O" Na” + R-—X » Ar—O—R' + NaX
Sodium phenoxide Alkyl halide Aryl ether

Examples:

CH;CH,Br + CH;CH5ONg'

CH;CHy O-CHyCH3 + NaBr

R

O Na O-CHs
+ CII3I _— ©/ + \Ial



» If a secondary ( 2°) or tertiary alkyl halide ( 3°) 1s used,
an alkene 1s the only reaction product and no ether 1s

formed.

H ;C\

H.C

2° alkyl halide

e
HyC—C—Br + CH;-ONa
CHj

3¢ alkyl halide

CH—Br + CH;CH,CH;5~ONa —

—> No Ether Product

> An Alkene Product

=+

CH,CH,CH,OH

> No Ether Product

>  An Alkene Product
H;C

CH,OH



Reactions of Ethers

Cleavage of Ethers by Acids

Substitution Reactions with strong acids HX,
X could be; I or Br.

Ethers are cleaved by HX to an alcohol and a haloalkane

R-O—R' + HX — €% | R—X 4+ R-OH

Ether Conc. acid Alkyl halide alcohol

Examples:

CH3-O—CHs + HBr Heat CH;Br + HO—CH;4

Dimethyl ether  Hydrogen bromide Methyl bromide Methyl alcohol

CH, CH,

. e Heat . 2
CHy-O—CH 4+ HI » CHy1 + H-O—CH

CHj CH;

o Methyl isopropyl ether Hydrogen iodide Methyl iodide isopropylalcohol



Point of cleavage:

» If both the alkyl groups are primary or secondary, the smaller
alkyl group gets converted to the alkyl halide predominantly.

> If one of the alkyl group is tertiary, the point of cleavage
1s such that the tertiary alkyl halide 1s formed as the major
product

CH; CH,
CHyO—C—CH; + HI —— CHyOH + —C—CH;
CH, CH,

» If two or more equivalents of acid are used further dehydration

can occur on formed alcohols which may react further to form a second
mole of alkyl halide.

CH5CH,OCH,CH; + 2 HBr > 2 CHyCH,Br + H,0
Diethyl ether Excess Ethyl bromide
° X Hydrogen bromide ‘ ‘ ®)¢

Heat




Epoxides (Cyclic Ethers)

Epoxide: a cyclic ether in which oxygen 1s one atom of o
a three-membered ring. /Q\ .

epoxide or oxirane

Nomenclature

Although cyclic ethers have IUPAC names, their common
names are more widely used.

[UPAC: prefix ox- shows oxygen in the ring

the suffixes -irane, -etane, -olane, and -ane show three,
four, five, and six atoms in a saturated ring.

v o @ Q O

Oxirane Oxetane Oxolane Oxane 14-Dioxane
(Ethylene oxide) (Tetrahydrofuran) (Tetrahydropyran)

@®)o



Preparation of Epoxides

The simplest and the most important epoxide 1s ethylene oxide.

O
a A

H—Cl‘—CI‘— H :
H H ‘)

1. Air Oxidation of Ethylene

By air oxidation of ethylene and silver oxide catalyst.

O
H.C—CH O,, Ag,0 / \
L— LI > _ _
) 300 C H,C—CH;
Ethylene Ethylene oxide



2. Dehydration of dialcohols

Examples:
CH2 CH2 CHZ— CH2
| H,SO, /
CH2 CH2 » HZC CH2 + H-,0
| | heat <
OH H-O
O
1,4- Butanediol Tetrahydrofuran (THF)
H,SO,
HO\/\/\/OH ' * HO
140 C
O
1,5- pentanediol Tetrahydropyran



3-Conversion of Vicinal Halohydrins to Epoxides

Examples:
CHs—CH=CH, —S2B0 o ey cn, MO e oy Ci.
Base -
OH )
Alkene .
Halohvdrin Epoxide

NaOH

1.2-Epoxy cyclohexane



4. Epoxidation method

Epoxides are often prepared from reacting with organic peroxy acids
(peracids) ex; CH;C(O)OOH 1n a process called epoxidation.

RCH=CHR' + R"CO—OH » RCH—CHR' + R"COOH
\/
Peroxy acid Epoxide
Example:
phCO3;H
CH;—CH=CH, > H3C—CH\O—/CH2
propene propeneoxide



Reactions of Epoxids

Epoxides are highly strained and easily undergo
ring-opening reactions under both acidic and basic conditions.

\8{ OH Y
Ethylene oxide Addition Product



Reactions of Epoxids

H3 O/H * C Hy— CH2
> é) } | 1,2-Ethandiol
H OH
CH,OH/H"  cp—CH,
> i’) | 2-Methoxyethanol
H OCH; )
+
phOH/H
> CH3 CH, 2-Phenoxyethanol
o (I)ph

H
Cé \CH2 + | HXH

> CHs> CH2

1‘)1 | {
Ethylene oxide

Ethylene halohydrin

2-Halo ethanol
RMgX/dryether

H,0'

CH') CH')

| | Alkyl alcohol
OH R

Li.AlH4'dr}'ether> ﬁfHa CH,

- Ethanol
H;0 OH H
. CH'_) CH2
NH; | | 2-Amino ethanol
— > OH NH,

oY)
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» The term aromatic was used to designate compounds with spicy or

sweet-smelling odors.

» Today the expressing aromatic compounds came to mean benzene
and derivatives of benzene.

Structure of Benzene: Resonance Description

& o

1.It contains a six-membered ring and three additional
degrees of unsaturation.

2.1t 1s planar.
3.All C—C bond lengths are equal.

oY



The Kekule Structure for Benzene
O Kekule was the first to formulate a reasonable representation

of benzene: |

The Kekulé formula for benzene

O The Kekule structure suggests alternating double and single
carbon-carbon bonds.

d Based on the Kekule structure one would expect there to be

two different 1,2-dibromobenzenes but there 1s only one.

Br Br
SUENG
Br Br



O The Kekule structures satisfy the first two criteria but not the
third, because having three alternating © bonds means that
benzene should have three short double bonds alternating with
three longer single bonds.

shortbond —— <— long bond
(exaggerated) (exaggerated)

* three short bonds
* three long bonds

The true structure of benzene 1s a resonance hybrid of the two
Lewis structures, with the dashed lines of the hybrid indicating the
position of the  bonds.

The hybrid

27Ny

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

o



In benzene, the actual bond length (1.39 A) is intermediate between the
carbon—carbon single bond (1.53 A) and the carbon—carbon double

bond (1.34 A).

CH3_CH3

1.53 A

CH2:CH2

1.34

5 —

A T 1.39 A

|

Benzene-Molecular Orbital Description:

N

Enrgy
S

N
Is? :>

Enrgy

N

o

gl

N

1s2

=

Ground state

Excited state

i
Promotion >

Enrgy

T T
sp> sp’ sp’ 2p,’
N
1s2

Sp? hybrid state




porbitals

[



Stability of Benzene:

[1]

cyclohexene

(2]

1,3-cyclohexadiene

[3]

w0

9

| AH® observed

Pd-C

2 H,
Pd-C

3 H,
Pd-C

O O O

benzene

Benzene with three “regular” C=C bonds

AH® = —-85.8 kcal/mol
(hypothetical)

AH® “predicted”

(kcal/mol) (kcal/mol)
-28.6
-55.4 2 x (—28.6) =
-57.2
(small difference)
—-49.8 3 x (—28.6) =
—' -85.8

(large difference)

Benzene is 36 kcal/mol
lower in energy.

AH° = —-49.8 kcal/mol
(observed)

oYV



» The low heat of hydrogenation of benzene means that benzene is
especially stable even more so than conjugated polyenes. This
unusual stability 1s characteristic of aromatic compounds.

» Benzene’s unusual behavior is not limited to hydrogenation.
Benzene does not undergo addition reactions typical of other
highly unsaturated compounds, including conjugated dienes.

Addition does not occur. | -

2 ~H Br, Br
Substitution occurs. | —
A FeBr,



Aromatic Character: The (4n + 2 ) n Rule

Hiickel’s Rule

O A molecule must be cyclic.

O A molecule must be planar.

O A molecule must be completely conjugated.

QO A molecule must satisfy Hiickel’s rule, and contain a particular

number of «t electrons.
4n+2 welectrons (n=0, 1, 2,3, ....=2,6, 10, 14, ....)



