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UNIT 1: STRUCTURE AND BONDING
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1.10BJECTIVES

Objective of this chapter is to provide studenithva concise and succinct detail on
the basic fundamentals of the organic chemistrypid® covered in this chapter such as
hybridization, delocalized bonding and electrorfie&s are essential basics of the organic
chemistry. The chapter is developed to stimulater@st of the reader into the organic
chemistry and at the same time to build the deejerstanding of the fundamental concepts
of organic chemistry. To offer students an easy iatetesting learning experience, each of
the topics covered is depicted with lucid diagramd figures also.

1.2 INTRODUCTION

Organic Chemistry is the subclass of chemistry itmnlves the study of carbon and
its compounds. It is established fact now that @arlzan forms unlimited number of
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compounds. Thus the domain of organic chemistrycastinuously growing with new
research finding being made around the globe. ésngequence, impact and role of organic
compounds in our daily lives is expanding from ncew to agriculture and polymers to
petroleum etc. Today, organic chemistry is wellaleped science which has great deal of
scope for further developments. Therefore, pletldiaformation and theories are available
on organic chemistry. This implies that new studesit organic chemistry require a great
deal of study to understand the latest developmantthe field. The study of organic
chemistry seems intricate; however it is very iesting and in this course begins with
concise details on the concepts on structure andibg in organic compounds.

1.3HYBRIDISATION

Concept of hybridization is given in valence botigtory to describe chemical
bonding and molecular geometries. Hybridizatiothes mixing of atomic orbitals of different
shape and energies to yield same number of nevatylaf identical energy. The shape of
hybrid orbitals is different than the componentitals. Mixing of spherical shaped s orbital
with dumbbell shaped p orbitals results in hybrititals those have one lobe of their
dumbbell shape much larger than the other lobealljsuall hybrid orbitals form sigma
bonds. Carbon atom forms four covalent bonds wiitleioatoms for which one s and three p
orbitals get hybridised in different three manne=mely, sp s and sp.

3

sp o
Py o
Sp N === S
sp* C spi C
N o 1_8.-_00
| 109°28’ 120
\\\‘“/"'C\:“ /C— —C==
sp3 C sp2 C sp C

Figure 1. Orbital arrangements around carbon nuclei andetglting geometry in case of’sp
spf and sp hybridization.

An easy method to determine the hybridization afagbon, oxygen or nitrogen atom in
neutral organic molecules is to count the numbet bbnds it forms. If there is no bond,
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the atom is sphybridized. If there is one bond, it indicates $phybridization and if there
are twor bonds it means the atom is in sp hybridized state.

(i) sp® hybridization

The term sp hybridization indicates mixing of one s and thpeerbitals resulting in four
hybrid orbitals of same size and energy as depictete Figure 2. Each sp hybrid orbital
has 25% s-character and 75% p-character. The folhybrid orbitals of carbon atom
remains directed at an angle of 109°28’ from edbleroand thus impart tetrahedral geometry
to the molecules where carbon is connected to &oms or groups by four sigma bonds
(Figure 1). For example the carbon atom in saturated orgarlecules such as methane,
ethane and ethyl alcohol.

1s 25 2p, 2p, 2p,

s A (F 1D

s  2s  2p, 2p, 2p,

|
e 4 (1T

1s sp3 hybrid orbitals

Figure 2. Hybridization theory explains how carbon can m#fer equivalent bonds in
saturated organic compounds. Three p and one ®lonfix in the excited state carbon atom
to give four sp hybrid orbitals of equal energy.

(i) sp® hybridization

The term sp hybridization indicates mixing of one s and twabitals resulting in three
hybrid orbitals of same size and energy as depicteéde Figure 3. Each sp hybrid orbital
has 33.33% s-character and 66.66% p-characterthifée sp hybrid orbitals of carbon atom
remains directed at an angle of 120° from eachro#me thus impart trigonal planar
geometry to the molecules where carbon is connetettiree atoms or groups by three
sigma bonds and one pi bonéigure 1). For example the carbon atoms in ethylene and
benzene are $ybridized.
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C (ground state)

C (excited state)

C (sp2 hybridized)

1s sp2 hybrid orbitals ~ 2p,

Figure 3. Hybridization theory explains how carbon can makee equivalent sigma bonds in
unsaturated organic compounds. Two p and one &atxionix in the excited state carbon atom to give
three sp hybrid orbitals of equal energy. One p orbital amunhybridized to participate in
formation of pi bond.

(ii) sp hybridization

The term sp hybridization indicates mixing of onansl one p orbital resulting in two hybrid
orbitals of same size and energy as depicted ifrithere 4. Each sp hybrid orbital has 50%
s-character and 50% p-character. The two sp hybhidals of carbon atom remains directed
at an angle of 180° from each other and thus impaar geometry to the molecules where
carbon is connected to two atoms or groups by tigama bonds and two pi bondBigure

1). For example the carbon atoms in acetylene mtdesme sp hybridized.

1s 25 2p, 2p, 2p,

Clomannns 4~ 1A+

1s 25  2p, 2p, 2p,

|

1s sp hybridorbitals 2p, 2p

Z

Figure 4. Hybridization theory explains how carbon can mak® equivalent sigma bonds in
unsaturated organic compounds. One p and onetalsrbiix in the excited state carbon atom to give
two sp hybrid orbitals of equal energy. Two p alsitremain unhybridised to participate in pi bonds.
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(iv) Effect of the type of hybridization on properties

It is important to note that different contributiofh s and p orbitals in hybrid orbitals affect
some properties of the hybrid orbitals. Importarmperties are the size of the hybrid orbital,
bond distance and acidic character. Size of hytmatal decreases with increase in the % of
s-character. Thus, sp hybrid orbital is smallesize than sporbital which in turn is smaller
than the sphybrid orbital. Since bond distance depends orsthe of the involved orbitals,
therefore, CC triple bonds are shorter than CC lobbnds which in turn are shorter that
CC single bonds as these bonds involve spasf sp hybrid orbitals respectively. Higher
contribution of s orbital in a hybrid orbital proads the bond with higher acidic nature.
Therefore, terminal alkynes show higher acidic praps than alkenes and alkanes. These
properties are tabulated Trable 1

Table 1. Comparison of different properties ofspf and sp hybridization states

sp° hybridization | sp® hybridization | sp hybridization
Orbital size Largest Medium Smallest
Bond distance Largest Medium Smallest
Acidic character Smallest Medium Largest

1.4 BOND LENGTH, BOND ANGLES AND BOND ENERGY

Bond length or bond distance is the average disthetween nuclei of two bonded atoms in
a molecule. It indicates the strength of the ativacforce binding two atom nuclei. Thus,
shorter bonds are much stronger. Generally, moeetrehs participating in the bond
formation result in much shorter and stronger boiithsis, triple bonds are shorter than the
double bonds which are further shorter than thglsibonds formed between same nuclei.
Common bond lengths encountered in organic cheyrasér tabulated aBable 2

Table 2: Common bond lengths observed in organic compounds

S.No. Bond Bond distance (pm)
1 CC (single bond, alkane) 154
2 CC (double bond, alkene) 133
3 CC (triple bond, alkyne) 120
4 CC (delocalized, benzene) 139
5 CH (organic compounds) ~109

Generally, bond lengths decrease along the penotige periodic table and increase down a
group. This trend is identical to the periodic ttenf atomic radius. Some important
properties of molecules depend on the bond lereghdepicted ifrigure 5.
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bond strength & ——— |
bond length |

1

bondenergy A — |
bond length |

bond length

% s-character |

Figure 5. Relation of bond strength, bond energy and % sacer with bond length.

Bond angle determines the arrangement of orbaatsind the central atom in a
molecule. Therefore, bond angle helps to desciilge geometry of a molecule. It is the
average angle between the orbitals of the centahan a molecule which shares the
bonding electrons with the atoms being consideréd. unit of bong angle is either degree or
minute or second. It is noticeable that one deggemual to 60 minutes and one minute is
equal to the 60 seconds. Bond angles 6f sp and sp hybrid carbon atoms are 109°28’,
120° and 180° respectively. So it can be deducatdthie bond angle increases with increase
in the % s-character.

Bond energy is the average value of bond dissotianergies for all bonds of the same type
in a molecule. It can be defined as the amountefgy needed to break apart one mole of
covalently bonded gases. Bond energy (E) is thesureaof bond strength. Bond energy of
C-H bonds of methane is 414 kJ/mol. Bond energiesome bonds frequently observed in
Organic Chemistry are tabulatedTeable 3.

Table 3: Bond energies of common bonds observed in orgammgounds

Bond Bond energy (kcal/mol) Bond Bond energy
(kcal/mol)

H-H 104.2 Cc-O 85.5
c-C 83 C-ClI 81

H-C 99 Cc=C 146
H-N 93 C=0 (carbonyl) 177
H-O 111 GC 200

C-N 73 &GN 213
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1.5 LOCALISZED AND DELOCALIZED CHEMICAL BOND

In organic compounds the bonding pair of electramesnot always associated with an
atom or a bond. In many cases the bonding elecsbags movement across the molecule.
Such electronic situations can be distinguishedhigyconcept of localized and delocalized
chemical bonds.

A chemical bond is said to be localized if the diog pair of electron is shared by
two and only two atomsF{gure 6). However, a delocalized bond can be defined as a
chemical bond where the bonding pair of electroshiared between more than two atoms
(Figure 6). For example, bonding electrons in case of edckhe four C-H bonds of
methane molecules remains shared between onlytamesanamely, C and H atoms. Thus,
all four bonds in methane molecules are localizedatent bonds. In case of benzene pi
electron cloud of three pi bonds is equally spreaet the six carbon atoms. Thus, each pair
of pi bonding electrons is shared by more than &wmns. Thus, the pi-bonding system of
benzene molecule is an example of delocalized Ingndi

H H
H—(I:—H or H: C ‘H Four localized sigma
| to bondsin methane

H H
Three delocalized pi
«—> bondsin benzene

Figure 6: Localized and delocalized bonds in case of methadehenzene molecules.

1.6 VANDER WAAL INTERACTION

Neutral molecules have equal number of electrowisprotons resulting in the charge
neutrality. Since electrons continuously revolveuad the nucleus, despite the charge
neutrality of the overall system, instantaneoustatedipoles of very small magnitude come
into being. These permanent dipoles of very smalyymtude can induce creation of other
dipoles in the molecules coming into their vicinityan der Waal's forces are residual
attractive or repulsive forces which are weakentbavalent and hydrogen bonds. They arise
due to interaction between permanent dipoles andbuced dipolesHigure 7). van der
Waal's forces play important role in biology andosamolecular chemistry. These forces
also play important role in defining the boilingipis of compounds such as hydrocarbons.
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For example, due to close packing of normal (sttaapain) alkanes, more van der Waal’s
forces come into action holding the molecules n&irengly. This leads to higher boiling
points for straight chain alkanes than the branaiein alkanes where the operating van der
Waal’s forces are relatively weaker.

— D ———
Residual dipole Residual dipole

Figure 7. Schematic depiction of residual dipoles and varidaal’s forces in organic molecules.

1.7 INCLUSION COMPOUNDS, CLATHERATES, CHARGE
TRANSFER COMPLEXES

(i) Inclusion compounds

Inclusion compounds are the adducts of two or nddfiferent molecules which are formed
due to close geometrical fitting of one type of emlles termed as guests into the cavities
formed by other type of molecules called as hbgjure 8). The prime forces that stabilize
the structure are van der Waal's forces. For exantptdrocarbon molecules can be trapped
in the cavities formed between urea molecules dudrystallization which gives urea-
hydrocarbon inclusion compound. Inclusion compoucals be synthesized by crystallizing
host molecules in presence of guest molecules.

» Channel shaped Host assembly

Guest molecules

Figure 8. Schematic depiction of organic inclusion compounds

(i1) Clatherate Compounds

UTTARAKHAND OPEN UNIVERSITY Page 8



ORGANIC CHEMISTRY-I BSCCH-102

Clatherate compounds or simply clatherates reptesebclass of inclusion compounds
where adducts form by geometrical fitting of guesilecules into the cage shaped cavities
formed by host moleculeg-igure 9). Clatherate compounds are also stabilized bydean
Waal'’s forces between guest and host moleculesrddyihone-HS clatherate is one of the
oldest known clatherate compounds. Clatherate camg® can be synthesized by
crystallizing host molecules in presence of suéaplest molecules.

OOO(%W Cage shaped Host assembly

Guest molecule

Figure 9. Schematic depiction of organic clatherate compeund

(iif) Charge-transfer complex (CT complex)

When an electron rich and an electron deficientrébal species come geometrically closer
to each other a fraction of electronic charge fiemssbetween them. This charge transfer
results in the formation of molecular complex doeetectrostatic attraction between the
donor (electron rich) and acceptor (electron defii molecules. The donor and acceptor
chemical species could be two different moleculetsvo different parts of single molecule.

P e
Pl
ol

||? R R
N®
N —
| 7
(J >
R R
Electron deficient Electronrich Charge transfer complex

Figure 10. Schematic depiction of charge transfer (CT) comptemed between electron deficient
pyridinium ion and electron rich trialkylbenzene.

In organic chemistry many compounds make chargesfiea complexes. Electron deficient part is
generally played by pyridinium ions or trinitroaesnwhereas, trialkylarenes are convenient electron
species igure 10). A well-known inorganic example is the blue caked charge transfer complex
formed by iodine and starch.
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1.8 RESONANCE

Resonance is the hypothetical depiction of twonmre structures for a given
chemical species which differ only in the distribuat of electronsKigure 11). Each of such
hypothetical resonating structures are called caabrstructures. The actual structure is
represented by hybrid of all the canonical formd asually termed as resonance hybrid. For
example, the two Kekule structures for benzeneimrecanonical forms whereas in the
depiction of resonance hybrid, six delocalizing gbéctrons are represented by a circle.
Resonance is also called mesomeric effect.

N

Canonical form | Canonical form Il Resonance hybrid
(b) P Q o
R ra — R N/ = R‘<{@
o (o 0
Canonical form | Canonical form Il Resonance hybrid
@ oy e =
Canonical form | Canonical form Il Resonance hybrid

Figure 11. Resonance phenomenon depicted for benzene, céabmxgnion and allylic
carbocation.

The phenomenon of resonance provides a molecule additional stability which is

indicated by resonance energy. The difference lestvtbe potential energy of the actual

structure (resonance hybrid) and that of the camabrstructure with the lowest potential

energy is called the resonance energy. There ane gfeneral rules to identify the most

significant canonical form as presented ahead:

Rule 1.The most significant canonical form possessesdsighumber of full octets.

Rule 2.The most significant canonical form has the grtatember of covalent bonds.

Rule 3.The most significant canonical form possessesgeatms with formal charges.

Rule 4.Aromatic canonical forms are more significant.

Rule 5. The most significant canonical form bears negafwenal charges on the most
electronegative and positive formal charges orléast electronegative atoms.
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1.9 HYPERCONJUGATION

Hyperconjugation is the interaction of the signectons with an adjacent empty or
partially filled p-orbital orr bonds. Hyperconjugation is also called ‘no-boreSanance or
Baker-Nathan effect. This interaction provides thsieucture with additional stability.
Hyperconjugation phenomenon explains the stalolitier of carbocations, free radicals and

that of alkenes.
K
awn _ ﬁ Y
: = c
~>
H HY

Depiction of interacting orbitals in carbocation having o hydrogen

+

H H

H H
T oW W O\ W
o <> " <> —C"" <> —C"
H/H; N H/H7 —C5 H H> & H c5

Hyperconjugationforms for a carbocation having three a hydrogen atoms

Figure 12.Hyperconjugation forms for a carbocation havingydrogen.

Depiction of interacting orbital in alkene having a hydrogen

@®
RH R H RH . RH
R H R H R H R H
R H R H R H R H®

Hyperconjugationforms for alkene with three o hydrogen atoms

Figure 13: Hyperconjugation forms for a substituted alkene.

Figures 12and13 depicts that hyperconjugation allows represengitkgnes or carbocations
having o hydrogen by (n+1) no-bond resonating structuresere/ n is the number af

hydrogen atoms. Therefore, hyperconjugation pravidhese structures additional stability.
Free radicals also show hyperconjugation as shoypabbocations. The phenomenon of
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hyperconjugation affects several properties of radise carbocations and free radicals which
are discussed ahead.

1. Since due to hyperconjugatierbonds acquire double bond character, therefosetleC
bond lengths decrease. For example, the C—C bogthlén 1,3-butadiene is 1.46A which is
shorter than standard value of 1.54 A.

2. Since higher the number af hydrogen atoms higher the number of hyperconjogati
forms for a carbocation. Therefore carbocation$ \wigher number of. hydrogen atoms
show higher stability. Thus, stability order forlsacations is: 3° > 2° > 1° > methyl

3. Since higher the number af hydrogen atoms higher the number of hyperconjogati
forms for a free radical. Therefore free radicalthvinigher number oé. hydrogen atoms
show higher stability. Thus, stability order foedrradicals is: 3° > 2° > 1° > methyl

4. Since higher the number af hydrogen atoms higher the number of hyperconjogati
forms for an alkene. Therefore alkenes with higihenber ofa hydrogen atom,e., more
substituted alkenes show higher stability.

1.10AROMATICITY

The term aromaticity is used to describe a cygianar molecule with complete
conjugation that exhibits more stability than otgepmetric arrangements with the same set
of atoms. Aromatic molecules are very stable anchatoeasily undergo chemical reactions.
A compound must fulfill following criteria to be @matic:

v It must be a cyclic system

It must have complete conjugatioa., ring have alternate single and double bonds
It must be a planar structure

It must follow Huckel’s rulej.e., it must possess (4n+2)electrons; where n = 0, 1,
2,3...

ANENERN

Benzene, pyridine, furan and naphthalene are femnoon examples of aromatic compounds
(Figure 14). It is noteworthy that aromatic compounds usudby’t give addition reactions.
They undergo substitution reactions.
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) 3 & A

n=1 n=1 n=1 n=0 n=2

6 1TEe 6 1TEe G Tte 2 1te 10 rte

Figure 14: Some aromatic compounds with the value of n foictwithey satisfy Huckel’'s (4n + 2)
rule and the count of thetrelectrons.

1.11 STERIC EFFECT

Each atom occupy certain space therefore twordifteatoms cannot be brought too
much closer to each other as it increases therefectrepulsion between them. This
phenomenon of repulsion when two atoms come vargecto each other is called steric
effect. Steric hindrance is said to be operativenva molecule does not exhibit an obvious
property or an obvious chemical reaction due toptfesence of a large group in its structure.

H

Steric crowding of alkyl groups in tertiary alkyl halides inhibit SN2 reaction

Figure 15:Demonstration of steric effects operative in"S&actions of tertiary alkyl halides.

For example tertiary alkyl halide doesn’t underge®Seactions as the three bulky alkyl

groups sterically deny the nucleophile to reachdleetron deficient reaction center. Steric
inhibition of resonance is present only in benzengs. The presence of any group at the
ortho position in benzoic acid will throw the caxlybic acid group out of the plane, and thus
its mesomeric connection with the benzene ringshas. This means that ortho-substituted
benzoic acids are stronger than meta- and pardisiibd benzoic acids.
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1.11.1 INDUCTIVE, RESONANCE/MESOMERIC, ELECTROMERIC
AND FIELD EFFECT

Inductive effect is the polarity produced in a pwlle due to the difference in
electronegativity of bonded atoms. It is an expentally observable effect and transmits
through the C-C chain in organic molecules. Thetsda cloud in a-bond is slightly pulled
in by more electronegative atom. Thus more eleegative atom assumes partial negative
charge §—) and the less electronegative atom assumes Ippdsitive charge d+). This
causes permanent polarization of the bond. Thuscing effect is a permanent effect.

]
" P o

\6-|:

" Ol
|

O
o
+
() O

+

) O

L)

[

27

C

-JEJI ,}/’l

Figure 16: Demonstration of inductive effect operative in dlkygomide and ethyl alcohol.

For example, bromine atom has higher electronaggatiiat carbon atom. Hence bromine
atom in bromoalkane molecule slightly attractseleetron pair of C-Br bond and assunies
charge Figure 16). As a result, adjacent carbon atom assumés a&harge. Practically
inductive effect transmits up to two to three at@ososs the C-C chain.

Inductive effect is classified as —I and +I effedf8hen in an organic compound carbon
assumes slight positive charge due to the hightreleegativity of adjacent atoms, it is
termed as —I effect. The organic functional grospswing —I effects are given in their
decreasing —I effect ahead:

NR;" > NO, > SQR > CN > COOH > F > Cl > Br > | > OAr > COOR > ORCOR
> SH > SR > OH > NK> Ar

When carbon atom is bonded with electropositivenat@r groups such as methyl group it
assumes slightly negative charge and the effectlied +1 effect. The organic functional
groups showing +I effects are given in their desireg +I effect ahead:

O >CO0>CR>CHs

The strength of inductive effect decreases aloreg@hC chain such that the greater the
distance from the group, weaker the effect. Indwacéffect affects several properties of the
organic molecules such as their acidity and basidit also affects the stability of
carbocations and carbanions.
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Effect on acidity and basicity

Acidity of organic compounds such as carboxylicdads the measure of how easily they
release a proton. It can also be expressed in tefistability of conjugate bases. More stable
the conjugate base more will be the acidity of oayic acid. Hence, substituent with -I
effect increase the acidity of carboxylic acid. Fxample, trifluoroacetic acid is stronger
acid than the acetic acirigure 17). Similarly, basicity of amine is their affinity taccept
protons. Thus, substituents with -l effect decretse basicity of amines. For example,
pyridine is stronger base than the nitropyridifggre 17).

