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Bonding, Structural Formulas, and Molecular Shapes

Organic Chemistry
(dugunell clogasIf)
Definition

The word Organic can be a biological or chemical term, in biology it means anything that is
living or has lived. The opposite is Non-Organic.

Organic Chemistry is unique in that it deals with vast numbers of substances, both natural
and synthetic.

Jio d2iingg datacb asgd digunslf slgll
The clothes, the petroleum products, the paper, rubber, wood, plastics, paint, cosmetics,
insecticides, and drugs

But, from the chemical makeup of organic compounds, it was recognized that one
constituent common to all was the element carbon.

Organic chemistry
is defined as the study of carbon/hydrogen-containing compounds and their derivatives.
Lgsi Ladudeag (o gyag 9 gt St SIS 0 dssslya 0 ¢ dgguinn}f Lo
Aalisd mand planiol Sy b LSl 33 a3
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Organics Inorganics
Bond type | have covalent usually have ionic bonds (electron
bonds (electron transfer)
sharing)
Structure | *Molecules e Three-dimensional crystal
eNonelectrolytes structures
e Often water-soluble, dissociating
into ions -electrolytes
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Organics Inorganics

Melting | —have lower melting —usually have higher melting

Point & | points points

Boiling | eIntermolecular forces elonic bonds require more
Point broken fairly easily energy to break

Water |Nonpolar, water insoluble | Water-soluble, readily
Solubility dissociate

The Uniqueness of Carbon

What is unique about the element carbon?

Why does it form so many compounds?

The answers lie in

The structure of the carbon atom.

The position of carbon in the periodic table.

These factors enable it to form strong bonds with

other carbon atoms and with other elements(hydrogen, oxygen, nitrogen, halogens,...etc).

Each organic compound has its own characteristic set of physical and chemical properties
which depend on the structure of the molecule.

Sl a5 e iy fing 4y daolhf dileos Sl Luilieill dualbias af Gouac waSpo S
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Atomic Structure

Atoms consist of three main particles: neutrons (have no charge), protons (positively
charged) and electrons (negatively charged).

Ao SiligiSIfg dialaio Ciligpisig dusrguo Ciliguigy (o 8)df (g-S33
Al ofylavo ‘_,9 dcjowo blgidl )L ‘_,9 Cilig i SINf wovgig.0)ddf Blg ‘_,9 Siligpiaitlg ylighig ! asg
Neutrons and protons are found in the nucleus.
Electrons are found outside the nucleus.

Electrons are distributed around the nucleus in successive shells (principal energy levels).

Atom is electrically neutral.
i.e. Number of electrons = Number of protons
dtlandl &lig i I¥Y sac $elad dugll Qiligigydl sas ¥ LusygS dlalaio 5,3
Atomic number of an element is the number of protons.
dugll Ciligigudl suc g0 —: Sl aandl
The energy levels are designated by capital letters (K, L, M, N, ..) or whole numbers (n).

The maximum capacity of a shell = 2n? electrons.

The maximum number of electrons in each shell = 2nz | |

No. of shell |[Name of shell Max. no. of eleé‘;r@ns
n=1 K 2x12=2
n=2 L 2x22=8 |
n=3 M 2x32=18_\
n=4 N 2 x 42 = 324

(where n = numberng- sﬁ-ell)l./ i
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For example, the element carbon (atomic number 6)

6 electrons are distributed about the nucleus as

Shell K L M N

o

Number of electrons 2 4 0

Valance Electrons: Electron-Dot Structures
sA>2) AL soiano 8 CiliguiSI¥I Lo : §ALEILY Cilig, s

Valance Electrons are those electrons located in the outermost energy level (the valance
shell).

Electron-dot structures
The symbol of the element represents the core of the atom.
The valance electrons are shown as dots around the symbol.
ASH1 AN SeTuno g DiLigyIS IS sac Solaus 30,00 Joor JoLis gunad f uainlf jo) i€

(.

Chemical Bonding
In 1916 G.N. Lewis pointed out that:

The noble gases were stable elements and he ascribed their lack of reactivity to their
having their valence shells filled with electrons.

2 electrons in case of helium.

8 electrons for the other noble gases.
lonic Bonds

ad i3 of Lgale Jgaull pod ps¥) ABUATI Setano b 0, iSH (3 ol 29 1) Lo 5933 ciljLa
asgd el dleill jolindl carS)S of Hilodd carS il LI Juad yio ¥l soianl CiligyisHf
(09451 ) (gomiaty (19221 130 a0 93 ) Jgmiiy CaligyLSINN 0 ldT b 55900 Joad! jlussy
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Elements at the left of the periodic table give up their valance electrons and become +ve
charged ions (cations).

Elements at the right of the periodic table gain the electrons and become -ve charged ions

(anions).
dudga¥l dldayl I (19-Slag Cadlasdl (5gs¥Mg ool (19¥1 (i Lol Sns:
lonic bond
The electrostatic force of attraction between oppositely charged ions.
The majority of ionic compounds are inorganic substances.
The noble gases are known for their chemical stability
and existence as mono atomic molecules as they

contain 8 electrons in outer most shell (valence shell)
except Helium

Rn Xe Kr Ar Ne He Nobel gases
8 a8 8 8 8 2 Valence electrons
6 5 4 3 2 1 Period no.
6 5 4 3 2 1 No. of shells

Other atoms also want electronic configurations like
noble gases (concept of duplet & octet rules) due to

their Stability

Na® 4+ :Cl- ———» Nat :Cl::l
Sodium chloride
- - 2+ - -
Mg . + 2:C1° ——— = NIg :Cl::l
=T 2

Magnesium chloride

Electronegativity Measures The Ability of An Atom To Attract Electrons

7
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COVALENT BONDS

Bonds are formed between two non metals by
sharing of one or more pairs of electrons.

CH,, ccl,, O,. H., H-O, HCl, HF, NH;, CO.

Covalent Bonds

Elements that are close to each other in the periodic table attain the stable noble gas
configuration

by sharing valence electrons between them.
Covalent bond
The chemical bond formed when two atoms share one pair of electrons.

A shared electron pair between two atoms or single covalent bond, will be represented by
a dash (-).

Examples
Electron-Dots Molecular Models
Structures
1. H- + ‘H H:H or HH i — H
. \:3 2
2. H +  F —mmm—— H:F or H-F ‘&— s HE
H
3. 4H- + -C- —» H:C:H “H
H .

methane
In molecules that consist of two like atoms;
the bonding electrons are shared equally
(both atoms have the same electronegativity).

When two unlike atoms;

8
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the bonding electrons are no longer shared equally (shared unequally).
A Polar Covalent Bond

A bond, in which an electron pair is shared unequally.

The more electronegative atom assumes a partial negative charge and the less
electronegative atom assumes a partial positive charge.

Coordinate Covalent Bonds

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

Example
The reaction of boron tri chloride, BCl;, and
ammonia, NH;._

T T P YT
H—N: + B—(C] —@ H—MN : B——(1 H—MN = B——(1

H 1 H 1 H T 1

Coordinate covalent bond.

Lewis base
The species that furnishes the electron pair to form a coordinate covalent bond.
Byt iy 2SI (30 £ 0 e S0 §iIl CuS Ll
Lewis acid
The species that accepts the electron pair to complete its valance shell.
base JI o ciligpisI¥f g Judiany & S,

Covalence How Many Bonds to an Atom?
Number

The number of covalent bonds that an atom can form with other atoms.

i.e. the covalence number is equal to the number of electrons needed to fill its valance
shell.

Shapes of Organic Molecules

9
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Orbital Picture of Covalent Bonds
Atomic Orbitals

An atomic orbital represents a specific region in space in which an

Shape of s-Orbital
electron is most likely to be found.

Atomic orbitals are designated in the order in which they are filled by

the letters s, p, d, and f.

Examples: spherical shape
K shell has only one 1s orbital.

L shell has one 2s and three 2p (2p,, 2p, and 2p,).

An s orbital is spherically shaped electron cloud with the atom’s nucleus and its center.
Atomic Orbitals

A p orbital is a dumbbell-shaped electron cloud with the nucleus between the two lobes.

Each p orbital is oriented along one of three perpendicular coordinate axes (in the x, y, or z
direction).

N T

py orbita py orbital Pz orBjtal
; "\

An energy level diagram of atomic orbitals.
When filling the atomic orbitals, keep in mind that
An atomic orbital contain no more 2 electrons.

Electrons fill orbitals of lower energy first.

10
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No orbital is filled by 2 electrons until all the orbitals of equal energy have at least one
electron.

¥ AU Ciligiano (pd — Jadd (yuigyi ST 5o LAST Lo Goih¥ Jlioof JS Jlicso¥l tlo aic
L9955 # 51y ¥lin, g Loas — L8l 5 Le¥l & ol il

The electronic configuration of carbon (atomic number 6) can be represented as

or 1s°2s’sp*2p’,
1522522p2

Molecular Orbitals

A covalent bond consists of the overlap between two atomic orbitals to form a molecular

orbital.
- . - - - - £ ow
(55 O0-Sid )i fyylae SIS (0 Bale dug olandlf Jaylg df Lalils
Example:
When two hydrogen atoms share a pair of
electron the covalent bond is formed.
1. H- - H - — H--H
T wvwo electrons# 4‘* Two electrons
- H
>. cC- +4a4H- ——= HIC:H

An oxygen molecule

(G 0.2 0>
O

twwo shared electrons pairs
Fform a double covalent bond

A nitrogen molecule

§© T
T triple bond
three shared electrons pairs
fornm a triple covalent bond
Multiple Covalent Bonds

S::c:: (DEICEIB) S =—C—(

[]

0
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(@

Nonpolar covalent bond

Bonding electrons shared
equally between two atoms.
No charges on atoms.

(b) (c)
S+
Polar covalent bond lonic bond
Bonding electrons shared Complete transfer of one or more
unequally between two atoms. valence electrons.
Partial charges on atoms. Full charges on resulting ions.

Sigma bonds (c bonds) can be formed from
The overlap of two s atomic orbitals.
The end-on overlap of two p atomic orbitals.
P-Pg S-P g S-S ulply Jstast Gupd oo Lopesin ddayldf Gad
The overlap of two an s atomic orbital with a p atomic orbital.

pi bonds (1t bonds) can be formed from the side-side overlap between two p atomic
orbitals.

hid P-P cudt Jslasll Goyb e sl dbldl &ad
Bond Energy and Bond Length
A molecule is more stable than the isolated constituent atoms.

This stability is apparent in the release of energy during the formation of the molecular
bond.

Jailg (3955 gL ALY add Cariany Bayall Ol )it o Al J8f Bale {53
Heat of formation (bond energy)

The amount of energy released when a bond is formed.

12
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Bond dissociation energy
The amount of energy that must be absorbed to break a bond.

Jaslo dl S gl duazeldl dEUAY Lo —:ELSAY ddlb

Bond length
The distance between nuclei in the molecular structure.
- k)3l (g 558 0 i ddlanlf o2 ddayl,dl Jodo

Hybridization (Alkanes sp3)

clz

l In the case of alkanes sp’, the three 2p orbitals of the
25 ap . . . .
carbon atom are combined with its 2s orbital to form four

] [+ 1+ ]

FPx

5 Py Pz
[+ [4 4 [ 4]

new orbitals called "sp®" hybrid orbitals.

Four hybrid orbitals were required since there are four

sP?
[55es T8 atoms attached to the central carbon atom.
"| "| These new orbitals will have an energy slightly above the
H o [+ H
| HI 2s orbital and below the 2p orbitals as shown in the

@ following illustration

@ Notice that no change occurred with the 1s orbital.
- SP3 HLsI¥1 5 (yongaidl

dingoSP3 Jlivgl syl Ziisg2p cilylae &S0 2028)la0 S Gupdo (oo Bl
2p o JB192S (o Lot (5955 diangl! Jlino¥l 4l
Methane

Regular tetrahedron with all H-C-H bond

angles of 109.5¢2.

13
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Hybridization (Alkenes sp2)

In the case of alkenes sp?, the 2s orbital is combined with only two of the 2p orbitals

(since we only need three hybrid orbitals for the three groups. thinking of groups as atoms
and non-bonding pairs) forming three hybrid orbitals

called sp’ hybrid orbitals.
3 Px Py .
e SP2 (LI¥) B (gl
sp2

120° JUiayf &6 mxiing2p (3)lue 2028 la0 S Gupb o Sras
N diogosp2

H / C\H - - - »
2p o Jilg2S (o Lot (9955 dingll Jliss)o¥l ddll

(Ethylene)

The other p-orbital remains unhybridized and is at
right angles to the trigonal planar arrangement of the
hybrid orbitals.
The trigonal planar arrangement has bond angles of
120°.

Hybridization (Alkanes sp)

In the case of alkynes sp, the 2s orbital is combined with only one of the 2p orbitals to yield
two sp hybrid orbitals.

The two hybrid orbitals will be arranged as far
apart as possible from each other with the result

2 [+ [+ | » ||+ being a linear arrangement.
s> The two unhybridized p-orbitals stay in their
180= respective positions (at right angles to each other)

and perpendicular to the linear molecule (180°).

14
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Inductive Effect

Inductive effect can be defined as the permanent displacement of electrons forming a
covalent bond (sigma o bonds ) towards the more electronegative element or group.

The inductive effect is represented by the symbol, the arrow pointing towards the more
electronegative element or group of elements.

(+ 1) effect if the substituent electron-donating
(+1) effect CH3, -C2HS5, -NH2, OH, OCH3, ....ciligyaisl Jlass Losic
(- 1) effect if the substituent electron-withdrawing

(- 1) effect+l): -CH3, -C2H5, -NH2, OH, OCHB3, .... &ilig)iSI dusbaw (9-55 Losic

Bond Polarity and Dipole Moment (p)
Dipole moment (depends on the inductive effect).

A bond with the electrons shared equally between two atoms is called a nonpolar bond
like in CI-Cl and C-C bond in ethane.