Examples:

Benzene Cyclooctatetraene
3n-bonds = 6 pi electrons 4n-bonds = 8 pi electrons
4n+2=6:n= 1 4n+2=8 ; n=3/2
Aromatic Not aromatic
Cyclopentadiene Azulene
The hybridization of the top C is sp? Sm-bonds = 10 pi electrons
Not planar, not fully conjugated 4n+2=10:n="2
Not aromatic Aromatic
naphthalene anthracene phenanthrene
10 & electrons 14 n electrons 14 n electrons



S) ®

A A A

Not planar, not fully conjugated Nof aromatic Aromatic
@ . .
The hybridization of the top Cissp*  gp+2=4: n=1/2 4n+2=6:n= |
Not planar, not fully conjugated Kok sromiaise Aromatic
@

The hybridization of the top C is sp’ 4nt+2=6;n= ] 4n+2=8 ; n=3/2
Not planar, not fully conjugated Aromatic Not aromatic



Pyridine

2m-bonds + | lone pair = 6 pi electrons
4nt2=6 ;n=1

Aromatic

2n-bonds + 1 lone pair = 6 pi electrons
dnt2=6;:n=1
Aromatic

the lone pair is perpendicular to the n-system

3n-bonds + 0 lone pair = 6 pi electrons
dnt2=6;n=1

Aromatic

o)y
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L —
,& « 4 \O_H

» Carboxylic acids are strong organic acids which contain
the carboxyl group (-COOH, -CO,H)

» Carboxylic acids are classified as aliphatic or aromatic depending

on whether R or an Ar 1s attached to the carboxylic group
R-COOH or Ar-COOH



Formula

HCOOH
CH,COOH
CH,CH,COOH
CH,CH,CH,COOH

Nomenclature

IUPAC
alkan -oic acid

methanoic acid
ethanoic acid
propanoic acid

butanoic acid

Common
prefix — ic acid

formic acid
acetic acid
propionic acid

butyric acid

oY



Naming Rules
e Identify longest chain
 (IUPAC) Number carboxyl carbon as 1

e (Common) Assign a, 3, v, 0 to carbon atoms
adjacent to carboxyl carbon

S 4 3 2 1
C—(C—(C—C—C=0
o v p a - used in common names
Examples:
0 0O
b HO
[UPAC:  2-bromohexanoic acid ,3-dimethylbutanoic acid

"N
3,3
Common: - bromohexanoic acid B,B-dimethylbutyric acid



Naming Cyclic Carboxylic Acids

» Cyclic compounds containing one or more COOH groups attached to
the ring are named by identifying the name of the ring followed
by the word carboxylic acid or dicarboxylic acids etc.

COOH COOH

Cyclopropane carboxylic acid Cyclopentanecarboxvlic acid

0, 0
HO : OH

| ,4-Cyclohexanedicarboxylic acid



» The carbon atom bearing the carboxylic group is numbered 1
and the substituents are numbered relative to it.

_COOH Cl
. Br
\ COOH
CH;
2-Isopropylcyclobutane carboxylic acids | -Bromo-2-chlorocyclopentane carboxylic acids



Naming Aromatic Carboxylic Acids

» The simplest aromatic carboxylic acid is benzoic acid.
» Substituted benzoic acids are named with benzoic acid as
the parent name.
» Derivatives are named using numbers to show the location
of substituents relative to the carboxyl group.
» The ring carbon attached to the carboxyl group is the #1 position.

0
0
C OH
~OH
OH
Benzoic acid Salicylic acid

Benzene carboxylic acid 2-Hydroxybenzoic acid

COOH
cl” " Br

CHy”
2-Bromo-4-chloro benzoic acid 4-hydroxy-3-methoxybenzoic acid %

COOH

O



1,2-dicarboxylic acid

CO5H
©:C02H
CO5H CO5H
Phthalic acid isophthalic acid
Benzene-1,2-dicarboxylic acid Benzene-1,3-dicarboxylic acid
COsH
COsH
Terephthalic acid

Benzene-1,4-dicarboxylic acid



Physical Properties of Carboxylic Acids

1. Solubility

» The carboxylic acid are highly polar organic compounds.
» This polarity results from the presence of a strongly polarized
carbonyl (C=0) group and hydroxyl (O-H) group.

® ‘! " Water Solubility:
@ 90 ¥ / Solubility:
~——— Hydrogenbond H—O 4 Cal‘bOX.\/llC acid
/70‘ Alcohols
® La- "‘ R—C Aldehydes/Ketones
o b \ : Ether
0 Home / ers
‘\./" Q.,J """0\ Alkanes

» As the number of carbons in a carboxylic acid series becomes
greater, the solubility in water decreases.
»_ Aromatic carboxylic acids are insoluble in water.

@1



2. Boiling Point

Carboxylic acids are polar compounds and form very strong
intermolecular hydrogen bonds to form a dimer.

Intermolecular H-bonds ope .
S Boiling Point:

} Carboxylic acid
Alcohols
Aldehydes/Ketones
Ethers

Alkanes

» As the number of carbons in a carboxylic acid series becomes
greater, the boiling point increases.



Acidity and Acid Strength

» The most important chemical property of carboxylic acids
chemistry 1s their acidic nature.

» The mineral acids (HCI, HBr, HI, H,SO,, H;PO, ) are defined as
"strong acids" because they undergo complete dissociation.

» Carboxylic acids are strong organic acids , they are much more
acidic than alcohols.

» Carboxylic acids are stronger acids than phenols.

R—(" Carboxylate ion
0" Phenoxide ion \ (More stable)
(Less stable) \




Preparation of Carboxylic acids
1. Oxidation:

A. Oxidation of primary alcohols and aldehydes

CH,OH COOH
KMnO,/ H"/ A KMnO,/ H"/ A
CH;CH,OH - CH;COOH -
orK,Cr,O,/ H* S or K,Cr,O,/H
Ethyl alcohol 2724 Acetic acid
"’ Benzoic acid
Benzyl alcohol
COOH
[O]
CH;CHO ——— CH;COOH [()
Acetaldehyde Acetic acid
Benzaldehyde Benzoic acid

o)y



B. Oxidation of Alkylbenzene

CH,
(y + ;
él: «—— carboxy group
toluene KMnO,/ OH- “OH
AJHY
©/CH(CH3)2 benzoic acid

isopropylbenzene

CH,CHj3 COOH
KMnO, / OH
@[ A/HY @
CH,CH3 COOH

phthalic acid

ey



2. Carbonation of Grignard Reagents:

The addition of Grignard reagents to CO, in form of dry ice gives
an acid with one more carbon more than the original Grignard
reagent.

O
O;{_O‘;ng R 826:?)_ Dry ether I g OMex
\—/ H-.0
O
R g OH + Mg(OH)X
Example:
0

CH,CH,MgBr  + 0=—=C=0 22Ny cH,C—OH

H,0"



3. Hydrolysis of Nitriles:

Nitriles:

=N
» They are prepared by reacting a 1° or 2° alkyl halide with cyanide salt.
» Acid hydrolysis of a nitriles yields a carboxylic acids.

RC=

RX + NaC=N —» RC=N —22, RCOO™  + NH,

Alkyl halide  Cyanide salt Nitriles H Carboxylic acids

Examples:

H,0
ot

(H3CH:C] + NaCN — (H:,CH:CN ‘ CH_}(H:C()()_ + NH3

A CHxCl ~__-CH C\J " )
’ X e R /\\\/CH:COO
+ NaCN —— ”

\// - g /

s

+ NH,




Reactions of Carboxylic acids

1. Reaction with Bases : Salt formation

The carboxyl hydrogen is replaced by metal ion, M*

A) With strong base:
HCOOH + KOH > HCOO: K+ +1H,0
Formic acid Potassium formate
@COOII + NaOH @COO' Na™ + H,0
Benzoic acid Sodium benzoate

o\



B) With weak base

0 0O
| |

CH;C—OH + NaHCQO; — CH;C—O0O:"Na~ +CO, + H,0
Acetic acid Sodium bicarbonate Sodium acetate

» Weaker acids like phenols react only with strong bases like
(NaOH or KOH) and will not react with NaHCO;,

COOH COO. Na~

/

+ NaHCO, —— No Reaction

OH

o\Y



2. Reaction with Nucleophiles to form acid derivatives:

» When the OH of a carboxylic acid is replaced by a nucleophile, :Nu ,
a carboxylic acid derivative 1s produced.

o)
HOR H
> R—C—OR + H,O

Alcohol Ester 0O
|

PCI, or PCI. or SOCI,
- - —> R—C—C(CI

Phosphorus trichloride or
Phosphorus pentachloride or Acid Chloride

O

ﬁ Thionyl chloride (Il) ”
R—C—OH +
RCOOH .
Carboxylic acid > R—C Oo—C—R *+ H0
Carboxylic acid Acid Anhydride

O

(NI1,),CO;
. > 2R—C—ONH, + CO,+ H,0
Ammomium carbonate . z
A
\4
O

k R—C—NH,  + H,0
Amide



Derivatives of Carboxylic acids

Compound Name ending Example Name
0
acid chloride -yl chloride or B -4 benzoyl chloride
-carbonyl chloride CeHs  Cl
2 0
anhydride anhydride B - 0 benzoic anhydride
CeHs O  CgHjs
0
ester -ate 6 ethyl benzoate
CegHs OCH,CHj4
‘.?
amide -amide C N-methylbenzamide

CeHs NHCH,

{ @14



Nomenclature

Nomenclature: the functional derivatives’ names are derived
from the common or [UPAC names of the corresponding
carboxylic acids.