O

O _H*
Weaker acid HSC% B — H3CA<
OH of

Aceticacid Conjugate base

0 PR,

O H* B .
Stronger acid < < » < /" More stable N
FsC FsC o \ due to— effect

OH O T ’

Trifluoroacetic acid Conjugate base

More electron density\’g_h-\ N
\\\ _’}1 L
O
NO,
Pyridine p-Nitropyridine

(Stronger base) (Weaker base)

Figure 17.Effect of inductive effect on acidity and basicity
Stability of carbocations and carbanions

Substituents with -1 effect increase the posititarge density of carbocations, hence they
decrease the stability of carbocations. On therdtaad, substituents with +I effect stabilize
the carbocationsHgure 18). Similarly, Substituents with -1 effect decreabe negative
charge density of carbanions, hence they increassestability of carbanions. On the other
hand, substituents with +| effect destabilize tagbanions.
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p | | |
®
R—?@ > R—C > R—C > H—&
R R H
3° 2° 1° methyl
H H H
o H o o Ho o
0=>C 9—? > H3C—C|3 > Cl<-C fc|;
H H H

Figure 18: Effect of inductive effect on stability of carbdicas.

Electromeric effect is the molecular polarizatiaoguced due to the presence of a reagent.
This effect is shown by compound having doublergalé bonds. For example, carbonyl
bond polarizes in presence of a nucleophilic reagech as cyanide anion. However, the
polarity vanishes when the reagent is removed. ,Tklectromeric effect is a temporary
effect. Electromeric effect can be classified iftt6 and -E effects based on the direction of
transfer of the electron pair. When the electraon p@ves towards the attacking reagent, it is
termed as the +E effect. The addition of acidslkeres is an example of the +E effect.
When the electron pair moves away from the attackaagent, it is termed as the -E effect.
The addition of cyanide ion to carbonyl compourslan example of -E effect.

H® . \1/ +Eeﬂ‘ect= \@ ®/
/N / N\

o -E effect o
ON + >:Q‘) — ¥

Figure 19: Schematic depiction of +E and -E effects.

The other effect operates not through bonds, retty through space or solvent molecules,
and is called the field effect. It is very diffitub separate inductive effect and field effect,
but it has been done in a number of cases, dgnéne field effect depends on the
geometry of the molecule but the inductive effegpehds only on the nature of bonds. For
example, in isomer 1 and 2 the inductive effecthef chlorine atoms on the position of the
electrons in the COOH group should be the samesdime same bonds intervene; but the
field effect is different because the chlorines @oser in space to the COOH in 1 than they
are in 2. This effect can be confirmed by the comspa of the acidity of 1 and 2.
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H. _Cl Cl. _H
H Cl Cl H
O COOH O COOH
1 2
pK,=6.07 pK, =5.67

1.12HYDROGEN BONDING

A hydrogen bond is the electrostatic attractiotwleen two polar groups that occurs
when a hydrogen (H) atom covalently bound to a lgigtlectronegative atom such as
nitrogen (N) or oxygen (O) experiences the eletatas field of another highly
electronegative atom nearby. In other words whedrdgen atom covalently connected to
electronegative atom comes in vicinity to anotHecteonegative atom, it acts as a bridge to
join both entities. Hydrogen bonds can occur inesanolecule (intramolecular) and between
two different molecules (inter molecular). Thesend® are weaker than covalent bonds but
stronger than van der Waal's interactions and Usuale of an order of 1-5 kcal/mol.
Intermolecular hydrogen bonding is responsibletii@ high boiling point of water (100 °C)
compared to the other compounds such #3 Mhich is gas at room temperature. Hydrogen
bonding plays important role in medicinal chemistsplid state chemistry and natural
products. Stronger the hydrogen bond, higher wellttre melting and boiling points of the
organic molecules.

H
\
----- O—H---+----Q—H--==---O—H---- P
/ / o] 0
H H
Inter molecular H-bonding in water
R H
\
----- O—H--------0==H--+---=-0—H--
R/ Fé/
Intramolecular H-bondingin
Inter molecular H-bonding in alcohol an carbonyl substituted phenol
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Figure 20. Depiction of some molecules exhibiting inter- aimtka-molecular hydrogen
bonding

1.13SUMMARY

This chapter provides with the concise descriptbriundamental concepts of the organic
chemistry. The description on topics such as hytaitn, localized and delocalized

chemical bond, resonance, hyperconjution, arontgatisteric effect and electronic effects

make base to comprehend organic chemistry. Otlgaifisantly important topics such as

bond length, bond angles, bond energy, hydrogedibgrand van der Waal interactions are
given with lucid diagrams. Introduction to the togisuch as inclusion compounds,
clatherates and charge transfer complexes stimthatenterest of reader to the advanced
studies in organic chemistry.

1.14 TERMINAL QUESTION

Short Answer type questions

Q.1 What is the phenomenon of resonance in organiggoomds? Explain with two
examples.

Q.2 Describe the phenomenon of hyperconjugation ica2bocation.

Q.3 What is electromeric effect? Why it is called emporary effect?

Q.4 What is the importance of steric hinderance fof 8fdctions?

Q.5 Describe localized and delocalized bonding wite erample of each.

Q.6 Discuss the stability order of alkyl carbocatiovith the help of inductive effect.

Q.7 Write a short note on inclusion compounds or @edte compounds.

Q.8 What is the Huckel’s rule of aromaticity of orgaompounds?

Q.9 Why water is liquid at room temperature while rogkn sulfide is a gas?

Q.10What is the bond angle? How will you correlateitth the hybridization?

MCQ type questions

Q.1 Find the correct decreasing order of carbon catimmd lengths in following
compounds:

H3C—CHj HC=CH H,C=CH,

(i) (ii) (iii) (iv)
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@) i>ii>ii>iv
(b) i>iv>iii >ii
(c) i>iii>ii>iv
(d)ii>ii>iv>i
Q.2 Arrange the following carbocations in increasindesrof stability:

H H CH, " CH
—’:fl'“@ Q-:’“;:’i‘ -—..“—’I‘ H-:’“;:’L@
(i) (ii) (iii) (iv)

@) i>ii>ii>iv
(b) i>iv>iii>ii
(c) iv>iii>ii>i
(d)ii>ii>iv>i
Q.3 Which one of the following is not aromatic:

]
\ 7 \ / N 2 U )
N\ N/ N/ N___/
(i) (ii) (iii) (iv)
(@) iii
(b) i
(c) iv
(d) ii
Q.4 Identify the shortest carbon carbon bond lengtinénfollowing compound:
H H
\ /
C=C H
H/ \c—c=c—c/—H
HT \ _\ \,
() H
giy iy ()
(@i
(b) ii
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(c) i
(d) iv
Q.5 Exceptional high stability of benzene is explaitgd

(a) aromaticity

(b) hyperconjugation

(c) van der Waal's force

(d) hydrogen bond

Q.6 Which of the following phenomenon explains the #itgtorder of carbocations?

(a) resonance effect

(b) hyperconjugation effect

(c) inductive effect

(d) all of the above

Q.7 Correct order of stability of carbanions is:

(@) 1° > 2° > 3° > methyl
(b) 3°>2°>1°> methyl
(c) 3°<2° < 1° <methyl
(d) 1° < 2° < 3° < methyl
Q.8 Hybridization of each carbon atom in benzene is:

(a) sp

(b) siF

(c) sp

(d) none of the above

Q.9 Largest bond angle in organic compounds is obsemeh carbon atom is:

(a) sp hybridized

(b) sg hybridized

(c) sp hybridized

(d) can’t say

Q.10Hydroquinone-HS is a compound of following class:

(a) charge transfer complex
(b) clatherate compound

(c) Coordination compound
(d) Inorganic complex
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ANSWERS

Answers to the MCQ type questions

Q1 (b)
Q2 (a)
Q3 (a)
Q4 (o)
Q5 (a)
Q6 (d)
Q.7 (o)
Q8 (b)
Q9 (o)
Q.10 (b)
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UNIT 2: MECHANISM OF ORGANIC REACTIONS

CONTENT:

2.1 Objectives
2.2 Introduction
2.3 Curved arrow notation
2.3.1 Drawing electron movements vaitftows
2.3.2 Half- headed and double headexha
2.4 Homolytic and heterolytic bond cleavage
2.5 Type of reagents
2.5.1 Nucleophilic Reagents or Nuclelgsh
2.5.2 Electrophilic Reagents or Eleglrites
2.6 Recapitulation of types of reagents
2.7 Summary

2.8 Terminal Questions

2.1 OBJECTIVES

Objective of this chapter is to provide readerghwbasics of organic reaction
mechanisms. Like all chemical transformations, pigaeactions also involve breaking and
formation of chemical bonds. Thus, understandinglettron sharing between atoms and
transfer of electrons is very important to underdtéhe organic reaction mechanisms. This
chapter sheds light on bond cleavage and curvemlvanotations to denote the changes
involving electron sharing. Concise detail on typlereagents affecting various organic
reactions is also given. The chapter is developeti that the reader inculcates fundamental
terminologies and notations pertaining to orgaei@ction mechanism. To offer students an

easy and interesting learning experience, eaclmeotdpics covered is depicted with lucid

UTTARAKHAND OPEN UNIVERSITY Page 23



ORGANIC CHEMISTRY-I BSCCH-102

diagrams and figures. Point to point discussiorgmsses as per the Organic Chemistry-|
COURSE-II, BCH102 syllabus.

2.2 INTRODUCTION

Organic reactions involve breaking and formatidncbhemical bonds that is the
changes in sharing of electrons between atomsviengmolecules. Movement of electrons
during organic reactions is denoted by curved amotations. For example, movement of
odd electron is represented by half headed arrowredas movement of electron pair is
represented by full curved arrows. Understandimgcthrrect arrow notation not only helps to
describe how an organic reaction is taking placeabso helps to quickly understand the
peculiar mechanistic steps involved. Thus, contérthis chapter is essential for beginning
study of organic reaction mechanisms. Later, theptdr discusses important categories of
organic reagents those are useful to carry outicodgat organic transformations. For
example, nucleophilic reagents attack on electreficiént sites in a molecule while the
electrophilic reagents react with electron richcsgg Thus, this chapter is a suitable package

to begin learning and understanding the organiocstey transformations.

2.3 CURVED ARROW NOTATION

Chemical reactions involve breaking and formatmihchemical bonds. It means
sharing of electrons between atoms in given moéscchanges during reactions. This change
in sharing of electron or movement of electronsdénoted by different types of curved
arrows depending on the reactions. For example,ement of odd electron (or single
electron) is represented by half headed arrow veseraovement of an electron pair is
represented by double headed curved arrows. Hoouble-headed or full-headed arrow and
half-headed or fish-hook arrow is drawn in orgashiemistry is depicted in Figure 2.1.
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A /—\ Represents movement of a pair of electron

Full headed curved arrow

s )

Hal headed curved arrow Represents movement of an odd ( single) electron
or Fish-hook arrow

Figure 2.1 Depiction of full (A) and half (B) headed arrows
2.3.1 Drawing electron movements with arrows

Occurrence of electron movement in organic reastion during the inter-conversion of
resonating structures is obvious in organic chamisAs the organic reactions proceed
through several steps, it is important to keepktraicelectron movements taking place in
each step to swiftly understand the mechanistieespThe electron movements are denoted
by curved arrows as depicted in previous sectidre distinct curved arrows should not be
confused with other common straight arrow notationrganic chemistry. Arrow head
indicates the location where electrons are movimartd the arrow tail indicates where
originally electrons were located. Double headed dwalf headed curved arrows are

discussed with some examples in the next section.
2.3.2 Half-headed and double headed arrows

Half headed arrows also referred as fish hook asrang used to denote the movement of odd
electron from one reaction site to another. Sihey represent movement of single electron
(odd electron) therefore, they are frequently usedepict reactions involving free radicals.
Thus, mechanism of homolytic fission, reactionsoiming free radicals and photochemical
reactions are demonstrated by half headed or fistk larrows. Some examples are depicted

in the Figure 2.2.
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e . .

A—B — > A + B

Cc + A—B —_— C—A—B
AT -
C + A—B — w C—A—B

Figure 2.2 Movement of odd electrons in some processes igtdelpby half headed arrows.
Note the movement of electron and resulting mokecot radical species.

The first reaction indicates homolytic fissionamfvalent bond between atoms A and
B that results in formation of free radicals A" d@8d Tail of half headed arrows is on bond
which is the original position of electrons and Hreow heads are pointing to the atoms A
and B where the electrons locate on completiomefgrocess. In the second example, equal
sharing of odd electrons between free radicalgnd "A-B results in a molecule C-A-B. The
third example illustrates hemolytic breaking af Aond as a result of attack by radical C'. C
and A equally share one electron each to form adwnd between them, whereas one odd

electron resides on atom B.

Double headed arrows are used to denote the manesheslectron pair from one
reaction site to another. This type of arrows fesgly used to depict ionic reaction
mechanisms. Arrow tail and arrow head indicataah#and final locations of electron pairs

respectively. Some examples are depicted in ther&ig.3.
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A—B —_— A® + B®
2
C@+ A—2B E—— C-—@—B
Ll L o

Figure 2.3 Movement of electron pairs in some processes pistdd by full headed arrows.
Note the movement of electron pairs and resultioteoular or ionic species.

/\NHZ NH2
i N
Me Me

Me Me

Bond Formation

Me Me
Me Me Me Me
Bond Cleavage

T |

Correct arrow depiction Incorrect arrow depiction

Figure 2.4 Correct depiction of curved arrow for formationddoreaking of covalent bond.
Inset images show correct and incorrect way toaleglectron movement with curved
arrows.
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The first reaction indicates heterolytic fission afvalent bond that results in formation of
ions A" and B™ . In the second example, anion C™ attackdeotron deficient site A in a
molecule A-B, i.e., C  donates electron pair tonafoin molecule A-B resulting in the anion
on product side. Third example involves attack let&on deficient atom C on the electron
rich site, i.e.,n bond between A and B. In the resultant speciem dbassumes formal
negative charge because it accepts additionalreteat its orbital whereas atom B loses its
electron, hence the formal positive charge on Burffoexample depicts the concerted
movement of threa electron pairs in benzene ring that inter-convevts Kekulé structures

into each other.

2.4 HOMOLYTIC AND HETEROLYTIC BOND CLEAVAGE

Chemical reactions involve breaking and formatwin chemical bonds. How a
chemical bond will break depends on factors suchieagperature, reaction medium and
solvent. Organic reactions usually involve breakofigovalent bonds followed by formation
of new covalent bonds. The bond breaking, alsoddras bond cleavage takes place in two

possible ways, namely, homolytic and heterolytindéssion.

N
A—B —_— A + B
\/
Homolysis
o~ hv .
Br——Br —_— 2 Br
\/
Bonding electrons are equally devided between two atoms
@ ©
A—r\ B _— A + B
Heterolysis
Me M M
polar solvent e ® e o
P T » ¢+ B
Me / |
Me Me

Both bonding electrons are taken up by only one fragment
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Figure 2.5 General and specific examples depicting homolgsid heterolysis of covalent
bonds.

Homolytic bond cleavage is also called homolytioddission or homolysis. In homolysis,
the two electrons in a cleaved covalent bond aveleld equally between the products. On
the other hand, heterolytic bond cleavage is alalled heterolytic bond fission or
heterolysis. In heterolysis, the two electrons ideaved covalent bond remain with one of

the two fragments.

2.5 TYPE OF REAGENTS

Organic reactions are generally brought about dterolysis of organic compounds.
The breaking of bonds and formation of new bondsundn presence of reagents. Thus
reagents are substances or compounds that are &mdheishg about a reaction. In organic
reactions it is convenient to call one reactargudsstrate which will provide carbon to a new
bond and the other is called as reagent. The atigckagent can be (i) which provides an
electron pair to the substrate, known as Nucldeg@nd the reaction is called a Nucleophilic
reaction (ii) takes an electron pair from substratienown as Electrophile and the reaction is

called a Electrophilic reaction.

In reactions where the substrate bond is cleatretipart that does not contain the
carbon is called Leaving group. The leaving grolbat tcarries electron pair is known as

Nucleofuge. If the leaving group moves out withthg electron pair, it is called Electrofuge.

Et

Et
N S (S
X + OH E— OH + X
M M
e e H

H

Reagent Leaving Group
Substrate ( nucleophile) Product ( nucleofuge)
R
@
Reagent Leaving Group
Substrate ( electrophile) Product ( electrofuge)
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2.5.1 Nucleophilic Reagents or Nucleophiles

Nucleophile means nucleus loving. Reagents havrshared pair of electrons are known as
Nucleophilic reagents or nucleophiles and they shemdency to share this lone pair of

electrons with electron deficient species. Theylmawclassified into three groups:

(i) Neutral Nucleophiles: These are electron rich species due to presencmrof
bonding pair of electrons. Central atom of suchcigseshould have a complete

octet. Neutral nucleophiles are not charged anelactrically neutral.

H
0 0 N s
R/--\H H/"\H R/ \H R/--\H
alcohol water amine thiol

Organic compounds having C-C multiple bond/bondso ahct as Neutral nucleophiles
because these species hawadectron cloud above and below the plane of thieocute. The
addition reaction of a neutral nucleophile to aijpesdy charged substrate gives a positively
charged product.

| |
.. ®
R—(:;@ +  NH, » R c|: NH,

H H
(i) Negative Nucleophiles:These carry an electron pair and are negativedyged

because of the presence of unpaired electrons.

. .. S . ANC
00 00O N SO C
R/-- H/-- R/ \H R/..
H
alkoxide hydroxide amide mercaptyl anion carbanion

Addition reaction of a negatively charged nucletghb a positively charged substrate
results in neutral molecule.
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H H
o ©

R—C + Br —— > R—C—FBr
! !

(i) Ambident Nucleophiles: The nucleophiles which can attack through two oreratoms
are called ambident nucleophiles. For Eg: CN  dtatkathrough N or C to give
cyanide (RCN) or isocyanide (RNC) respectively.

| |
on® o i Me c® _me Me c®  Me
VN
o~ o \”/ \”/ ~ \”/ \"/
O O O O
cyanide/isocyanide nitrite resonance stabilized carbanion

Nucleophiles can also be classified on the basiBeokind of atom that forms a new covalent
bond. The most common nucleophiles on this basi®aygen, nitrogen, sulfur, halogen and

carbon nucleophiles.

Rl
o _© ©
carbon nucleophiles: © R———— R
R R"
.. .. S
nitrogen nucleophiles: :NH; RNH, R,NH R;N : NH,
O
5 5 S 8 ll
oxygen nucleophiles: H H R/ H H R R/ \Oe
0 5 g s © S
sulfur nucleophiles: S O S S
H/ \H R/ \H H/ R/ R/“\R
halogen nucleophiles: Ccf) Br@ I@
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2.5.2 Electrophilic Reagents or Electrophiles

An electrophile (meaning electron loving) is a reatgthat is electron deficient and due to
this they show affinity for electrons. Electroplsilean also be of two types:

(i) Neutral Electrophiles: These electrophiles even though electron defioikem@s
not carry positive charge. They have incompletened shells. Examples: AKCI

BF;3, carbene etc.

AlCI FeCl BF o N
3 3 3 R/C\R R/N

carbene nitrene

(ii) Positive Electrophiles: These electrophiles carry positive charge on ckatoam
and have incomplete octet.
H® CgOQ,H ﬁoz H O® R C®
3 3
The positive electrophile will attack the substrétéhich is a negative nucleophile) and
accepts an electron pair for sharing resulting imeatral molecule. While, a neutral
electrophile will attack a electron rich substrétegative nucleophile) to form a negatively

charged molecule.

/\/e + 2R3 > /\/\CR

carbocation

/\/@ + : NH —_— /\/\ﬁH

hitrene

2.6 RECAPITULATION OF TYPES OF REAGENTS

A nucleophile is a chemical species that donateslactron pair to an electron
deficient reaction site to form a chemical bond.tAs neucleophile donate electrons, they
are Lewis bases. All molecules or ions with a fpae of electrons or at least one pi bond can
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act as nucleophiles. A neucleophile with highemiif to the electron deficient site is said to
have higher nucleophilicity. All carbanions, OH r, BI' and SH are few of the good
nucleophiles in organic chemistry. Nucleophilic @daer of similar species comprising

different elements increases top to down and deesean moving left to right in the periodic

table. Therefore, SH is better nucleophile that Gidd CH is better neucleophile than

NH, . Neutral nucleophilic reactions with solventshsas alcohols and water are named
solvolysis. Nucleophiles may take part in nuclebphsubstitution, whereby a nucleophile

becomes attracted to a full or partial positivergha

On the other hand, an electrophileis a reagett thitracts towards electrons.
Electrophiles are positively charged or neutral ceggehaving vacant orbitals that are
attracted to an electron rich centre. Thus, they laewis acids. In chemical reactions,
electrophiles accept an electron pair make bonthéoelectron rich reaction site. Cations
such as Hand NO, polar molecules such as HCI, alkyl halide (R-Qyl halides (R-COX),
carbonyl compounds (R-CO-R or R-CHO) and polarigabblecules such as Band C} etc

are commonly used electrophiles

2.7 SUMMARY

This chapter covers description of basic concejpish as curved arrow notation
(arrow pushing) and bond fission, which are vitalunderstand and write organic reaction
mechanisms. The description on topics such ashiegided & half headed curved arrow,
nucleophiles and electrophiles, hemolytic and ledggc bond fission is given in the chapter
with sufficient details. Other significantly imparit terms such as nucleofuge, electrofuge,
leaving group, substrate and attacking reagentgiaea with guiding figures. Understanding
of these topics will help us to understand and gaterest in mechanisms of organic

reactions.
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2.8 TERMINAL QUESTIONS

Short Answer type questions

Q.1 Briefly describe the curved arrow notation for rement of odd electrons.
Q.2 Describe the full headed curved arrow notatiorduseeaction mechanisms.
Q.3 What is an electrofuge? Give two examples of eddage.

Q.4 Write short note on heterolysis of covalent bonds.

Q.5 Describe the terms substrate, reagent and legvoup.

Q.6 Discuss neutral nitrogen containing neucleophiles.

Q.7 What is the difference between neucleophile aadtedphile?

Q.8 Give one example of a nucleophilic and an elettitapsubstrate.