PNl GIEIlg o Sobases daslangrg S B §pidl (39 £ ol paid (30 (8553 (s bl (365 Lo
gl 1l S, 59-Ssg (0= alilf ) pudallf

A bond with the electrons shared unequally between two different elements is called a
polar bond.

polar yuad uS,lf 959 yauo Golass¥ uladll piallg dectad Jaylg) dy uS Ll HLS 13
The bond polarity is measured by its dipole moment (p).

Dipole moment (i) defined to be the amount of charge separation ( +6 and —6 ) multiplied
by the bond length.

Electronegativity of some elements

H=2.2 Li=1 Na=0.9 C=2.5 N=3 0=3.5 F=4

Mg=1.2 Al=1.5 Si=1.8 P=2.1 $=2.6 Ci=3 yais 5S|

non polar ) duad pé decaluus dlayfdl olS0.3 Il yiio (0 deslang,g S G @,all LS 13/
N=N CH4 C2H4 H-H Jiocovalentbond)
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Jie polar covalent bond ) ) duchad dacoalaus dlayl Il 098517 10.3 o @radl LS 13/ Laof
HCI

NaCl Jic ionic bond duigsl dlaylydl 495517 o pS1 §padl HLS 15
Functional Groups

Functional Group is a reactive portion of an organic molecule, an atom, or a group of atoms
that confers on the whole molecule its characteristic properties.

General Functional
formula group

E]]) C-C (smgle bond)

__E'.CHC_-H‘

Alkyne {Irlple "'c (=13
ME_MEEZ_
Alcohol  [R-OH  -OH 'H.c-oH |
Ether | R-O-R® __ |-c-O-C- ______ HC-O-
Aldehyde | =2 [ E . L Z 4 acd
Ketone | = & = c_c.!:!E-c'éH’

CLoTh oBem | Bon oo
(&)

Carbon Classification

- Carbon atomis are classified according to thhe
numMmMber of othher carbonmn atormis to which
they are attached:

Copyright & The MoGraw-Hill Companies. Inc. Permission required for reproduction or display.
) o B

C——(:: —_— —— _— < — —_—
i o 8 p o B L

Primary (1<) Secondary (2<) Tertiary (3°)
carbonmn carbonmn carbon

1° Hydrogen atoms
1
r
it
H,C—CH— CH, — CHj
3° Hydrogen atom—1t e Hydrogen atoms

16
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aadf Ciylaisifg daylad ‘b'g.nm Allawl ELy) Langl asvgy Elandi s ¥

Which of the following compounds has an ionic bond?

1] which of the following compounds has an ionicbond? _________ |
LAl wa | o] e2 | of cwsr | of ue |

The maximum capacity of a shell = electrons

electrons located in the outermost energy level (the valance shell).

Valance Non of these
EIectrons

Elements at the left of the periodic table give up their valance electrons and
become
+ve charged
ions

Elements at the right of the perlodlc table galn the electrons and become

-ve charged
lons

The electrostatic force of attraction between oppositely charged ions.

Non polar Covalent Polar
bond covalent

17
0581323208 e/ (e g peats V15,800 mad ol g Jal Y 8 1440/1439 =109 S —  ((Ceasll e sl ) o aas Jlefs




The chemical bond formed when two atoms share one pair of electrons.
Non polar Covalent Polar
bond covalent

The species that accepts the electron pair to complete its valance shell

Lewis base Lewis acid Lewis Lewis atoms
carbon

can be formed from The overlap of two s atomic orbitals.
The end-on overlap of two p atomic orbitals.

Sigma bonds
(o bonds Pi bond Alpha bond Hydrogen
bond

The amount of energy released when a bond is formed.

Bond length Bond angle Bond bond energy
atoms

The distance between nuclei in the molecular structure.

bond energy Bond length Bond angle Bond
electrons

18
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The trigonal planar arrangement has bond angles of

|_12] The trigonal planar arrangement has bond anglesof |
e [ e [ ] e | e |

Which of the following compounds has an ionic bond?

The type of hybridization of selected carbon is

¥

19
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The type of hybridization of selected carbon is

The angle in I|near carbon atom

how many sigma bond in this comound ?

Key answer

Jlju Lo Jtju Ll
1 D 11 B
2 C 12
3 A 13 A
4 A 14 B
5 A 15 A
6 C 16 D
7 C 17 C
8 B 18 B
9 A 19 D
10 D 20 L
20
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CHAPTER 2

ALIPHATIC HYDROCARBON

Hydrocarbons are Organic Compounds, which contain only the two elements carbon and
hydrogen.

Ot yasgdly 091K Sruaic Lo $oid duguire OILS 0 g CiligyySgyisg ]!
Aliphatic hydrocarbons are subdivided into:
1 Saturated hydrocarbons
OLSIYI o dusl>f Lguly) gaos 5 dasddio ciligsySg)ass
Alkanes; C,H,,.> (contain carbon-carbon single bond)
Cycloalkanes: C,H,, (contain carbon-carbon single bond in a single ring)
2Unsaturated hydrocarbons
CLSI® g eSIXY Jho DS of ALl Jaulg) e 9t (51 Ao pd iligs,Sgpaud
Alkenes : C,H,, (contain carbon-carbon double bond)

Alkynes . ¢, yon-2 (contain carbon-carbon triple bond)

| Hydrocarbons

y 1
Aromatic Aliphatic
Unsaturated r . |
Cycli
C
I——
' 1
Alkanes Alkenes
© @:j O—Q {Paraffin's) (Olefins) Alkynes
{Acetylenes)
CHopsa 4

Single ring Fused ring Conjoined
benzene ring
—
CH4 Q H,C—CH, A\ HC—CH
H,C—CH; me—c—an | ¢ = M
CH,
21
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Alkanes

General formula is CnH2n+2

In alkanes, the four sp3 orbitals of carbon repel each other into a TETRAHEDRAL
arrangement with bond angles of 109.52 like in CH4.

Each sp3 orbital in carbon overlaps with the 1s orbital of a hydrogen atom to form a C-H
bond.

Names, Molecular formulas and Number of Isomers of the first ten Alkanes

L Name Mgiecuiar Formula NUmberloflisomer=il |
Methane CH,, 1
Ethane CoH, 1
Propane CaHg 1
Butane C H,o 2
Pentane CsH, > 3
Hexane CH, 5
Heptane CoH, . <@
Octane CgH, g 18
Nonane CoHog 35
Decane CioH22 75

Structural Isomerism
Isomers are different compounds with identical molecular formulas.

The phenomenon is called isomerism.

Structural or constitutional isomers are isomers which differ in the sequence of atoms
bonded to each other

Lguiane cil)idf BLS) ddyyd b Jadd alsd [ dutipdl disall guis L4 SIS o LY

Examples
Butanes, C4H1o. # Pentanes, C;H,,.

CH CH

H; H, I Hy |2
H HiC—C—C—CHzCH;  HsC—C—C—CHy HsC—C-CHa

nowowow HoHGH . &
H_‘F_‘f—?_ﬁ:_“ H_?_?_?_H nPentans Isopentane N:upcf?ran:

H H H H H H
o-Buiane Izobuwtane
22
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Alkyl Groups

An alkyl group is an alkane from which a hydrogen has been removed.
83 dio g aje YL 0 JuSI¥f dogasno
29 CNH2NH1 2o (51 duslg (peorgyasd

General formula CnH2n+1.

Alky group is represented by R. R o Lgd jars S pald £ o0 (955 Bale
Nomenclature of alkyl groups by ane il Jasiuws oI LI @uanf puds

yl gl

replacing the suffix — ane of the parent

alkane by —yl.

i.e. Alkane —ane + yl = Alkyl

o Examples:

#* Methane - H
H—(IS—H Remowval of any one H A or CHa-
I
H H
MMethane M ethyl

CH,- (Methane — ane + yl) = methyl

H—é—{l_:—H Ramowval of any onae H H_.-:_{':_ or CHaCH-
H H H H
Ethana Ethyl

CH;CH,~ (Ethane — ane + yl) = ethyl

»* Propane
H H H H H H
H—é—é—'cl—H Ramowval of any one H H—t;“.—(i‘:—cl— or CHayCHCHo-
H H H H H H
Propanea =-Propyl
H H H H H H
H—¢—¢—¢—H Remowval of any ona H H—C:—C'—'IC—H ar CHzCHCHS
H H H H | H I
Propana Iscopropyl
Propane — ane + yl = n-propyl or isopropyl
»> Bufane
H HH H H HHH
. Re | of H
H_(F_¢_c_¢_H mowval of any one H H—lT"-—ll.’;‘:—G—t:‘:— or CHaGHCHoCHa-
H HHH H HHH
Butane Butyl
H HH H H H H
H—('_:—i"._:—(:‘..—t"_'.:.—H Removal of any ona H H— : —(::—é—:;':—u or cHacHch“"'CHa
H HH H H 12 ! A
Butare Sac-Butyl
H H
H H-C—H H H-G-H H CHa
H—C :': &—H Remowval of any one H H—l,'-‘ ¢ G Of HaG—C—CHy—
H H H H H
Isabutane Isabubyl
H H
HH-C—H H HH-C—H H CHa
H—;: -:': f::—H Removal of any ona H H_rT: e &y or Hac_?‘_c"'a
1 1 O "
H H H ' H
leobutane fert-butyl ar Ebutyl
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Alkans Alkyl Group Abbreviation

CH,—H CH
g becomes S Ma—
Methane Methyl
CH.CH.—H H.,CH.—
e becomes CH:CH, Er—
Ethane Ethyl
CHxCHzm:_H cHchz':Hz_
becomes Pr—
Propane Frapyl
cHscHzmchz_H cH:chchchz_
becomes Bu—
Bulane Butyl
Nomenclature

ﬁlggg?ipmmb@mwg(sﬁ @it ) A Sl duguiss Lo 09 dunguatidd! (0 (L9 Aot —: duseguirscid
The older unsystematic names, (Common names).
The IUPAC names.

International Union of Pure & Applied Chemistry
Iyl dsigd The IUPAC Rules
dgadiang 3955 of Doyl yaad — i e dlaulay Jodol—: ¥of

Select the parent structure the longest continuous chain

Hz 1 Hx Hz H Hax
H:C—C—C—C - CHa HaC —C-—C—C—CHps
¢Hz <Hz
CH, Hs

Ethyl hexane Propyl pentane

The longest continuous chain is not necessarily straight.

Number the carbons in the parent chain

starting from the end which gives the lowest number for the substituent

St oy B £l pany gl cbylall (10 (-5 Byl —iLudls
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1 2 3 &5 5 4

Hx 4 H2z H> H Hz
HyC—C—GC—C—CHs H;C—C—C—C—CH,
4 CHz nof 3CH>
5 CHy 2CH2
& CH3 1 CH,

3-Ethyl hexane 4-%&){:"-&

Substituent

E TR TRt éH(‘.‘H 6 2.4 3 2 1
3 2 2 2 3 CH;CH, CH,CH,CHCH;
2CH, |
| CHi— Substituent
1CHS
A3-Mhethyvlheptane 2-Methylpentane

To name the compound;

The position of the substituent on the parent carbon chain by a number.

The number is followed by a hyphen (-).

The combined name of the substituent (ethyl).

The parent carbon chain (hexane)

If the same alkyl substituent occurs more than once on the parent carbon chain,
the prefixes di-, tri-, tetra-, penta-, and so on

are used to indicate two, three, four, five, and so on.

aae s Lo di-, tri-, tetra-, penta pasiia JoSI¥) dcgasu of § yatf guudi 4,55 dIls> o
DLy ¥ 2adg-0 asasil aL8,¥ Laayl pasiianig 4 .Sl

H S$Ha

H ]
HsCc —~c—c—c—'CHa
CHx CH

2,2,.9- Tri methyl pentane

cr, CH, CH,
CH3CH— CHCH; CH3CHCHCHCH; CH,CCHECH,

CH; CH; CH,; CH; CH; CH,
2,3-Dimethylbutane 2. 3. 4-Trimethylpentane 2.2.4 4 Tetramethyvipentane

If different alkyl substituents are attached on the parent carbon chain,

they are named in order of alphabetical order.

25
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Ayl s ol iy § )8 (90 JiST Elis LS 150 —: Layl,

they are named in order of alphabetical order

pelRing; CHa
-8 wHz g HagH -- CH&“Q-_I'_-_'ZZ----‘[----,
HLe LTt R ST E T Tk _
---------------I’CHZ“-'-]---:“'(.:-H;‘T -------- 3,3-diethyl
CH:;_- : CH3: -l;- meihj;l
iCHSI A - Rpropy

e ———

3,3-Diethyl =4-methyl = 5-propyl octane

Note that each substituent is given a number corresponding to its location on the longest
chain. The substituent groups are listed alphabetically.
CI-I3C[-I—CI-IJ—(IZI-ICI-IJC]-I3

CH, CIH,

CIl,
d=Ethyl-Z-methylhexane

When two substituent are present on the same carbon, use the number twice.

00 @800 5550 99, STf ardd adl (L AT g9 ail —: Lanols

CH+
CHyCH— C— CHCHCH4
»:|:1-[2

CII
I-Ethyil-F-mcthyvihexane

When two chains of equal length compete for selection as the parent chain,
choose the chain with the greater number of substituents.

ole palll g0 sac 1) Ao 595t LI dabandl BB peianlian Job golans dlls o —: Lawslaw

i &= = =+ = = 1
CHAyCH:— CH— CH—CH—CH—CHo,
CElIy CHo CH, CH,
s =

CEI
2, 3. 5Trimethyl-3=-rr-propyilheprame

If substituents other than alky groups are also presents on the parent carbon chain;

all substituents are named alphabetically.