1. Esters:

O 0
c R—C—O0—FR'
alkyl alkanoate R-"OR. @ —— ——

acid part alcohol part

Change —ic acid to —ate preceded by the alkyl 1s derived from the
alcohol, R'OH.

Examples:
// (|) 0
O—CH,CH; g O
Ethylethanoate Cyclohexyl butanoate

Benzyl ethanoate

V.



2. Acid Chlorndes:

O

o
R (I

Change —ic acid to —yl chloride

Alkanoyl chloride
Examples:
Ow_ _Cl Ox ¢!
: O
Cl
2-methylpropanoyl chloride cyclohexanoyl chloride Benzoyl chloride

{ oY)



3. Acid Anhydride:
T

C C

Change acid to anhydride

alkanoic anhydrides
Examples:

O 1
A 0.
RO
0 0

Propanoic anhydride Benzoic anhvdride

{ oYY



4. Amides:

Change -oic acid to —amide

alkanamide
Examples:
Os_ _NH, o
NH, ﬂ
© b
Acetamide -
Ethanamide Acetanilide
Benzamide N-phenylethanamide

oYY



Esters Reactions:

R—C—OR +

O
||

HO .  RrR—C—OH + ROH

O
||

HOR”
> R—C—OR" + R'OH

Alcoholysis Ester Alcohol
Ester interchange

O
NH, |
" —ry > R_C_NHQ
Ammonolysis Amide
LiAlH, s R—CH>—OH + ROH
Reduction of Esters 2 moles of alcohols
l'l{”
[) R"MgX, 2) HsO; R—C—OH + ROH +Mg(OH)X
Grignard reagent | 3 © alcohol
R'l

oVY¢



Acid Chlorides Reactions:

O

R—C—Cl +

I
He A
QH’ R—C—OH + HCI
Water Carboxylic acid
O
R’OH ”
Alcohol R_E(,:__OR' + HCI
wster
I
H-NH
- > R—C—NH, + HCI
Ammonia ‘«\mcn)de
H-NHR ||
> R—C—NHR + HCI

1° amine N-substituted amide

O
EIVREG Wy S
Ketone

Friedel-Crafts acylation

LiAIH, > R—CH—OH
2

Reduction of Acid halide Alcohol

@Yo



Acid Anhydride Reactions:

]

H—OH> R—C—OH + RCOOH

Water Carboxylic acid

0
vou |

Alcohol R—Esfer—OR + RCOOH
i

” ” H-NH, , R—C—NH, + RCOOH
R—C—0O0—C—R + Ammonia Amide

»» O
H-NHR |

> R—C—NHR + RCOOH
N-substituted amide

O
O / AlCl, I
» R—C + RCOOH
Friedel-Crafts acylation Ketone

LiAlH,
. ‘ , ) > R-CH,-OH + R’-CH,-OH
Reduction of Acid halide 2 moles of alcohol

1° amine

. PR



Amides Reactions:

I
i) R—C—OH + NH3
Hvdrolvsis Carboxylic acid
I w0t i
NaOH /heat
R-C-NH, + >  RC-O'Na® T NHs

Base catalyzed hydrolysis

Li AlH,

» R-CH,-NH,

Reduction of amides

4- Reaction of amides with alkaline hypohalite solution:

Reduced to amines containing one less carbon atom

O
|

OH"

RCH,-C-NH, + NaOX ——> RCH,NH,

An amine with one less carbon

 ARY
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Alcohols and Phenols
The Hydroxyl group (-OH)

* The hydroxyl group (—OH) 1s found in the alcohol
and phenol functional groups.

— 1n alcohols, a hydroxyl group is connected to a
carbon atom.

— 1n phenols, —OH is connected to a benzene ring.

sp?

sp3 '
o2 *y‘ f @
o

o o] 0
TN i
H/ \H H,C H @ H

Water Methanol Phenol

4

oY



Types of Alcohols
1- Monohydroxyls: containing one hydroxyl group

CH,

|
CH3(|:() l’]

CH,

tert-Butyl alcohol
(2-Methyl-2-propanol)

2- Dihydroxyls (glycols) : containing two hydroxyl groups

HOCH,CH,0H

Ethylene glycol
(1,2-Ethanediol)

3- Polyhydroxyls : containing more than two hydroxyl groups

OH

Glycerol
o (1,2,3-Propanetriol)

oY



Classification of Alcohols

Carbinol Carbon
\()H OH OH OH
HA0-H  R—C—H  R——R  R—C—R
! h h "
Methy! alcohol 1? Alcohol 2° Alcohol 3° Alcohol

Nomenclature of Alcohols

Common Nomenclature:

Alkyl + alcohol
CH;CH5-OH
-Hs CHy—OH
Ethyl alcohol CH3CHCH3 CH3CCH3
| H
OH
CH2=CH—OH Isopropyl alcohol t-butyl alcohol Benzyl alcohol

Vinyl alcohol

o ¢



| IUPAC Nomenclature:

O Select the longest carbon chain containing the hydroxyl group.

O derive the parent name by replacing the -e ending of the
corresponding alkane with -o/.

0 Number the chain from the end nearer the hydroxyl group.

3 2 1 5 4 3 2 1
CH;CHCH,CH;  CICH,CH,CH,OH CI 13$11c112c112C112011
H 3-chloropropan-1-ol CHy
2-Butanol 4-Methylpentan-1-ol

Not 2-Methylpentan-5-ol

CH,

1 2 3 4 s
C”3(|:”C”2CC”3 4<_\—\ HC=—CCH,CH»,—OH
OH 2?113 OH ]

4.4.Di hvl 5 o] But-3-yn-1-ol
4-Dimethylpentan-2-0
' y'P Hept-5-en-2-o0l

[ ] ®°



CH

i

HO
Br OH

Cyclohex-2-enol
3-Bromo-2-phenyl cyclopentanol yelohex-2-eno

3-Ethylbut-3-en-2-ol

OH

f 2 OH
3
1 ) ’
3
2-Methyl-4-phenyl butan-2-ol [-Cyclobutylpropan-2-ol



If more than one hydroxyl group, use suffixes

-diol, -triol, etc.

CH,-CH, CH;-CH—CH,
OH O OH On
[UPAC name: 1,2-Ethanediol 1,2-Propanediol
Common name:  Ethylene glycol Propylene glycol
CH,-CH—CH,
OH O O

1,2,3-propanetriol
Glycerol

(inz - CH2 . C|H2
OH OH

1,3-Propanediol
Trimethylene glycol

(%



Nomenclature of Phenols

A The ortho, meta, para system 1s used in common names.

0 While the numbering system is employed in IUPAC names
and 1n this case numbering of the ring begins at the hydroxyl
substituted carbon and proceeds in the direction of the next
substituted carbon that processes the lower number.

OH

Phenol
OH OH OH
NO,
NH, By ’

1. o . 2,4,6-Trinitrophenol
_ 4- aminophenol 4-Bromo-2-nitrophenol P

A
Common name: Picric acid



O Some phenols have common names as shown in the following
examples:

H
OH OH
CH,
CH
3 CH;
2-methylphenol 3-methylphenol 4-methylphenol
o-cresol m-cresol p-cresol
JH H
OH
OH
2-hydroxyphenol 3-hydroxyphenol
or 1,2-Benzenediol
Catechol Resorcinol

@1



Physical Properties of Alcohols and Phenols

O Smaller straight chain alcohols are usually liquids.
O Phenols are crystalline solids or liquids.

Solubility of alcohols:
Water solubility
Soluble " Insoluble
[ ;
Short chain butanol pentanol Long chain
alcohols alcohols
methanol hexanol
ethanol heptanol
iIsopropanol etc.



= The solubility of lower alcohols is due to existence of hydrogen
bonds between water and polar -OH group of alcohol molecules.

e &
.. .%o

= The solubility increases with branching of chain.
= The number of hydroxyl groups increases the solubility.

= Phenols are moderately soluble in water but readily soluble in
organic solvents.