Q.9 Complete the following reactions:
0
©cn
\/

+
Et;N: + H—

&"CI

@i
HaC)IECHz t ooy =
)

Q.10 Place the appropriate curved arrows to depict @leetronic movement in

following reactions.
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o) (0]
R ——
+ © )j\
)k OH HsC oo *+ HO

HsC OH

Br

MCQ type questions

Q.1 Identify the correct arrow depicting movement oéatton pair in organic

reaction mechanisms:

N TN —

@) (ii) (1i1) (iv)
(a) iii
(b) i
(c) iv
(d) ii
Q.2 Select from the options given below the electraplsipecies:
(@) SQ

@
(b) H;C—CH,

(c) BR
(d) bothband c
Q.3 Which one of the following represents movement dél @lectron in organic

reaction mechanisms:
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— /\

() (ii) (i11) (iv)
(a) iii
(b) i
(c) iv
(d) ii
Q.4 Select from the options given below the nucleoptspecies:
©
@) CCl,

(o) LA

(c) HsC——0—CH,
(d) all of the above
Q.5 Find the correct depiction for fish-hook arrow:

/_\—‘—>

(i) (ii) (iii) (iv)
(@) ii &iii
(b) iii
(c) none
(d)i
Q.6 Identify the electrophile from the following optisn
(@ Co
(b) SQ
(c) AlCI;
(d) Bothaand b
Q.7 A leaving group is called so because:
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(a) it detaches from the carbon in organic reactio

(b) it detaches from the attacking reagent

(c) itis part of incoming nucleophile

(d) it is part of incoming electrophile

Q.8 Which of the species given below behaves as ambidereophile:

©

©

(b) NO,

S)

© NH,
(d) Bothaandb

Q.9 Which of the species given below is an ambidentenphile:

(a) Br ©

©
(b) NO,
S)
© NH,
(d) All of the above
Q.10Nucleofuge and Electrofuge are commonly called as:
(a) substrate
(b) leaving group
(c) incoming group

(d) attacking reagent

ANSWERS

Answers to the short answer type questions

Q.9
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o
o o o
. CN
—_— >
CN

S)
Et3N M + HTj:l E%l\?—H + Cl
T ©
/TI\ O
H3C t—c‘;Hz + eOH —_— H3C CH2 + HZO
h
Q.10

| )CI)\
N
+ ©
)I\ OH HsC oo + H,O

Br
D
+ Br _—
Q/\ .

Answers to the MCQ type questions

Q1 (a
Q2 (d)
Q3 (b)
Q4 (d)
Q5 (o)
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Q6 ()
Q7 (a
Q8 (d)
Q9 (b)
Q.10 (b)
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UNIT 3: REACTION INTERMEDIATE

CONTENTS:
3.1 Objectives
3.2 Introduction
3.3 Reaction intermediates (with examphessigning)
3.3.1 Carbocations
3.3.2 Carbanions
3.3.3 Free radicals
3.3.4 Carbenes
3.3.5 Nitrenes
3.3.6 Benzynes
3.4 Formal charge on intermediates and other ionicispec
3.5 Summary

3.6 Terminal Question

3.1. OBJECTIVES

» Explain what a reactive intermediate is, why they important in organic reactions,
and what reaction intermediates are commonly erteoeih.

» Describe the properties of carbocations, carbani@asbon radicals, carbenes,
nitrenes and benzynes including their structurdyridjzation, geometry, and reason
for reactivity.

* Explain how resonance stabilizes carbocations,araons, free radicals and other
intermediates.

* Explain what hyperconjugation is, and how it staks carbocations and carbon
radicals.

* Explain how nearby electronegative atoms stabdamanions.

» Explain how carbocations, carbanions, carbon ré¢glieamd carbenes are formed, and

recognize which of these will be formed by a giveaction.
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* Explain how carbocations, carbanions, carbon ré¢gliead carbenes react, and what
they could be expected to react with.

* Explain what carbocation rearrangements are, why ttcur, and the two types that
can happen.

* Predict whether or not a carbocation will rearranged if it will, draw the new

carbocation and an arrow showing how it was formed.

3.2. INTRODUCTION

In the Organic Chemistry the reactions takes plac@any steps. In these steps the
reaction intermediates are also formed which areswmed during the reaction to give the
product. So the reaction intermediates are defagdA neutral or charge species which is
form during the reaction and by consumed givesftha product is known as reaction
intermediates.

Reaction intermediates are highly reactive becalisg have strong tendency to convert in
stable form and their life period is 1bsec.

A reactive intermediate is a short-lived, high+gyeand highly reactive species. It generated
in a chemical reaction and it will quickly conveartto a more stable product. Only in
exceptional cases can these compounds be isolatest@red, e.g. low temperatures, matrix
isolation. When their existence is indicated, reacintermediates can help explain how a
chemical reaction takes place.

Most chemical reactions takes place more thanstey to complete, and a reactive
intermediate is a high-energy, yet stable, prodioat exists only in one of the intermediate
steps. A reactive intermediate differs from a reatctor product or a simple reaction
intermediate only in that it cannot usually be aetl but is sometimes observable only
through fast spectroscopic methods. It is stabtbénsense that an elementary reaction forms
the reactive intermediate and the elementary r@adt the next step is needed to destroy it.
Reactive intermediates based on carbon are CarbosatCarbanions, Free radicals,

Carbenes, Nirenes and Benzyne.
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3.3. REACTION INTERMEDIATES

3.3.1 Carbocations

An Organic species which has a carbon atom comnigionly six electrons in its outermost
shell and has a positive charge is called a catlmrceeaction intermediate. The carbon atom
of the carbocation is $fnybridized, it use the three hybrid orbitals firgte bonding to three
substituents and remaining p- orbital is empty. Tadocations thus has a planner structure
having all the three covalent bonds are in plarth thie bond angle of 12@etween them.

It is generated by hetrolytic bond fission andatres + charges in its structure with six

valence electrons are known as carbocation or oarboion.
Examples: CHs" C,Hs", CsH;" etc.
Classification of carbonium ion:
A. Alkyl Carbonium ion: Like free radical carbinium ion also classifieddnthree classes-

1. Primary carbonium ion: In this type of carbonium ion one carbon atonttiached with

the + ve carbon atom.
H

R—C™ Where R is Alkyl groups.

H
2. Secondary carbonium ion:In this type of carbonium ion two H atoms are repthby

two alkyl groups from the + ve charge bearing carbo

H

R—C™T Where R is Alkyl groups.

R
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3. Tertiary carbonium ion

In this type of carbonium ion 3 hydrogen atomsrapaced by 3 alkyl groups from the + ve

charge bearing carbon.
R

R—C™T Where R is Alkyl groups.

R
tert. Buty@rbonium ion
CHZ_ CH3

R—C™ Where R is Alkyl groups.

R

tert. Butyl carbonium ion

Stability of carbonium ion:
The relative stability of carbonium ion is explkathwith the help of Inductive effect.
In the case of%lcarbonium ion the CHgroup contains +I affect, so it release theowards
the carbon that bearing +ve charge. So some cinaugealize and also somewhat +ve charge
created on the methyl group carbon, so the + cHaggeme dispersed and gives the stability.
Hence we can say that greater is the disperséa is /e charge greater will be the stability.
Hence 8 carbocation is most stable in compare%al2and methyl cabocation.
3>2°1%

Increasing order of stability

3.3.2 Carbanions:

These are chemical species which possess a ndgativaerged carbon centre. Like the
Carbocations the Carbanions are also formedhbtertolytic fissionof covalent C-Y
molecules.

R-CH,Y ——» RCH, + Y°
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Here Y is an atom which is more electropositiventl@rbon. This is why during the
heterolytic fission the shared pair of electrondreswn towards the carbon atom to develop a
negative charge over it.

It is generated by heterolytic fission and bearimg charge and the number of valence

electrons are 8 in it called carbanion reactioarmediate.

Example:
H
H ?Hs
hw— &— , CH3I—cC- CHs—lC—
‘ CHs
H H

Hybridization in carbanion ion:

The carbanion ion shows Spybridization with one loan pair of electron. Herits geometry
will be tetrahedral.

E.Q.

O loan pair of electron

H——C— H/(\i\HH
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Classification of Carbonium ion:

Like carbocation, carbonion ion are also classifretb three classes and it is depends upon
the replacing of H from the bearing C. If only ligdreplaced then it is primary, if two H are

replaced then it is secondary, if 3 H is replademhtit is tertiary.

e.g.
H H THB CH3
‘ i CHy—C - - CH7— ¢
H‘T —~C CHTT ‘
H H CHs CH3
0°methyl carbanion 10 20 0
3

Stability of carbanion ion:

The stability of carbanion ion is reverse to trebgity of carbocation and free radical. Hence

the order of the stability is:

H T >CH3 ¢ > CH;—T' > CH;3 T
H H
0°methyl carbanion 10 C(;'b CH3
2 20

Decreasindarof stability of carbanion ion.

Cause:Since —CH group consist +I affect, so it increases the dgrdie on the carbanion
ion. Hence its result is destabilization. So we say that on increasing tHeeffect stability

decreases. Thus the restlc@rbanion is most stable in compare $@%and 3 carbanion.
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3.3.3 Free radicals

These are species which are atoms or groups ofsatontaining unpaired electrons. They
are formed by theomolytic fissiorof covalent bond.

4~N~—X Homolytic 0 A0
A A Fission A

Example: CHz°, CH;CH, °, H° etc.

The free radicals are strongly reactive becausglihee stronger tendency to become paired

and their nature is paramagnetic.
Hybridization in free radical:

Free radical shows $pybridization and their geometry is triangular.

H

CO

N

Classification of free radical:
Free radicals are classified in two following thteges-

1. Primary free radicals: When 1 H atom of —C¥igroup is replaced by another alkyl group
then it is called as’free radical.

E.g.
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H H
H3C o ; CH3CH, —C?
H H

2. Secondary free radical:When 2 H atom of —Ckigroup is replaced by another alkyl
group then it is called as secondary free radical.
Eg:

[
R_C' 0
| 2

3. Tertiary free radical: When 3H atom of —Ckligroup is replaced by another alkyl group

then it is called as tertiary free radicaf)(

CHs CHg
H3C_ CO ! CH3C H2 TO
CH3 CHs

Stability of free radical: The relative stability of free radical is explainetth the help of
hyperconjugation concept. If the alkyl chain isden attached to that carbon which bears
(carrying) odd electron then there is the maximwiochlization in the odd electron, hence it
becomes most stable. Similarly secondary radicalrhare delocalization then primary free
radical. So finally it is clear that tertiary frezdical is most stable in compare o # and §
free radicals.
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3.3.4 Carbenes

Carbenes are netural, divalent, highly reactivermediate carbon species. It is defined as a
netural reactive divalent species which consisesxtron in its outermost shell is known as

Carbene.

H\ CI\

c

) C:
H/ o
Carbenes are highly reactive because they havegetréendency to complete their octate.

Methods of preparation:

1. From diazomethane-Diazomethane on decompositioaruhd action of light

gives carbene.

Light(hv) H

2. From chlorform: Chloroform on react with sodiumetide gives dichloro

carbine by releasing8sOH.

Step 1
) )
CI—%I—G + > Cl—?"‘ + NaCl+ GHsO
Cl
Step 2
< i
CI—:C+ c—c: * H*
ClI Carbene
Step 3
CoHO" + HY ———— C,H;OH

UTTARAKHAND OPEN UNIVERSITY Page 48



ORGANIC CHEMISTRY-I BSCCH-102

Properties of carbine:
Carbene is a highly reactive reaction intermedaaig it gives easily reaction.

1. Reaction with Alkene: carbine on react alkene gives cycloalkanes.

CH CH,
|| 2 + \C —_— | >CH2
CH2 / CH2
Cyclo propane
e.g.
H;—CH
CH;—CHs ~ s 1" >cH,
" + C: e /
CH / Che
2

Methyl cyclo propane
2. Reaction with alcohol:Carbene on react with alcohol gives addition conmglou
ether.
R —o0OH + :CH, —>» R—O— CHj3
CH;—O—CHj

CH—0—H ey —=

3. Insertion Reaction: In this reaction carbine react with those functigraups which
are bi-valent and from both sides they are linkvaihother groups undergoes
insertion reaction with carbine.

Note: ketone on react with carbene gives higher membketoine.
ﬁ o)
"
CH;—C—CH; + CH2——® CH;—C—CH,—CH,

0
I
CH;—C——CH,—CHz + :CH, ———® CHyCH;— C—CH;—CH;,
4. Reaction with alkanes: Alkanes on react with carbene gives higher number o

alkane series.
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o
. |
—H + CH, —>H—C—C—c|;—H

H H H

|
I—?—E
IrI—O—I

Classification of carbene:Carbenes are classified in to two classes by nhesetare-
1. Singlet carbene
2. Triplet carbene
1. Singlet carbene:In this type of carbene $pybridization is observed and the

unshared pair of electron is present in one p+alkbi

@—»Vacent p- orbitals

>
A=

(Where n is the number of unpaired electron)

Multiplicity =S =1/2n

In thiscasen =0
Since multiplicity = 2s + 1
=2x0+1
= 1 (singlet)
3. Triplet carbene: In this type of carbene the unshared pair of ebecis exist in to

two unhybridised p- orbital. So they show sp- hglzation with linear geometry.

o
TN

SP
S=%n
S=%x2
S=1

Since multiplicity = 2s + 1
=2 x1 + 1= 3 (Triplet)
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Stability of singlet and triplet carbene: Out of singlet and triplet carbene is more stable

because in singlet carbene there is the repulsbmden unshared electrons.

3.3.5 Nitrenes:
Nitrenes are defined as “A neutral reactive monemaspecies which consist six electrons in

its outermost shell is known as nitrene”. The nochmmre follows that of carbene.

Substituted nitrenes are simply named as subgstitigevative of carbene. For example:

Phenylnitrene

CeHs — N
CH;SON Methanesulphony! nitren
R— N Alkylnitrene

In nitrenes the nitrogen atom N has one lone phielectron and one unshared pair of

electron.

Method of preparation:
1. From hydrazoic acid- Hydrazoic acidHN3) on decomposition gives nitrene.

+ . i e
H—N==N=N _Decomposition H— N: + sz

+
2. From Ammonia: Ammonia (NH) on decomposition gives nitrene by removing H

Decomposition CHa_N + Nﬂ

gas.

Decomposition -
P > N—H + H

NH; »
3. From hydrazine: Hydrazine on decomposition gives nitrene.
H—N———p\— -
N Heal . R—H + NH
Y H »

Properties: Nitrenes are highly reactive because they have stronger tendency teteomp

their octate.
Page 51
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1. Insertion reaction: In this type of reaction nitrene react with alkane to give

amino derivative compound.

H— C—H + N—H » CHa-NH,

Aminomethane
2. Reaction with alkene:Nitrene on react with alkenes gives cyclic amino

compounds.

CH . H
AT

CH
2 Cyclo amine ethyles

3. Dimerization reaction: In this type of reaction two nitrenes are combined

together to form the product.

N—H + N—H » H—N=N—H
azo hydrogen

Classification of nitrenes:Nitrenes are classified into two classes one is siagiétother is
triplet nitene.
1. Singlet nitrene: In this type of nitrene the unshared pair of electron is present
in one p-orbital and it consist’spybridization, its geometry is as follow.

Unshaired pair
Q of electron
H_;N®@
SP
For multiplicity:

Unshaired pair of en =0
S=%n=%x0=0
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Since multiplicity = 2s + 1
=2 x 0 =1 (singlet)
2. Triplet nitrene: In this type of nitrene N atom shows sp hybridization and the
unshared electrorare present in to two different p- orbitals.

DS
S

Sp
For multiplicity: No. of unpaired €n= 2)
s=¥%n=%x2=1
So multiplicity =2s + 1
=2x1+1
= 3 (Triplet)
3.3.6 Benzynes:
Benzynes or arynes are highly reactive specievetkfrom an aromatic ring by removal of
two ortho substituents. Arynes are usually bestrilesd as having a strained triple bond;
however, they possess some biradical characteekts w
The aryne nomenclature derives from the fact thetGH, can be represented as an alkyne,
although systematically the species should be naameatidehydro aromatic compounds, i.e.

1,2-didehydrobenzene.

Benzyne can be represented as a singlet molectheavaiarbon-carbon triple bond. Although
it has triple bond but it is not normal alkyne bohd benzyne out of twa-bond of triple
bond, oner-bondis normal and the otheibond is abnormal and is formed by overlap of two

sp’ orbitals outside the ring. This is called externdlond. It can be represented as follow.
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’ Abnormad pi-bond
Two s P or ita soutside thering

I
Preparation of benzyne:
1. From halobenzene:When halogbenzene are react with sodamide in liquid

ammonia then it gives benzyne.

X

@ + NaNH, —— ©| + NaX + NH3
H
Mechanism: Br
Br |
T - + Nat -NaBr
NHz _NH, -
H

2. From o- dihalobenzene: When o-dihalobenzene is treated with lithium

amalgam or Mg, then it gives benzyne.

Cl

LiMg +  MgCl,

Cl
3. From benzenediazonium-2- carboxylic acid: benzenediazonium-2-
carboxylic acid when heated in the presence of &edtsun light then it gives

benzynes.

CN=N
@ hv/heat © + Co, + N
o'y

T
o)
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3.4.FORMAL CHARGE ON INTERMEDIATES AND OTHER
IONIC SPECIES:

The formal charge of an atom in a polyatomic mdiecor ion may be defined as the

difference between the number of valence electafribat atom in an isolated or free State

and the number of electrons assigned to that ataimei Lewis structure. It is expressed as:

Formal Charge = Number of valence electron — Number of unshed electron — %2
Number of electrons shared in covalent bond

Formal charge (F.CJL
on an atom in a Lewis|electrons in the free at
tructure

mlbonding (lone paify— | bonding(shared)
electrons electrons

total number of valenc? ) [total number of nin (1/2) total number qf
i

Procedure The procedure to determine formal charges oratbms of an ion or molecule
has three steps. The process is illustrated uspdgohium ion (HO+); an ion very
frequently encountered in organic and biochemigattion mechanisms.

Step 1. Draw the best Lewis structure for the molecule, including all urgred
electrons

Be sure to show all non bonded electrons, as tinflsence formal charges. The best Lewis

structure for the hydronium ion is shown below. Trackets indicate the positive charge

belongs to the entire molecule.

Step 2. Assign the formal charge to each atom.

Formal charge is calculated using this formula:

Formal Charge = Number of valence electron — Nunsbemnshared electron — %2 Number of
electrons shared in covalent bond

Step 3. Check your work.
The sum of the formal charges of all atoms musakthe overall charge on the structure.

For example hydronium ion, the sum of the formalrgles on the hydrogen atoms (3 x zero)
plus one for the oxygen gives a total charge ofwtiich agrees with the overall charge.

Let us consider the ozone moleculg)({Ohe Lewis structure of £nay be drawn as :
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1

AN
2 :'c.';/ \'cés
The atoms have been numbered as 1, 2 and 3. Tialfoharge on:
* The central O atom marked 1
=6-2-1/2(6) =+1
* The end O atom marked 3
=6-4-1/2 (4)=0
* The end O aton marked 2
=6-6-1/2(2)=-1

Hence, we represeng@long with the formal charges as follows:

2 o/ b\és

3.6. TERMINAL QUESTIONS

1. What are carbanian? How they are generated? Disloeiss stability order.

2. What are Cabenes? How they are generated? Giwtrtloture of Singlet and Triplet

N o g M w

carbenes.

Discuss some reactions of benzynes.

What are benzynes? Give there structure.

What are Singlet and Triplet nitrenes?

Give the Relative stability of free radicals wittethelp of hyperconjugation effect.

Give the relative stability of the alkyl carbo cats.

. What are the important factors affecting the sigbdf carbanions? Discuss the structure

of carbanions.

. How will you distinguish between singlet and tripbarbenes based on their stability and

stereochemical bahaviour in addition reactions?

10. Explain the structure and stability of carbon fradicals
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UNIT 4: STEREOCHEMISTRY-

CONTENTS:

4.1 Objectives
4.2 Introduction
4.3 Concept of isomerism
4.4 Types of isomerism
4.5 Optical isomerism
4.5.1 Elements of symmetry
4.6 Molecular chirality, enantiomers

4.6.1 Stereogenic centre

4.7 Optical activity
4.7.1 Properties of enantiomers
4.8 Chiral and achiral molecules with two stgexac centres,
4.9 Diastereomers
4.9.1 Properties of Diastereomers
4.9.2 Threo and erythro diastereomers
4.9.3 Meso compound,
4.9.4 Resolution of enantiomers
4.9.5 Inversion, retention and racemization
4.10 Relative configuration and absolute
4.10.1 D& L system of nomenclature
4.10.2 R& S system of nomenclature
4.10.3 Sequence Rule
4,10 Summary

4.11 Terminal Question
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4.1 OBJECTIVES

By the end of this unit you will be able to

* Describe isomers and explain the structural forenfibe a variety of isomeric organic
compounds

* Explain various kinds of structural and stereo ieasm along with their
representation.

» Differentiate geometrical and optical isomers

* Represent three dimensional organic molecules andiwensions

» Learn chirality, enantiomers, diastereomers anol thlative/absolute configurations

» Learn the nomenclature (cis-trans, E/Z, D/L, dijtlero/threo and R/S) of different

stereoisomers

4.2INTRODUCTION

Stereochemistry deals with three dimensional sapr@tion of molecule in space.
This has sweeping implications in biological sysserfior example, most drugs are often
composed of a single stereoisomer of a compoundoryrsterecisomers one may have
positive effects on the body and another sterecgsamay not or could even be toxic. An
example of this is the drug thalidomide which wagdiduring the 1950s to suppress the
morning sickness. The drug unfortunately, was pilesd as a mixture of stereoisomers, and
while one stereoisomer actively worked on contngllimorning sickness, the other
stereoisomer caused serious birth defects.

The study of stereochemistry focuses on stere@s®m@ind spans the entire spectrum
of organic, inorganic, biological, physical and esplly supramolecular chemistry.
Stereochemistry includes method for determining dedcribing these relationships; the
effect on the physical or biological properties.