A € grhdl aar uiyd ST dcganno sl (53 £ 95D 23929 ade —: Lyl
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2-chloro
3-bromo
4- methyl

3-bromo -2-chloro -4-methyl pentane

The two principal sources of alkanes are petroleum and natural gas.
Petroleum and natural gas constitute the chief sources of

Alkanes up to 40 Carbons

Aromatic

Alicyclic (Cyclic aliphtic hydrocarbons)

Heterocyclic

Physical Properties of Alkanes, Alkenes and Alkynes

Physical States

C1(C2) to C4 are gases,

C5 to C17 are liquids,

C18 and larger alkanes are wax —like solids.
Solubility

Alkanes, Alkenes and Alkynes are nonpolar compounds.
Their solubility “ Like dissolve like”

Alkanes, Alkenes and Alkynes are soluble in the nonpolar solvents;

carbon tetrachloride, CCl, and benzene,

Oyl o dastad Bl HLuilf 5 cgdy ELIATg yulad il @-g-2uos (LSIXg (eSI¥Tg LI
(gudad uSy0 gLLI ¥ ) gL B agdy Xy . (394,51 23)9 LS 2l
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Alkanes, Alkenes and Alkynes are insoluble in polar solvents like water.

C. Boiling Points

CHs
CHLCH2CH;CH4 HaC—CH-CH3
n-Butane [sobutana
b.p=0°"C bp=127C
CHj CHs
CH3CH,CH,CHCHy HaCH,C—CH-CHy  H3C—C—CH,
n-Pentane Isopentane CHj
b p.=35°C b.p=28°C Neopentane

b.p=9.5°C

ObalR) domys Caaly iyt i) of) LalSg glalill dovys Culd § 52300 ofj LolS

o Boiling point decreases with increasing branches
o Boiling point increases with increasing molecular weight.

Preparation of Alkanes

SLLSIYY yand
ALY ddanyl ) pann €S
Hydrogenation of Alkenes and Alkynes e esr o4 .
Otys A9ludl ey
dldayl ) HlSo rargyasd
\ﬁf’_'_ IT[ Pt, Pd, or N_l_ —f!:—H
solven ul I LS o .-
...-’”'C"“\., . prcﬁﬁult'; {|: H Pt ’ Pd, Nl P'Mb.
Aldkene Aldlkane
:|: Pd, orMi H—C—H
4 23, DePd.orhi |
I=|: ;f;:ﬁl.té NG Grignard reagent is alkyl magnisum
halied
aAlkyne Alkane
R amiiay aylis,d
. Mg X 7,89 Loila slo ddluss| dulony 2435
CHCH=CH; + H—H i CH;CH—CH, 9% &k RN
o0 Il R J! luasg (OH)
{25 °C, 50 atm}) n ?
propene propane
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CHy CH;

Ni |
—C= —_ —_— = —C—
H,C—C=CH; + H—H 0,00 H,C—C—CH,
{25 °C, 50 atm} H H
2-Methylpropene Isobutane

2) Hydrolysis of Grignard Reagent

RH + MgX{OH)

R—MgX + HOH

Alkyl magnesium halide
(Grignard reagent)

Grignard reagents react readily with any source of protons to give hydroca

Dry Ether
CH;CH,Br + Mg - CHCH,MgBr (elazl 3 N
Ethyl bromide Ethy]l magnesinm bromidy 1ia ‘.’s Cuprate
{Grignard reagent) Br &oLi TA

CH:CH:MghBr + HOH —— CH3CH; + MgBnOH)
Ethang

R J/oCu g0 SR o
CH3 J! a0 % aulil
- GLSIX) (9-Siug

By coupling of alkyl halides with dialkyl cuprate (all kinds of alkane

(CH5CH,),CuLi CH:Br _  ¢cH,CH,CH;

FaaS—: ylegs Jaylgyll junsS
Gehasis ado (59-Syg pailonie
Adaylyll (1050 uSe s By

i, U8 dugaluusy
PUP LY I FYRId; (]

Notations for bond breaking and bond making

A covalent bond can be broken in either two ways,

Homolytic cleavage.

| |
Aic_ E‘ﬂﬂfg}; A - CI: -
|
Free radicals

oMilonio fl junS g0 LTI g 9l
Caf3 Bydd S i SI1 @iy dudy
JHAS e ¥l daitlingyg-SIf

Heterolytic cleavage.

il | ener, A,
A a¥ P . o
A (l'} —=5 Al ﬂ; Clig,iSI¥f oy aladisg
Carbocation i fobg dlayl,d ‘_,s Odagaod!
o JO¥1 8yidlg dutlow duwsjr~
| + | .. & o =
al o cnery A c— L Jod dudtlugg S

- dargo dulyi

Carboanion
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Reactions of Alkanes
UL o Melas

Saturated hydrocarbons undergo very few reactions, so they are called Paraffinic
hydrocarbons. (Latin parum, little; affinis, affinity)

Halogenation

The halogenation of an alkane appears to be a simple free radical substitution in which a C-

H bond is broken and a new C-X bond is formed
Ba>lg 2x ddlud| ey dindgl! Jeldsd
H Jl doo g3 dililg 3 gH il

RH + X» M _ RX + HX X=CloerBr
or LY linfit
Alln] halide
Reaclivity X.: Cl- =DBr-

H: 3%>2° >19 >CH-H

gl (S5 Py 9f 9Ld of HodS (o-Sux JI

o> awtad

Combustion
CiligySg)aagd! 9yl Codolad
H
_¢_ + Oz heat COs, + HO + hear .H209002 LQ-Z-GLG-“:@.'Z.Z:’
H
An alkane

Halogenation

Substitution reaction of alkanes,

i.e. replacement of hydrogen by halogen,

usually chlorine or bromine, giving alkyl chloride or alkyl bromide.
Flourine reacts explosively with alkanes

It is unsuitable reagent for the preparation of the alkyl flourides.

lodine is too unreactive
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It is not used in the halogentaion of alkanes.
Halogenation of alkanes take place at

high temperatures or under the influence of

ultraviolet light

dudesnaiy §od azdl 9l 4d245,0 8yl y> Slovys aic Sad dislgll

Halogenation

Chlorination of an alkane usually gives a mixture of products

H H
C-Cl + H-C-H —2 . -+ HC
1 |
_ H UV fight H
Chlorine Methane Chlaromethane
(Methyl chloride)
H heat i
C-Cl + H-C—Cl —— -  +
]
_ H UViight H
Chlorine Methane Dichloromethane
(Methylene chloride)

0581323208 (sle/ (e gyl V15,830 i 5}y guai Ja) Y

HC1
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2ALKENES

Alkenes are hydrocarbons that contain a carbon—carbon double bond.

Alkenes are also Olefins.

e ==
-~

-

S~a -
- —_———

The simplest members of the Alkenes series are C, & C;

CH>=CH- HiC-CH=CH4
Common name: FEthylene Propylene
IUPAC name:  Ethene Propene

The Structure of Alkenes

Hybridization; sp>-hybridized orbitals

The angle between them is 120° and bond length C=C (1.34 A).

A trigonal planar.

Common Names

The simplest members of the alkene and alkyne series are frequently referred to by their
older common names, ethylene, acetylene, and propylene.

CH.=CI- HC=CI1 L ) T CHI.
ethyleine aceiviene propvleins
[etlhene} fethiyne) (propene)

Two important groups also have common names; They are the vinyl and allyl groups.

These groups are used in common names.

CH;=—CH— CH,=—{CHCI SH=CHz
vinwl wvinyl chloride
(ethenyl) [chloroethene) ICI/
CHy—C_CH—_H:>— CH,—{_ H— C]_—_[li:l Common pen e Vinyl eydehexane
allvl allyl chloride IWPAC name: Cydohexyletheoe
{Z-prapenyl} [A-chlaropropenal

[
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Nomenclature of Alkenes

The IUPAC rules for naming alkenes are similar to those for alkanes, but a few rules must
be added for naming and locating the multiple bonds.

The ending -ene is used to designate a carbon—carbon double bond.

Select the longest chain that includes both carbons of the double bond.

ene ghillyane ghill Josisu L) dhayl )l Lo $oid dlaulin Jobof jlid-

"=-rT: —_— ] AR -|::=-:I;—-|::—-=:;
T i
P =

Number the chain from the end nearest the double bond so that the carbon atoms in that
bond have the lowest possible numbers.

FRTELTPDWNTION TN RN PPN

1 2 3 4 5
C— o= —C—C T C— o= —C—C

If the multiple bond is equidistant from both ends of the chain, number the chain from the
end nearest the first branch point.

£ 72ill 0 B¥1 L alf HliB (ol pdall o @l yilf golass 131

1 2 3 4 4 3 2 1
L (|:—Cl L Frot _ {Ij—l: L
L L

Indicate the position of the multiple bond using the lower numbered carbon atom of that
bond.

dlaylydl oadic 245 ol 5% @i JL dJLLY ddaylylf @b, e s
1 2 3 -1
CH,—CHCH.,CH 1-lrutene, rrot 2-butene

The root of the name (eth- or prop-) tells us the number of carbons, and the ending (-ane, -
ene, or -yne) tells us whether the bonds are single, double, or triple.
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No number is necessary in these cases, because in each instance, only one structure is
possible.

of 1309 (S ald (S p aomfg JSub ¥ amgud ai¥ ) pldyl LIS (5)9aaatf (0 gaad las¥I pany B
ok (g, S A5G gf i) 399 dlls>

ethane ethene ethvne
CH,CH,CH,; CH,—CHCH, HC=CCH,
ProOpAane Propeie propyiic

With four carbons, a number is necessary to locate the double bond.

AP dayl ) aadgw e o @) 555 0 ¥ (19458 O3 GO0 (0 SiST 399 Al 6 Lo

| ] I ] b ] I
CH>,=—CHCH-CH; CH;CH=—CHCH;

| -butene 2-butene
Branches are named in the usual way.
€ 9radl 8,5 [ SI¥N 5 Lualg
1 2 3 1 2 3 4 1 2 3 4
CH, —C —CH; CH, —C —CH,CH, (IH;;*(]I:(,'?H(ZH_;
I I
CH, CH . CH,
S vipropene 2-me vi-1-butene 2-methyvl-2-butene
(isobutylene)
1 2 3 1 = 1 2 3 4
CH:—CH —CH —CH—CEHI= CH., — (f —C S CEE;
CH; CH,CH
l-methyl-2-pentenc 2-ethvl-1-butene
(Noi 2-methyl-3-pentene; (Named this way,
the chain is numbered so even though there
that the double bond gets is a five-carbon
the lower number.) chain present,

because that chain
does not include
both carbons of the
double bond.)

With cyclic hydrocarbons, we start numbering the ring with the carbons of the double bond.
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PRI TPOWR FCPPIE R ) - TE CRNE 4, [P

CHI
- =
> 1
1 S5
(No mnumber is neces- (Start numbering at,
sary, because there and number through
is only one possible the double bond;
structure.) S-methylcyclopentene

and 1-methyvl-Z2-cvclo-
Ppentene are incorrect
names.)

Example: Write the structural formula of 4-Isopropyl-3,5-dimethyl-2-octene.
The parent carbon chain is an Octene.

The double bond is located between the 2™ and 3™ carbons

L2 3 4. 5. 6. 1. 8

C—C=C—C—C—C—-C—C
Two methyl groups are attached on the parent carbon chain, one on carbon 3 and the
other on carbon 5.

CH- CHs

1 2 3l 4 sl 78
C—=C=C—C—C—C—C—0C

An isopropyl group is attached on carbon 4.

CHy  CHs
T B = ) T T
G—G=GJ?—E—%—G—G
CH
HaC  “CHa

Put the missing hydrogens to get the correct structure.
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CHs;  CHs
2 5l 4H s Ha Ha2 g
cHg—c:c—*rlz—:' —*c=c=CH,
CcH
H3C~  “CHs

Geometric Isomerism in Alkenes

In alkenes, geometric isomerism is due to restricted rotation about the carbon - carbon
double bond.

H H Br H H H CH H H Cl H
N,/ / \ / \ s N, / N/
C=C C=C C=C C=C C=C C=C
/ N / / N / AN / N / N
Br W H 0l CH;, CH;  CH; H cl cl H cl

cis-2-butene trans-2-butene cis-1,2-dichloroethene trans-1,2-dichloroethene
i Bromo-)-cloroethens_ ras-1-Bromo-lonshing | bp 3.7°C, mp —139°C  bp 0.3°C, mp —106°C | | by 60°C, mp —80°C bp 47°C, mp —50°C
W hd X Y
Ne—ec” c—c’
VAN ' ™~
X Z Wy Z

Geometric 1S0mers

when W differs from X and Y from Z, Alkenes exist as geometric isomers

cis isomer; when two similar groups are on the same side of the double bond.
AN Dt o At puds b Cilogdl 955 Loadc —: yusi
trans isomer; when two similar groups are on the opposite sides of the double bond.
- AL Ayl (o (pialise (g P Sileg Rl 9K Loade —: yuily3

They have different physical properties and can be separated by fractional crystallization or
distillation.
Y

W
\C_ G/
/ \z

X\
C=—=C
4
W

Y

X Z
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If (W=XorY =2Z), geometric isomerism is not possible.
DI Bid b degad! yus of Byddl yadiy ALY ddayf I Bagrgdf g5 By5 cudaasyf 131

Al yS ¥y uaan B9 wadis S &S ases¥ sI(NO geometrical isomerism )

H CH,CH, H H
AN / o _ AN /
C=C is identical to C=C
/ AN / AN
H H H CH,CH,
1-butene 1-butene
H:C H H-C CH H-C Cl
’ \C—C/ 3 \C—C/ ’ ’ \C—C/
VAN - -
H H H 313/ \H H 4 \.:[
Propene 2-Methyl-2-butene 1,1-Dichloropropens

For alkenes with four different substituent such as
Ml g gaetitt (90 JE , Z 4SS Bis ‘_,e P ALY dlayl I Jeor dalisng ileggamd &y 3939 Al 99

Cl CHs F CH,

\C=C/ or \C =C/

AN AN
F/ H CI/ H

(1) (I1)

Another System, the E, Z system,

Basically, the E,Z system works as follows;
Arrange the groups on each carbon of the C=C bond in order of priority
The priority depends on atomic number:

B ddayl Il dda S yo By5 Jo¥ §)ddf samdl cosus Lo ASLEN ddayf Il Joor Oilogatt wulys Rl
Aagdg¥l Lgd 5)ad0 sandf B Le¥) 5)id

The higher the atomic number of the atom directly attached to the double-bonded carbon,
the higher the priority.