Boiling points of alcohols:

» Because alcohols hydrogen bond to each other, they Y s ‘
have higher boiling points than alkanes of the same .,j} @
molecular weight. L

« The boiling point of alcohols increases as the __ ‘\
molecules become larger. B |

CH;CH4;OH CH;CH,CH;
Ethanol n-propane
Mol wt =46; bp= 78°C Mol wt = 44: bp= -42°C

« The boiling point decreases with increase in branching in
alkyl group.

CHs;

. |

I-Butanol 2-Methyl-1-propanol

(mol wt = 74; bp = 118°C) (mol wt =74; bp = 108°C)



« The boiling point increases with increase of number of
hydroxyl groups.
« Boiling points of 1° alcohol > 2° alcohol > 3° alcohol

OH
P CI I3éCI I
CH;CH,CHCHj (|3”3
2-Butanol 2-Methyl-2-propanol
(mol wt =74; bp =99.5°C) (mol wt =74; bp = 83°C)



Acidities of Alcohols and Phenols:

« Alcohols and Phenols have weak acidic properties.

——

» ~

v N\ H

H \ ‘

R _%/. + P (“) N —_—> R — 6 ._ + s () :
~o H ™ "H ~ 4 H™ " "H
An alcohol An alkoxide ion
OQ H//j\:. o
or Y A =—= ¥ + H O

A phenol A phenoxide ion

» Introduction of the electro-withdrawing groups, such as NO, or CN the
ring increases the acidity of phenols dramatically.

OH OH
>
NO,

NO,



Phenols are a stronger acids than Alcohols.

Because the negative charge in oxygen 1s dispersed
by resonance through the benzene ring.

Resonance structures of phenoxide anion

OH

2 Y- -0




Preparation of Alcohols
1- Hydrolysis of Alkyl halide:

R-X + NaOH — 2 . R OH &+ NaX

Examples:

H-O
N Br + NaOH = - /\OH

Ethylbromide Ethylalcohol

| H,0 |
Cl + NaOH — OH

tert-Butyl chloride tert-Butyl alcohol




2- Hydration of Alkenes:
A- Markovnikov’s Rule

Addition of water to a double bond 1n the presence of
an acid catalysts.

. p H\ /OH
H"

C=C + HO 2
£ N ' \

Example:

j)H

~ — 1 H_
CH;CH=CH, + 1,0 CH,CHCH,

) I Y »
Propene 2-Propanol



B- anti-Markovnikov’s Rule

Addition of diborane B,H, , followed by oxidation with
alkaline hydrogen peroxide H,0O,,NaOH.

RCH=CH,

Example:

CH,CH=CH,

Propene

D B2F% » RCH—CH,
2) HgOg, NaOH | | -

H OH

1) BoHg

> CH,CIH,CH,OH

n-Propanol

2) HzOz, NaOH

@A



I tion of Alkenes to Vicinal Diols:

0 Oxidation of Alkenes with cold Potassium permanganate KMnO, or
Osmium tetroxide OsO, provides occurs with syn addition and
provides cis vicinal diols.

OH
KMnO,
'
Cold
OH

Cyclohexene cis-1,2- Cyclohexandiol

0 Oxidation of Alkenes with Peroxy acid HCOOOH provides occurs
with anti addition and provides trans vicinal diols

+ OH
@ HCOOOH () H;0 OA
> O >

“OH

Cyclohexene Cyclohexene oxide trans-1,2-Cyclohexandiol

[ ] @)1



~ 4- Reduction of Aldehydes, Ketones, Acids and Esters:

< T T
) i H;0%
/C( : S OO - O~
/ H / H
A carbonyl An alkoxide ion An alcohol
compound intermediate

A- Reduction of Aldehydes and Ketones
Reduction by hydride reagents, Lithium aluminium hydride LiAlH,

or Sodium boro hydride NaBH,

0 (|)H
| .
H/C\H 1) LiAlH,/ dry ether or NaBH, R H—%‘—H Methanol
Formaldehyde 2) H,0 H
; or
1) LiAlH, / dry ether or NaBH
R/C\ H 2) H.O" @ . H—C—H 1°alcohol
Aldehyde ) H; II{
0 OH
P |C|‘.\ 1) LiAlH,/ dry ether or NaBH, oo
' H—C—R 2° alcohol

R R 2) H3o+ |
® Ketone R

V.



| B- Reduction of Acids and Esters

o OH
I 1) LiAlH, / dry ether |
R/ T\OH H—C—R
2) H,0* I}
Acid
O . OH
(I‘[ 1) LiAIH, / dry ether
R OR! H—C—R
Ester

Reduced by LiAlH,

Recuced by NaBH,
/ \
O (0} (0} (”)
|

Il Il
R—C—O0 < R—C—OR' < R—C—R' < R—C—H

| Ease of reduction >

.

R'O—H

= (Carboxylic acids and esters are reduced to give primary alcohols.
= LiAlH, 1s used because NaBH, 1s not effective.

oV



Examples:

O
| 4 1)LiAIH,/dry ether or NaBH, _~"~cp,~ "
/\C 2) H3O+ 2
Propanal I-Propanol
1) LiAlH,/ dry ether or NaBH,
O OH
2) H,0"
Cyclohexanone Cyclohexanol
ﬁ .
N 1) LiAlH,/ dry ether OH
C—OH > N N
2) H;0"
Pentanoic acid 1-Pentanol

{ oYY



5- From Grignard reagent:

Grignard formation

5— 5+
R—X + Mg —— R—MgX R = 1°, 2°, or 3° alkyl, aryl, or vinylic
X =ClLBr,orl
A Grignard reagent
] N
1. RMgX, ether A
/C\ 2 H;;O' =3 /,/C\ + HO:\[g}\

R

{ oYY



Formaldehyde reaction

_~__MgBr (II) _~_ _CH;,OH
[ 1. Ether solvent ¢ i
' f * H—C—H 2: H (,)e'r ——
\\\\/
Cyclohexylmagnesium Formaldehyde Cyclohexylmethanol
bromide (a 1° alcohol)
Aldehyde reaction
CH; O e MgBr CH; OH
I ” il S 1. Ether solvent l | /) / \'\{f\
CH;,CHCH,CH + | || T > CHCHCH,CH—
3-Methylbutanal Phenylmagnesium 3-Methyl-1-phenyl-1-butanol
bromide (a 2° alcohol)
Ketone reaction
OH
O ' -
1. CH,CH,MgBr, ether _ CH,CH;
2. H;0*
Cyclohexanone 1-Ethyleyclohexanol

(a 3° alcohol)

[ AR



Preparation of Phenols

A- Industrial process from readily available cumene (isopropylbenzen)

H OOH
[-I3C—(|3—CH3 H3C—(|3—CH3 OH
0, H,0O
Heat H*
Cumene Cumene hydroperoxide Phenol

o @Yo



B- In the laboratory:

1- From Chlorobenzene

Cl
aq NaOH
300-350°C/ 150 atm

Chlorobenzene Sodiumphenoxide Phenol

2- Alkali fusion of sulfonates

SO3\a O \a

aqNaOH | NaOH \30”
hcat 300 °C
Benzenesulphonic Sodium . :
acid benzenesulphonate Sodiumphenoxide Phenol

- PR



3- Hydrolysis of Diazonium salts

NH» N,"CI OH
\8\0* H +
2 ;0
HCL, 0° C A
Aniline Benzene diazonium Phenol
chloride

[ ] [ A%



Reactions of Alcohols and Phenols

» Alcohols undergo two kinds of reactions

S

{ o YA



'A- Reactions involving oxygen-hydrogen bond breaking

1- Salt Formation CO%H
Alcohols
2R—O—H + Na > 2RONa + H,
Sodium alkoxide
2R—O0—H + NaOH » No Reaction
Phenols O Na*
OH
2 + Na > 2 + H

Sodium phenoxide

o ®Y4



2- Reaction of Alcohols with Carboxylic acids: Ester Formation

! O, - O
IR H I )
R—OH + R-C+OH R—C—OR + H,0
' ' Heat
Example:
T i
CH;CH,OH + CHy,C—OH =—— (,C—OCH,CH; + H,0
Heat
Ethanol Acetic acid Ethylacetate
(alcohol) (acid) (ester)

{ A



B- Reactions involving carbon-oxgen bond breaking
C%OH

1- Dehydrations of Alcohols: Formation of Alkenes

J.. J., acid catalyst (H™) o~
- >C—C\ +  H,O
» A
An alkene
An alcohol
Examples:
o
CHr-CH, » CH,=CH, + H,0
H H A
Ethanol Ethene
H™ W + W
H A 2-pentene l-pentene
Major product Minor product

° 2-pentanol ¥



2- Dehydrations of Alcohols: Ethers Formation

R-OH_+ HO—R —22% » R-O—R - M0
H>SO,
2R—OH — > R—0O—R -+ H,0O
140 °C
Example:
H,SO,
2 CH;CH,0H  ——5% > CH,CHy~O—CHyCHy = H,0
Ethanol Diethylether

{ oYY



3- Replacement of the OH group by Halide: Alkyl Halides Formation

R-OH +HCl/ZnCl,— > Rl + H,0

R-OH + PXj » R-X + H;PO,
(X=Cl, Br)
R-OH + PCI. ~ R Cl+ H,PO,

R—OH + SOCl, » R—Cl + SO, + HCI

) oYYy



C- Oxidation of Alcohols to Carbonyl Compounds

» Oxidation of alcohols gives different products depending on the class of
alcohols that 1s oxidized and on the kind of oxidizing agent that is used.