4.3CONCEPT OF ISOMERISATION

The word isomerism originated from Greek wasdmer (iso= equal;mers= part). When

two or more compounds having the same moleculandta but exhibit difference in their
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chemical and/or physical properties are called msnand the phenomenon is known as

isomerism.

4.4TYPES OF ISOMERISM

Generally isomerism can be divided in to two catesg)

a. Structural (constitutional) Isomerism

b. Stereo (configurational) Isomerism
a. Structural (constitutional) Isomerism

Structural isomerism is also known as ‘constitugiidsomerism’. Structural isomerism arises
when a molecule can be represented in to two orerntfwan two different structures. The
difference in structure is due to the differencetlie arrangement of atoms within the
molecules, irrespective of their position in spabe.other words, structural isomers are
compounds those have identical molecular formulaealifferent structural formulae; and the

phenomenon is called structural isomerism.

Examples 1 Structural isomer of Butane {810) and Bromobutane (El9Br)

CH;CH,CH,CHjs CH3CH,CH,CH,Br
n-Butane -
C4H1g CaHoBY 1-Bromobutane
Butane CH3CHCH; Bromobutane CHyCHCH,CH,
| |
CHs Br
Isobutane 2-Bromobutane

Structural isomerism can also be subdivided inve fypes
1) Chain Isomerism
2) Functional Isomerism
3) Position Isomerism
4) Metamerism

5) Tautomerism
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1) Chain Isomerism: Chain isomers are those isomers having differem¢béa order in
which the carbon atoms are bonded to each othethkr words chain isomers have variable

amounts of branching along the hydrocarbon chain.

& If you observe two or more than two molecules fageme molecular formulae, but
difference in their hydrocarbon chain length, ydwsld understand that these are

chain isomers of each other.

Example 2: Chain isomers of Butane (A) and Pentane (B)

B) CsHiz
Pantane CHs

A)  C4Hyo
Butane

CH3CH,CH,CH;  CHsCHCH,

|
CHs,

n-Butane Isobutane

|
CH3CH,CH,CH,CH;  CH3CHCH,CHs CH4CCH;,
|

|
CHs, CHs,

n-Pantane Isopetane Neopetane

2) Functional Isomerism: Two or more than two molecules those having theesam
molecular formulae but have different functionabgps are called functional isomers and the

phenomenon is termed as functional isomerism.

& If you observe two or more than two molecules fageme molecular formulae, but
difference in their functional groups, you shoutdlarstand that these are functional

isomers of each other.
Example 3:Ethyl alcohol and Dimethyl ether

CH5;CH,OH CH;0OCHg
Ethyl alcohol Dimethyl ether

Example 4:n-Butyl alcohol and Diethyl ether

CH3CH,CH,CH,0OH CH3CH,0OCH,CH,
n-Butayl alcohol Diethyl ether
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3) Position Isomerism: Two or more than two molecules those having samkecular
formulae but having difference in the position ahétional group on the carbon chain are

called position isomers and the phenomenon isccakbeposition isomerism.

& If you observe two or more than two molecules fpgaime molecular formulae, but
difference in their functional groups, you shoutdlarstand that these are functional

isomers of each other.

Example 5:1-Butene and 2-Butene

CH3CH,CH=CH, CH;CH=CHCH;
1-Butene 2-Butene

Example 6: 1-Butyl alcohol, 2-Butyl alcohol andButyl alcohol
I
CH3CH2CH2CH20H CH3CHCH2CH3 CH3C_OH

|

|
OH CHs,

1-Butyl alcohol 2-Butyl alcohol t-Butyl alcohol

4) Metamerism: Two or more than two molecules those having sanodecular
formulae and functional group but having differemecehe distribution of carbon atoms on
either side of functional group are called metamemnsl the phenomenon is called the

metamerism.

& When you see two or more than two molecule withticiE molecular formulae but
while structural representation you observe theseaidifference in the alkyl group
attached to same functional group you should urtdacs these molecules are
metamers of each other.

Example 7:Diethyl ether, Methyl propyl ether and isopropyltmg ether

CHj
I
CH3CH,0OCH,CHj, CH;CH,CH,0OCH; CH;CHOCH;
Diethyl ether Methyl propyl ether Isopropyl methylether
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Example 8:Diethyl amine, Methyl propyl amine and isopropyltmg amine

CHj
I
CH3CH,NHCH,CH; ~ CHZCH,CH,NHCH, CHZCHNHCH;,
Diethyl amine Methyl propyl amine Isopropyl methylamine

5) Tautomerism: This is a special kind of isomerism where both tbemers are
interconvertible and always exist in a dynamic Bguum to each other. Due to their
interconversion change in functional group takeg@lthat gives two different isomers of an

organic compound. This phenomenon is called Tautisme
& When you observe two different isomeric forms obrganic compound are rapidly
interconvertible to each other you should recogimsn as tautomer of each other.
i.  RememberTautomers are not the resonance structure of sanmmgound

Example 9: Acetone exists in rapid equilibrium with Prop-1-2oi

0 o
CH3CCH, —_— CH3;C=CH,
Acetone Prop-1-ene-2-ol
(keto form) (enol form)
<99% >1%

Example 10: Tautomeric forms oEthyl acetoacetate under rapid equilibrium

| | CI)H ﬁ
CH3CCH,COG,Hg CH3;C=CHCOGH;s
(keto form) (enol form)
93% 7%

b. Stereo (configurational) Isomerism

Stereoisomerism is arises due to the differencariangement (configuration) of atoms or

groups in space. When two or more than two isorhave the same structural formulae but
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having difference in the arrangement (configurdtioh atoms in space are called stereo

isomer and the phenomenon is called stereo isomeris
Stereo isomerism can be further classified as

i. Geometrical or cis-trans isomerism

ii. Optical isomerism

Geometrical isomerism is generally observed in raseand cyclic compounds due to
their restricted rotation around carbon- carbondboriFor examplecis- and trans 2-
butene have same connection of bond and moleariautae.

& |If you observe two similar groups are on the same of C=C bond this is
called cis- isomer; whereas, if two similar groupge on opposite side of

C=C bond this is known as trans- isomer.

Example 11:cis- andtrans isomerism in 2-butene

11 ]

HsC B CHs H,C H
H H H CHs
cis-2-butene trans-2-butene

& You can understand that due to the presence obdegma) and one (pi)
bond in carbon—carbon double bond, rotation arou@edC bond is not
possible. The restricted rotation around C=C borsl responsible for
geometrical isomerism in alkenes.

You can easily observe that rotation around C-Cdb@n also not possible in cyclic
compounds as the rotation would break the bondshmedk the ring. Thus geometrical
isomerism is also possible in cyclic compounds.

Example 12:cis- andtrans isomers of 1,2-dimethylcyclopropane
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CHs CHjs
CH3 H
cis H trans (?HH3

4.5 OPTICAL ISOMERISM

Optical isomerism is another classsbéreocisomerismrhe organic compounds that
exhibit optical isomerism must have a unique aptlit rotate the plane polarized light either
towards left or towards right hand directions. Thisique ability is generally known as
optical activity. Optical activity of any compoum& measured by analyzing the sample in an
instrument calledPolarimeter. A solution of known concentration of optically ai
compound is when exposed to the beam of planeipethlight, the beam of plane polarized
light is rotated through a certain number of degyegther to the clockwise (right) direction
or anti-clockwise (left) direction. The compound el rotates the plane polarized light
towards clockwise direction is called to thextrorotatory (represented by +Wwhereas, the
compound which rotates the plane polarized lightatals anti-clockwise direction is called
to be levorotatory (represented by -). Figure 1 shows the schemaficesentation of

polarimeter.
the plane of polarization
direction of light propagation . s B YOT
T . f’;”"‘ P B o, N
\\\ ‘l 'f/ \ " \l 'r( I$. I"r 1
| () (| '\ I ] |"I it i v
/ ! (I | i 1 L I ! !
L I. 1 1 ! t
3 - ¢ '\\ f'f l- aJ \ 4 ,"r ‘- r‘
E [( \\\‘2‘-;..4'/. “‘-——l’l \- v - — — \\‘?"-T:' \--—'lr
light normal polarizer plane-polarized sample tube plane-polarized
source light light containing a light

chiral compound

Figure 1. Schematic representation of simple polarimeter
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& The degree of rotation depends upon the numberhef nolecules of the
compounds falls in the path of beam. To comparedtaing power of different
optically active compounds, the specific rotatidreach compound is calculated
and then comparison should be made.

& Specific rotation is defined as the degree of iotatoffered for the given
wavelength of plane polarized light at given tenapere by a solution of 1g/mL
concentration is filled in a 10 cm length sampldl.c&pecific rotation is

represented by  and can be calculated as

_ 100
T

[e]

Wherea is observed angle of rotation; t is the temperataf during experiment;
J is the wavelength of light used; | is the lengthh® tube in decimeter; and c is

the concentration of the compounds per 100 mL latiso.

il. Remember:
Optically active compounds always exist in two isnmforms which rotates the plane
polarized light by equal degrees in opposite digatd. The optical isomer which
rotates the plane polarized light towards right ockwise direction) is known as
Dextrorotatory Isomer oi(+)-isometr whereas the optical isomer which rotates the
plane polarized light towards left (anticlockwisgedtion) is known as Levorotatory

Isomer or(-)-isomer.
4.5.1 Elements of symmetry:

All optically active molecules/object are chiraldatiney exhibit enantiomerism (Figure 2). A
chiral molecule is that which cannot be superimdas® its mirror image; however, both the
non-superimposable isomers are called enantioriéeswill learn more about chirality and

enantiomerism in separate section of this unit.
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Figure 2. (a) Non superimposable mirror image relationsHigght and left hands. (b)
Ball and stick model of tetravalent chiral carb¢ona.

Elements of symmetry are a simple tool to identfyether a molecule is chiral or not. The
necessary condition for optically active molecuée chiral is that, the molecule should not

possess any kind of symmetry elements. The elenoéstgmmetry are generally categorized
as follows:

(1) Simple axis of symmetryQ,)

(i) Plane of symmetryoj

(i) Centre of symmetryd)

(iv) Alternating axis of symmetrg))
0] Simple axis of symmetry C,):

When a rotation of 360°/n (where n is any integle® I,2,3...etc.) around the axis of a
molecule or object is applied, and the rotated fdlnons obtained is non-differentiable

from the original, then the molecule/object is kmotw have aimple axis of symmetrit
is represented b@,.

Example 13:Water molecule ha§; (two fold axis of symmetry) whereas chloroform I&as
axis of symmetry.
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: i
/ O\ IC
KTl
Ho N H ¢l \:/\‘CI
CZ CI3
water Chloroform
& From above example you can

easily understand that if you rotate the water roole by 180° (i.e. 360°/2=180°)
along its molecular axis you will get the identiqalon-differentiable) form of
water molecule, hence water molecule has two foklymmetry. Similarly, if you
rotate the chloroform molecule by 120° (i.e. 366220°) along its molecular
axis you will get the identical (non-differentiaplerm of chloroform molecule,

hence chloroform molecule has three fold of symynetr

(i) Plane of symmetry ¢):
It is defined as ‘when a plane that devised a nudéeor object in to two equal halves

which are related to object and mirror image isvknoas plane of symmetrylt is

represented by.

Example 14:Plane of symmetry in Tartaric acid

Palne that devides
d molecule in two equal halves COOH

d COOH
2,3-dihydroxysuccinic acid

Sybmbolic representation Y C
(Tartaric acid)

& From above example you can
easily understand that if we put a mirror planeleefion plane exactly at the
centre axis of the molecule/object; you will fouthét the mirror image thus
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obtained is the complementary of the original anothbwill give us the

appearance of complete molecule/object.

COOH
Real object —» |
H—C—OH
/ H—C—OH .
Mirror palne that devides | < Mirror image of
molecule in two equal halves COOH real object

2,3-dihydroxysuccinic acid
(Tartaric acid)

(iii) Centre of symmetry Ci): A molecule has a centre of symmetry when, for any
atom in the molecule, an identical atom exists @iawally (diagonally) opposite

to this centre and at equal distance from it.

Example 15:An isomer of 1,3-dichloro-2,4-dibromocyclobutanes laacentre of symmetry

|
'BI‘\_\_:’:, v/'h
)
Yol H
Center of Symmetry
(Ci)
& From above example you may

understand that all the identical atoms are sitdaiagonally and at equal

distance from the centre. This is called centreyofimetry.

(iv)  Alternating axis of symmetry (S,): An alternate axis of symmetry is defined
as, when a molecule is rotated by 360°/n degreesitaits axis and then a
reflection plane is placed exactly at perpendictdahe axis, and the reflection of

the molecule thus obtained is identical to theinal It is represented .
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Example 16. An isomer of 1,3-dichloro-2,4-dibromocyclobutanes laa2 fold alternate axis

of symmetry

@
T

Ol

|
Br H 180° roation Cl
H about axis cl H

| |
(|3I H |_|| lsr Mirror Plane perpendicular to

\\ / axis of rotation

T

4.6 MOLECULAR CHIRALITY, ENANTIOMERS

The necessary condition for a molecule to havecaptsomerism is that molecule should not
have any kind of symmetry elements present innitpther words the molecule should be
dissymmetric. Such molecules are call€hiral’ and the property is callednlecular
chirality’. Optically active chiral molecules which are nsmperimposable on their mirror
images are calledehantiomers’and the phenomenon is known a&mantiomerism’ To
exhibit optical isomerism an organic compound nmheste at least one asymmetric carbon
atom. An asymmetric carbon atom is that which isdaal to four different atoms or groups.

& We can easily understand the
chirality by comparing our hands (left hand andhidhand). Our left hand and
right hand are the best example of non-superimpesafirror image of each
other. Each hand is therefore considered as chiral.
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iii. Remember:Our left hand and
right hand are non-superimposable mirror image a€le other each one of them

is chiral.

Cannot be
superimposed

Left hand Right hand

\2 Remember: Chirality is the

necessary and sufficient condition for the existemicenantiomers.

Example 17.Tartaric acid has two asymmetric carbon and ittexisfour forms, out of them

two form are optically active and two are opticafigctive.

Two asymmetric

Cgo"'/ carbon atoms of
| /chiral Tartaric acid

H—C—
H—C—OH
COOH Mirror plane divides molecule in two equal
halves
COOH | COOH
HO—C—H | H—C—OH
H—C—OH | HO—C—H
COOH | COOH
- j
v | .
Non-superimposable mirror images Non-superimposable mirror images
(Enantiomers) with each one having plane of symmetry

optically inactive

4.6.1 Stereogenic Centre:
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As we discussed in previous section that if a mdeecontains one carbon atom which is
directly bonded with four different groups or atqraad the molecule do not have any kind
of symmetry element present in it, such moleculmalted asymmetric or chiral.

When the interchange of the position of two digetibnded groups or atoms of a centre
carbon atom results a new stereoisomer, such clomitre is called stereo centre or

stereogenic centre.

If the new stereoisomer is a non-superimposableomimage of the original molecule such

carbon centre is called chiral carbon centre.

Remember: All the chiral centres are stereogs centres but all stereogenic

centres are not chiral centre.

Example 18:Bromochlorofluoroidomethane exhibits chiral carlwemtre

F interchange cl
F and ClI
N |
|—C—CI —» I—C‘:—F
Br Br

Interchange of F and ClI results
non-superimposable stereoisomers

4.7 OPTICAL ACTIVITY

It is already known to you (from section 4.5) tkia¢ optical activity is an ability of a chiral

molecule to rotate the plane of plane-polarizettlgjther towards left or right direction. The
rotation is measured by an instrument called Polketier. When a beam of plane polarized
light passes through a sample that can rotate |ree polarized light, the light appears to
dim because it no longer passes straight throughptiiarizing filters. The amount of

rotation is quantified as the number of degrees ttha analyzing lens must be rotated to
observe the no dimming of light appears. Opticahtron can be measured by using the

following formulae
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. 100

[a]

le

Wherea is observed angle of rotation; t is the temperatof during experiment] is the
wavelength of light used; | is the length of thieetin decimeter; and c is the concentration of

the compounds per 100 mL of solution.

Optically active chiral compounds that are non-supeosable mirror image of each other

are called enantiomers.
4.7.1 Properties of enantiomers:

The main properties of enantiomers are given dsviol

+ Enantiomers always exist in pair

+ Enantiomers are non-superimposable mirror imag&ath other

+ Enantiomers have same physical properties (likdingpipoint, melting point,
solubility, density, viscosity, refractive indexcétand chemical properties in achiral
environment

+ Each enantiomer have opposite behavior with redpegiane polarized light, if one
of them will rotate the plane polarized light todsarright hand direction then
definitely the other will rotate the plane poladdeght towards left hand direction.

+ Each enantiomer shows the same chemical reactiwity achiral reagent; however
they have different reactivity with chiral reagent.

Example 19:Glyceraldehyde molecule is a chiral molecule. & hagpair of enantiomer with

same physical properties except their behavior tdsvplane polarized light
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CHO Mirror CHO ~
HO—C—H | H—C—OH
CH,OH CH,OH Enantiomeric pair of

s Glycerldehyde

Molecular formula : CgHgO3 Molecular formula : C3HgO5
Mol. Wt.: 90.08 Mol. Wt.: 90.08
Boiling point : 228°C Boiling point : 228°C
Melting point : 145 °C Melting point ;: 145 °C -~/

Density : 1.455 g/cr Density : 1.455 g/cr

& You can see that the glyceraldehyde molecule castsex two enantiomeric
forms which differ only in the arrangement of bash@doms around the centre
chiral carbon. The physical properties (like mollecuformula, molecular
weight, melting point, boiling point and densitg.gtof both the isomers are
same. But if one isomer will rotate the plane pided light towards right hand
direction (dextrorotatory) then the other one widitate the plane polarized
light towards left hand direction (levorotatory).

4.7 CHIRAL AND ACHIRAL MOLECULES WITH TWO
STEREOGENIC CENTRES

As we have discussed earlier in this ysic. 4.6)that chiral molecules are those in which
the centre carbon atom is bonded directly througlr flifferent atoms/groups and do not
have any kind of symmetry element present in it fredmolecule has non-superimposable
mirror image. However, those molecule in whichtoercarbon atom is directly bonded
through four different atoms of groups and it degts any kind of symmetry elements are

called achiral molecule. Achiral molecules haveesupposable mirror images.

Let us consider the stereoisomers of Tartaric etigth has two stereo centres with identical
atoms/groups attached to both the stereo centtes tartaric acid have two stereo centres
and can have four stereoisomers out of which twoesisomers are non-superimposable

mirror image of each other called enantiomers dnchl; and rest two are identical to each
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other and also have plane of symmetry hence itbmmlivided in to two equal halves,

therefore are achiral.

Example 20: Tartaric acid has two stereo centres with threeesieomers (two are chiral

and one achiral stereoisomer)

Mirror
COOH 4 COOH C|ZOOH
i Mirror & o
HO—C—H : H—C—OH ~~_ . T
H—C—OH | HO—C—H H—C—OH
COOH COOH COOH
Chiral Tartaric acid Achiral Tartaric acid

4.8 DIASTEREOMERS:

Diastereomers are those stereoisomers that areirror image of each other, in other words
you can understand the diastereomers are steremisomhat are not enantiomers.
Diastereomers are non-enantiomeric stereoisomenstwo or more stereo centres. The pair
of stereoisomer that differs in the arrangementatoins/groups bonded with at least one

stereocentres is called diastereomers.

Example 21: D-Galactose, D-Glucose and D-Mannose are the noremiimage

stereoisomer of each other. Therefore are callastelieomers.

CHO CHO CHO
H—C—OH H—C—OH HO—C—H
HO—C—H HO—C—H HO—C—H
HO—C—H H—C—OH H—C—OH
H—C—OH H—C—OH H—C—OH
CH,OH CH,OH CH,OH
D-Galactose D-Glucose D-Mannose
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Example 22: cis- andtrans-2-butenes are non-mirror image stereoisomers ofi edher

hence are called diastereomers.

HsC o CHs H5C o H
H H H CHs
cis-2-butene trans-2-butene

4.9.1 Properties of Diastereomers

The main properties of diastereomers are giveolasafs:
4+ All the stereoisomers except enantiomers are demteers.
+ Diastereomers have different physical propertigs oiling point, melting
point, density, solubility, density, viscosity, raftive index etc.
+ Diastereomers have different chemical propertiée liates of reactions,
reactivity even in achiral reaction medium.
+ This difference in physical and chemical propertiésliastereomers is very

useful in the separation of enantiomers from thexture.
4.9.2 Threo and erythro diastereomer

Threo and erythro nomenclature method is designated by organic dtentb assign
appropriate name to diastereomers. Tim@o and erythro naming is given only to those
diastereomers having two adjacent stereocentres.nbmenclature is applicable to these
diastereomers if there are two common atoms/grbopsled to each adjacent stereocentre.
In other words the termerythro andthreo are generally applied only to those molecules
which do not have symmetric ends. However, whenetfds are symmetric then instead of
erythro and threo the mesoand dl nomenclature is preferred. We will discuss septyat
aboutmesoandd| in this unit.

If the similar groups/atoms on adjacent stereoesndf diastereomer are on sarag side

it is designated asrythro, whereas if the similar groups/atoms on adjactrescentres of

diastereomer are on opposiga{j) side the diastereomer is designatetheso.

UTTARAKHAND OPEN UNIVERSITY Page 75



ORGANIC CHEMISTRY-I BSCCH-102

Example 23: You can easily understand the erythro and threoemahature by taking

examples of 3-bromo-2-butanol and 2,3-dibromo penta

CH, CH, CH,CHs, CH,CHs
H—C—CI Cl—C—H H—(|:—BI’ Br—(|3—H
H—C—OH H—C—OH H—C—Br H—C—2Br

CH, CHy (|:H3 (|:H3

Erythro Threo Erythro Threo
3-Chloro-2-butanol 2,3-Dibromopentane

& You can see if both the hydrogen atom on two adjasereocentres of 3-chloro-
2butanol lies on same (syn) side the isomer isdadrythro, whereas, when both the
hydrogen atoms on two adjacent stereocentres ¢fl@-a-2butanol lies on opposite
(anti) side the isomer is called threo. Similarlguycan find the same observation

with 2,3-dibromopentane and designate the isomerrgthro and threo.