Thus, in structure (1),
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Cl>F, and CH; > H.
If the two groups of higher priority are on the same side of the C=C plane,

The isomer is labeled Z; (from the German zusammen, together).

duidis g1 ) S¥ dogamald Julia LS 130 dlaylydl (pa 5,581 dgd Ly Lgs Las ,2 dugdel LS8 5,3 of dogaf sud
(Z 2 131 prsansdf

131 ity dutlas g1 ) sl 0 (po (55581 drgd b piao ¥ Byilf of deganadd Alilio duglyl SLe¥ dcgdl Cuils 153/ Lof
(E o2

If the two groups of higher priority are on opposite sides of the C=C plane,

The isomer is labeled E; (from the German entgegen, opposite).

Priority: C1 > F, CH, > H

Cl CH, F CH,
:)::::C:j :}3:::0:?
F H Cl H

Z-1-Chloro-1-fluoropropene E-1-Chloro-1-fluoropropene
(Cl and CH; on same side) (Cl and CH; on opposite side)

Priority: Br>H, I > CH; Priority: Br>H, Cl > F
B I Br F
r\c—c/ Ne—c”
T AN
e \c:H3 H Cl
Z-1-Bromo-2-iodopropene E-1-Brfomo-2-chloro-2-fluoroethene
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Preparation of Alkenes

Alkenes are prepared by Elimination of an atom or group of atoms from adjacent carbons
to form carbon-carbon double bond.

| ||
—C—C— —— —C=C— + 4
A B

(A=H or halogen;
B=0H or halogen)

Dehydration of Alcohols

C¥gn SN (30 sLU £ 34

When an alcohol is heated in the presence of a mineral acid catalyst, It readily loses a
molecule of water to give an alkene.

Gaan sk o6 slall £ 3 al

T+
H.C—CH —w» H,C=—CH, + Hx0
T 177 A ’ : ’ &l shou gil) Gaan g) ity S

H OH
IUPAC name: Ethanol Ethene pilSe (9Sh 9OH 9 H g4
Common name:  Ethyl alcohol Ethylene 4l Lay

The acid catalysts most commonly used are sulfuric acid, H,SO,4, and phosphoric acid,
H;PO.,.

Dehydration of Alcohols

Removal of OH group and a proton from two adjacent carbon atoms using mineral acids
such as H,S04 or H;PO,

H H”
HgC_C_CHz T* HgC_EZCHz + HEO

H ©OH
IUPAC name: 1-Propanol Propene
Common name: #-Propyl alcohol Propylene
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H+
T-— + Hzo
H
IUPACname: Cyclohexanol Cyclohexene

Common name: Cyclohexyl alcohol
Which Alkene Predominates?; Saytzeff's Rule

The loss of water from adjacent carbon atoms, can give rise to more than one alkene.

Example: the dehydration of 2-butanol. H oSl 9 OHJ) £.58 Al iy Fisau 5208 Ui plal) @ 38 2ie
Lais a5 ) (g uigdls BsRRN gy Sl B3 (ha g 3
major product $2 138 9 G gl @l d e JBI 2

. H
H 2
— > H;C-C—C=CH, + H;0
f_\ o C H 2 £
H_H 1-Butene
HaC=C—C—CHy, —— .
TG TR alkyl substituents attached to C=C)
H OHH -
L HsC-C=C—CH; + Hz0
A H R
2-Butene

Saytzeff’s Rule applies
In every instance in which more than one Alkene can be formed

The major product is always the alkene with the most alkyl substituents attached on the
double-bonded carbons.

Classes of Carbocations Bas gR o Akt ya Al ¥ (g8 83

T T + i 4 s .
R—C—H R—C—H R—C—R 2R o Ada ya 4y 0} (3,81 53
11| é RI. 3R & A pa 45NN (90 K10 3,0

1° carbocation 2° carbocation  3° carbocation

The ease of formation and the stabilities of carbocations follow the order

3°=2°=1°
_‘

Ease of formation and stabilities of carbocations

Dehydrohalogenation of Alkyl Halides

(KOH,NaOH ) Jio dygd Bacld 3909 o JuSIHT audld (0 6L £ 55
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Alkenes can also be prepared under alkaline conditions.

heating an alkyl halide with a solution of KOH or NaOH in alcohol, yields an alkene.

Br
KOH or NaOH
doohdl Theat — N T Ny
2-Bromobutane 2-Butene 1-Butene
(tnajor product) (tmnor product)
(81%) (19%%)
HiC H CHa CHy

Br
KOH arWalH _ 4
H dcohol / heat

H
1-Methvlcyclohexene  3-Methvleyclohexene
{major product} {minor product)

Dehalogenation of Vicinal Dibromides
Zn/AcOH 3¢9 ,# Vicinal Dibromides fuisd 90951 o3 30 sLLI & 39
Zn/AcOH

/\‘/\Br - M Jadl g i3l aladiul2x £38 Al

Br il ) ) gl (158

Reactions of Alkenes

The chemistry of alkenes can be divided into two general types of reactions:
Electrophilic Addition Reactions

(Lgale dilung ALY dlayl )l uasS @ly Lgadg ) dulady ST Il ¥) Melas
1Addition of Hydrogen: Hydrogenation

Addition of a mole of hydrogen to carbon-carbon double bond of Alkenes in the presence of
suitable catalysts to give an Alkane.
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\/\\L

Pt
1-Butene Butane
x"l"l"illll‘
Ha '
——-
Pt Ty
1.2-Dimethyleyclohexene eiz-1,.2-Dhmethyleyclohexane

2Addition of Halogen: Halogenation

Cl

2-butene 2.3-dichlorobutane

EEERE
trans g2l

B M
——-
cCly
1.2-Dimethylcyclohexene trans-1.2-Dibromocyelohexane

lodine is too unreactive and will not add to the double bond.
Fluorine is too reactive and reacts explosively with an alkene.

3Addition of Acids

Neec” + Hen Ee
/ AN | |

H A

. lrgyaugdl 30 fST 30 §958 M (a2l ) ASLEN ddayl Il b sl e HJI Gilasay goles¥) ddluf aic

HOH ddlin| cl1isSy Lk pogjasgdls il (548 alajy jdadlg ik afajy i) ) B9-SginS)lo Baclil ik

Acids that add in this way are the hydrogen halides (H-F, H-Cl, H-Br, H-1), and water (H-OH).
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Any electron-rich species is called a nucleophile.

Examples of Electrophile: - Any electron-deficient species is called an electrophile.

Positive reagents: protons (H’), alkyl group R*, nitronium ion (NO,"), etc....

Neutral reagents having positively polarized centers: HCI, bromine (because it can be
polarized so that one end is positive).

Lewis acids: molecules or ions that can accept an electron pair = BF; and AICl;.

Metal ions that contain vacant orbitals: the silver ion (Ag*), the mercuric ion (Hg*"), and the
platinum ion (Pt*).

Examples of Nucleophile:
a)Negative ions

e.g. HO: Hydroxide ion. HS_ Hydrosulphide ion. RO; Alkoxide fons,

:N=C: Cyanideion, : X: Halide ions. ..etc.
b) Neutral molecules
e.g H,O , R—O—H, R—O—R H;N RN _etc

3.1. Addition of Hydrogen Halide

Alkenes react with hydrogen chloride, HC1, hydrogen bromide, HBr and hydrogen iodide,
Hi, to form alkyl halides, RX.

General eguation

\C_Cf + H—X —* —C—C— (X=CLBrorI)
e ~ I
H X
Examples; 4 ‘ — . . o
CH,=CH, + H—Cl —— CH,—CH, (or CH;3;CH,Cl)
Cl
he hloroethai
{ethyvl chloride)
H.C—CH—CH,
— |
Br
2-Bromopropane
H:C —CH=CH; ~ H—Br (major product)
Propene H;C—CH5-CH.;Br
(an unsymmetrical alkene) 5
1-Bromopropane

(minor product)
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Reagents and alkenes can be classified as either symmetric or unsymmetric with respect to
addition reactions.

If a reagent and/or an alkene is symmetric, only one addition product is possible.

But if both the reagent and the alkene are unsymmetric, two products are, in principle,

possible.
N 10 T
/C:C + X—=Y — —C—C— and/or —C—C—
N | | ]
unsymmetric unsymmetric X Y Y X
alkene reagent

Markovnikov’s Rule

In electrophilic addition of H—X to Unsymmetrical Alkenes the hydrogen of the hydrogen
halide adds to the double-bonded carbon that bears the greater number of hydrogen
atoms and the negative halide ion adds to the other double-bonded carbon.

1 %1 ydall Slex JI chlansg oiorgyasd ;SS¥ digs, S leH JI calung 1 ) it alajy ikl
(oergyasn J5%1

CH, CH; I CH;4
|
&+ 8-
+H—I ——
not observed
CHj (FH 3 ?Hs
H,C-C=CH, + H—Cl —= HyC-C—CHy + HyC-C—CHCI
Cl
2-Chloro-2-methylpropane 1-Chloro-2-methylpropane
(major product) (minor product)
H Br

1
ch-ﬁ=CH—CH3 + H—Br —= ch-ﬁ—CH—CHg

2-Butene 2-Bromobutane
(a symmetrical alkene) (only one product possible)

Explanation for Markovnikov’s Rule
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Example; Addition of HBr to propene

adds to C-1 CH3EHCH3
isopropyl cation
3 2 1 H*
CH;—CH=CH,; ————
propene
adds to C-2 +
7~ - CH;CH,CH,

propyl cation

In modern terms MarkovnikoV’s rule can be restated:

The addition of an unsymmetrical reagent HX to an unsymmetrical alkene proceeds in such
a direction as to produce the more stable carbocation.

R

| + + +
R—C* > R—(le > > R—CH, > CH,
|

R R
tertiary (3°) secondary (2°) primary (1°) methyl (unique)
most stable ~ least stable

3.2. Addition of Water: Hydration

If an acid catalyst is present, water (as H-OH) adds to alkenes and the product is alcohol.

CH,=CH, + H—OH —— C‘IHz—(|3H2 (or CH,CH,OH)
H OH
ethanol
ST CH3(|3HCH3
OH
3 2 1
CH,CH=CH, — 2-propanol
propene 5
% CH,CH,CH,—OH
1-propanol
45
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(|3H

&+ o=

CH3(|::CH2 + H—OH H—+* CH3(|:CH3 (CH;_.(\?HCHEOH)
CH,; CH,4 CH,
not observed

Oxidation Reactions

Ozonolysis
+ +
/O\ - /O\
07 0 ogiNe
N
—C—C— O
/ NSNS /
\C:C O 1/ \ | — /C “ Zn \C:O+0:C
/ o_ O \ /N Oy N\
O 0—0O
alkene molozonide ozonide two carbonyl
groups
Ozonolysis F=0  0=1iK020 gungcisaill o ddaylll S ddoluny (1950% L) SassnS¥

S 0 (995 Al Bg S 0 (95 (saladl (SIRT Do o (B L (S5 aS)

Ozonolysis can be used to |
Example;

Ozonolysis of 1-butene gives two different aldehydes, whereas 2-butene gives a single

aldehyde.

CH,=CHCH,CH; _ 9%  CH,=0 O=CHCH,CH;,
1-butene 2. Zn,H* formaldehyde propanal
CH;CH=CHCH; =% 2CH;CH=0
2-butene 2. Zn,H" ethanal

Oxidation Using KMnO,

Alkenes react with alkaline potassium permanganate to form glycols (compounds with two
adjacent hydroxyl groups).
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/ | |
3\(::(: +2K*MnO,”+4H,0 — 3—C—C— + 2MnO, + 2K*OH~™
/ AN

|
OH OH

alkene potassium a glycol manganese
permanganate dioxide
(purple) (brown-black)
KMnO, / OH OH
-
OH
Cyclopentene ciz-Cyelopentane-1,2-diol

ALKYNES

The Structure of Alkynes
Alkynes are hydrocarbons that contain a carbon—carbon triple bond.
Alkynes are also known as Acetylenes.

General formula is C,H;,.,

Hybridization; sp-hybridized orbitals

The angle between them is 180° and the bond length 1.20 A°

Linear shape

180°

il o c—n o— —

Nomenclature of Alkynes
The simplest members of the Alkenes series are C, & C;

Named are derived from the corresponding alkanes by replacing the —ane ending by —yne.
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IUPAC rules as discussed for Alkenes .

Hp
HC=—CH H;C-C=—=CH H;3;C-C-C=—=CH H3C-C=—=C-CH3;
IUPAC name:  FEthyne Propyne 1-Butyne 2-Butyne

Common name: A cetylene

Example
3-Chloro-2,7-dimethyl-4-nonyne
Acidity of Alkynes

A hydrogen atom on a triply bonded carbon (Terminal Alkyne) is weakly acidic and can be
removed by a very strong base ( as Sodium amide).

Loadie ElT3g adall dlguw oS3 ASMEY dlayf Il lgd dudydadl H Jf LI ulSI¥Y Loia ol 3923
TR (Y YT FOUR S T JI R { I JORT PSP N P &

HC==cCH > H,C==CH, > HaC ——CHj

Acidity increases

—=u

liquid NH, _
R—C=C—H+ Na*NH,” ———— R—C=C: Na*+ NH,

}  sodium amide a sodium acetylide

|
this hydrogen is
weakly acidic
Internal alkynes (Non-Terminal Alkyne) have no exceptionally acidic hydrogens.

Relative Acidity of the Hydrocarbon.