» Oxidizing agent:

Very strong: KMnO,/H"/ A

Strong:
Mild:

Primary alcohol

Secondary alcohol

KMnO,/OH- or
CrO; / pyridine or

H,CrO, or K,Cr,0,/H"
Cu /300 °C

OH

0
(|J 3 (“3 o C H
R/ “H R~ OH -

H

O
I
An aldehyde

A carboxylic acid

OH (ﬁ

C — C
R~ R

A ketone

[ A



Tertiary alcohol OH

| [O]
L > NO reaction
RR'/ R" Mild or strong oxidizing
OH O O
(|: O] > g y) H
AN A
RR'/ R"  very strong oxidizing R R R™ o~
A ketone A carboxylic acid
Examples:
CH
| [O] .
CH;CCH; > No reaction
H Mild or strong oxidizing
t-butyl alcohol
CH
. KMnO,/ H*/ A |
CH;CCH;3 > Hy(—C-CH; + HCOOH
H

Acetone Formic acid

o @Yo



with mild oxidizing agent

Cu or CrO5/ pyridine ﬁ_l
CH3CH30H 3 P > CH3—C=()
Ethanol Ethanal
Acetaldehyde

with stronger oxidizing agents

, H,CrO; ?H
CH3CH20H = CH‘;_C:(A)
Ethanol Acetic acid
]
0
OH
2- Propanol Acetone

oY1



D- Reaction of Aromatic ring of Phenols

1- Halogenation

OH
Br,/ CS, or CCI4>
5°C
OH
Br
— p-Bromophenol
OH
25°C
Br
2,4,6-Tribromophenol
OH
HBr

>

No reaction

oYy



2- Nitration At high temperature At low temperature

OH OH
Dil HNO, NO,
OH +
— NO, OH
O,N NO,
ConcHNO;,
>
NO,
3- Sulphonation
OH
H,SO, ..
OH 20°C > o-Phenolsulphpnic acid
OH
H,$ . .
130 p-Phenolsulphpnic acid
100°C
SO5H

{ o YA



Homework

|- Name the following compounds.

CH;—CcH—CH,0H (CH,),CHCH,CHCH,
a) b) OH c) OH
Cl
d) CH;CHCH=CHCH,0H © ¢l OH
CliH2CH3
Cl

2- What is the correct IUPAC name.

a) 2-Methyl-2-penten-4-ol
b) 4-Chloro-5-phenyl-5-heptanol
c) 4-Bromocylohexanol

{ [ AR



3- Complete the following reactions.

Na
‘&03 T /
NaOH

I-propanol

CH;COOH HCl/ZnCl
+
H'/4 lPBlg

o,



Nomenclature of Aromatic compounds

» When a benzene ring 1s a substituent, the term phenyl is
used (for C H;-)
You may also see “Ph” or “¢” 1n place of “CH”
> “Benzyl” refers to “C,H;CH,-”

CH2—§ §
©/ \an extra CH, group ©/

benzyl group phenyl group
C6H5CH2_ CGHS_

o)



O Benzene 1s the parent name for some monosubstituted benzenes;
the substituent name 1s added as a prefix.

F Cl Br NO2
Fluorobenzene Chlorobenzene Bromobenzene Nitrobenzene

Q The CHs- group 1s called phenyl when it is a substituent

= A hydrocarbon with a saturated chain and a benzene ring is
named by choosing the larger structural unit as the parent

= [f the chain 1s unsaturated then it must be the parent and the
benzene 1s then a phenyl substituent

Butylbenzene 2-Phenylheptane (Z)-2-Phenyl-2-butene

@—CHQCI

. Benzyl chloride

Ethylbenzene

oY



O For other monosubstituted benzenes, the presence of the
substituent results in a new parent name.

CH, OH NH,
@ b
Toluene Styrene Phenol Aniline
CHO COOH OCH; SO;H

Benzaldehyde Benzoic acid Anisole Benzenesulfonic acid

oY



O When two substituents are present their position may be indicated
by the prefixes ortho, meta, and para (o, m and p) or by the
corresponding numerical positions.

X

Ortho — «— Ortho

|

Para

Meta — Meta

= If the two groups on the benzene ring are different,
alphabetize the names of the substituents preceding the word
benzene.

= If one substituent 1s part of a common root, name the
molecule as a derivative of that monosubstituted benzene.



Br Br

Br
Br Br
Br
1,2-Dibromobenzene 1,3-Dibromobenzene 1,4-Dibromobenzene
(o-dibromobenzene) (m-dibromobenzene) (p-dibromobenzene)
ortho meta para
CEH, CH,
CH,
CH, CH,

CH;
1,2-Dimethylbenzene 1,3-Dimethylbenzene 1,4-Dimethylbenzene
(o-xylene) (m-xylene) (p-xylene)

Br NO, <—nitro group
Cl
F
o-bromochlorobenzene m-fluoronitrobenzene

®°



toluene phenol

} \  NO,

Br-@»CH3 OH

p-bromotoluene o-nitrophenol
CO,H COQH COZH

NO2
N O2
NO2
2-Nitrobenzoic acid 3-Nitrobenzoic acid 4-Nitrobenzoic acid

(o-nitrobenzoic acid) (m-nitrobenzoic acid) (p-nitrobenzoic acid)



O For three or more substituents on a benzene ring:

Number to give the lowest possible numbers around the ring.
Alphabetize the substituent names.

When substituents are part of common roots, name the
molecule as a derivative of that monosubstituted benzene. The
substituent that comprises the common root 1s located at C1.

1 NH,

/@:CHchs Cl «1
2—>»

CI” 74 CH,CH,CHg

a2 el

5

4-chloro-1-ethyl-2-propylbenzene 2 5-dichloroaniline

(%



4-Bromo-1,2-dimethylbenzene

CH3
O,N . NO,
6 2
5 3

4
NO,

2,4,6-Trinitrotoluene (TNT)

1,2,3-Trichlorobenzene

SO.H

3

F

F
2,4-Difluorobenzenesulfonic acid

OH

1 _CHa
2

3
5
HaC :

2,5-Dimethylphenol

: Br
6 2
5 3
4
Br

1,2,4-Tribromobenzene
(not 1,3,4-tribromobenzene)

CO,H

O,N NO,

3,5-Dinitrobenzoic acid

oA



O Polynuclear Aromatic Hydrocarbons:

o =3
w Mo
o =3
w N

5 4 5 10 4
Naphthalene Anthracene Phenanthrene
CIOHS C14H10 CI4H10

9 8
6
|
2 5
. . Biphenyl Indene
Pyrene

CIGHIO



Electrophilic Aromatic Substitution

1- Specific Electrophilic Aromatic Substitution Reactions

* Benzene does not undergo addition reactions like other
unsaturated hydrocarbons, because addition would yield a
product that is not aromatic.

» Substitution of a hydrogen keeps the aromatic ring intact.

Addition | O:
H E
— =
Substitution | ©/ —_— @ <— The product is aromatic.

Halogenation, Alkylation, Nitration, and Sulfonation
» are the typical electrophilic aromatic substitution reactions. «..