@ You must also remember that the each erythro arebtktereo isomer can have
their non-superimposable mirror image (enantiomdus there will be always one
enantiomeric pair of erythro and one enantiomerar pf threo stereoisomer exists
for a stereoisomer with two similar atoms on adjacgereocentres.

4.9.3meso-compounds
A compound with two or more carbon stereocentredism having a plane of symmetry is
called mesocompounds. All the carbon centres have four differatoms/groups but the

compound can be divided in to two equal halves whie superimposable mirror image.

Example 24: 2,3-dibromobutane have two stereocentres, but tlodeaule have two
symmetric ends therefore it can be divided in t@ taqual halves. In other words the

molecule have plane of symmetry.
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CH, Mirror CHa
H—CL—Br/\ Br—(|3—H
e o —

CHs CHs

2,3-Dibromobutane

& We can see that even the 2,3-dibromobutane haveumerimposable mirror image
but this molecule have an internal plane of symynleénce this molecule is optically
inactive or achiral. This molecule will not be alierotate the plane polarized light
in any direction. If one half of the molecule widitate the plane polarized light
towards right hand direction with some degrees; ollger half will rotate the plane
polarized light towards left hand direction withnsa degrees of rotation. Thus the net
rotation of the plane polarized light is zero. Suniolecules are called meso

compounds.

H—C—Br Direction of rotation of
"""""" plane polarized light

H—C|:—Br e

Example 25: Another example of meso compound is one of theestesomeric forms of
Tartaric acid (2,3-dihydroxysuccinic acid). The ewmlile is optically inactive because it has

internal plane of symmetry.

COOH
H——é——OH
S

éOOH

meseTartaric acid
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4.9.4 Resolution of enantiomers

Before we discuss about resolution of enantiomgos, must have an understanding of
racemicmixtureor racematesA racemates is an equimolar mixture of a paertdntiomers.
The racemic mixture or racemates are optically timacdue to mutual or external
compensation of two enantiomeric constituents. Récenixture in liquid and vapor phase
shows physical properties (like boiling points, sign refractive index etc.) identical to those
of pure enantiomers. However, the solid phase @raatic mixtures have some properties

different from the pure enantiomers.

Remember:Racemic mixture is not a meso compound; since hothoptically

inactive. The racemic mixture is an equimolar om&tof two enantiomers whereas
meso is a single compound. Meso compounds areatiptioactive because of the
internal compensation; however, the racemic mixufeacemates) are optically

inactive because of the external compensation.

You might have aware with that the enantiomericglyre compounds are of great
importance in chemical and pharmaceutical areasd&tng the synthesis of optically active
compounds using achiral reaction condition andratheagents, it always gives racemic

mixture (racemate).

Example 26: The addition of HBr orbetaMethyl styrene gives an equimolar mixture of

enantiomers.

HsC._H HsC._H HsC._H
|
y t HBr — ~pr ° ~~H
H Br
50%S S0%R
betaMethyl styrene enantiomer enantiomer

Therefore to obtain the pure enantiomers we mus ha separate the racemic mixture in to
corresponding pure enantiomers. Thus, the separptmcess of a racemic mixture in to its

pure individual enantiomeric constituents is callegolution of racemic mixtures (resolution
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of enantiomers). Since enantiomers have identicgsipal properties (like solubility, boiling
point, melting point, density, refractive index .gtcherefore, they cannot be separated by
common physical techniques such as direct crys#ditin, distillation or basic
chromatography. There are four general methods d@hatextensively being used for the
resolution of racemic mixtures.

i. Mechanical separation (crystallization method) radth

ii. Diastereomer formation method

iii. Chromatographic method

iv. Biochemical/lenzymatic methods

i.  Mechanical separation (crystallization method) metbd: Separation of
enantiomers from a racemic mixture can be achidwedirect crystallization of optically
active components. The crystallization method wagsnted by Louis Pasteur (1848); during
his pioneering work he was able to isolate theesisomers of tartaric acid from its racemic
mixture. The stereoisomers of Tartaric acid wengstallized separately from solution and
separated; since the crystals were having diffesgmimetry and shape. This type of

separation is very rare.

Example 27: Resolution of Tartaric acid was achieved by LdRésteur by crystalizing

them as R/S form of sodium ammonium tartrate.

COONa' COONa'
HO—C—H H—C—OH
H—C—OH HO—C—H
COONH,* COONH,*

Sodium ammonium tartrate  Sodium ammonium tartrate
left-handed crystal right-handed crystal

tarlaric acid crystals

ii. Diastereomer formation method: This is one of the best methods for separation of

enantiomers and was also invented by Louis Pagte868). In this method a racemic
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mixture is converted into a mixture of diastereosnafrthe enantiomeric constituents of that

mixture by using a pure enantiomer of another camgo

We have already discussed in the previous sectidhi® unit that the diastereomers have
different physical (like solubility, boiling pointnelting point, density, refractive index etc.)
and chemical properties (like chemical rate andctreity etc.). Therefore these
diastereomers can be easily separated by eithetioinal crystallization or fractional
distillation. After separation of diastereomers tearf them is converted back into the

individual enantiomers of racemate by suitable treas.

Example 28a: R and S form of2-hydroxypropanoic acid in an equimolar mixture demn
converted in to a mixture of diastereomers by fagat with S-Brucine.

COOH
®/
HO—(|3—H COOHNZIZ S-Brucine
CHsg HO—C—H
2-hydroxypropanoic CHj R,S Diastereomer
acid (R) .
+ S-Brucine ——— >
COOH
@
H—C—OH COO-H S-Brucine
CH, H—C—OH
2-hydroxypropanoic CH; S,S Diastereomer
acid (S)

S-Brucine

Figure 3: S-Brucine (an optically active isomer)
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We can see from above example that the enantiomexittire of 2-hydroxypropanoic acid

can be easily converted in to corresponding diesteeric salts by reacting with a optically
pure base called S-Brucine. Both the diastereonsaits can be separated by fractional
crystallization. The separated diastereomers canctmeverted in to respective pure

enantiomers of 2-hydroxypropanoic acid by simpleiadydrolysis.

Example 28b:The acidic hydrolysis of diastereomeric salt ofyZitoxypropanoic acid gives

pure form (R/S) of 2-hydroxypropanoic acid.

COOH
®/
COOHN:S-Brucine + S
> L HO—C—H +  S-Brucine
—Cc— H,0
HO—C—H 2 CH,
CHs R,S Diastereomer 2-hydroxypropanoic acid (R)
(Pure)
® COOH
COO-HNE S-Brucine H*
NS H—C—OH 4+ S-Brucine
e H,O
H c|: OH 2 CH,
CHj S,S Diastereomer 2-hydroxypropanoic acid (S)
(Pure)

iii. Chromatographic method: Racemic mixture can also be separated by column
chromatography by adsorbing the racemates on adcatiptactive solid adsorbent or solid
support. The separation of enantiomers is basdbeodifference in their affinity towards the
adsorbent or support. Enantiomer while adsorbingptically active solid support forms
diastereomers those having different stabilitiethaeluent (solvent). The enantiomer which
has more affinity towards the solid adsorbent Wwél held more tightly than the other one
which has less affinity towards solid adsorbentudtthe diastereomeric adsorbates when
filled in a column and eluted with suitable solvegstem the less tightly bonded enantiomer
will be eluted more rapidly and will pass througdte tcolumn. However, the enantiomer
which is tightly bonded with the solid support Wik eluted more slowly and will come out
later from the column. Hence both the enantiomeil$ get separated. The schematic
representation of chromatographic separation afteraers is shown in figure 4.
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Example 29: Separation of 2-aminobutane by chromatographi@rs¢on method using

chiral adsorbent (enantiomer of mandelic acidtschied to a silica stationary phase)

N

* NH,

NH,

Racemic mixture of 2-aminobutane

OH Silica
Ph/\[r taitionary phase

O
NH, NH, Enantiomers
| _ | _ are bonded
2 oGt o 2 oGaonea | iih chira
g aitionary pha i
P Y sl g yP stationary
O o) phase via

Hydrogen bond

column chromatography

Y

\ Separaration by

NH>
OH Silica
F’h/\[f taitionary phase
i O
Pure enantiomer 1
+
NH,
OH Silica
Ph/\n/ taitionary phase
@)

Pure enantiomer 2
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Beginning of Half-way point Near the end:,
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Figure 4: Schematic diagram of chromatographic separatioacd@mic mixture

iv. Biochemical/lenzymatic method:Enzymes are also being used for the separation of
enantiomers from racemic mixture. When certain dréetand moulds are allowed to grow in
the solution of racemic mixture, they react witheo@nantiomer exclusively and form a
derivative; as a result only one enantiomer remainsxcess in the solution which can be

easily separated.

Example 30: Separation of a racemic mixture of acetyl phemylade by reacting it witlp-
toluidine catalyzed by an enzyme called papaingihep-toluidine derivative of acetyl-L-
phenylalanine and leaves unchanged acetyl-D-phiamytee.

0 0 0
HN-CCH Papain HN-CCH i
COOH Enzyme NH !
H O\ >COOH
0] H
CHj

Racemic mixture of p-Toluidine p-toluidine derivative of D-acetylphenylalanine
acetylphenylalanine L-acetylphenylalanine
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495 Inversion, retention and racemization:

In a substitution reaction when a group/atom atddio a chiral carbon atom is replaced by
any other atom as a result the configuratioa. §patial arrangement of atoms around the
central atom) of central atom changes, the protesslledinversion of configuratioror
simply inversion The product after inversion thus obtained is tloa-super imposable
mirror image (enantiomer) of the original moleculdis phenomenon was first observed by

the scientist P. Walden therefore it is also knasWalden Inversion

Example 31: Replacement of chlorine atom of Chlorosucciniaday hydroxyl ion gives
Malic acid with inverted configuration

HOOCH,C_ (|3H3 CH,COOH
c-Cl ——= | HOC"Cl HO—G
_ Hoocﬁ‘ / “ Crr ?_ICOOH

C,Hs
Chlorosuccinic acid o Malic Aciq _
with inverted configuration

OH

The inversion of configuration depends upon theumgabf reagent, the nature of solvent,
reaction temperature, the nature of substituent&hwis replacing the group/atom in the

given molecule.

Sometimes you will observe that the replacemenarof group/atom in a chiral molecule
gives a new optically active isomer without thearsion of configuration. This is known as
retention of configuration. In other words we can explaie tietention of configuration is
“the preservation of the spatial arrangements (gurhtion) of atoms attached with a chiral
centre of an optically active molecule during theemmical transformation or reaction'The
retention of configuration is occurs when in a sigon reaction the incoming group/atom
approaches to the central chiral atom from the saame/direction of the leaving
group/atom the resultant product thus obtained h#le the same configuration as the

reactant molecule.
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Example 32:(9-1-(1-bromopropyl)benzene on reaction witbCHgives the mixture ofg)-

1-phenylpropan-1-ol andR}-1-phenylpropan-1-ol.

Br M Ho H Ho, H
H,0
©>\/ , ©>\/ N @/k/

(9-1-(1-bromopropyl)benzene (9-1-phenylpropan-1-ol R)-1-phenylpropan-1-ol

Retention of configuration Inversion of configuration

We have already discussed that the equimolar n@xdéirenantiomer is known as racemic
mixture. The process of conversion of an opticalttive compound in to the racemic
mixture/racemate is calla@cemization The racemization process may take place under the

influence of temperature, light or chemical reagent

Example 33:Racemization of)-2-iodohexane during reaction with @bH (methanol)

H,CO H
(S)-2-iodohexane (S)-2-methoxyhexane (R)-2-methoxyhexane

4.10 RELATIVE AND ABSOLUTE CONFIGURATION:

Relative and absolute configuration of a compouisdu$ses about the spatial arrangement
of atoms/groups around the centre chiral atom.tRelaonfiguration is a comparison of the
spatial arrangement of attached atoms/groups of dvfi@rent chiral centres. Relative
configuration is a geometrical property which dad sbanges on reflection; whereas, the
absolute configuration is the precise arrangemémtams in three dimensional space. The
D/L system is usually known as relative configuratidmereas, th&k/Sstereo descriptor or
nomenclature system for chiral molecules is knowralasolute configuration. The absolute
configuration is a topographic property which chesign reflection.
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4.10.1D/L nomenclature:

The D/L nomenclature is the oldest nomenclature systenefi@antiomers. In this
nomenclature system the configuration of all thengounds were given with respect to
glyceraldehyde molecule, where the configuratioglg€eraldehyde molecule is taken as an
arbitrary standard. According to this nomenclatifire glyceraldehyde molecule the —OH
group on right and —H on left, the -CHO and -OH groups being on top and bottom,
respectively the molecule is designated as (+) &bldehyde and it was arbitrary given the
configuration symboD. The mirror image of this compound (-) glyceraldedygdas given

the configuratiori.

CHO CHO
H—C—OH HO—C—H
CH,OH CH,OH
D-(+)-glyceraldehyde L-(+)-glyceraldehyde

Any compound that can be prepared, or convertéd Dz (+)-glyceraldehyde will
belong toD series (relative configuration), whereas, any coumgl that can be prepared, or

converted in td.-(+)-glyceraldehyde will belong tb series.

Example 34: Lactic acid obtained fromD-(+)-glyceraldehyde and hence assigned D

configuration
CHO COOH COOH
H—C—OH L Oxiation_ H—C—OH Reduction H—C—OH
il. PBrs
CHon CHzBr CH3
D-(+)-glyceraldehyde D-(+)-Lactic acid
Remember:

» There is no correlation between the D and L dedignaand the sign of rotation. D
form of isomer may be levorotatory, and L formsainner may be dextrorotatory and

vice versa.
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» The D/L nomenclature is limited to the compound taa pe prepared or converted
from the glyceraldehyde.

» Itis limited to only one chiral atom.
4.10.2R/Snomenclature:

Since you have been noted from the above discussioD/L configuration, there
are several drawbacks associated with the D/L notagme system. Hence a definite and
universally applicable nomenclature system was egetb specifying the absolute
configuration of each chiral centre in a molecil&hn and coworkers (1956, 1966) have
proposed a new and universally applicable nomamdapattern for the determination of
absolute configuration of any chiral molecule. Thaisknown as the R/S system or Cahn-

Ingold-Prelog (CIP) nomenclature. It involves follog two steps.

« In first step we need to assign the priority to tbar different atoms/groups
attached to a chiral centre.

¢ Priorities to the groups/atoms can be assigne@iagpsequence rule

« After assigning the priority to the atoms/grouptetied to the chiral centre, the
molecule is oriented in such a way that the lovpestrity group is directed away
to the observer.

« Now the arrangement of the remaining atoms/grogpsiewed by following
deceasing order of priorities from highest priotylowest priority.

« While viewing the atoms/groups in their decreasinger if your eyes follow the
clockwise direction then the chiral centre will e configuration; whereas if
your eyes follow anticlockwise direction the chiraentre will have S
configuration.

% When a molecule has two or more than two chiratresrthen the same process

should be followed to assign their configuration.

4.10.3 Sequence rule:
To assign the priorities to all four different gps/atoms attached with the chiral

centre following sequence rule should be followElde sequence rule is given by the three
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scientists Cahn-Ingold-Prelog therefore it is alaled the CIP rule. The sequence rules are
arbitrary but consistent. The main observationsegfuence rules are listed below.

1. If all the atoms directly attached to the chirahtte are different, the sequence of
priorities is determined by their atomic number.eTdiom with higher atomic
number is given higher priority. If two atoms asetopes of same element, the
isotope with higher mass number has the higheriprio

(4) (4)

H H . . .
Deuterium (D) is an isotope
B I@ @ ™\ (2) -
OH—C—(EI D—C &l of Hydrogen with mass

| number 2 hence get higher
priority than H

Br
(1) (1)
Bromochloromethanol Deuterio bromochloromethane
1-2-3 order is anticlockwise 1-2-3 order is anticlockwise
the configuration isS the configuration is S

2. If two or more atoms attached to the chiral ceh@iging same atomic number,
the priorities are assigned by comparing the atomimbers of the next atoms
attached to each group/atom.

(f_‘r')
2) /“N@
CH3CH2_|C_CH3
Br
1)
2-bromobutane

1-2-3 order is clockwise
configuration is R

3. If the atoms or groups attached to the centre amanfurther linked with some
other atoms via double and triple bonds. Then thébt or triple bonded atoms
are considered to be duplicated or triplicatedpA@ssequence rule the triple bond
gets priority over double bond, similarly doublendogets priority over single

bond.
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O\(Z)H (:)
@ [ @ 3 1~ _0O
H—C—OH =— HOH,C—C— (2)
| LK,
CH,OH OH

(3 (1)

2,3-dihydroxypropanal
1-2-3 order is anticlockwise
configuration is S

4.11SUMMARY

. Stereochemistry is all about the 3 Dimensionaliapaspects of chemistry.

. Molecules that differ only in the arrangement ohte in 3Dimensional space are
called "stereoisomers"

. Many objects (including molecules) are non-difféi@nle from their mirror
images, but other objects, such as your left aglat thands, are differentiable. An
object that has a non-superimposable mirror imagsaid to be "chiral" (Greek =
"handedness") and one that has a superimposabier inirage is called "achiral".

. Pairs of molecules that are non-superimposableomimages of each other are
called "enantiomers”

. The most common type of "chirality” is observed wtee carbon atom has four
different groups attached to it. This carbon atenthien described as a chiral or
asymmetric or stereogenic center. This later tean also be contracted to a
stereocenter.

. Enantiomers have the same chemical and physicglepgies (melting points,
boiling points, heat of combustion etc.), except fioeir interaction with plane
polarized light or with other chiral molecules (geats, solvents, catalysts, etc).
(Think about how your feet feel if you put thentle wrong shoes).

. Diastereomers are stereoisomers that are not enzs1s.

. The differing interaction with plane polarized ligbives rise to optical activity.

Enantiomers cause the plane of polarized lighbtate in opposite directions, but
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to the same extent (clockwise = +ve, countercloskwiE -ve). This can be

measured using a polarimeter. An achiral moleautptically inactive.

A 50:50 mixture of a pair of enantiomers is calledacemic mixture. This is

optically inactive since the rotations produced dach of the enantiomers must
cancel each other out.

If there is more of one enantiomer than the otthem the optical purity of a sample
can be determined by measuring the rotation andpadny it to that of a pure

enantiomer. This can be used to establish the iemagtic excess (ee) of the
mixture.

Despite what one may observe, most molecules dr2hobjects, they are 3D as a
result of the spatial arrangement of the atomgygg@nd bonds. The interaction of
molecules (reactions) which occur as the resultalfisions between these 3D
objects in 3D space can therefore also have 3Diragants and characteristics.

Stereochemistry is all about the 3D properties ofetules and reactions.

4.12 TERMINAL QUESTION

~N O 0o B~ WN P

. What do you understand by Isomerism? Give fissy

. What is chirality? Explain the necessary conditior a molecule to be chiral.
. What do you understand by optical activity? Hew measured?

. What are enantiomers and diastereomers?

. What are symmetry elements? How they affectapisomerism?

. Explain relative and absolute configuration.

. What is racemization?

ANSWERS

AnNS.

1.When two or more compounds having the same moletuiaula but difference

in their chemical and/or physical properties afléedasomers and the phenomenon is

known as isomerism. Isomerism has following types:

a. Structural (constitutional) Isomerism

b

. Stereo (configurational) Isomerism
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Ans. 2.An organic compound with four different atoms/grswgitached to center carbon
and have non-superimposable mirror image is catleolal compound and the
phenomenon is called chirality. The presence of thbifierent atoms/groups attached
to center carbon and absence of any kind of elemiegsymmetry are the necessary

condition for a molecule to be chiral.

Ans. 3.The tendency of an organic compound to rotate kweeppolarized light towards
left or right hand direction is called optical adtly. Optical activity of any compound
is measured by analyzing the sample in an instrucedredPolarimeter. A solution
of known concentration of optically active compousdvhen exposed to the beam of
plane polarized light, the beam of plane polaritight is rotated through a certain
number of degrees, either to the clockwise (righit¢ction or anti-clockwise (left)
direction. The compound which rotates the plananmed light towards clockwise
direction is called to bdextrorotatory (represented by +Wwhereas, the compound
which rotates the plane polarized light towards-aloickwise direction is called to be

levorotatory (represented by -).

Ans. 4. Optically active chiral compounds that are non-supgosable mirror image of
each other are called enantiomers. Whereas, dgtiaalive compounds which are

non-mirror image of each other are called diastaezs.

Ans. 5. Elements of symmetry are a simple tool to identifyether a molecule is chiral
or not. The necessary condition for optically aestmolecule to be chiral is that, the
molecule should not possess any kind of symmetemehts. The elements of

symmetry are generally categorized as follows:

(i) Simple axis of symmetryQ,)

(i) Plane of symmetryo

(i) Centre of symmetry(;)

(iv) Alternating axis of symmetry&)

Optically active compound should not have any lohdymmetry elements.
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Ans. 6. Relative and absolute configuration of a compouisdusses about the spatial
arrangement of atoms/groups around the centrel @iom. Relative configuration is
a comparison of the spatial arrangement of attaetechs/groups of two different
chiral centres. Relative configuration is a georatmproperty which do not changes
on reflection. The absolute configuration is thegwe arrangement of atoms in
space. Thé/L system is usually known as relative configuratiamereas, thdr/S
stereo descriptor or nomenclature system for chmalecules is known as absolute
configuration. The absolute configuration is a t@phic property which changes on

reflection.