Terminal alkynes, are more acidic than other hydrocarbons
Preparation of Alkynes

Dehydrohalogenation of Alkyl dihalides
Cl CH+ .
H Ho | Hy Il LS S SIH poHX £33 Gado e e
HiC—C—C-C—=C-C—-C-C-CH vs = .
7 H H ? 2HX &35 g2rb e

CHs
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8)>gNaNH2 §uyb e duililly pesaniligKOH/alchol guyb e o

heat heat
Br 1-Brotno-1-butene 1-Butyne

B NaNH
W r  KOH'acohol M Br 2 //\\///ﬁ”/

1. 1-Dibromobutane
{geminal dialdehyde)

Ba>lg 80 2HX Ladayl & 7 (svanidlg NaNH2 (40 85Ly) G2pdo 2 of

Excess NalI
/\/\ Br .

heat
.
1. 2-Thbromobutane I-Butyne
(vicinal dialdehyde)
Reaction of Sodium Acetylide with Primary Alkyl Halides
Acetylene
H—C=c—H + Na H4NL_ -t 4 12 HET
Acetylene Sodium acetylide

H—C=—C.” Na* + RX H—C==C—R + NaX
Sodmm acetylide  1° alkyl halide Higher alkyne
with terminal tniple bond

H—C==C:” Na~ + CH,Br —= H—C==C-CH; + NaBr

Sodium acetylide Methyl bromide Propyne

Monosubstituted Acetylenes

HiC-C==CH 1+ Na 3N H3C-C==cC:~ Na" + CH;CH,Br
Propyne Ethyl bromide

:

HyC-C=—=C-CHsCHsy + NabBr
2-Pentyne
Electrophilic Addition Reactions
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Addition of Hydrogen: Hydrogenation

With an ordinary nickel or platinum catalyst, alkynes are hydrogenated all the way to
alkanes.

However, a special palladium catalyst (called Lindlar’s catalyst) can control hydrogen
addition so that only one mole of hydrogen adds. In this case, the product is a cis alkene.

CH :
H3C;c=c f 3 m,/pd H;C-C=C-CHj }ho}:HLI Hac“c::c/H
H H 2 Bulyne LagNH; = ™ “chg
cis-2-butyne trans-2-butyne
H, /MNi

S Jpanlly GV 25 S oy Cpa g jugd) Aoy ie
Jeliill aana Jale aadic Jadh Sty

Hy H . . o
H3C-C—C-CH; J«axiNi-B2 or Pd, CaCOjs lindlar catalyst) Weaiiu) 13)
B cis alkene s

- ) Na or Ll in liquid ammonia alaiiu) s La
Addition of Halogen: Halogenation

trans alkene s Jaaad
Bromine adds as follows; In the first step, the addition occurs mainly trans.

H_ o Br T
H—C=C—H 2« Cc=cC 2, H—C—C—H
Br/ \H | ] .
Br Br s d3LaY)
ethyne trans-1,2-dibromoethene 1,1,2,2-tetrabromoethane

S oS jla Baclal

Addition of Hydrogen Halide

With unsymmetric triple bonds and unsymmetric reagents, Markovnikov’s Rule is followed
in each step, as shown in the following example:

Br
o T + |
CH.C=CH + HBr — CH,C—CH, + Br— — = CH,C—CH,

2-bromopropene
l|§r l|§r
PN +
CH;C=CH, + I IQI?-r — CI l_;(llfC[ I, + Brm —— CH;—C—CH,

Br Br

2,2-dibromopropane

Addition of Water: Hydration
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Addition of water to alkynes requires not only an acid catalyst but mercuric ion as well.

Although the reaction is similar to that of alkenes, the initial product - a vinyl alcohol or

enol - rearranges to a carbonyl compound (keto form).

The keto form of aldehydes and ketones are in equilibrium with the enol form.

.The keto from predominates at equilibrium for most simple aldehydes and ketones

The inter conversion is called keto-enol tautomerization.

H.C—C=C-H + H-OH HoC- C— (IZ:H} HoC-C— &—H
Propyn H O H
© OLH
An encl Acetone
{(unstable)
50 50 H\ A III H
H-C=C—H + HoH —2onlEO /C=C< — H—G—C\’i
Acetylens H OH I_"l ()
Vinyl alcchol Acetaldehyde
{an unstable enol} {a stable carbonyl conmpound)
keto form

FEXITS
o) e elall

Cpliad) da b
KXV ghﬁ Laid

Ol ) ol
O8RS oy A

faa daga

What is the correct IUPAC name of the following compoung?
<H,
C;}—!=;HC}-{5CHC33

= ; .
EI 2- methyl -4-chloropentane EI 4-chloro-2-methylpenatne
EI 2-chloro-4-methylpentane EI 2-chloro-2-methylpentane
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The structural formula of 3- ethyl -4- methylheptane is:

| | -
B S .

IUPAC name for the following compound is

EI Trans-1-methyl-3-ethylcyclohexene EI cis-1-methyl-3-ethylcyclohexene
Trans-1-ethyl-3-methylcyclohexane EI Trans-1-ethyl-5-methylcyclohexane

IUPAC name for the following compound is QEH

Ao ‘IG{W -

1-ethyl-3-methylcyclohexane EI 1-ethyl-5-methylcyclohexane
3-methyl-1-ethylcyclohexane EI 1-ethyl-3-methylhexane

_cl
_Al
<l
H the IUPAC name of the formula is:
_Al
<]
I

5-ethyl-6,6-dimethylheptane EI 3-ethyl-2,2-dimethylheptane

2,2-dimethyl-3- ethylheptane

6,6 di methyl-5- ethyl heptane

the IUPAC name of the formula is
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EI 1-ethyl-3,3-dimethylcyclohexane EI 1,1dimethyl-3-ethylcyclohexane
EI 3-ethyl-1,1dimethylcyclohexane EI 1-ethyl-5,5-dimethylcyclohexane

- The structural formula of 4-ethyl -2,3,6- trlmethylheptane

EI The compound with the lowest boiling point is ?

_A| NHexane | b] 2-methyipentane
EI 3-methylpentane EI 2,2-dimethylbutane

- The molecule with the lowest boiling point is?

The compound with the highest boiling point is:

Al Nbene ——  J o npenane ]
EI 2-methylpentane EI 2,2dimethylbutane
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i].“he pProduct of the following rencticy is-

. . CHiCHlBEr
{CHaCH>CHs3CuLi = i

|__Al voromopentane | b] sbromopropane |
[l Pentane  Jdfoctane |

The product of thh« follovwing remaction

ool

(CoHs)>Cul i

[ oot o[ e
| Cctiorobuane | o owane ]

the reagent needed for the following transformation

“2

Y I I <
I ] T

The type of hybridization of indicated carbo in the following structure is:

2-bromo-5-chloro-2-ethyl-4-octene EI 7-bromo-4-chloro-3-methyl-4-octene
2-bromo-5-chloro-6-methyl-4-octene EI 6-bromo-3-chloro-2-ethyl-4-heptene
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The correct name of the following compound }li (l:l
CH; ~CH~ CH;~C=CH-CH-CH,

HJ C CH3

EI 7-chloro-2,3-diethyl-5-octene EI 2-chloro-6-isopropyl-3-heptene
EI 6-chloro-2-isopropyl-4-heptene EI 2-chloro-6,7-dimethyl-3-octene

Which of the following compounds has two geometric isomers ?
CH H 1 B’T

iz S ot

-

What the reagent used for the following reaction ?

CEis

f
A
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e | - .
ZN/acstc acl

| M ceomsn, ] ] Somikklh

The major product of the following reaction is :
" Br

__,,,,-/:_\\__,_,/"‘ +

Which of the following reagents is a nuclophile ?
I ) TS
v e ]

) CH?
The reactio,_n of [ .f with HOBr solution gives:
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The major product of the foIIowmg reaction is :
e i ______}:*Brf .

HaC == L,H_cr-}'z

CH, CH -CH_-Br
D B

The IUPAC name of the given compound is ?

—
- —
!ﬁ

IEI 1-bromo-4-pentyne EI 5-bromo-2- pentyne
I:I 1-bromo-3-pentyne EI 5-bromo-3- pentyne

27| The IUPAC name of the given compound is ?

EI 1-heptene-6-yne EI 6-heptene-1-yne
EI 6-heptene-6-ene EI 1-heptene-6-ene

The type of hybridization of indicated Icarbo in the following structure is
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The unknown compound X is:

1.NaNH,
—_—____+
X 2.CH; CH,Br

The product of the following reaction is:

CH3-CH2—CH2-CH2-CECH — wielelrlole iyl

B Br
CH3CH;CHCH,C-CH; CH;CFCHL,CH CH-CHiS

er |
Br

C1—13CH2<:|—;:<:a—{-‘cuz-{‘?u—ar CHyCH,CH,CH,CH,-CHi,

&

Key answer

il el Jliatt Uy Jtiaatt LY
1 c 11 a 21 d
2 b 12 c 22 b
3 d 13 d 23 C
4 o 14 a 24 C
5 a 15 d 25 c
6 b 16 c 26 b
7 c 17 d 27 a
8 b 18 d 28 a
9 d 19 c 29 d

10 d 20 b 30 a
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CHAPTER 3. AROMATIC HYDROCARBONS

Originally called aromatic due to fragrant odors, although this definition seems inaccurate
as many products posses distinctly non-fragrant smells!

dyydac pilg) cils s splae g dadill b Al digunrell QLS Sl Jloyl AlT Gliay
gl 8is Laungd Sileg)l pllasall pusiiu pasiui g Ellidy dAauily Sifisy G 3lgw0 EIling

Currently a compound is said to be aromatic if it has benzene-like in its properties.

Their properties differ markedly from those of aliphatic hydrocarbons.

Aromatic hydrocarbons undergo electrophilic substitution whereas aliphatic hydrocarbons

undergo ionic addition to double and triple bonds and free radical substitution.

The Structure of Benzene Ring

Benzene is the parent hydrocarbon of aromatic compounds, because of their special
chemical properties.

Today a compound is said to be aromatic if it is benzene-like in its properties.
Structure of Benzene

Molecular formula = C¢Hg

The carbon-to-hydrogen ratio in benzene, suggests a highly unsaturated structure.
Benzene reacts mainly by substitution.

It does not undergo the typical addition reactions of alkenes or alkynes.

Kekulé structure for benzene.

Kekulé suggested that the single and double bonds exchange positions around the ring so
rapidly that the typical reactions of alkenes cannot take place.
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H H
H H H H
H H H H
H H

the Kekulé structures for benzene

Resonance Model for Benzene.

‘ - @ equivalent te O
(I 8y iy

Contributing structures Resonance hybrid
Kekulé delocalized pi cloud

Benzene is planar.

All of the carbon—carbon bond lengths are identical: 1.39 A2, intermediate between typical

carbon—carbon bond lengths. single (1.54A2) and double (1.34 A2)

Each carbon is therefore sp2-hybridized.

Bond angles of 120°.

Aromatic Character (Aromaticity)
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Silogy¥l S, 11 Jogysls

Sl Sylae J1a3 5Sg i a>g (9o 99 09151 D)3 (19509 ilo S Hll (19 (yf ¥
pUa-ave {78 2N | ) Tttt JS.&.!

SP3 5 dJguai y9uyS 83 Lo daLd) goaid ¥ of o

Huckel rule ygsLs 3i3 of ay¥

Huckel rule
The number of [T electrons in the compound = (4n + 2)
Where (n=0,1, 2, 3, and so on).

Structure and name of aromatic compound

) SESRSNS

+D+ S
Benzene  Pyridine Pyrrole Furan Thiophene
Examples
SENee A A
NN A A A
Int2 = 8 10 2 2 4
n= 1.5 2 0 0 0.5
O O O
2= 4 4 6 4
= 0.5 0.5 1 0.5

Nomenclature of Aromatic Compounds

Monosubstituted benzenes that do not have common names accepted by IUPAC are

named as derivatives of benzene.
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CH,CH, CH,CH,CH,

0 000 C

bromobenzene chlorobenzene nitrobenzene ethylbenzene propylbenzene

Common names are accepted by IUPAC (parent compounds).

H; CH;CHCH; CH=—CH,
benzene toluene cumene styrene phenol
OCH, CH=—0 CH,C=0 CO,H NH,
anisole benzaldehyde acetophenone benzoic acid aniline

When two substituents are present, three isomeric structures are possible.
They are designated by the prefixes; ortho- (o-), meta- (m-) and para- (p-).

If substituent X is attached to carbon 1; o- groups are on carbons 2 and 6, m- groups are on
carbons 3 and 5, and p- groups are on carbon 4.

X
L2} Ny Ly / &\Jgjuyjﬁjjscuwemm\
G 4Bl o Gaa gl (53 352
slaat) gAY Alig 1 a8 anaa) 23l
m m JSAlL LS | g Uiy 590
Examples;
Cl Cl Cl CH-
1 cl 1 1
& 3 [ 2 6 2
5 3 5 3 5 3
3 i 1 1
Cl CH-
ortho-dichloro- meta-dichloro- para-dichloro- para-xylene*:
benzene benzene benzene
62

0581323208 e/ (e g peats V15,800 mad ol g Jal Y 8 1440/1439 =109 S —  ((Ceasll e sl ) o aas Jlefs




The prefixes; ortho- (0-), meta- (m-) and para- (p-) are used when the two substituents are
not identical.

cl CH,
Br CH,CH,
NO, a OH

o-bromochlorobenzene m-nitrotoluene p-chlorostyrene m-chlorophenol o-ethylaniline
(note alphabetical order)

NH,

When more than two substituents are present, their positions are designated by
numbering the ring.

CH, CH, CH, - —
‘e S A Alla
! CH, ! NO,_ o L NO., ""ffs 329 4 (A
6 - 6 2 - Bl e Galladial
5 3 > 2 5 3 Lalal) a8 3
% cl , cl 7 2
CH- NO,,

1,2,4-tri- 3,5-dichlorotoluene 2.4, 6-trinitrotoluene
methylbenzene {(THTY

Two groups with special names occur frequently in aromatic compounds; the phenyl group
and the benzyl group.