Reaction

Electrophile

[1] Halogenation—Replacement of H by X (Cl or Br)

H X
©/ X5 ©/ E* = CI* or Br
FOXa
X =ClI aryl halide
X =Br
[2] Nitration—Replacement of H by NO,
H NO, N
I m O
H,SO,
nitrobenzene
[3] Sulfonation—Replacement of H by SO;H
H SO4H B
I ms O o
H.SO,
benzenesulfonic acid
[4] Friedel-Crafts alkylation—Replacementof H by R
H R
©’ RCI ©/ E* =R
—_— >
AICI,
alkyl benzene
(arene)
[5] Friedel-Crafts acylation—Replacement of H by RCO
(o]
(n:
O e

H
©/ RCOCI
_— >
AICI,

katone

AR



Examples:

H Cl
. Cl,
Chlorination i —
L FeCly

chlorobenzene
H Br
S Bry
Bromination | —_—
FeBr3
bromobenzene

: H HNO NO,
Nitration S
Nitration | H,SO,

nitrobenzene

| H SO4H
Sulfonation | B
H,SO,

benzenesulfonic acid

o)y



- H R
Friedel-Crafts alkylation— RCI \ ~.
General reaction —’AI cl ' new C—Cbond + HCI
alkyl benzene

H CH,CHs
Examples' - ©/ CH,CH,CI @/ )
— > HCI
AlCl,
H C(CH3)a
) ©/ (CH),CC! O’ .
> HCI
AICI,

(0]
| H 0 i «—— acyl grou
Friedel-Crafts acylation— O/ (I_': | C\R PR
H + YN e
General reaction R™ >l AICI, +  HCI
acid chloride ketone
. i O
Example | H Q &
| ©/ * G B “CHy + Hel
CH; CI AICH, ]
new C—C bond

Y



2- Side-Chain Reactions of Aromatic Compounds

A) Halogenation of an Alkyl Side-Chain

"Hs "H,Br

BI‘2
UV light

Toluene BenzylBromide

Cly
@C112C[I3 —_— @CIICICII; + @CII»CIBC]
UV light - - -

Ethvlbenzene [-Chloro-1-phenylethane  1-Chloro-2-phenylethane

Major product Minor product



B) Oxidation of an Alkyl Side-Chain

o8

0)
hot P; <—— carboxy group
toluene KMnO, ©/ “OH
CH(CHy), benzoic acid
isopropylbenzene
CH,CH,  hot COOH
KMnO, @[

CH,CHj, COOH

phthalic acid

@)°



Disubstituted Benzenes: Orientation

The monpsubstituted benzene C,H.—Y, has 5 replaceable hydrogens.
v

H H

G =second substituent
\..v \..'

or

l Further substitution

or
H G G H
G

Ortho product Meta product Para product

Product ratio conclusion:
40% ortho, 40% meta, 20%

nara
T

o\




Orientation and Reactivity Effects of Substitutions Y
in Electrophilic Aromatic Substitution

Increasing activation

Increasing deactivation

—NH, [NHR, NR,]

activating
groups

deactivating

ortho, para
directors

meta
directors

o\Y



Examples:

H H H
NO,
Nitration
+
NO,
OH OH OH
Br
Brs
. +
Br
NO, NO,
Nitration
NO,

@A



FHomework

|- Name the following compounds.

Br
NO, O CH; CH,
A) B) ©)
H,C
C
CH2C1 CH_CH2 H3C C CH2CH3

E) F) |

CH,CH,

&
OO0



2- Write the structures of the following compounds.

A) p-Nitroethylbenzene

B) 2,2-Dimethyl-1-phenylbutane

C) o-Ehtylaniline

D) 1,5-Dimethylnaphthalene

E) 9-Bromoanthracene

F) 2,4-Dinitroflurorbenzene

G) 2-Benzyl-3-nitro-5-bromophenol

3- Complete the following reactions.

A) @Br + H,S0,,S0; —»
B) @cmm © HNO, 12591,
©) QCOCH3 ,an Tl

R D) QOCH3 . cHyc1 ACh

V.



Chem. 108

Aldehydes and Ketones

Chapter 9



Aldehydes and ketones are simple compounds which contain a
carbonyl group (a carbon-oxygen double bond).

aldehyde ketone
0, ;
T N N =Y
carbonyl group H H R H R R
R can be Ar

Some Common Classes Carbonyl Compounds

Class General Formula Class General Formula
1 |
ketones R—C—R'’ aldehydes R—&—H
I 1
carboxylic acids R—C—OH acid chlorides R—LC—Cl
I I
esters R—E—0—R’ amides R—C—NH,




Aldehydes

RCHO or RCH=0
Nomenclature

Common Names

» Use the common name of the carboxylic acids.
» Drop -ic acid and add -aldehyde.

= ] C: formic acid formaldehyde
= 2 (C’s: acetic acid acetaldehyde
= 3 (C’s: propionic acid propionaldehyde

= 4 (C’s: butyric acid butyraldehyde.

oY



Structure IUPAC name Common name Structure IUPAC Common name
HCO,H methanoic acid formic acid HCHO methanal formaldehyde
CH;CO,H ethanoic acid acetic acid CH;CHO ethanal acetaldehyde
CH;CH,CO,H  propanoicacid ~ propionic acid CH;:CH,CHO  propanal  propionaldehyde
CH3(CH,),CO,H  butanoic acid butyric acid CH3(CH,),CHO  butanal butyraldehyde
CH;(CH,);COH  pentanoic acid valeric acid CH;(CH,);CHO  pentanal valeraldehyde
CH;3(CH,)sCO,H  hexanoic acid caproic acid CH3(CH,)sCHO  hexanal caproaldehyde

» Substituents locations are given using Greek letters

(o, B, v, 0) beginning with the carbon next to the carbonyl carbon.

5 4
C—C—C—C
O v B «

0
CH,CHBrCH,C—H

B-bromobutyraldehyde

3 2

OH

CH,CHCH,CH,C -H

y-hydroxyvaleraldehyde

0 0
H,C -H

a-phenylacetaldehyde



[UPAC System

= Select the longest carbon chain containing the carbonyl carbon.

* The -e ending of the parent alkane name 1s replaced by the suffix -al.

* The carbonyl carbon 1s always numbered “1.” (It 1s not necessary to
include the number 1n the name.)

0 OH 0 0
CH,CHBICH,C-H CH,CHCH,CH,C -H CH,C-H
4 3 2 A 5 4 3 2 1 2 1

3-bromobutanal 4-hydroxypentanal 2-phenylethanal



» Aromatic aldehydes are usually designated as derivatives of
the simplest aromatic aldehyde,

Benzaldehyde
CHO
Benzaldehyde
H o) o) H
OH
NO :
| ? Salicylaldehyde
m-Nitrobenzaldehyde

(o-Hydroxybenzaldehyde)

3-Nitrobenzaldehyde 2-Hydroxybenzaldehyde

[



Ketones

RCOR’ (R and R’=alkyl or aryl)
Nomenclature

Common Names

The common name for a ketone 1s constructed by adding ketone to
the names of the two alkyl groups on the C=0O double bond, listed in
alphabetical order.

[UPAC System

= Select the longest carbon chain containing the carbonyl carbon.

= The -e ending of the parent alkane name 1s replaced by the suffix -one.

= The chain 1s numbered in such a way as give the lowest number to the
C=0 group.

[ [ A%



oo o

Dimethylketone Diphenylketone Methylphenylketone
aceione Benzophenone acetophenone
2-Propanone diphenylmethanone 1-Phenyl-2-ethanone
O
] 0 i
CHs— C—CH—CH, ~
] \)J\ CH,CHyC— |
CH, \_—

isopropyl methyl ketone Methyl vinyl ketone  Cyclopentyl ethyl ketone
3-Methylbutan-2-one 3-buten-2-one 1-Cyclopentyl-1-propanone

Va

Cyclobutanone

oA



» On a molecule with a higher priority functional group,
C=0 1s oxo- and -CHO 1s formyl.

» Aldehyde priority is higher than ketone

» Carboxylic acid priority is higher than aldehyde

CHO

3 ( O
|
O 5 6 OH

3-Methyl-5-oxohexanal 2- formyl benzoic acid



hn

6

2- 1,3- dihydroxypent-4-yn-2-one
4-amino-3-isopropyl-2-hexanone pentenal ydroxyp )

O O
O“ M
OH
2,4-pentadione
3-Ethyl-2-hydroxycyclohexanone 5-hydroxy-2-cyclohexenone



Physical Properties of Aldehydes and Ketones
\ >
C=0 sp? 120°

/ Tt
52
/
Carbonyl compounds are polar, containing a dipole
along the carbon-oxygen double bond.

W , ol*l 5@
=0

v

This creates weak attractive forces between carbonyl compounds,
but these attractions are not as strong as those that result from
hydrogen-bonding.



1. Boiling Points

More polar, so higher boiling point than comparable alkane or ether.
Cannot H-bond to each other, so lower boiling point than comparable
alcohol.

CH,CH,CH,CH, CH,—O—CH,CH,

butane methoxyethane
bp 0°C bp 8°C
| 1
CH,CH,—C—H CH,—C—CH, CH,CH,CH,—OH
propanal acetone 1-propanol
bp 49°C bp 56°C bp 97°C



2. Solubility in water

» Carbonyl compounds can not hydrogen-bond to each other, but
they can hydrogen-bond to water through the carbonyl oxygen.