Ans. 7. The process of conversion of an optically actieenpound in to the racemic
mixture/racemate is callechcemization The racemization process may take place

under the influence of temperature, light or chaieagents.
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UNIT 5: STEREOCHEMISTRY-II

CONTENTS:

5.1 Objectives
5.2 Introduction
5.3 Geometrical isomerism
5.3.1 Determination of configuration of geometrisamers
5.3.2 E & Z system of nomenclature
5.3.3 Geometrical isomerism in oximes and acyaimpounds
5.4 Conformational analysis of ethane and n- butane
5.4.1 Conformational analysis of ethane
5.4.2 Conformational analysis of n-butane
5.5  Conformation of cyclohexane
5.6 Axial and equatorial bond
5.7  Conformation of mono substituted cyclohexane
5.8 Newman projection and Sawhorse formula
5.9 Fischer and flying wedge formula.
5.10 Difference between configuration and conforoti
5.11 Summary

5.12 Terminal Question

5.1 OBJECTIVES:

By the end of this unit you will be able to

* Learn about the stereoisomerism of those organmpooinds which are not
optically active

* Understand the geometrical isomerism shown by mtefcompounds (double
bonded compounds)
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* Understand the conformational isomerism and itsasgntation

* Make a difference between configurational and conégional isomers

* Learn about the conformational analysis of aliphatid cyclic hydrocarbons

* Learn how to write the Fischer projection formuldling wedge formula,
Newman projection formulae and Sawhorse projecfiomulae for various

conformational and configurational isomers.

5.2 INTRODUCTION

In Unit 4 we have discussed about the isomeristhitartype. The difference between
structural and stereoisomerism is also drawn ihltimét. However, more detail discussion on
optical isomerism and its related components isgireed in Unit 4. In present unit (UNIT 5)
we will learn more about the isomerism exhibitedly; 1) Molecule with restricted rotation
around carbon-carbon bonds (olefinic and cyclic aaig compounds) is known as
geometrical isomerism and; 2) Molecules which a&a&dily interconvertible due to rotation
about single bond is known as conformational is@sner The geometrical isomerism comes
under stereoisomerism whereas the conformationainesism comes under structural
isomerism. Partly, we have also discussed aborg@smmerism and structural isomerism in
Unit 4.

5.3 GEOMETRICAL ISOMERISM:

Geometrical isomerism is generally observed irmdls and cyclic compounds due to
their restricted rotation around carbon- carbondboihe rotation about a double bond in
alkene or about a single bond in a cyclic/ring ld@mpound is restricted. Double bonded
system consists of@(sigma) and a (pi) bond perpendicular to each other. It is nuggible
to rotate the molecule about carbon-carbon bone. rbitation will break ther bond as a
result the molecule will lose its identity. In sor&sed the rotation about single bond is also

restricted due to steric hindrance. Geometricamiegsm is shown by various groups of
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compounds the major class of compounds that expdmmetrical isomerism are classified
as:

i.  Compounds having double bond;
C=C, C=N, N=N

For examplecis- andtrans-2-butene have same connection of bond and molefmstaulae.

& If you observe two similar groups are on the samle of C=C bond this is called
cis- isomer; whereas, if two similar groups are apposite side of C=C bond this is
known as trans- isomer.

Example 1:cis- andtrans isomerism in 2-butene

11 ]

HsC  CHs HC H
H H H CHs
cis-2-butene trans-2-butene

& You can understand that due to the presence otdeigma) and one (pi) bond
in carbon—carbon double bond, rotation around C=6nHd is not possible. The
restricted rotation around C=C bond is responsilide& geometrical isomerism in
alkenes.

ii.  Cyclic compounds like homocyclic, heterocyclic daged-ring systems

You can easily observe that rotation around C-Cdb@n also not possible in cyclic
compounds as the rotation would break the bondshkaedk the ring. Thus Geometrical

isomerism is also possible in cyclic compounds.

Example 2:cis- andtrans isomers of 1,2-dimethylcyclopropane
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CH3 CH3
A‘f“s A(

trans

Conditions for geometrical isomerism:
Following two conditions are necessary for any coums to show geometrical isomerism

a) There should be restricted (not allowed) rotatibawd a bond in a molecule.
b) Both substituents/atoms on each carbon about wioiztion is not allowed should
(restricted) be different.

& Remember Geometrical isomers are non-mirror image of eadmeothence they are
called diastereomers. Therefore their physical ahdmical properties are different.
& Triple bonded molecules do not exhibit any kindstefreoisomerism because such

molecule shows cylindrical symmetry.
5.3.1 Determination of the configuration of geometcal isomers:

Unlike stereoisomerism of chiral compounds these nb general method for
determining the configuration of geometrical isomeYou can find several methods for
determination of configuration of geometrical isomeDepending on the nature of
compounds you can apply one or more methods foermd@tation of configuration of

geometrical isomers. The most commonly used metaozlas follows:

1) Physical method
2) Cyclization method

3) Method of conversion into compound of known confagion

1) Physical method for determination of configuration:

UTTARAKHAND OPEN UNIVERSITY Page 96



ORGANIC CHEMISTRY-I BSCCH-102

The geometrical isomers are non-mirror image ohesber hence are called diastereomers.
We have discussed in Unit 4 that diastereomers lfferent physical and chemical
properties. Based on this fact, we can determiaectimfiguration of geometrical isomers by
comparing their physical properties. For exampke riielting point and absorption intensity
of thecis-isomer are lower than theansisomer. Similarly the boiling point, solubility, ae

of hydrogenation, density, refractive index, dipolement and dissociation constantcaf
isomer is greater than tih@nsisomer.

Thus if you have a set of geometrical isomers, thegrcomparing their above mentioned
physical properties you can assign their configanaimeans you can identify thes- and

trans-isomers).

Example 3: Diethyl maleate and diethyl fumarate are tie andtrans form to each other.

The configuration of these can be determined byparing their dipole moment. The dipole
moment of diethyl maleate is 2.54D whereas theldipmoment of diethyl fumarate is 2.38D.
Based on the fact that the dipole momentrahs form of an isomer is lower than that of

cis- form, you can easily predict tr@s- andtrans form for diethyl maleate and diethyl

fumarate.

H\ /COOQHS H\ /COOCZHS
I I
C C

VN
h \COOC2H5 C,H:00C H
diethyl maleate diethyl fumarate
dipole moment = 2.54D dipole moment = 2.38D

Example 4. cis- andtrans form of crotonic aciccan be differentiated on the basis of their

melting pointscis- isomer have lower melting point in comparisorrems- isomer.
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NP H___-CHs
I I
C C
H” Scoon Hooc” H
cis-crotonic acid trans-crotonic acid
melting point = 15.8C meltig point = 72°C

Example 5: Ethylbutenoate exists in cis- and trans- isomeayimk. Both, the forms can also

be differentiated based on their melting points.

H _ _-CHs H _ _CH,
I I
C C
H/ \COOCZHS CZH5OOC/ \H
cis-ethylbutenoate trans-ethybutenoate
boiling point = 56°C/10mm boiling point = 61°C/10mm

Example 6: cis- and trans- isomer can also be identified an libsis of their absorption
intensities. The UV absorption intensifyg,) of cis-stilbene is lower than that of trans-

stilbene.

bd W=

~ r—

C)p Y~
<

cis-stilbene frans-stilbene

A, =278 A . =294

(e TR

2) Cyclization method: Cyclization within a molecule (intramolecular) isually depends
upon the distance of two associating groups of &eoute. In other words if the reacting
groups are closer to each other than the intramt@leccyclization takes place more

effectively. This principal is also helps to iddéntihe configuration of geometrical isomers.
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Let us take an example of two geometrical isomeBwtenedioic acidife. Maleic acid and
Fumaric acig can be differentiated by possibility of formatioh anhydride. Maleic acid
which is ¢s- form of Butenedioic acid can only give the redjwe anhydride on heating;
whereas, the trans- form of Butenedioic acid. Fumaric acid) does not give its anhydride

on heating. If the Fumaric acid is strongly heategbt converted into Maleic acid.

Example 7: Cyclization of Maleic acid to Maleic anhydride. Fart acid does not give the

anhydride on heating.

@)
Vi
H._ __COOH H. _C H._ __COOH
C Heat c” \ He .
| _’_HZO (l‘! o) | No anhydried
formation
H” “COOH H™ Cg HooC~ H
Maleic acid Maleic anhyd(rjled Fumaric acid
cis-isomer trans- isomer

3) Method of conversion into compound of known configuration:The configuration of
geometrical isomers can also be determined by cbngethem in to a compound of
known configuration. For example, there are twohiorocrotonic aciddis- and transk,
one of which can be hydrolyzed to Fumaric acid.réfwe this isomer must deans

isomer of trichlorocrotonic acid. Thes-isomer does not undergo hydrolysis.

Example 8: Determination of configuration of two isomers oicliorocrotonic acid by
hydrolysis method.

H\C/CCIQ> H\C/COOH H\C/CCI3 HO
H,O 2 No Reaction
PN
HOOC H Hooc” H H”  COOH
trans- i cis-
trichlorocrotonic Fumarc acid trichlorocrotonic
acid acid

Example 9:Reduction of trans-crotonaldehyde in to trans-draligohol
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H._ _CHjs H.__ _-CHjs H. _CHs
|C|: LiAIH 4 |(|: ﬁ: LIAH4  No Reaction
/C\ reduction /C\ /C\ reduction
OHC H HOH,C H H CHO
trans- trans-crotyl alcohol cis-crotonaldehyde
crotonaldehyde

5.3.2 E & Z system of nomenclature:

We have already discussed about ¢iee and trans nomenclature of geometrical
isomerism. Thecis- and trans- nomenclature is the oldest and most fundamental
nomenclature system for geometrical isomerism. difeandtrans- nomenclature system is
applicable only for those geometrical isomers inchtat least one identical atoms/groups is
bonded with each double bonded carbon. If bothdaetical groups/atoms are on same side
of double bond the isomer is called @s isomer; whereas, if both identical groups/atoms
are on opposite side of the double bond the isasnealled agrans isomer (see example 1

of this unit).

Thecis- andtrans nomenclature method is limited to the moleculaimch identical
groups/atoms are attached to double bonded catlbal the atoms/groups on double
bonded carbon are different then the configuratibsuch molecule could not be assigned as
ciss andtrans nomenclature. A more general homenclature. E/Z nomenclature) was
introduced which was based on Cahn-Ingold-Prelatesy. In E/Z system the configuration
is specified by the relative positions of two highpriority groups/atoms on the two carbons
of the double bond.

Let us understand the E/Z nomenclature system hgidering an example which we have
already discussed in the beginning of this Uniafagle 1).
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H,C CHs H5C H
N/ N/
C—C C—C

/ \ /
H H H CH,
cis-2-butene trans-2-butene

You can easily identify which one @s- isomer and which one tsans just by looking the
position of similar atoms/groups. It is a simpledansual way of telling the two isomers

apart.So why do we need another system?

Now consider one another example in which we wikiroge all the atoms/groups in above
example by replacing one GHoy Br, other CH- by CI, and one H- by F. Now try to predict
the nomenclature of these two isomers of 2-bronotidro-1-fluoroethene (I and IITould

you name these isomers using cis- and trans- ndatene? The simplest answer is ‘NO'.

Br Cl Br F
C—=C C—

H F H Cl
I Il

Because everything attached to the carbon-carbableldond is different, there are not so
simple so that you can predict them @s- and trans to each other. The E/Z system of
nomenclature provides the most appropriate solutabove problem. This system is based
on the priority of the attached atoms/groups ormedmuble bonded carbon. The priority of
the atoms/groups can be assigned as per the ‘SegjiRane’ or ‘CIP Rule’ given by Cahn-
Ingold-Prelog. We have already discussed the dabailit ‘Sequence Rule’ in Unit 4. Now

assign priority to atoms/groups attached to eaciblgabonded carbon in above example.

Lo g Lo 2
G : -C/ ..... \C--—:-G{ ______
—E— =4 - 2/ i 1 .
2|_| ! \2 / . . \CI

Molecular Plane
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We can easily observe that the both higher pricaityns/groups on each double bonded
carbon of isomet are on same side; whereas, the higher priorityngtgroups on each
double bonded carbon of isomlér are on opposite side. If the two groups with tighér
priorities are on the same side of the double beudh isomer is designated as tH§ (
isomer. So you would write it aZ)fhame of compound. The symbdl comes from a
German wordZUSAMMEN which means together. If the two groups with thigher
priorities are on opposite sides of the double bdhen such isomer is designated Bf (
isomer. E comes from the GermaBNTGEGEN which means opposite. Thus in given
example the isomdris having both higher priority groups/atoms aresame side of double
bond, hence it isZ- isomer; whereas, the isomér is having both higher priority

groups/atoms are on opposite side of the doubld,dmnce it i€- isomer.

T B F

G I -C/ ..... \C;G{ ______
2/ 1 \2 - 2/ + \1-
H F H ' Cl

Molecular Plane

(2)-2-bromo-1-chloro-1-fluoroethene (E)-2-bromo-1-chloro-1-fluoroethene

Example 10:Some other examples of geometrical isomers @wi#mdZ configuration

1 2 1 2
H,C F D = 1 1
N,/ N\ / HaC CaHs
Va \ S \C c/
H cl 7 \CI 2/ \2
(E)-1-chloro-1 (E)-Deuteratedl-chloro-1 ) s
-] - -] - - u - -] -
fluoroprop-1-ene fluoroprop-1-ene (2)-3-methylpent-2-ene
1 1 1 2 2 2
H3C OCH3 H3C CHon H3C /CH2CH3
C— / C—C C—
2/ \ 2 2/ \1 1/ \1
H OH H CHO CoHs CH=CH,

(2)-3-ethyl-4-

(2)-1-methoxyprop-1-en-1-ol  E)-2-(hydroxymethyl)but-2-enal methylhexa-1,3-diene
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5.3.3 Geometrical isomerism in oximes and acyclic compouls:

Nitrogen containing compounds like >C=N- as well -a¥=N- bond also exhibit
geometrical isomerism. The important classes of pmmds that exhibit geometrical
isomerism due to >C=N- bond are:

(a) Oximes

(b) Nitrones

(c) Semicarbazones

(d) Hydrazones

H Ph H4C Ph Ph CH Ph CHs
o 3 ~c” ~c~ 3 \(ﬁ/
| | I .
N N® N N
oH Oy H “NH, NHCONH,
(E)-1-(1- (B)-1-(1-
(2)-benzaldehyde (E)-nitrone phenylethylidene) phenylethylidene)
oxime hydrazine semicarbazide

Oximes are the most common compounds among alleatlagses. Both carbon and nitrogen
atom in oxime are $rhybridized the C=N bond of oxime consists a sigoa)aand a pi %)
bond. Therefore, there is no free rotation possdrteund C=N bond; hence, oximes of
aldehyde and ketones (unsymmetrical) exhibit genoaktisomerism. The configuration of
such compounds is also based on priority of thegstatoms attached to the double bonded
carbon and nitrogen. Lone pair of the nitrogen gbveonsidered to be the lowest priority
group. The priority of the groups/atoms is assigagger the sequence rule which we have
already discussed in Unit 4. If the higher priogtpups/atom on double bonded carbon and
nitrogen are on same side of the double bond threes is considered & isomer, whereas

if the higher priority groups/atoms are on oppositee the isomer is consideredeadgsomer.

Example 11:E/Z isomerism is shown by i) benzaldoxime, ii) dthgthylketoxime and iii)

methylphenylketoxime

UTTARAKHAND OPEN UNIVERSITY Page 103



ORGANIC CHEMISTRY-I BSCCH-102

H Ph Ph H H-C C,H
N~ C,oH CH
) \ﬁ/ p o e TN
<N °N 'IU . |
~N ° . .N
OH “OH SoH oH
(2)- (B)-
(2)-benzaldehyde  (E)-benzaldehyde ethylmethyl ethylmethyl
oxime oxime ketoxime ketoxime
Ph CH; H4C Ph
\C/ \C/
i) .,L| ,L|
" SoH SOH

(E)-acetophenone oxime (Z)-acetophenone oxime

We have already discussed that the geometricaldgem is usually arises due to restricted
rotation about a bond. Since, there is no rotghiossible about the carbon-carbon bond in a
cyclic compound or cycloalkanes like cyclopropaneyclobutane, cyclopantane,
cyclohexane, etc. Hence, such molecule also exlibimetrical isomerism, and can be
designated agis- and trans isomer. In a disubstituted cycloalkanes, where tivo
atoms/groups are bonded on different carbons, eamnepresented in to two geometrical
isomers. The isomer in which the two atoms/groupsl@cated on the same side of the ring
is calledcis-isomer; whereas, the isomer in which the two atgrosips are located on the

opposite side of the ring is calle@nsisomer.

Example 12: Geometrical isomers of disubstituted cyclopropamgclobutane,

cyclopantane and cyclohexane.
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COOH H
CH CH; CH H
cis-1,2- trans-1,2- H . H
: : lobutane-1,3- trans-cyclobutane-
dimethylcycl dimethylcycl clscyc : = . -
opropane opropane dicarboxylic acid 1,3-d|gﬂgoxyllc
H CHs CH H H
c CH, ¢l H H CHO CH CHO
cis-1-chloro-3- trans-1-chloro-3- trans-cyclohexane- cis-cyclohexane-1,4-
methylcyclopentane  methylcyclopentan 1,4-dicarbaldehyde dicarbaldehyde
e

5.4 CONFORMATIONAL ANALYSIS OF ETHANE AND N-
BUTANE:

The different spatial arrangements of atoms in aleoube which is readily
interconvertible by rotation about single bonds aadled conformations The study of
various preferred conformations of a molecule dredorrelation of physical and chemical
properties to the most preferred conformer is datlenformational analysis. Due to rapid
interchange of the spatial positions of groups/atdimese conformers are non-separable
under normal conditions. Since, different conforiorad arises because of the rotation about
single bonds, hence, they are also called the mtamThe conformational and
configurational isomerisms are related to energyridrafor interconversions of different
spatial arrangements of atoms in a molecule. Ifghergy barrier for interconversion of
different spatial arrangements is between 0.6 ko#ll16.0 kcal/mol; it result the
conformational isomers or conformers; wheread)ig energy barrier is more than or equal

to 16 kcal/mol than the configurational isomers@&ained.
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5.4.1 Conformational analysis of ethane:

When ethane molecule rotates around carbon-carbiogles bond, two extreme
conformations (one is highly stable and other ghhji unstable) are obtained. The highly
stable conformation of ethane is callexlaggered conformatiorand the highly unstable
conformation of ethane is calle@clipsed conformationIn between these two extreme
conformations i(e. staggered and eclipsed), an infinite number offaomations are also

possible.

5.4.1.1 Staggered conformationA conformation with a 60° dihedral angle is knows a
staggered conformation. The angle between the aattashed to the front and rear carbon

atom is called dihedral angle.

H
Staggered conformation
5.4.1.2 Eclipsed conformation:A conformation with a 0° dihedral angle is known as

eclipsed conformation.

H (]
H H) 0

HH

Eclipsed conformation

In staggered conformation the atoms are locatetiaatimum possible distance from each
other hence they are in their most relaxed spatimangement thus the staggered
conformation is considered as the most stable cordtion; whereas, in eclipsed

conformation the atoms are located at minimum ditahence due to repulsion between the

atoms the eclipsed conformation is considered eetist stable (high energy) conformation.
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There are two methods for the representation gigetaed and eclipsed conformations, a) the

Sawhorse representation formula and b) the Newearesentation formula.

a) The Sawhorse representation formula: In sawhorsesentation formula the spatial
arrangement of all the atoms/groups on two adjacambon atoms. The bond
between adjacent carbon atoms is represented lagaral line and rest of the atoms
are located on each carbon at +120° or -120° artglesach other. The sawhorse
representation is shown as:

diagonal line H

H H
H H
OR
1207 . H 120° |
viewpoim& H H viewpoint 1 H

Sawhorse representation formula

b) The Newman representation formula: The Newman sgmtation formula is a planar
representation of the sawhorse formula. The moéeulviewed along the axis of a
carbon-carbon bond. The carbon atom in front ofvilegver is represented by a dot
(®), whereas the carbon atom away to the viewerpresented by circle. The rest of
the atoms/groups are located on each carbon atori28° or -120° angles to each

other as shown below:

H H
| H H
H | H 5
12 — Circle carbon
/
H H
H HH
Ponit Carbon

Newman representation formula
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The different conformations of ethane are not dygushble. The staggered form in which
the hydrogen atoms are ‘perfectly staggered’ (didedngle is 60°) is the most stable
conformation. This is because, in this conformatimm all carbon hydrogen (C-H) bonds are
located at maximum possible distance to each o#imel hence they feel minimum repulsive
energy from each other. In eclipsed conformatioetbfine, the hydrogen atoms attached to
each carbon are directly opposing to each othes fsult the minimum separation of the
atoms or groups, and hence they feel maximum reeulsnergy from each other. The
eclipsed conformation therefore, of highest enengg has the lowest stability. A graph plot
for the energy profile for various conformationsetfiane is shown on figurel. The relative

stability of various conformations of ethane is

Staggered >> Eclipsed

N
in

15

Relative Energy (kcal/mol)

0.5

o 20 40 60 80 100 120 140 160 180
Dihedral angle (degrees)

Figure 1: Energy profile diagram of conformatiorsaimer of ethane

5.4.2 Conformational analysis oh-butane:

n-Butane (GHi0) has three carbon-carbon single bonds (Figureh2yefore the molecule
can rotate about each of them. The rotation abduta@d C3 bond will provide the

symmetrical conformations. To study the confornraioanalysis ofn-butane, we must
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consider it as a derivative of ethane molecule,re/lome hydrogen at each carbon of ethane

is replaced by methyl group (-GH

H H
1 | , 4
H 3C*2C|:——3Cl:—c Hs
H H

Figure 2: Butane molecule

Various conformation oh-butane can be obtained by rotation about C2 andd@@@l are

shown in figure 3:

HsC CH,
H oty R, Hew,
LRI ” A
H
H CHj v CH3
= 15 %
E II Vi
S5 12 1
=
5 8 c c
g_’ » H CHa Ha H
1 ¢h CH;
s 61, ™, HAAH o \ x ?
3 1H H I Y H H
D 3 L] T L] T I I3
0 60 120 180 240 300 360

rotation angle (degrees)

Figure 3: Energy profile diagram of conformatiorsgimer ofn-butane

From figure 3, we can see thabutane has three staggered conformationdi( andV).
Conformerl, in which two methyl groups are as far as possidtel hence is more stable
than other two staggered conformeig.(lll andV), because conformdr has minimum
repulsive energy. As you can see from figure 3;anformerl, both the methyl groups are
located opposite to each other. The most stabléoooer of n-butane, in which both the
methyl groups are located opposite to each othealled theanti-conformey whereas other
two staggered conformersg, Il andV) are calledgauche conformerDue to difference in
steric strain (repulsion between dihedral atomsigsd the repulsive energy ainti and

gaucheconformers are also different. Three eclipseda@won$ (I, IV andVI in figure 3) are
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also exits forn-butane, in which the dihedral atoms/groups aréant of each otheri.g.
dihedral angle is 0°). The fully eclipsed conforniéy in which the two methyl groups are
closest to each other, has maximum steric strancé it is of higher energy than the other
eclipsed conformerslli( and VI). Thus the relative stabilities of the six conformefsn-

butane in their decreasing order is given as fatow

Anti > Gauche > Eclipsed > Fully eclipsed
I llland V v Il and VI

5.5CONFORMATION OF CYCLOHEXANE:

It is known to you that in cycloalkanes, all thegicarbons arep® hybridized, hence must
have tetrahedral geometry with all bond anglesG$.3°. But to sustain its cyclic structure
the cycloalkanes could not be able to maintairbitred angle of 109.5°. As a result there is a
deviation from the normal tetrahedral bond angleis Tdeviation leads the development of
strain in the molecule. Thus the cycloalkanes ekhihgle strain, due to which cycloalkanes
are not as stable as their non-cyclic homologsmii@mize the angle strain the structure of
cycloalkanes is keep on changing from one cyclionfdo another which are readily
interconvertible by rotation about single bond.dTisi the reason why cyclohexane and larger

rings are non-planar.