C5H5_ or CEH5CH2_ or CHZ_
phenyl group benzyl group
Examples;
phenyl ) ) Juisd @ ¥ isls Alisy 40902 (puyd| dads Jolad dlaulaw (s uyadl dlls Ciaasmg 13
CH;CHCH.,CH,CH,
Ph Ph
Ph
2-phenylpentane phenylcyclopropane 1,3,5-triphenylbenzene
{or 2-pentylbenzene) {or cyclopropylbenzene)
CH,Cl

benzyl chloride
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Reactions of Benzene

Electrophilic Aromatic Substitution Reactions

SR TSI I O

Halogenation

dau) g3 ali dalgl) cdlelds

sl palaal 2l Cpa sila
@ + X2 Fe¥s + HX JHa Jalas a—.‘*"‘u‘l\

X JAXH gz AS

ihu\\” Al B _iuil) edleldn
JalaS H,S0, 2529 & HNO;
HD] JQLAM

Nitration

+ HONO,* H50,

+ H,0 NO2 4s saxa JAXH g AS

Sulfonation H,S0 440 g3 i) cdle L

50,H e lua JalaSSO; 2529 gé

©+ HOSO,H s +H,0 SOsH JasH g

Alkylation (Friedel-Crafts) a A 'bsd 5\ s
- S (<A 0w
i s s )

e YAICly 2525 2 st
@ + RCl Alch @ + HCI . .
R JASH J) g Al

R = alkyl group

Acylation (Friedel-Crafts)
o, R e Aa gy (bl S Jaad ) Al

C . ce 3

JAligH oA e YAICl3 2525 2

T
AlCl
©+R—C—C1 . + HCI =
R—{—
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The Mechanism of Electrophilic Aromatic Substitution

We can generalize this two-step mechanism for all the electrophilic aromatic substitutions.

+ step 1 " H step 2 +
+E —— ~E T " E+H

Halogenation
Cl Cl
- - I o+ S I
:Cl—Cl: + Fe Cl Cl----- Cl----- BFe—d
” ” | |
Cl Cl
weak strong electrophile
electrophile
P Q‘Q\- s -\__i 54 S— ;-::J ¥ "\,1 . I_I _._..
7 Y +'Cl—cCl- - -FeCl, — ¢ We ' + FeCl,—
N ~ N/ al
a benzenonium iomn
(a carbocation)
- -H -H o
- " e e
Cl Cl Cl Cl
ortho para ortho composite representation
resonance forms of a benzenonium ion of the benzenonium ion

resonance hybrid
The Mechanism of Electrophilic Aromatic Substitution

Nitration

In aromatic nitration reactions, the sulfuric acid catalyst protonates the nitric acid, which

then loses water to generate the nitronium ion (NO,’), which contains a positively charged
nitrogen atom.

- - QO
.- + /O" H+ - + /O" ||_ '
I—I—Q—N\ — H—CI)\TN\/'T' P— :ﬁ + H>O
-O.. H -O. : O
nitric acid protonated nitronium
nitric acid ion
Sulfonation
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We use either concentrated or fuming sulfuric acid, and the electrophile may be sulfur
trioxide, SO, or protonated sulfur trioxide, *SO;H.

SO

S5CD> .

i R EE SOy,

bhemnzemnesulfonmnic
acid

Friedel—Crafts Alkylation

The electrophile is a carbocation, which can be formed either by removing a halide ion from
an alkyl halide with a Lewis acid catalyst (for example, AICI;) .

(|:1 Cll
Cl—Al + CICH,CH, — Cl—Al —Cl + CH.CH. -~ CH,—CH, (4.20)
| | ethyl
cl Cl cation
. H cH,cH, H  cH,cH, H  CH,CH, CH,CHj,;
/-' ~— O o, 2 o p O
. N g /\ - ~
+ "CH,CH;, — | [ ‘ — | | )

benzene ethylbenzene

Friedel-Crafts Acylation

The electrophile is an acyl cation generated from an acid derivative, usually an acyl halide.
The reaction provides a useful general route to aromatic ketones.

L& J

1]
CH ,CoC71 + AlCly, —/]—— CH ., O + AlC,

acetyl choride acetyl cation

Disubstituted Benzenes:

Orientation
deodio ue ol of deidie dcgod
meta Ortho and para JIamian S dasvgil!
ddld) Lle ST
Deactivating benzene ring ligyuuSIf aes dedilf ilegodd daldy m
activaiing S9=w g dalol)
dhage cilegane g Silisrollgl oS
deactivating by Jadg daloly
NO2,CN, COOH, CHO, NH2,0OH, OR, C6H5,R Jio
SO3H, CO2R, COR F.Cl,Br,l
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Substituents already present on an aromatic ring determine the position taken by a new
substituent.

Example; nitration of toluene gives mainly a mixture of o- and p-nitrotoluene.

CEI, <=1 Py = o

EIC O,

toluerne orftfro isormer T
bpp 222°C
Soan Perrez isomer
bp 238, mp S1°C
BC Al 2%

On the other hand, nitration of nitrobenzene under similar conditions gives mainly the meta isomer.

™, O,
AT

I~
nitroben=zene Friefel isSOIIler
IXAE> ST
o= e R

Disubstituted Benzenes: Orientation& Reactivity
Directing and Activating Effects of Common Functional Groups

Substituents that release electrons to the ring will activate the ring toward electrophilic

substitution.

Substituents that withdraw electrons from the ring will deactivate the ring toward
electrophilic substitution.

Benzene
i i
—NO, —SOzH —COH —CH —Br:

+ .. .. .o
—NRg —C=N i I: —&: —n .1 —on
—CCHz —COCHj5 —NHCCHg

g

Meta-directing Ortho- and Ortho- and

—CHg3 & %
Fi (alkyl) ~—OCHz; —NH,

deactivators para-directing para-directing
deactivators activators

® 2007 Thamson Higher Education

If the directing effects of the two groups are the same, the result is additive W
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CHs3 CHsz

CHg3 directs here. CHg3 directs here. B
NO, directs here. > ~—_ NO5 directs here. £
N 4
Bro
_—
FeBra
N02 NO2
p-Nitrotoluene 2-Bromo-4-nitrotoluene

© 2007 Thomson Higher Education

If the directing effects of two groups oppose each other, the more powerful B
activating group decides the principal outcome

Usually gives mixtures of products B

OH OH
OH directs here. __ _— OH directs here. NO5
HNO3
H2>2S0O,
CH3 directs here.” ™~ CHg3 directs here.
CHg3 CHg3
p-NMethylphenol 4-Methyl-2-nitrophenol

® 2007 Thamson Higher Education

Side-Chain Reactions of Benzene-Derivatives

=Ho CH=Er
I light
Toli=re BE ernirssAl Twoariide
CHoCH CHCICHS CH2CHoCI
Cla
.- S—
Ethylbenzens 1-Chloro-1-pherndlethans 1-Chloro-2-phenylethans
(inajor product) (minor product)
CH-CH A, rHCHS CHCHa ZHCHaA CHCHa

remaosal of
e T R—— T ———

an H b= C1-

Etlriben=—=n=

Delocaliza ion of the odd slactron
ztabili === the fra= radical
facilitabng ite formation

2. Oxidation of an Alkyl Side Chain

Conversion into a carboxyl group, -COOH, by treatment with hot potassium permanganate.

68
0581323208 e/ (e g peats V15,800 mad ol g Jal Y 8 1440/1439 =109 S —  ((Ceasll e sl ) o aas Jlefs




Regardless the length of the alkyl chain, the product is always the same.

= H - CaxcaH
hot KMAO 5 @
ETollienie E en=zoioc acicl

——Islene - ethslbaern=arses

=
ok I*{Mr'lo_4| \hl:lt A g

Trereplthalic acid
(A ra~wrrmaterial used in

syTithesizins TDacrorn arnd
other polsest=rs))

aasTay ¥ 4% T- butyl fac Lo lessSs4,S yaas I Joonid deaildf dlustlunl] Jodo GLS Lago

Which of the following compounds is aromatic ?

Which of the following compounds is not aromatic ?

Which of the following compounds is aromatic ?
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EI Which of the following compounds has an aromatic character ?

Which of the following compounds is not aromatic ?

]

Wh|ch of the foIIowmg compounds is aromatic ?

IHIEIE
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what the IUPAC name of this compound ?

CHj
4-Meth lthmphenol El 2-Nitro-p-methylphenol
_o-Nitrohydroxytolvene | d] 2-Methyl-4-nitrophenol

Wh|ch of the foIIowmg compounds is 4- bromophenol?

TE

The common name of methylbenzene is?

_

WhICh of the foIIowmg compounds known as m- Nitroaniline?
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The common name of 1,4- dimethylbenzene?

5] Tre common rame o L2 dmethybenzene? ]
Al tolene | b]_pcreso || ool _a] poene |

The structure formula of p- cresol is ?

IEIE]

What the IUPAC name of the structure ?

EI 1-chloro-2,4- diaminobenzene EI 1,3- dinitro-4-chlorobenzene
EI 1-chloro-2,4- dinitrobenzene Ijl 1,3-diamino-4- chorobenzene

The structure of m-fluorobenzene chloride is?
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The structure of p- xylene is ?

The reactant Xis?

=]
>X KMnNnO./ OH /H_O

Which of the following compounds undergoes an electrophilic substitution
reaction?

eIl
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What is the best reagent used for the following reaction ?

© .

| 7| Brutest | *] Bra CCl | | B Feby | ) Chib A |

T he_ cazjbonyl group attached with a benzene ring i

‘El activating and meta - directing group, El
Eiieactivaﬁng and ortho/para directing group |E| HCth&tlIlg and ortho/para dir CCtiﬂg group

Which of the following groups m-directing in electrophilic substitution?

Which of the following groups deactivated the benzene ring towards nitration?

_Al__on | o] coocw | of oW | af ocn |

Which of the following groups deactivated the benzene ring towards nitration?

LAl e | o] cow | of con | af ov |

The main product of the reaction shown below is ?

oEx -
i EIDIO
HoSO
e o
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The sulfonation prouduct formed from the following reaction is ?

OY
: SO5 /F HaSO,

Key answer

il Al Jliuad L 2
1 D 14 C
2 B 15 C
3 c 16 D
4 D 17 D
5 D 18 A
6 B 19 B
7 B 20 A
8 c 21 C
9 A 22 B

10 B 23 C
11 A 24 B
12 B 25 D
13 D 26 A
27 D
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CHAPTER 4
ALCOHOLS, PHENOLS AND ETHERS
Alcohols, Phenols and Ethers

Alcohols, ethers and phenols have a common functional group, the hydroxyl group, -OH.

H-O-H R-OH R-O-R Ph-O-H
Water Adcohol Ethers Phenol

Alcohols are compounds whose molecules have a hydroxyl group attached to a saturated
carbon atom.

Phenols are compounds that have a hydroxyl group attached directly to a benzene ring .

Ethers are compounds whose molecules have an oxygen atom bonded to two carbon atom.
Alcohols and Phenols

Alcohols and phenols may be viewed as organic derivatives of water.

WD
o o <.
e 8 3
o Tu H_C H @I/ H

WWater Methanol Phenol

Alcohols have the general formula R-OH, and structurally similar to water, but with one of
the hydrogens replaced by an alkyl group.

Phenols have a hydroxyl group attached directly to an aromatic ring.
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Alcohols

| -
— C—O—H
| -
This is the funcrional group of an alcohol

Alcohols can be viewed in two ways structurally:
as hydroxyl derivatives of alkanes

and (2) as alkyl derivatives of water.

Ethvl group
:‘—A—‘\

HzCH_;C . H\ Hjc\()
CH;CH 109°(__ Q. ) 105° C o 110° C
3 3 /% / ‘/
H , Hydroxyl group H HsC
- Dimethyvl ether
Ethane Ethyl alcohol Water (a typical ether)
(ethanol)

Classification of Alcohols

Alcohols are classified as primary (1°), secondary (2°), or tertiary (3°), depending on whether
one, two, or three organic groups are connected to the hydroxyl-bearing carbon atom.

) i)
R— CH-OH R— CHOH R— 'Cli— OH
R
primary {17 secondary {27) tertiary {37)

Methyl alcohol, which is not strictly covered by this classification, is usually grouped with the
primary alcohols.

Nomenclature of Alcohols

The common names for the simplest alcohols consist of alkyl group attached to the hydroxyl
function followed by the word alcohol: Alkyl alcohol .

alkyl group + alcohol JeouSJf 4olS Lgaiiy JuSI¥| dcgon0 55 @iy dflilll dogunldl 6
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In the IUPAC system, alcohols are named according to the following rules.
1. Select the longest continuous carbon chain that contains the -OH group.
Drop the —e ending of the parent alkane and replace it by the suffix -ol: Alkanol

2. When isomers are possible, the chain is numbered so as to give the functional group (-OH)

the lowest possible number.

ol ghaillye ,df Joutanig JusnSo)aegll doganne plo $9id dunlan Jof i3

3 2 1 1 2 3
CH,0H CH,CH,OH CH,CH,CH,0OH CH3(|:HCH3
OH
methanol ethanol 1-propanol 2-propanol

(methyl alcohol) (ethyl alcohol) (n-propyl alcohol) (isopropyl alcohol)

CH,4 CH,

| H

CH,CH,CH,CH, 0] CH;CHCH,CH, CH;CHCH, (ZH;—(I | ( < ” 4 z,-—(_'Hy Jg!
\ / n 3 /
(:’H} — —
(n-butyl alcohol) ;n‘r-ﬁuryl nl.ﬁhnl ) ; (isobutyl A.Imﬁnll 7(rn*rr-hur)r'l alcohol) (cyclohexyl alcohol) [benzyl alcohol)

3. When alkyl side chains or other groups are present, they are named alphabetically and

their positions are indicated by a number.