» The lower aldehydes and ketones are soluble in water because
they form hydrogen bonds with water.

» Aldehydes and ketones with more than six carbons are essentialy
isoluble 1n water.

» The higher aldehydes and ketones are soluble in organic solvents
such as; benzene, ether, and carbontetrachlorid.

O O
O U
o/ ){3 " 3P 0

H B HH
50 50

| g O
7 7
H



Preparation of Aldehydes and Ketones
1- Oxidation of Alcohols

» Oxidation of alcohols gives different products depending on the class of
alcohols that 1s oxidized and on the kind of oxidizing agent that is used.

» Oxidizing agent:

Very strong: KMnO,/H"/ A

Strong:
Mild:

Primary alcohol

Secondary alcohol

KMnO,/OH- or H,CrO, or K,Cr,O,/H"
CrO; /pyridine or Cu/300 °C

OH O O
(|J - (”3 = g H
R/ “H R™ H R™ Yo~
H
An aldehyde A carboxylic acid
OH O
é [O] llj
R/ “H R™ DR

R 1]
A ketone

®\¢



Tertiary alcohol OH

| [O]
L > NO reaction
RR'/ R" Mild or strong oxidizing
OH O O
(|: O] > g y) H
AN A
RR'/ R"  very strong oxidizing R R R™ o~
A ketone A carboxylic acid
Examples:
CH
| [O] .
CH;CCH; > No reaction
H Mild or strong oxidizing
t-butyl alcohol
CH
. KMnO,/ H*/ A |
CH;CCH;3 > Hy(—C-CH; + HCOOH
H

Acetone Formic acid



Examples:

with mild oxidizing agent

Cu or CrOs3/ pyridine
: o

Ethanol Ethanal
Acetaldehyde
with stronger oxidizing agents
H:C.I'g(_)jr ?H
CH,CH,OH > CH7—C=0
Ethanol Acetic acid
OH 0O

| 0 [
H,o—C-CHy 9L o (e,

2- Propanol Acetone il



2.0 lysis of alk
Rl ot O1 aIKCNCs Oxidation of alkenes by ozone O,

N [nert solve « arrangement
>C=C\ + ()3 nert solvent N %{ J\ nealrdngemen> /K
T
0 )}) -0
N

An ozonide
(not 1solated)

Ozone Molozonide
Unstable intermediate

B bo - ol
N + H,0 —= R_&=() + =0

—0

An ozonide

aldehyde ketone

The ozonolysis reaction can be summarized by the following equation:

K/c C/R (1) O, R
R N1 (2)Zn, HyO =0 + O_{<H

u’\/\.f\/\/‘lb/\/\/\/‘



Examples:

H,CH CH,CH;,
k- (2) Zn, H,0 H

Methanal Propanal

CH:‘>C C/CH3 (1) 0 ;} 0 + O:<
\H (2) Zn, Hy0 2 equivalents of:
Ethanal
3
S (o, o
CH (2) Zn HzO
3

Cyclohexanone Pmpdnone

O

M+ 1) O; |
0 N7, H20> H—C— CH,CH>—C—H

@A



3.Hydration of alkynes: Addition of water

O
R R | «—— carbonyl group
H,O N R. C
R—C=C-R ﬁ» =G < ¢ R
Hoso,  H OH H H
go%4 less stable enol ketone
Markovnikov addition H,O has been added.
& o=
2 R
o ~cl oj el
| TH |
H
L keto enol B

keto—enol tautomerism

@14



Examples:

o)
mo | St CHa_ €.
CH;—C=C—CH; ——— C=C — G~ “CHg
H2SO4 H/ \OH H/ \H
HgSO, enol
H  CH, 0
-C=p-Cl, e o=d = N5
a 3 80, | K _ R s
H OH H H
HgSO, enol Dinfct};tyclnf:tone
H
H,S0 |
H—C=C-H + H,0 ———| H—(=C—H|— H—C—C—H
2Y THgS0, ] ]
_ H O
H OH
Acetylene Acetaldehyde

° oy,



4- Friedel-Crafts acylation

The reaction involves treatment of an aromatic ring with
an acylchloride 1n the presence of AICl;, which acts as a catalyst.

O O
| s \
Example:
0 (’)
AlCl,
Propionyl chloride Ethyl phenyl ketone

{ oV



Reactions of Aldehydes and Ketones

Nucleophilic Addition Reaction to the carbon-oxygen double bond.

+
C 0 3
sp “ . SP Nu

1. Addition of metal hydrides: Formation of alcohols.

tetrahedral .
1 Lo & "0: alkoxide :cl):
I

< T T
tH™ H;0%
/C\/\ * IS SN - O
/7 H / H
A carbonyl An alkoxide ion An alcohol
compound intermediate

{ oYY



Reduction by hydride reagents, Lithium aluminium hydride LiAlH,
or Sodium boron hydride NaBH,.

o OH
] .
H/C\ o 1) LiAlH,/ dry ether or NaBH, H_(l_‘_H Methanol
+
Formaldehyde 2) H;0 H
0 OH
/él,\ 1) LiAlH,/ dry ether or NaBH, H_ G—H 1° slcohal
dehyge | D HO | '
Aldehyde R
O OH
g‘ 1) LiAlH,/ dry ether or NaBH, |
~U~ 4, H—C—R' 2°alcohol
R R 2) H3O+ | 1lcoho
Ketone R

. oYY



Examples:

O
/\(l-l/H 1) LiAlH, / dry ether or NaBH, /\CHE/OH
2) H;0"
Propanal [-Propanol

1) LiAlH,/ dry ether or NaBH,
O > OH
2) H,0O"

Cyclohexanone Cyclohexanol

[ AR



Examples:

\/\/\O 1) LiAlH, / dry ether or NaBH, =\ 7"\

2) H;07 OH
3-pentenol

3-pentenal
Catalytic Hydrogenation
\/\/\O JH,/Pt NN
g OH
3-pentenal | -pentanol

o @Yo



2. Addition of Grignard Reagents : Formation of alcohols.

Grignard formation

o= o+
R—X + Mg — R—DMgX R = 1°, 2°, or 3° alkyl, aryl, or vinylic
X =ClLBr,orl
A Grignard reagent
| N
1. RMgX, ether M oX
/C\ 2. H::()' ,,/C\ + HO:\[b)\

R

{ [ Al



Formaldehyde reaction

A~ MgBr O _~_ CH,OH
‘l 1. Ether solvent [
' + H=C—H T 4o >
Cyclohexylmagnesium Formaldehyde Cyclohexylmethanol
bromide (a 1° alcohol)
Aldehyde reaction
(|3H3 (”) " MoBr (|3H3 (I)H
AP / N\
CH,CHCH,CH + | | o *%, CH,CHCH,CH— )
- G \—/
3-Methylbutanal Phenylmagnesium 3-Methyl-1-phenyl-1-butanol
bromide (a 2° alcohol)
Ketone reaction
OH
O _—
1. CH4CH,MgBr, ether _ CH,CH;
2. H;0" g
Cyclohexanone 1-Ethylcyclohexanol

(a 3° alcohol)

YV



3. Addition of Hydrogen cyanide: Formation of cyanohydrin.

O OH
R Hor R =< = R H or R'
CN
aldehydes or ketones Cyanohydrin
Examples:

) OH

| HCN |
CN

Benzaldehvde Benzaldehyde cyanohydrin
7 HO CN
HCN _

o Cyclohexanone Cyclohexanone cyanohydrin ® YA



Cyanohydrins are very useful because the CN group can be converted to
other functional groups.

(i)H
1) LiAlH,/ dry ethe; —H
2) H,0* |
OH CH>NH,
@‘(;’—H 2-Amino-1phenyl-ethanol
N OH
o H,0" |
> C—H
heat |
COOH

2-hydroxy-2-phenylactic acid

{ [ AR



4- Nucleophilic Addition of Alcohols:

A) Formation of Hemiacetals and Acetals

II:I} T‘H
R—C—H + ROH —H—~ p_c_0or
H
An Aldehyde An alcohol A hemiacetal
TIH (l)l{"
. ‘|L —OR' + R"OH HIGWIL g QR
! )
A hemiacetal An alcohol Acetal
Example:
P O OH )CH;
. ”. . H™ . | ) H (anhyd.) j -
| CH;0H R :
H H
Ethanal Methanol I-Methoxyethanol 1,1-Dimethoxyethane

e (A hemiacetal) (An acetal)

oy,



B) Formation of Hemiketals and Ketals

O OH

| +

R"
A Ketone An alcohol A hemiketal
OH ?R
+ :
R—C—OR' + pwoy —H@vdl . - o
R" -
A hemiketal An alcohol ketal
Example:
: ?CH3
CH;—~C—CH, + 2CcHoH _HTanhyd)

- = (.‘IIB—(_‘—()CH:;

CH,
° ketal o



5- Addition of Ammonia and Ammonia Derivatives

A) The Reaction with Hydroxylamine

R R

------ +

C:CO + H',INOH —) \CzNOH " H’)O

R' (H) ------ Rl (H)
Hydroxylamine Oxime

B) The Reaction with Hydrazine

R R

----- +

CIO + HquNNH2—> “C=NNH, - H,0

R () R' (H)

Hvdrizine Hydrazone
o : oYY



C) The Reaction with Ammonia NH,

R\ ‘ R
%() + Nl—bi, \C=NH
R (H)/ R (H)/
Imine

[ ] oYY



Introduction to Organic Chemistry

Course Number and Symbol.
108 Chem

Credit hours: (3+1)



What is Organic Chemistry?