Cyclohexane exists in two readily interconvertifdems which are called the chair and
boat conformations of cyclohexane (Figure 4).

2 4

/S =/ :
2 5
1 6 5 6
Chair Boat
Conformation of Conformation of
cyclohexane cyclohexane

Figure 4: Two readily interconvertible conformations of ayleéxane
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Both chair and boat forms are free from anglerstia chair form carbon C1, C3 and
C5 are in one plane and carbon C2, C4 and C6 atdéf@rent plane. Similarly, in boat form
carbon C1 and C4 are in one plane and carbon C2C&3&nd C6 are in other plane. The
interconversions of chair to boat and boat to chaa various other intermediate
conformations are shown in scheme 1. The chaircrordtion ( and V scheme } is
considered as a rigid conformation of cyclohexamecomparison to boat conformation;
because during interconversion from chair to boatf@mation, some angular deformations
are required. These angular deformations usuallgrease the energy barrier for

interconversion from chair to boat conformation.efidgfore the chair conformation of

cyclohexane is the most stable conformation.
N N

SO — \—1 d

11

|
Chair Half chalr / Boat / Half chair

V
1nA “l A Chair
twisted boat Twisted boat

Scheme 1. Conformational analysis of cyclohexane

Chair form on distortion gives half chait (andIV scheme ) conformations which are of
highest energy conformations. In comparison to rcbanformation, the boat conformation
(Il scheme 1} is flexible and can readily distort in to mangss to reduce the C-H bond
eclipsing. The boat conformation can be intercotilvier in to twisted boatlfA andIlIA
scheme ] conformations, which has comparatively less asmgand steric strains. The
twisted boat conformations have lower energy than lioat conformation, hence is more
stable than boat conformation. At room tempera@8®% cyclohexane molecules exist in
the most stable chair conformation.

The energy profile diagram along with various pbkesconformations of cyclohexane is

shown in figure 5.
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half chair half chair
{10 kcal/mol) (10 kcalfmol)
H L]

" H
H
C) _HJ
Ll [
Ly .

boat Fa™
(65 keal/mol] |

[\ /\‘;

10

[++]

kcal/mol 6 ‘

twist boat twist boat
5.5 kcal/mol 5.5 kcal/mol
L]
W}
"

Figure 5: Energy profile diagram of conformation of cyclahee

5.6 AXIAL AND EQUATORIAL BOND:

In chair conformation of cyclohexane, there are tliferent positions occupied by the
12 hydrogen atoms of cyclohexane. Out of total Airfdgen atoms of cyclohexane, six
hydrogen atoms are located towards perpendiculaavierage plane of the ring; these
perpendicular hydrogen atoms are called axial lgeiie &), and respective bonds are called
axial bonds. The other six hydrogen atoms are locateagalvith the average plane of the

ring; these hydrogens are calleguatorialhydrogensd), and the respective bonds are called
equatorial bond.

a = axial; e = equatorial
Cyclohexane is rapidly interconvertible (flips) tm its mirror image chair conformations at
room temperature. During flipping all the axial hggens becomes equatorial and all the
equatorial hydrogens becomes axial. The flippin¢hefcyclohexane is so rapid that it is not
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possible to differentiate between equatorial anilaxydrogens. These hydrogens can be

differentiated at very low temperatuige(-80°) and analyzed by1 NMR spectroscopy.

5.7 CONFORMATION OF MONO SUBSTITUTED
CYCLOHEXANE

If one hydrogen atom of cyclohexane is replacedabigrger atom or group, the
molecule becomes highly hindered. As a result épeilsion between atoms increases. Axial
atoms/groups usually face more repulsive interactio comparison to equatorial
atoms/groups. Since three axial atoms/groups aaddd in one side of the average plane of
ring, whereas rest three atoms/groups are locatethier side of the average plane of ring.
The repulsive interaction experienced by threelatiams is called,3-diaxial interaction.
To minimize the 1,3-diaxial interaction and reswtirepulsive energy, the monosubstituted
cyclohexane acquires a chair conformation in whiah substituents occupies an equatorial
position. There are two possible chair conformatidor methyl cyclohexane. In one
conformation the methyl group located at axial posi(l), whereas in other conformation
the methyl group is located at equatorial posit{til). When methyl group is at axial
position, it has 1,3-diaxial interaction with hydem atoms at C3 and C5 carbons due to
which the energy of such conformation is very higlscomparison to the conformer in which
the methyl group is at equatorial position. Thefoomer with methyl group at equatorial

position does not have any kind of 1,3-diaxial iatéion hence is more stable.
H

HsC
— .
—_—
Axial conformer with Equatorial conformer
1,3-diaxial interaction with no 1,3-diaxial
interaction

5.8 NEWMAN PROJECTION AND SAWHORSE FORMULA

The Newman representation formula: Newman Projections are used mainly for

determining conformational relationships. Recadltftconformers are molecules that can be
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converted into one another by a rotation arounthglesbond. Newman Projections are also
useful when studying a reaction involving prochinablecules that have a double bond, in
which the addition of a new group creates a newestenter. In this notation, you are
actually viewing a molecule by looking down a pautar carbon-carbon bond. The Newman
representation formula is a planar representatfotie sawhorse formula. The molecule is
viewed along the axis of a carbon-carbon bond. ddrbon atom in front of the viewer is
represented by a do#), whereas the carbon atom away to the viewer psesented by
circle. The rest of the atoms/groups are locateceach carbon atoms at +120° or -120°

angles to each other as shown below:

H H
| H H
H | H 5
12 — Circle carbon
/
H H
H HH
Ponit Carbon

Newman representation formula of ethane

Addition of more carbons makes Newman Projectiormenmcomplicated. For example,
Newman Projections can be made for butane, sudhittbaeclipsed, gauche, and anti-
conformations can be seen. (Recall that these tfmems of butane are conformational
isomers of one another.) In this case, the frontrejoresents the second carbon in the butane
chain, and the back circle represents the thirdbazann the butane chain. The Newman

Projection condenses the bond between these twortsr

CHs H
| ~H H
H H H
12 — Circle carbon
/
H H
CHs Hs

CHs
Ponit Carbon
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Newman representation formula of butane

The Sawhorse representation formula:Sawhorse Projections are very similar to Newman
Projections, but are used more often because thercaarbon bond that is compressed in a
Newman Projection is fully drawn out in a SawhoRejection. When properly laid-out,
Sawhorse Projections are useful for determiningngéoeric or diastereomeric relationships
between two molecules, because the mirror imagsuperimposibility relationships are
clearer. Like with Newman Projections, a Sawhonsgeletion is a view of a molecule down
a particular carbon-carbon bond, and groups coededotboth the front and back carbons are
drawn using sticks at 120 degree angles. Sawhomgeclons can also be drawn so that the
groups on the front carbon are staggered (60 degueart) or eclipsed (directly overlapping)
with the groups on the back carbon. Below are tawi®rse Projections of ethane. The
structure on the left is staggered, and the stractm the right is eclipsed. These are the
simplest Sawhorse Projections because they hayetwalcarbons, and all of the groups on
the front and back carbons are identical. The sasehtepresentation formula is the spatial
arrangement of all the atoms/groups on two adjacaribon atoms. The bond between
adjacent carbon atoms is represented by a diadgjoeahnd rest of the atoms are located on

each carbon at +120° or -120° angles to each oflmersawhorse representation is shown as:

diagopnal line H

H H
H H
OR
1207 W H 1207 !
viewpoim& H H viewpoint " :

Sawhorse representation formula of ethane

Addition of more carbons makes Sawhorse Projectstightly more complicated. Similar to
Newman Projections, Sawhorse Projections can atsonbde for butane, such that it's
eclipsed, gauche, and anti-conformations can be. g¢g&ecall that these three forms of

butane are conformational isomers of one another).
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CH
3 H H H CHs

CH3 CH3 CH3
1209 H H 1209 cH, 120 b

Eclipsed Ant Gauche

Sawhorse representation formula of butane

5.9 FISCHER AND FLYING WEDGE FORMULA:

The sp® hybridized tetrahedral carbon is three dimensionatature. Generally it is very
difficult to represent a three dimensional struetur a two dimensional plane paper. There
are many methods have been developed for two diowaisrepresentation of a three
dimensional structur@ut of them the flying-wedge and Fischer repredemtanethods are

most commonly used for two dimensional represestatf a three dimensional structure.

The flying-wedge: This is the most commonly used model for the twmetsional
representation of a three dimensional moleculethis model the bonds are presented in
continuous, solid thick and dashed lines. A sdiid tine represents a bond projecting above
the plane of the paper; it is considered that tredlwith solid thick line is pointing towards
observer. A dashed line represents a bond belowlé#me of the paper; it is considered that
the bond with dashed line is pointing away to theewver. The bonds with continuous lines
represent the bonds in the plane of paper. Lebusider an example &-Lactic acid and

S-Lactic acid.
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On the
" plane “~-_

Below the
plane

R-lactic acid -. .-
SN "
above the
plane

Flying-wedge representation Bf andS-Lactic acid

Fischer projection formula: It is a simplification of flying-wedge representatj in Fischer
projection formula all bonds are drawn as soli@dirn a plane paper. Fischer Projections are
used often in drawing sugars and hydrocarbons,usecthe carbon backbone is drawn as a
straight vertical line, making them very easy t@wlr When properly laid-out, Fischer
Projections are useful for determining enantiomeridiastereomeric relationships between
two molecules, because the mirror image relatignghivery clear. In a Fischer Projection,
each place where the horizontal and vertical loress represents a carbon. The vertical lines
are actually oriented away from you (similar toltesin the Wedge-Dash Notation) and the

horizontal lines are oriented toward you (simiamtedges in the Wedge-Dash Notation).

Fischer projection is not as demonstrative as dyi#wedge representation. It does not
represent the actual shape of the molecule. Ustlalyischer projection formula is drawn
so that the longest carbon chain in the molecweriscal with the highly oxidized group on
the top.

From view point you will observe
C and D on horizontal line (towards

your left and right); and A and B o A
vertical line =
A =D
B)V”D B
C v..‘..‘. o
A
Lo
B
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Let us consider an example for conversion of flymedge formula to Fischer projection

formula forR- andS- Lactic acid.

COOH (::OOH COOH
“11OH H‘E‘OH H—C—OH
H,sC H =
view point (=:H3 CHs

(R)-Lactic acid i i
(R)-Lactic acid
Fischer Projection

COOH COOH COOH
Pl HOM~ C—a HO—C—H
HsC ﬁ\ =
view point =
CHz CH3
(9)-Lactic acid (9)-Lactic acid

Fischer Projection

Conversion of flying wedge to Fischer projectiomfioila for Lactic acid

5.10 DIFFERENCE BETWEEN CONFIGURATION AND
CONFORMATION:

We have used the term conformer to explain isomedased to the rotation about C-C single

bond of ethane and butane derivatives, and the ¢enfiguration to define some substituted
methane and ethylene in the present unit and aldbe previous unit (Unit 4). At first
glance it seems straightforward to distinguish oomfation and configuration. The
stereoisomerism which is due to the rotation abausingle bond is referred to as
conformation. Conformers are easily interconveeti#hd it is difficult to isolate the isomer.
On the other hand, when two compounds are diffdrettieir configuration, e.g., a pair of
enantiomers of bromofluoromethane, or a pair ofngetoical isomers, maleic acid and
fumaric acid, these are distinguishable compouadtsl their isolation is possible (see
section 5.2.3 of this unit).

However, if maleic acid can be converted into fumacid by heat, there remains some
ambiguity to classify conformational isomers andnfaurational isomers by their

possibility of interconversion. It would be moreaptical to classify them by their facility of
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interconversion. A new nomenclature was proposeerg/bterecisomers with lower energy
barrier of conversion are conformers (conformatiasamers), while those with higher

energy barrier are configurational isomers. If lagrier of interconversion is above 100 kJ
mol?, these are configurational isomer while if it @ver than 100 kJ md) these are

conformers. It was previously explained that th&ation about a C=C double bond is
restricted by the overlap of p-orbitals, while tio¢ation about C-C single bond is relatively
free. The rotation about a C=C double bond, howesen occur during the reaction; e.g.,
fumaric acid is converted into maleic acid by hegtfsee section 5.2.3 of this unit). Thus,
the difference between the rotation about a C-Cdbamd that about a C=C bond might
better be regarded as the difference of the redjereergy to achieve the transition state

involved in the rotation.

5.11SUMMARY:

The present unit may be summarized as:

4+ The stereochemistry, determines many chemical,ipdlyand biochemical properties
of the compounds.

+ The types of stereo-chemical situations are divioed classes called geometrical
isomers, conformational isomers and configuratios@iners.

4+ All of the isomers are studied as a way to undedsthe shapes and properties of
organic compounds.

+ Alkenes and cyclic compounds display geometriaahisrs.

+ In alkenes, geometrical isomers are labeledigsor trans- for the longest chain in
the alkene, or a8 andZ for substituents of higher priority attached te #ikene.

+ Cyclic alkanes are designated onlycas or trans-

+ Rotation around bonds in alkane structures, exdieglin ethane and butane, gives
rise to conformational isomers.

4+ There are an infinite number of conformations foy aarbon-carbon single bond, but

this book covers only the two extremes: the staggjand eclipsed forms.
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+

In the staggered form, the torsional angle betwattached groups is at 600. In the
eclipsed form, it is at Oo.
A staggered conformation of ethane or butane Haw/er rotational energy than the
eclipsed conformation.
Conformational isomers are drawn with the aid atetbline wedge, sawhorse, and
Newsman projections, and they are analyzed forrnate destabilizing steric
interactions.
Wedge-and-dash representations and Newman projectexe both ways of
visualizing three-dimensional molecules in two disiens.
Anti-conformations are usually the more stable wjsluche and eclipsed structures of
higher energy.
Analysis of cyclohexane derivatives pays attenttonsubstituents in axial and
equatorial positions, with equatorial substitudrgsig more stable.
The most stable form of cyclohexane is the chamfa@wnation. In this form, the
molecule has both axial and equatorial substituents
Cyclohexane undergoes a chair-boat-chair ring ifigvhich the axial substituents
become equatorial, and vice versa.

Interconversions between chair forms involve higbeergy structures known as
boat, twist and half-chair structures that are aivist

Cyclohexanes with axial substituents are less stéithn those with the same

substituents equatorial, because of unfavorabégantions among axial substituents.

5.12 TERMINAL QUESTION

Q. 1 Define configurational and conformational igym

Q. 2 Why the geometrical isomers are called diastaers?

Q. 3 What is cyclization method for determinatidrconfiguration of geometrical isomers?

Q. 4 How do you determine the configuration of getnoal isomerism using physical

method?

Q. 5 What are staggered and eclipsed conformatibakkanes?

Q. 6 Which conformation of cyclohexane is the netable and why?
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Q. 7 What will be the preferred position for metigybup in the conformation of methyl

cyclohexane?

ANSWERS

A. 1 The stereoisomerism which is due to the rotadloout a single bond is referred to

as conformation. Conformers are easily intercoiiierand it is difficult to isolate
the isomer. On the other hand, when two compoundés different in their
configuration, e.g., a pair of enantiomers of bro@momethane, or a pair of
geometrical isomers, maleic acid and fumaric aditgse are distinguishable

compounds, and their isolation is possible

A. 2 Geometrical isomers are non-mirror image of eattter hence they are called

diastereomers. Therefore their physical and chdmrogerties are different.

A. 3 Cyclization method Cyclization within a molecule (intramolecular) isually
depends upon the distance of two associating grotipanolecule. In other words
if the reacting groups are closer to each othen tha intramolecular cyclization
takes place more effectively. This principal is calbelps to identify the
configuration of geometrical isomers.

Let us take an example of two geometrical isomeBuiEnedioic acidife. Maleic acid
and Fumaric aciyl can be differentiated by possibility of formatioh anhydride.
Maleic acid which is is- form of Butenedioic acid can only give the respe
anhydride on heating; whereas, the trans- form wateBedioic acidife. Fumaric
acid) does not give its anhydride on heating. é¢f Bumaric acid is strongly heated it

get converted into Maleic acid.

Example : Cyclization of Maleic acid to Maleic anhydride. Farit acid does not give
the anhydride on heating.

H.____COOH H_ _C H_____COOH
C Heat C AN c Heat !
I(I: H,O (g /O g: ——— = No anhydried
— formation
H” T cooH HT  C Hooc  TH
Maleic acid Maleic anhyd(rjled Fumaric acid
cis-isomer trans-isomer
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A. 4 The geometrical isomers are non-mirror image aifheother hence are called
diastereomers. We have discussed in Unit 4 thadtetiomers have different
physical and chemical properties. Based on thig, fa@ can determine the
configuration of geometrical isomers by comparihgitt physical properties. For
example the melting point and absorption intengftthe cis-isomer are lower than
the transisomer. Similarly the boiling point, solubility, e of hydrogenation,
density, refractive index, dipole moment and digstan constant otis-isomer is
greater than th#ansisomer.

Thus if you have a set of geometrical isomers, thgncomparing their above
mentioned physical properties you can assign tb@figuration (means you can

identify thecis- andtransisomers).

Example : Diethyl maleate and diethyl fumarate are the andtrans form to each
other. The configuration of these can be determibgdcomparing their dipole
moment. The dipole moment of diethyl maleate is4R.5whereas the dipole
moment of diethyl fumarate is 2.38D. Based on #ut that the dipole moment of
trans form of an isomer is lower than that @& form, you can easily predict the

cis- andtrans form for diethyl maleate and diethyl fumarate.

H._ _-COOGHs H._ _-COOGHs
I I
C C
VN
W \COOCZH5 C,Hs00C H
diethyl maleate diethyl fumarate
dipole moment = 2.54D dipole moment = 2.38D

A.5 A conformation with a 60° dihedral angle is knoasistaggered conformation. The
angle between the atoms attached to the front @adcarbon atom is called dihedral

angle. A conformation with a 0° dihedral angle i®Wn as eclipsed conformation.
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H 60° H )
Ho I H H O
H/ H
HH
Staggered conformation Eclipsed conformation

A. 6 The chair conformation is considered as a rigidfarmation of cyclohexane in
comparison to boat conformation; because duringréonversion from chair to
boat conformation, some angular deformations armguired. These angular
deformations usually increase the energy barrielirferconversion from chair to
boat conformation. Therefore the chair conformatidrcyclohexane is the most

stable conformation.

A.7 There are two possible chair conformations forthylecyclohexane. In one
conformation the methyl group located at axial posj whereas in other
conformation the methyl group is located at equakgosition. When methyl group
is at axial position, it has 1,3-diaxial interactiowith hydrogen atoms at C3 and C5
carbons due to which the energy of such conformasiowery high in comparison to
the conformer in which the methyl group is at equat position. The conformer
with methyl group at equatorial position does nawé any kind of 1,3-diaxial

interaction hence is more stable.

H
H
HsC
—_— .
Axial conformer with Equatorial conformer
1,3-diaxial interaction with no 1,3-diaxial
interaction
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UNIT 6: ALKANES

CONTENTS:

6.1 Objectives
6.2 Introduction

6.3 IUPAC nomencleature of branch and unbranched akan
6.4 Classification of carbon atoms in alkanes
6.5 Isomerism of alkanes,
6.6 Sources
6.7 Methods of formation (with special reactions
6.7.1 Kolbe’s reaction
6.7.2 Corey-House reaction of alkanes.
6.8 Mechanism of free radical halogenations of alkanes
6.8.1 Orientation, reactivity and selectivity
6.9 Summary

6.10 Terminal Question

6.1 OBJECTIVE

By the end of the course the student should betable

* Recognize the hydrocarbon families, functionallpstituted derivatives of alkanes.
* Give the IUPAC names of the branched and unbranalkedies.

* Recognize by common name and structure the alkyl.

» Know the method of preparation of alkane.

» Understand the constitutional isomerism in alkane.

* Understand how branching affects the boiling pofran alkenes.

* Mechanism of free radical substitution with referemno halogenations.
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6.2 INTRODUCTION

The alkanes are hydrocarbons that only containesiogvalent bonds between their carbon
atoms. This means that they are saturated compptiadsno specific reactive functional
groups and are quite unreactive. The simplest allkeas only one carbon atom and is called
methane. These are saturated hydrocarbons bedaepenave the maximum number of
hydrogen atoms. Alkanes are also called Paraffiesalsse of little reactivity towards

reagents.