The position of the functional group (-OH) is always given the lowest possible number at the

end of the name.

fas dadtd) OLS, U D> Ay Se @) S5 155 0H JI degosme Eucs: @iy Cile yi5 ag-rg aic
. Lgod) S g=1s ¥g Laaic o (oad 2!

CH,CH, Cl CH,
CHscHZCHCHQ(IZHCHB CH3CH2(IJHCHZCH2&HCH20H
OH
4-Ethyl-2-hexanol 5-Chloro-2-methyl-1-heptanol
(not 3-Ethyl-5-hexanol) (not 3-Chloro-6-methyl-7-heptanol)

For cyclic alcohols, numbering always starts from the carbon bearing the -OH group.
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OH OH

C6H5
CH, Br
3-Methylcyclohexanol 3-Bromo-2-phenylcyclopentanol
(not 1-Methyl-3-cyclohexanol) (not 1-Bromo-2-phenyl-3-cyclopentanol) 4. With Unsaturated

Alcohols; If a molecule contains both an -OH group and a C=C or C-C triple bond, the -OH
group takes preference before the double or triple bonds in getting the lower number.

eyl G AuSLNg AuSLEN dlayfyll e dudesw] Lgd OH I degono

The name should include (if possible) both the hydroxyl and the unsaturated groups, even if
this does not make the longest chain the parent hydrocarbon.

~ ] I

CH,CH,
CH,=CHCH,0OH CH;=CHOHCH;  HC=CCH,CH,0H CH,CHC—CH,
propen-1-ol OH OH
(u”}'l alcohol) 3-Buten-2-ol 3-Butyn-1-ol 3-Ethyl-3-buten-2-ol
{not 1-Buten-3-o0l) (not 1-Butyn-4-ol) (longest chain including C=C)

Alcohols with More Than One Hydroxyl Group

(daybandt OfyLais ¥l )9 ) JussaSg p S Bagac &¥gn I L dLio¥l yaey
Compounds with two adjacent alcohol groups are called glycols.
The most important example is ethylene glycol.

Compounds with more than two hydroxyl groups are also known, and several, such as
glycerol and sorbitol, are important commercial chemicals.

OH OH CI)H OH OH  OH OH
(I'JHQ—-éﬂz CH3—CH—CH2 H,—CH— H,

nam i - i 3-Propanetriol
e: 1,2-Ethanediol 1,2-Propanediol 1,2, )
g;;gign name: Ethylene giycol Propylene glycol Glycerol or Glycerin
' Q’OH
OH
TUPAC name: 1,2-Cyclopentanediol
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Ethylene glycol is used as the “permanent” antifreeze in automobile radiators and as a raw

material in the manufacture of Dacron.
Ethylene glycol is completely miscible with water.

Glycerol is a syrupy, colorless, water-soluble, high-boiling liquid with a distinctly sweet taste.
Its soothing qualities make it useful in shaving and toilet soaps and in cough drops and
Syrups.

Phenols

are usually named as derivatives of the parent compounds.

OH OH OH (L)H ?H
2 11 2 A H. A

OH . S Br s Br r;¢A§_T/(4U;_., ’{;*x\’ ‘r(//lﬁ]
| | [N ) & )‘ L\ A

L : N =" N

~ S~ & - il
s . )

Cl Br :

o-Cresol m-Cresol p-Creso!

The hydroxyl group is named as a substituent when it occurs in the same molecule with
carboxylic acid, aldehyde, or ketone functionalities, which have priority in naming.

CO,5H CHO OH
but
OH
OH NO;
rn-hydroxy p-hydroxybenzaldehyde p-nitrophenol
benzoic acid (r10t p-hydroxynitrobenzene)
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Physical Properties of Alcohols

Physical State

The simplest alcohol, methanol, is a liquid at room temperature.

In contrast, alkanes from methane to butane are gases.

Solubility

The lower alcohols are completely miscible with water.

As the number of carbons in the alcohol increases, the solubility in water decreases.
Boiling Points

Series of normal alcohols; The boiling points increase with increase in molecular weights.

A comparison of boiling points among isomeric alcohols; The boiling points decrease as the
number of alkyl branches from the carbinol group increases.

OH : OH
CH, | |
| CH,CH,CHCH, CH3(130H3
OH, CH,CH,CH,0H CH,CHCH,0H n,
1-Butanol 2-Methyl-1-propanol 9-Butanol , 9-Methyl-2-propanol
(mol wt = 74; bp = 118°C) (mol wt'= 74; bp = 108°C) (mol wt = 74; bp = 99.5°C) (mol wt = 74; bp = 83°C)

Hydrogen Bonding in Alcohols

The boiling points (bp’s) of alcohols are much higher than those of ethers or hydrocarbons
with similar molecular weights.

CH,CH,OH CH,OCH, CH,CH,CH,
mal wt 46 45 44
bp +78.5°C —24=C —42°C

Why? Because alcohols form hydrogen bonds with one another.
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The O-H bond is polarized by the
high electronegativity of the oxygen atom and places a partial positive charge on the hydrogen
atom and a partial negative charge on the oxygen atom.

R i 2 124 | 24
™S — S+ ME— S+ MWE— S+ 0 NE&— S+
O—H —+ O—H _— O—H —OCO—H

R
two separate alcohol molecules a hydrogen bond

However, as the organic chain lengthens and the alcohol becomes relatively more
hydrocarbon like, its water solubility decreases.

Olaldl doys o) duadgu - SIf dbasalandl Jodo ol LolS

Table 7.1 Boiling Point and Water Solubility of Some Alcohols
Solubility in H,0

Name Formula bp, °C g/100 g at 20°C
methanol CHs0OH 65 completely miscible
ethanol CH;CH-,0OH 78.5 completely miscible
1-propanol CHsCH,CH;0OH 97 completely miscible
1-butanol CH;CH-CH,CH-0H 117.7 7.9

1-pentanol CH5;CH.CH.CH,CH,0OH 1379 2.7

1-hexanol CH2:CH-CH-CH>CH-CH-0H 155.8 0.59

10 alc > 20 alc > 30 alc ylulod do)s uadiys
Physical Properties of Phenols

Phenol is a colorless, crystalline, low-melting solid, with a high boiling point, that is
moderately soluble in water.

Most other phenols also are solids, with slight solubility in water and high boiling points.

The most significant physical property that distinguishes alcohols from phenols is the

acidity of phenols.
The Acidity of Alcohols and Phenols

Like water, alcohols and phenols are weak acids.
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The hydroxyl group can act as a proton donor, and dissociation occurs in a manner similar to
that for water

RO—I¥ + Base —— RO :— + Base—H
Adcohol Adktoxide i]gn
1ch (conjugate base.
a8 ao of alcohol) _
ATO—FL + Base — > ATO T — 4+ Base—¥L
Phenol Phenoxide ion
as acid - {conjugate base

of phenol}

Phenols are stronger acids than alcohols mainly because the corresponding phenoxide

ions are stabilized by resonance.

U5 Jodaddl b JusasSayaagd] b Bagrad! prasas S (¥ C¥eonSI (o dusiaolor LES1 S¥giidl]
Ot 9yl b Lgale gossnsg dild] g0 oy ddasso (3-S5 ELIASg (sl AELS: ol il b

:E)D_ t O 1O 1O

e e mUS et
charge localized & (=

on the oxygen atom -/

in alkoxide ions - -
charge delocalized in phenoxide ion

All electron-withdrawing groups increase acidity by stabilizing the conjugate base. Electron-
donating groups decrease acidity because they destabilize the conjugate base.

o)Ll cilegat o R JI degomne iy dudIlillg LagSilf (0 dunirgo ,5ST dutg¥f ¥ g I
dusngd) JLA1E &lig SIS

F,Cl,Br cilicsglgll Jio iligpuSIMW dusniun ©1leggng 39-g dusiagdf 212359

oH OH OH OH OH
Coh Ooh Mo

(1< < 3 =713 <7y

[ [ NOo

N
4 - Mlettndlphencl Phenol 4_MNitropheriol 2 4 Dinitrophenol 2.4 6-Trinitrophenol
{(r—Cresol) {Picric acid)
Ha0 T T Cl ST Cl
Cl
Mdethox srethanol Ethanol Chloroethanol Trichloroethanol

Alkoxides, the conjugate bases of alcohols, can be prepared by the reaction of an alcohol
with sodium or potassium metal.
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2RO—H + 2K 2RO K+ + H.

alcohol potassiuim
alkoxide

ddrgs yiS) A¥ Jodudd) Jolaly -STg potgsatl arisnSouesd 2o JonSII Jolily ¥

ROH + Na"HQO =— RO Nat + H,O

OOH + NatHO~ —~ Go Na* + HOH

phenol sodium phenoxide

Preparation of Alcohols
From Alkenes
A. Hydration of Alkenes

1. Addition of water to a double bond in the presence of an acid catalyst, H'.

- ] s A Ay s
H OH
i g0 e Bac ) ik
2. The addition follows Markovnikov’s rule.
?H
CH,CH—CH, + H—OH —— CH,CHCH,

FPropene 2-Fropanol
{major product)

3. Itis not possible to prepare primary alcohols except Ethanol.
B. Oxidation of Cycloalkenes

Alkenes react with alkaline potassium permanganate to form glycols (compounds with two
adjacent hydroxyl groups).

St Alad) ¢ BausS

@ KIhvinOy, / O oH ¢ J u.ﬁ'\ﬂﬁo |

= CniS gana Jadi g aday )l

Cryolopentens CH—C}’CIDPBI]t;:— -diol (€ &‘.435‘ C’a MJJ'::&
Nucleophilic Substitution of Alkyl Halide ie X Jasiul
w Aq' KDH "w e\m. X "L.‘ d"'u JJA.A'A

ol - OH
Aq KOH
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Reduction of Ketones, and Aldehydes

Aldehydes and ketones are easily reduced to primary and secondary alcohols, respectively.

o O H AIART0l (g3l 5 LA AN J) Al

AL LLiatE, Jia A Fiaal Jal sl e 5!
23y H . HLoO

Aldehisde 1% Alcohol Li Al H 4/ dry ether

I:l —H Zn /H+ or Fe / HCI
/J‘L\ 13 L i31FET, /L\
o etorie 23y E . ELO 20 A lcobal Na /alcohol === NaBH4/ H20
H2/ Pt or Pd |or Ni

19 JonS oy acnal¥l Ji3is
$9H0 JonS lazy eI 1535

Addition of Grignard’s Reagent to Aldehydes and Ketones

Creneradl e rHarions

-+ Ho, HY
RMgx H—C O RCHZDMQ}C RCH=OH
Formmaldshds 1% al cohol
L} RI RI
R Lo HoO, H*
RMgX " H—C=C — RCHOMgX —— RCHOH
A ldehsrde 22 alcohol
' R’ '
R = HoO, H* i
RMgX R'— = — = R?OMQ}( RCI:OH
RII Rll
E etone 32 alcohol

slo ddladly aady ayliyyd Joladg uSyll SAER 395 Ladlag Juigs St dcganne e 3lisyd Blasay
Reactions of Alcohols and Phenols
Alcohols undergo two kinds of reactions:
Those that involve the breaking of the oxygen-hydrogen bond (CO-H).

Those that involve the rupture of the carbon-oxygen bond (C-OH).

Phenols do not participate in reactions where the C-OH bond is broken.

Joiedl 2o 1is o aall o (ST s Sg)aiglly g, oy dlayfdf yauS Lo aqins Joom I Melas
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Reactions of Alcohols
A) Those that involve the breaking of the oxygen-hydrogen bond (CO-H).

1) Reactions of Alcohols and Phenols as Acids: Salt Formation.

I2T—OH 4+~ NNat OH— —— INo reaction
2 CH,O—H 4+ 2 Na — > 2 CH O :~ Na* + H,T

MWMethanol i Soditun methoxide
O —F :— INa—+
@ + Na+ OFI— N @ 4+ EF—OXI
Fhenol Sodium hydroxide Sodiurn phenoxide

as an acid) {a bhbase) {a salt)

B) Those that involve the rupture of the carbon-oxygen bond (C-OH).
The Reaction of Alcohols with Hydrogen Halides: Alkyl Halides

Alcohols react with hydrogen halides (HCI, HBr and HI) to give alkyl halides.

R—OH + H—X — R—X + H—OH X @ OH J) Jadiul Jolis
alcohol alkyl halide

Dehydration of Alcohols: Formation of Alkenes

Alcohols can be dehydrated by heating them with strong acid. idilly J sl (e sla £ 3

+ 180° S0 paaa 33y A

H— CH,CH,— OH 2 :18%¢, 1 —CH, + H—OH - g
ethanol ethylene R . e
Ol (e

C) Oxidation Reactions

Oxidation is the removal of H from a compound and/or the addition of O to a compound.

o 5 2H & ¥ SN
R—E—GI—I L2V | e —» Rermowal of 2 EX EJ" L;‘“

P o> 4Ll
H—(!'_[;———I—I L.=A . R—('i':——c:-l—l Additiomrm of O O '

An oxidizing agent is the chemical reagent that does the oxidation.
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Primary alcohols give aldehydes, which may be further oxidized to carboxylic acids.

Secondary alcohols give ketones.

Tertiary alcohols, having no hydrogen atom on hydroxyl-bearing carbon, do not undergo

oxidation.
I I
S S
B —c— EX gent o R— C— H L Ee R—C—OH
II
primmary alcohol aldehyde carboxylic acid
| Il
R—(IZ—R" oxidizine. wr P T -
=

secondary alcohol ketore

Primary alcohols, oxidation can be stopped at aldehyde stage by special reagents, such as

“pyridinium chlorochromate (PCC)”.

CH.(CH.).CH.OH —PSC . CHL(CH.).C—H
1 -octanol 2Cl,, 25

4 N*—H CrO,Cl—

4,
“, Iy
#

“,
X
pyridinium chlorochromate

(PCC)

Primary alcohols yield aldehydes when treated with mild oxidizing agents such as hot

metallic copper or CrOs in pyridine.