Organic chemistry is defined as the study of carbons/ hydrogen
containing compounds and their derivatives (containing other
elements such as O, X and N).

Importance of Organic Compounds

* The chemical substances that make up our bodies; are organic.
1. DNA: the giant molecules that contain all the genetic
information for a given species.
2. proteins: blood, muscle, and skin.
3. Enzymes: catalyze the reactions that occur in our
bodies.
* Petroleum: furnish the energy that sustains life.
= Polymers: Cloths, cars, plastic, kitchen appliances.
= Medicine. o



Chemical Bonds

v When two atoms with large different electronegativity values:
1) Ionic Bonding

= Jonic bonds form from the electrostatic attraction
between oppositely charged 1ons.

= Atoms become ionic by losing or gaining electrons from
the atom 1t 1s bonding with.

e transfer

> ©
Atom 1 Atom 2 Cation Anféh
Ionically Bonded Molecule

Example: NaCl

oY



v' When two atoms with similar electronegativity values:
1) Covalent Bonding

A covalent bond is a form of chemical bonding that 1s characterized by
the sharing of pairs of electrons between atoms

Attraction

M 11

Repulsion

Atom | Atom 2 Covalently Bonded blecule

Example: H,

o ¢




v" When two atoms with different electronegativity values:

1) Polar Covalent Bonding

= A polar covalent bond is one 1n which one atom has a greater
attraction for the electrons than the other atom.

* The electron cloud in a 6-bond between two unlike atoms 1s not
uniform and 1s slightly displaced towards the more electronegative
of the two atoms.

Example: HCI




2) Coordinate Covalent Bonding

There are molecules 1n which one atom supplies both electrons to
another atom 1n the formation of covalent bond.

Example: Ammonium ion NH,"

H-N—H 4 H* s H—NeH




How Many Bonds to an Atoms?

Covalence Numbers of Typical Elements in Organic Compounds

Element

©C Z O T

F,ClL Br, 1

(halogens)

Number of
Valence electrons

AN Wn RS

Number of

electrons in filled Covalent number

valence shell

b

oo o0 OO

o W B

oV



The Uniqueness of Carbon:
C.
6
Carbon 1s unique among the elements for its ability

to bond with 1itself to form compounds of various sizes
and shapes as well as to bond with many other elements

Carbon atom can form multiple bonds, long chains, side
chains and cyclic chains.



Examples:

H H H H
T \ \
% C=0 C=N
4 \ / / \
H H H H H
Ethylene Formaldehyde Formaldimine
i
H—CO=C—H H—C=N H (F C=N
B B
Acetylene Hydrogen cyanide Acetonitrile
2-long chains
i T T e
H—c—C—C—C—C=c=c—c=c—C—C—c?
1 1 1 1 1 [ 1 1 [ N
H H H H H H H H H OH

3-side chains

4-cyclic chains

CH ,OH
o
H
OH
HO OH
OH

e



Formula and Diagrams:

1- Molecular Formula

Examples:

The molecular formula of alkyne

C H,

n-2n-2

The molecular formula of carboxylic acids

C H, O,

n-—2n- 2

).



2- Electron Dot Diagrams (Lewis structure)

Electron valance as electron dots

ORI TSR TR R
Na- Mg . Al Sl p S
Examples

H
H:C:H HNH H:Q:H
H H

Methane Ammonia Water

9008 s
eaEr H:C:::C:H
EE "H

Ethene Ethyne
(Ethylene) (Acetylene)

Cl

o))



3- Structural Formula

The structure formula can be expressed by several ways

Structural Formula

Expanded structural formula

condensed formula

>

—> Partially

Bond line formula
(skeltel formula)

—> Fully

Ball-stick model

H H H H

CH,CH,CH,CH,
or

CH,(CH,),CH,




Atomic Orbitals and their Shapes

i L4, 14,
-‘-L2s JLQS ﬂk

b | § JLls JLls

Boron Carbon Nitrogen




S-Orbital

9

P-Orbital




d2_

2 ;
y orbital

d-Orbital

dxz orbital

dZZ orbitals

yz

orbital

@)°



Molecular Orbital

A molecular orbital 1s formed when two atomic orbitals overlap
to generate a bond.

Types of Hybridization

sp> Tetrahedral

sp> Trigonal Planar |

Sp Linear o™




Energy e——

sp’ hybridization in Methane

b ot _+ 4
| | P | |
A
25p* T T

4L 2 A
Ground electronic Higher energy electronic sp3 hybrid
state of carbon state of carbon state of carbon

(a) (b) ()

3 -
sp - orbital
s-orbital

Orbital structure of methane

o\Y



Energy e

sp? hybridization in Ethene

- w w4
r

- x4

Ground electronic Higher energy electronic
state of carbon state of carbon

sp~ hybrid
state of carbon

(a) (5) ()

P,- Orbital

sigma bond

v‘/,

sp2- orbital

pi - bond

Orbital structure of ethene

—



Energy ———-

sp hybridization in Ethyne

2 2p— 4 2 4
26p —— —

2s —H— 2s +

Ground electronic Higher energy electronic sp hybrid
state of carbon state of carbon state of carbon
(a) (5) (c)

P,- Orbital

P - Orbital
y

RN

sigma bond

sp - orbital

pi - bond

pi - bond

Orbital structure of ethyne

@14



Bond lengths of Ethyne, Ethene, and Ethane

1.20 A

| A



Functional Groups

Functional groups — special groups of reactive atoms that
carry out chemical reactions 1n many organic compounds.

Hydrocarbons
Type of compound General structure Example Functional group
Alkane R—H CH4CH, —
H H
Alkene \c=c/ ‘c=c double bond
/ \ / \
H H
Alkyne —C=C— H—C=C—H triple bond

Aromatic compound © © phenyl group

1)



Compounds containing C=0

Type of compound General structure Example 3-D structure Functional group
" o
H o O
Aldehyde c C. ) /..\ c=0
o CH, W ’ ~ carbonyl group
v
QO' .
Ketone . ¢ - ,’\ C=0
R*On CHy “CHy ] \Q/‘ carbonyl group
w
d
10 0
Carboxylic X I > ,.
R ”’ COOH
» , -~
0: O:
Estor : B “ 9 ° "
R’C\QR CH,’ ‘QCN, . v d COOR
¢
o 9 ?
X Ls ~CONH,,
Amide R’C\?’H ‘a R) C“) m’ "/../ _m:a, o
v
)
0 0: )
Acld 1 h <
L. ™~ 3
chloride R,C\(P oMy G ‘Q‘ 9 coc!

'YY




Compounds containing C-Z ¢ bonds

Type of compound General structure Example 3-D structure Functional group
Alky! halide R—X: CHy—Br: ‘i—‘ =X
halo group
(X=F,ClBr1) v
< \
Alcohol R-OH CH,—OH ' v -OH
od hydroxy group
Ether R-8-R CH,—O—CH, W -OR
“ “ alkoxy group
Amine R—NH, or CHys—NH, ‘ﬁ'"ﬁ, ~NH,
R,NH or RyN "’ - amino group
Thiol R—&H CH,—8H - ./ N -SH
o mercaplo group
SUM R"‘S—R CH:' S' CH3 '/ \'/‘ -sa
0@ , alkyithio group

Yy




Homework -1

|- Given the skeletal structure, and assuming that only hydrogen atoms are
missing, draw the correct expanded structural formula, condensed structural, and
molecular formula for each of the following.

a)C—C——C——=C

b) Cl——C——C=—=cC
O
|

c)C C C C N

2- Draw the structural formula for the following;:

3- a) One alcohol and one ether correspond to C,H,O. Draw their structures.
b) One carboxylic acid and one ester correspond to C,H,O,. Draw their structures.
c) One aldehyde and one ketone correspond to C;H,O. Draw their structures.

{ [ AR