H _ H
I heat :
1° alcohol Aldehyde
¥
CHCH,OH CrOs/pyrdine .  CH,C=0
= :
Fthanal Ethanal
{Acetaldebvde)

S ga Jale aladin die oSy aaal) ) Chaus MSse Jule aladiuly oY) Jgasl) aasty
(S 51 S aaa ) K2€Cr207 or KMnO4 Jia (s 6

CH20H — CHo CH20H — COOH

87
0581323208 e/ (e g peats V15,800 mad ol g Jal Y 8 1440/1439 =109 S —  ((Ceasll e sl ) o aas Jlefs




Primary alcohols yield aldehydes when treated with stronger oxidizing agents, such as
chromic acid, H,Cr,05, or neutral potassium permanganate, KMnQ,, the intermediate
aldehydes formed initially are oxidized further to carboxylic acids.

i 7 =
R—(]]——GH ==, R—C=0 > R—é}=(}
H . .

1* alcohol Aldehyde Carbozxylic acid

Secondary alcohols, when treated with any of the oxidizing agents mentioned previously,
yield ketones.

| . . .
R—C—R 2. r & 3 uﬁu“fuﬂs&dﬁu‘j
Jeasll sl a4
2° alcohol Ketona e dale ‘*SL" ‘*"du‘
OH IO
Cr O,
CH3(:JCH3 e r:_:r—{aéczl—l3 4+ Cr3+
H
Z2-Propanol (orange) Acetone {gsreen)

Preparation of Phenols
The Alkali Fusion of Sulfonates
The alkali fusion of sulfonates involves the following steps;

1. Sulfonation of an aromatic ring.

2. Melting (fusion) of the aromatic sulfonic acid with sodium hydroxide to give a phenoxide

salt.

3. Acidification of the phenoxide with HCl to produce the phenol.

O = O-von 22 Oorre =2 Oron
heat heat
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Reactions of Phenols

Halogenation takes place without catalyst.

Br
PN N\
Br, /Cs / ’
5% 5 FO— P—Br + HO—( )
§°C b\ A/ \\\ A
N—T—— N
p-Bromophenol o-Bromophenol
HO.@ — 3 J
. Br. cuadl £ g i e
| S
{Br/HO  po—| —Br
25°C P

Br
24 6-"Toabromophenol

The products depend on the solvent used.

In aprotic solvents (solvents that do not release protons) (CCl,, CS,)-bromination gives a
mixture of o- and p-bromophenol.

In protic solvents (solvents that can release protons) (H,0)-halogenation gives a trisubstituted
phenol is produced.

Ethers

Structure of Ethers

All ethers are compounds in which two organic groups are connected to a single oxygen
atom.

The general formula for an ether is R-O-R’, where R and R’ may be identical or
different, and they may be alkyl or aryl groups

O 0
R—O—R, Ar—O—R, or Ar—O—Ar Vak 2N
Hﬁ.______}[{ R=__~R
The geometry of simple ethers is similar to that of water. 104.5° 110°

The ether is classified as[_]

Symmetrical ethers; When the organic groups attached to the oxygen are identical.

Unsymmetrical ethers (mixed ethers);

When the organic groups attached to the oxygen are different.
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Nomenclature of Ethers

Common Names

Ethers are usually named by giving the name of each alkyl or aryl group, in alphabetical
order, followed by the word ether

JeSIWY Jud IS DS 598 of yiuf dodS aiSSg Siledo HLS 13 degost gl i

. Pl AolS & Lad) 4o Cilogot) uiSS Alilodo pddl il ia¥l Ao

Methyl ether CH;—O—CH,4 Ethyl methyl ether CH,—0—CH,CH;
Ethyl ether CH,CH,—O0—CH,CH, Ethyl-n-propyl ether CH,CH,—O0—CH,CH,CH,
Vinyl ether CH,=CH—O0—CH=CH, £-Butyl methyl ether (CH,),C—O0—CH,
Phenyl ether ©0© Methyl phenyl ether @—O—CH3
(anisole)
IUPAC system Load dbaulaw Jobof 90 ¥ @uang 4ilS 0 20dg &,‘S OR ,uaig &Iligu¥l Pl i Badall ol ¥ pegmirsd

For ethers with more complex structures, it may be necessary to name the -OR group as an
alkoxy group. In the IUPAC system, the smaller alkoxy group is named as a substituent.

(CHyCH,CH,CHCH,  CH CH,CH,CHCH,CH, ~ H,CO—CH,CH,0H

OCH, - OCH,CH;
2-Methoxypentane 3-BEthoxyhexzane 2-Methoxyethanol

Physical Properties of Ethers
Physical State

Ethers are colorless compounds with characteristic, relatively pleasant odors.

Boiling Points ] (3o Baluys 313359 duiadnio Lgilule dovys ity LgSlisis by dudows gy Tasfgy (g5 gudains ¥

They have lower boiling points (bp,s) than alcohols with an equal number of carbon atoms.

In fact, an ether has nearly the same bp as the corresponding hydrocarbon in which a -CH,-
group replaces the ether’s oxygen. ]

Because of their structures (no O-H bonds), ether molecules cannot form hydrogen bonds
with one another. []

S o i gy arfg) (395 il s
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Ri R
R R\\ R\_ ; R\'(j \"6 \AO Water solubility

/CHZ /CHz /Q R/- H/', T;;_i/ ‘ Compound Formula bp mol wt  (g/100 mL, 20°C)
* e Ij No hyd Alcohols: Hydrogen  lbutanol  CHiCHCH.CH,0H  118C 74 7.9
: N 1 Ethers: ydrogen Alcohots: 2
A4Lk‘;¢‘:rzlc§{ng«%e};vtl;;geﬂ bﬁ;:imgolxzweerg: bonding between diethyl ether CH;CH,—0—CH,CH; 35°C 74 75
g e e pentane  CH,CH,—CH—CH,CH, 36°C 72 0.03
boiling points boiling points boiling poinis
Solubility eLLf 0 dliy Lgide dladll dd e s SIS o ol ¥

Low-molecular-weight ethers, such as dimethyl ether, are quite soluble in water.

Ether molecules can form hydrogen bonds to water.

R O R
SS— 8+ \a- s-i-/
R o Yo-H "m 6 “H
cH, g H R H
R
: Mo hydrogen Ethers: Hydrogen Alco.ftois: _Hydmgen
Al:ianlgnsg wic.::.h {-.rate;gr: bonding with water; bonding with water;
insoluble soluble soluble

Preparation of Ethers

There are two general methods for synthesizing ethers.

1) Dehydration of alcohols Lo )55 Gumiws aliloidl ol ¥ yaasnid ddypdalf oad pasiiays

It is used commercially and in the laboratory to make certain symmetrical ethers.

It takes place in the presence of acid catalysts (H,SO,4, HsPO,) (intermolecular reaction)

R—OH + H—OR X3 R—O—R + H,O

haa

Example;

The most important commercial ether is diethyl ether. It is prepared from ethanol and
sulfuric acid.

CH,CH,OH + HOCH,CH; ~224- CH,CH,OCH,CH; + H,O

ethanol diethvl ether
Lol dliloso pially Alilosll of ¥l pnd b pasuiud
Jaciaw! felas g0q 3..Jg‘2| ST andld 1 aetinS gind of SeittsS oSS

2) Williamson synthesis

General laboratory method used to prepare all kinds of ethers, symmetrical and
unsymmetrical.

91
0581323208 e/ (e g peats V15,800 mad ol g Jal Y 8 1440/1439 =109 S —  ((Ceasll e sl ) o aas Jlefs




Scope and Limitations

When ethyl alcohol is dehydrated by sulfuric acid at 180° C, the dominant product is
ethylene.

E]JHEII'}HE %%—} CH,~CH, + H,0
H OH

Ethyl alcohol Ethylene

To prepare ethyl ether
Dissolve ethyl alcohol in sulfuric acid at ambient temperature.

Heat the solution to 140°C while adding more alcohol.

2 CHyCH,0H —=2%» CHCH,—0—CH,CH; + H,0
Ethyl alcohol Ethyl ether

2) Williamson Synthesis
This method has two steps;

1) An alcohol is converted to its alkoxide by treatment with a reactive metal (sodium or
potassium).

2RO + 2 INa

2 RO Nat + ¥,
2) Displacement is carried out between the alkoxide and an alkyl halide.
RO " Nat + R"—X — ROR’ + Nat™X™

To obtain the best yields of mixed dialkyl ethers, we select a 1° rather than a 2°or 3°alkyl
halide and react it with a sodium alkoxide

To prepare an alkyl aryl ether, we must be careful not to pick a combination in which one of
the reagents has a halogen directly attached to an aromatic ring.

Example 1; Preparation of t-butyl methyl ether, (CH;);C-O-CHs.
In theory, this could be done by either of two reactions.

1. You could react sodium methoxide, CH;0'Na®, with t-butyl chloride, (CH;)5C-Cl.
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This combination leads to dehydrohalogenation to an alkene, an elimination reaction.
2. You could react sodium t-butoxide, (CH;);C-O'Na®, with methyl chloride, CH;Cl.

This route gives the desired ether by substitution.

CH;
S,z h
. CH;O0—C—CH,; + INaCl
Difficult access CH I .
- é: 2 CH,
CH,O0" Na* + CH;—C—Cl
- CH,
- 3 dehydrchalogenation
Sodium methoxide ¢-Butyl chloride % = > CH,=— -+ CH;OH + NacCl
(a nucleophile: {a 3° alkyl halide) o0
also a strong base) 3
CH3 Easy access H CH3
CH3—<|;—0— Na+ + H-—(::—Cl Sa2 CH,,—&!—O—CHE, + NaCl (2)
CH, H H,
Sodium ¢-butoxide Methyl chloride £-Butyl methyl ether
(a nucleophile) {(a 1° alkyl halide)

Example 2; Assume you need to synthesize methyl phenyl ether (anisole), CH;-0O-CgHs, by
the Williamson method. /In theory, you could obtain anisole in either of two ways.

CH,—O IMNat Cl@ ——aw——a INo reaction

Sodiunrm methoxide Chlorobenzene
{a nucleocphile) {an aryvl halide)
_(ﬁ—;.___—‘ﬂ i =]
O a¥t + CH,—Cl1 5 O—CH,; + NacCl
Sodium phenoxide Methywl chloride Anisole
{a nucleophile) {a 1° alkyl halide)

Reactions of Ethers
Ethers are quite stable compounds.
The ether linkage does not react with bases, reducing agents, oxidizing agents, or active metals.
Ethers react only under strongly acidic conditions.
Cleavage of Ethers by Hot Concentrated Acids

When ethers are heated in concentrated acid solutions, the ether linkage is broken.

heaat

CH,CH,—0O—CH,CH, + HI —— CH;CH,O0H + CH;CH,I

{conec)

The acids most often used in this reaction are Hl, HBr, and HCI.

If an excess of acid is present, the alcohol initially produced is converted into an alkyl halide
by the reaction.
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R—OH 4+ HX — R3X 4+ H_ O
For example,
CH_ CH.,—O—CH_ CH_, 4+ 2 HBx E— 2 CH,CH. . Br + H.,O

{conc)

HCI, HBr, HI Jio duiuagllgdl yolos ¥ po &l ¥l Jolads
JonSs S SI¥) il ass 1% 2o heaolgd] paod! o Joo sy Jolis 13/
sLo s3arg JeSI¥T aulls s 202y Joo 2 Sl 131 Lof

The common name of 2- propenol

Allyl alcohol Tert-butyl Isopropyl Vinyl alcohol
alcohol alcohol

The name of the following compound is:

EI 2,3-dimethyl-1- hexen-5-ol EI 4-propenyl-2-pentanol
EI 4,5-Dimethyl-5-hexen-2-ol EI 5-hydroxy-2,3-dimethyl-1-hexene

EI The structural formula of 5-methyl-1-cyclopentenol is?

How many hydroxyl group does ethylene glycol have ?

B I I s Bl
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The IUPAC name of the following compound is

E l‘uar0m0-4-hydr0x\{_.2_methwcydqpentane \E 4‘Br0m0"3*methy|E‘,‘Eiﬂpenta n-1-ol
|| Fromesmmveriarana | | 28remo s methyiycopantan

The structure of 2-methyl-2-cyclopentenol is:

The IUPAC name of tert-butyl alcohol is:

2-propanol 2-methyl-
2-propanol

The IUPAC name of

EI 2-chloro-6-methylcyclohexanol EI 3-chloro-6-methylcyclohexanol
EI 5-chloro-2-methylcyclohexanol EI 2-chloro-5-methyicyclohexanol

EI The IUPAC name of
Al
<

Cyclohexane alcohol EI Cyclohexyl alcohol
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Which one form the following does not has the ability to form interamolecuar
H-bond ?
i [ O 3 """

m ‘r
l OF

IEI 3 -Acetylene-4- methyl-1-pentanol EI 3- iso propyl-4-pentyn-1-ol
EI 3-ethynyl-4-methyl-1-pentanol E 3-isopropyl-1-pentyne-5-ol

EI 2-chloro-5-hexanol EI 2-hydroxy-5-chlorohexane I
I:I 2-chloro-5-hydroyhexane E 5-choro-2- hexanol

Which of the following has highest boiling point ?

Ethyl Dimethyl
boromide

Which of the following compounds is more squbIe in water?
propanol D|ethyl benzene
ether

The product of the following reaction is

I
: LiAlH 4

O%\‘W =

; - HoO
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The major product of this reaction is ?
T

23 I O

\INO

The following general equation, the reagen Z is

Z ==
go- — RCHOH

-
-

The product of the following reaction

oH
h Excess Br, / H,O
=
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Which of the following is the most acidic compound?

_
I il 8 B

Key answer

ljut Lyl Jljud k¥

1 B 11 B
2 C 12 D
3 B 13 A
4 B 14 A
5 B 15 D
6 D 16 D
7 C 17 C
8 B 18 C
9 D 19

10 B 20 D
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