Members of a homologous series with general forr@ytyn.».

6.3 IUPAC NOMENCLATURE

The root or parent name for an unbranched alkanaken directly from the number
of carbons in the chain according to a scheme ahamzlature established by the

International Union of Pure and Applied Chemistry (IUPAC), as shown below:

Name Condensed Structure
Methane L£H

Ethane 4Cl;

Propane LHL,CH3

Butane §6H;),CHs
Pentane 40EH;)3sCHs
Hexane §€H,),CH;z
Heptanes {0EH;)sCH;
Octane §0EH,)6CH;z
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Nonane £EH,);CHs
Decane {0EH,)sCHs
Undecane 40EH,)oCHs
Dodecane 40EH,)10CH3

The IUPAC rules for naming linear and brarthiéanes are given below:

(i) The IUPAC name for an alkane is constructed of pands:

a) a prefix (meth... eth... prop..., etc.) whicdigates the number of carbons in

main, or parent, chain of the molecule, and

b) the suffix .aneto indicate that the molecule is an alkane.

(i) For brancheathain alkanes, the name of the parent hydrocarbdakien from th

(iii)

(iv)

longest continuous chairof carbon atoms.

Groups attached to the parent chain aked substituentsand are named based

on the number of carbons in the longest chain at wubstituent, and are
numbered using the number of the carbon atom opdhent chain to which they
are attached. In simple alkanes, substituents alledcalkyl groups and are

named using the prefix for the number of carbonshigir main chain and the

suffix .. yl. For example, methyl, ethyl, propyl, dodecyl, etc.

CH,-CH. —GlH —ZH, CH, -CH. —GlH —2H.CH,
ZH CH.CH,
rmethyl ethyl

If the same substituent occurs more than eam@emolecule, the number of each

carbon of the parent chain where the substituerursds given and a multiplier is
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used to indicate the total number of identical &tuents; i.e., dimethyl...

tri methyl...tetraethyl..., etc

f“h&rﬂf’" — “&Tﬁ“ﬁ“xq_
i i
2 SA=dimethy lbutane 2,5 G-trimethy lpentans
(v) Numbering of the carbons in the parent climi@ways done in the direction that
gives the lowest number to the substituent whickerisountered first, or, the
lowest number at the first point of differencetHére are different substituents at
equivalent positions on the chain, the substitugribwer alphabetical order is

given the lowest number.

_,-f—""-r _,_'—'—-F
r Ir’"’
= . e s T e e
7 T S T & e i i R T 7
=1 =1 = = - =
E-=thy iheptans=s Frae =ty lheptans
_t—"'-'-ﬂ-' _‘_'_’,_H"
| | I [
T T T e
= a = = =T

S—ethyg i— S rmethy fheptans=s ot S—ethyg IS —methe Theptans

(vi) In constructing the name, substituents are arrangedlphabetical order,

without regard for multipliers.

2,2, 5-trimethy Thexane 2,3, 5-imethy thexans
net 2.5 S5-trimrethylhexane perd 2 4 E-trimethy Thexane
CHj
CH3—C|:H—CH2—(|:H—CH2-CH3 CH3—(|:—CH2—CH2—CH3
CHs3 CH;—CHg CHj
4-ethyl-2-methylhexane 2,2-dimethylpentane

6.4 CLASSIFICATION OF CARBON ATOMS IN ALKANES
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By definition, aprimary carbon is one which is attached to one other or no otlaebon
atom, asecondary carbonis one which is attached to two C- atomdewiary carbon is
attached to three other C-atoms, anguaternary carbon is attached to four other carbon

atoms; these are often abbreviated a®"1 3' and 4 carbons.

[ Methyl carbon J—» CH; Tertiary carbon]

H O /H CH; Quaternary carbon]

C—C CH,

|
C
[Primary carbon I|{ CF, I|{ (|3H3

[Secondary carbon

Hydrogens always take the same class as tiersmto which they are bonded.
All hydrogens on grimary carbon areprimary. All hydrogens on aecondary

carbon aresecondary

e.g., CHCH,CH; : Propane contairiwo 1° carbons and oné’ 2arbon. There are

six primary and two secondaydrogens in propane.

6.5 ISOMERISM OF ALKANES

Different compounds that share the same molectdemula are known assomers
Alkanes exhibit structural isomerism.
e.g., The straight-chain structure and the branchedh structure represent the two

isomers of butane, #£1o.
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mbuwlane, CHCHCHCH, wobutane, (CH,LCH

Isomers of pentane

CHg
HC— CHb— CH— CHr—CHg HsC—— CH—CGHL,— CH: methylbutane

Pentane

HC——C——CHs
CHg
Dimethylpropane

Isomers of hexane
CHs

Hexane

CHg

2-methylpentane

CHs

HC— C—CGL— G4 H:C—— CH—CH—CHg HsC— CH,— C— CH,— CHg

CHg Oy CHs
2,2-dimethylpropane 2,3-dilmdpropane 3-methylpentane

6.6 NATURAL SOURCES

Petroleum and natural gas are the major sourcedipsfatic hydrocarbon. The oil trapped
inside the rocks is known as petroleum (PETRA — ROOLEUM — OIL). The olil in the
petroleum field is covered with a gaseous mixturevin as natural gas. The main

constituents of the natural gas are methane, ethamopane and butane. Alkanes are

UTTARAKHAND OPEN UNIVERSITY Page 130



ORGANIC CHEMISTRY-I BSCCH-102

primarily used as energy source through combustimh as raw materials for the chemical
industry. The first operation in refining is framtial distillation, which yields different alkane
fractions (still complex mixtures of many compoundsased on the volatility of its

components. The high demand for valuable low-mdégeneight alkanes (gasoline) led to
the discovery of other refining processes. Valuahtustrial methods to prepare many
hydrocarbons are the thermal and catalytic crackiffgrge hydrocarbons are broken into

small fragments under the influence of heat ancltalysts) and catalytic reforming.

6.7 METHODS OF FORMATION

6.7.1 Kolbe's electrolysis method:

Alkanes are formed, on electrolysis of concentragageous solution of sodium or potassium
salt of saturated mono carboxylic acids. The ebetiemical oxidative decarboxylation of
carboxylic acid salts that leads to radicals, wtdaherize. It is best applied to the synthesis

of symmetrical dimmers.

_ Anode Cathode
RCOON@s, — R-R +2C0; + INaOH + Ha

Electrolysis of an acid salt gives symmetrical akkkaHowever, in case of mixture of

carboxylic acid salts, all probable alkanes arenfmt.

RICOOK + RCOOK —————  RLR? + 2CQ + H, + 2NaOH
(R™-R* and R-R? are also formed).

6.7.2 By Corey-House synthesis:

Alkyl chloride say chloroethane reacts with lithiumpresence of ether to give lithium alkyl
then reacts with Cul to give lithium dialkyl cupeafThis lithium dialkyl cuprate now again

reacts with alkyl chloride to given alkane.
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Ether

CH3CH,CI + 2Li ——— CH3CHoLi + LICl
2CH:CH.Li + Cul — Li(CH3CH2)2 Cu + LiL
Li(CH3CH,).Cu + CHCH,CI — CH;CH,CH,CH3; + CH;CH,Cu + LiCl

6.7.3 By hydrogenation of alkenes: Sabatier and sdaren's method:

(a) Alkenes and alkynes on catatlytic hydrogenatjme alkanes. Catalyst Ni is used

in finely divided form.

0

Ni, 2067 C

CH,=CH, + H;

CHs-CH;3

Ni. 2067 C

CH=CH + 2H,

CHs-CH;3

6.7.4wun, reaction: A solution of alkyl halide in ether on heating wisodium gives

alkane.
R-X + 2Na + X-R —.....~ R-R + 2NaX

An alkyl halide on Wurtz reaction leads to the fatman of symmetrical alkane having an
even number of carbon atoms. Two different alkylides, on Wurtz reaction give all

possible alkanes.
CHsX + Na + GHsX — CH3;CH,CH3; + CH;CH3 + CH;CH,CH,CHj3

6.7.5 By Reduction of Carbonyl compounds:

The reduction of carbonyl compounds by amalgamaiad and conc. HCI also yields

alkanes. This is Clemmensen reduction.

Zn+Hg/HC]

CH3;CHO + 2H—— CH3CH3 + H,O
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Zn+Hg/HC]

CH3;COOH + 2H —— CH;CH,CH3 + H,O

Carbonyl compounds may also be reduced to alkan®gdif Kishner reaction

C;H.OH/Na

C=0+ HzNNHz —» “C=NNH;

—

CHaz + NHaNH;
180°¢

6.8 HALOGENATION OF ALKANE

Halogenation is a substitution reaction of one arenhydrogen atoms in an organic
compound by a halogen (fluorine, chlorine, bromioe iodine). This reaction is a
photochemical one. The products of this reactia ar alkyl halideor haloalkane and a
hydrogen halide.

Alkanes are not very reactive molecules. Howeuégl &alides are very useful reactants for
the synthesis of other organic compounds. Thush#hegenation reaction is of great value
because it converts uncreative alkanes into véesstarting materials for the synthesis of
desired compounds. This is important in the phasuacal industry for the synthesis of

some drugs. In addition, alkyl halides having twarmre halogen atoms are useful solvents,

refrigerants, insecticides, and herbicides.
CH, + Cb + energy —= CHCI + HCI
The reaction does not necessarily stop at oneitutist, and the reaction between methane
and chlorine produces dichloro-, trichloro- andaehloro- methane.
Chd+ Ch > CHCI+ HCI
CHCl + Cb > CHCI, + HCI

CHCl, + Cb >  CHC}+ HCI

CHCk+ CL, - CCl + HCI
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The process of substitution is random, so all gmasproducts result, though if there is
excess methane the main one will besCH while a large excess of chlorine will give

mainly CCl.

Mechanisms:

The substitution of a hydrogen atom by a chloriteraactually takes place in a number of
stages. Halogenation of an alkane takes place earadical reaction. The reaction
between alkanes and these halogens requires agyeswarce such as ultra violet (u.v.) light.
Typically, free radical reactions are describedhree steps: initiation steps, propagation
steps, and termination steps.

Initiation step: The photochemical energy is used to split theraidomolecule to form two
chlorine free radicals; the chlorine free radidase an unpaired electron — such a species is
calledfree radical. Single headed arrows are used during the movieofiensingle electron.
This is called thénitiation step.

N
}E_ILCI _hv 7

Free radicals are very reactive as they are triongpir up their unpaired electron. If there is

sufficient chlorine, every hydrogen will eventuallg replaced.

Propogation Steps:

The chlorine radical then attacks the methane mtdec
CH; + Cle - CHs» + HCI

The methyl radical from this reaction reacts witbhéorine molecule to form chloromethane
and new chlorine radical.
CHe+ Chb - CHCI + Cle

The chlorine radical starts the cycle again andptuzess continues. In the propagation

stage the Cle at the end can go on to attack an@hi and so the chain can go on for
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several thousand reactions from one initiation. SEhégwo reactions are called the
propagation stage The propagation stage continues until two radivedet to form a
molecule.
Termination Steps:
There are three possibilities for this reactionnc8 the ends the sequence it is called the
termination stage In this step free radicals are meet to form aemale.

Cle + Cle - Cb

Cle + CHse - CHsCI
CHe + CHe - GHg

The overall mechanism is callé@e radical substitution. The presence of traces ofHg in
the products shows that @GHradicals must have been formed. Of course, theatdms can
remove a hydrogen atom from g1, and so the reaction can go on to,CH, then CHC{
and finally CCl.

]
)
1]
3
-
o)
al
T
-
]
’)
]
"
T
[}
!
t]
i
o
d
3
o]
-
3
1
el
+
1
]
1]

Ciz —Qor 2 3§i- initiation stepE

CI i
hv
T
T nlen, —s w4 -CH, 1
a methyl radical ﬂ propagation steps
“CH; + :Ci—Ci: — CHzCi + :Ci* ]

SN AT
“CH; + *CHz ——> CH3CH; |[[termination steps]

The following facts must be accomodated by any aeasle mechanism for the

halogenation reaction.

(i) The reactivity of the halogens decreases in tHevihg order: > Cl, > Br, > |,.
(i) Chlorinations and brominations are normally exathier Fluorination is so
explosively reactive it is difficult to control, drniodine is generally unreactive.

(iEnergy input in the form of heat or light igoessary to initiate these halogenations.
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(iv) If light is used to initiate halogenation, thoussiodl molecules react for each photon
of light absorbed.

(v) Halogenation reactions may be conducted in eitieigaseous or liquid phase.

(vi) In gas phase chlorinations the presence of oxygemadical trap) inhibits the
reaction.

(vii)) In liquid phase halogenations radical initiatorsctsuas peroxides facilitate the

reaction.

6.8.1 Orientation, reactivity and Selectivity:

When alkanes larger than ethane are halogenamaerg products are formed. All the

hydrogens in a complex alkane do not exhibit egeattivity. Hydrogens attached to more
highly substituted carbons (ie. carbons with maaybons attached to them) are more
reactive in free-radical halogenation reactionsabee the radical they form is stabilized by
neighboring alkyl groups. These neighboring alkyglups have the ability to donate some of
their electron density to the electron-deficierdical carbon (a radical is short one electron

of filling the atom's valence octet).

For example, propane has eight hydrogens, six emtlbeing structurally equivalent
primary, and the other two beingecondary If all these hydrogen atoms were equally
reactive, halogenation should give a 3:1 ratio dfalopropane to 2-halopropane mono-
halogenated products, reflecting the primary/seapnchumbers. This is not what we
observe. Light-induced gas phase chlorination &@§ives 45% 1-chloropropane and 55%

2-chloropropane.

CH3-CH,-CH; + Ch —— 45% CH-CH,-CH,CI + 55% CHCHCI-CH;

Propane 1-chloropropane 2-chloroprapan

The results of bromination (light-induced at 25 °&f even more suprising, with 2-

bromopropane accounting for 97% of the mono-bronoolyct.

CHs;-CH,-CH; + Bp

> 3% CH-CH,-CHBr + 97% CH-CHBr-CHg
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Propane 1-bromopropane 2-bromoropropane

These results suggest strongly that 2°-hydrogessirdrerently more reactive than 1°-

hydrogens, by a factor of about 3:1.

3°-hydrogens are even more reactive toward halaggns. Thus, light-induced chlorination
of 2-methylpropane gave predominantly (65%) 2-atirmethylpropane, the substitution
product of the sole 3°-hydrogen, despite the psehnine 1°-hydrogens in the molecule.

(CH3)sCH + Cp —— 65% (CE)3CCl + 35%(CH),CHCH.CI
2-gid-2-methylpropane  1-chloro-2-methylpropane

In the above reaction hydrogen on the tertiary @aris abstracted in preference to the 9
other hydrogen atoms attached to a primary carbocatbon that is attached to only one

other carbon atom) because it forms a more stallieal.

It should be clear from the above reactions thathizdrogen abstraction from alkane by a
free radical is the product determining step. Oacearbon radical is formed, subsequent
bonding to a halogen atom (in the second step) aaly occur at the radical site.

Consequently, an understanding of the preferenceulbstitution at 2° and 3°-carbon atoms

must come from an analysis of this first step.

First Step: ECH + X ——>R3C- + H-X

Second Step: K- + X —> R CX + X

Since the H-X product is common to all possiblectieas, differences in reactivity can only
be attributed to differences in C-H bond dissooratenergies. Product distributions are
governed by the number and relative reactivitieqydrogens, and the reactivities of the

reactants.
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CHs CHa
Cly i
— 2 CH3CHCH,—Cl + CH3CCHs
|
CHj 500°C 90 : 10 C!
CH3GHCH S, 300°C 64 : 36
CH CH
Bry i3 i3
—l CH3CHCH,—BTr + CH3CiCH3

1 : 99 Br

There is an activation energy difference betweenftiimation of primary and secondary
radicals; therefore, the latter is more abundang.FFurthermore, bromination is more

selective than chlorination because of the muctetawactivity of the bromine radical.

A

AE r|:H3
CH3CHCH3 + Cl»

.?HE CHz
1 |
CH3CHCH2+ + HCI CH3CHCHg- + HBr

GHa
CHs

i
| CHaCCH3 + HB
CHLCHy + Hal . S e

CHs

1
CH3CHGH3 + Bre

reaction coordinate

Fig. Energy changes occurring during the formation afmpry and secondary

radicals in free-radical chlorination and bromipatbf isobutane.

6.10 TERMINAL QUESTION

(1) Name the following alkyl halides according to IUPAC rules.

[EEN
T
m—0—T
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CHj3 Br
2. CHs
HsC
Br CH3
3.
C|1H 3 CH 5
CH 3—? —CH,—CH—CH
CH 5
4,

CH ,

CH3_CH _CHQ_CH _CHE_CH3

CH,

CH.,

CH,

(2) Draw structures corresponding to the following IUPAC names.

(a) 2-chloro-3,3- diethylhexane (b) 4- setyb2-chlorononan

UTTARAKHAND OPEN UNIVERSITY Page 139



ORGANIC CHEMISTRY-I BSCCH-102

(3) The reaction shown below is what type?

Cle + CH —> HClI + €.

A) addition B) termination C) propagatioD) initiation

(4) Complete the following reaction.

GHCHy-CH; + B —h—>

(5) Draw out and name the structural isomers ¢ gand GH1..
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UNIT 7: CYCLOALKANE

CONTENTS:
7.1 Objectives
7.2 Introduction
7.3Cycloalkanes
7.3.1 Nomencleature,
7.3.2Methods of formation,
7.3.3 Chemical reactions
7.4 Baeyer's strain theory and its limitations

7.5 Terminal Question

7.1 OBJECTIVES

By the end of the course the student should betable

* Recognize the cyclic hydrocarbon families, funcéiibyn substituted derivatives of
cycloalkanes

* Give the IUPAC names of the branched and unbranchedalkanes.

* Know the methods of formation of cycloalkane.

» Know the chemical reaction of cycloalkane.

* Know the Baeyer’s strain theory of cycloalkane @adimitations.
* Know the meaning of the terms angle strain, toicstrain, and van der Waals

strain.

7.2 INTRODUCTION

The cycloalkanes are the monocyclic saturated logtbmns. In - other words, a
cycloalkane consists only of hydrogen and carbomatarranged in a structure containing a
single ring it may contain side chains, and alltbé carbon-carbon bonds are single.
Cycloalkanes are named like their normal alkanentmparts of the same carbon
count: cyclopropane, cyclobutane, cyclopentaneptyetane, etc. The larger cycloalkanes,
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with more than 20 carbon atoms are typically catgcdoparaffins In all cycloalkanes

carbon of ring are saturated and kgbridized.

7.3 CYCLOALKANE

For a simple cycloalkane the general molecular tdans GH,,, where n is the total number
of carbons. This formula differs from the genehiula for an alkane (Ei2n+2) by the lack

of the two additional hydrogens (the "+ 2 term")s A general rule, every ring which is
constructed from an alkane reduces the numberdrblggns in the molecular formula for the

parent hydrocarbon by two.

You should note that, in the smaller ring sizes4(and 5), the bond angles are significantly
less than the tetrahedral angle 109Fhis results in a significant amount of ring Btrin
these compounds which make many small rings subtepb ring-opening reactions. The
bond angles in a six-membered ring match well whtn tetrahedral geometry of carbon and
there is virtually no ring strain in these composin®ings which are seven-membered and

larger are highly distorted, and again display ificgmt ring strain.

A o O O

cyclopropane cyclobutane cyclopentane cyclohexane

7.3.1 Nomenclature:

The nomenclature for a simple cycloalkane is basedhe parent hydrocarbon, with the
simple addition of the prefigyclo. A three-membered ring is therefore cyclopropdoe:-
membered, cyclobutane, five-membered, cyclopentrenembered, cyclohexane, etc.

H - /I—I
L = e _,.-FI T
= o
N, f_H
Ho g
E B2 - PenTans
-~ T K“'an allcanc
Fiwe marbhon=
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As a convenient shortcut, cyclic structures arealigudrawn using line (structural or line-
angle) drawings, as shown above. Again, it is irtgdrto understand that every vertex in
these drawings represents a £bgroup, every truncated line a -gHroup and intersections
of three or four lines represent 8r 4° carbons, respectively. Substituents on cycloalkane
are named using the conventions described for atkawith the exception that, on rings
bearing only one substituent, no number is nee8ebstituted cycloalkanes are named as
alkylcycloalkanes. When more than one substituaréspresent, number the ring beginning
with one substituent in the way that gives the sekistituent the lowest number possible.

i_“"'“-\«_ T

I_/‘—'-\_r-.'..'.;—j
rmethy oy clop-opan=
{no number is teeded)
T /CHS
[

—_

- —
CH OH T

i—ethyi—-4—-methulcy ciohexane
Cas=sign numbers slphabzticallyl

L) N
&
'l WF [
! ! =
5, -
. o

|
]
.
2
=
a
T
-
]
i
.
T
=
b
&

ronn 1—=1 —raa-ho 1o, s lohoes ara
ooy 1-1 —mathy 1oy cloherrans

7.3.2 Preparation of cycloalkanes:

(i) By Perkin’s Method: In this method vicinal dihalide reacts with diestédicarboxylic
acid followed by hydrolysis and heated form cydkaale.

CH_Br COOC_H, CH. cooCc_ H

2 =M 2 o zMs

+ Ma,C —_—- | [
CH.Br COoOOC H, CHZ/ ECOOCHHO
l HOH

CH. CH, CH. CoOoH

2 a 2 & T
| ;CHZ sodalims | >HCOOH co_ | /-/'C “-i
CH, CcH cH CoOoH

cyclopropane

(ii) By pyrolysis of divalent metal salts of dicarboxylic acidgWislicenus method):In this
method salts of dicarboxylic acids heated followey reduced with Zn/Hg-HCI form
cycloalkane.
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H.C — CH, —COO CH.— CH, — CH, — CH,
heat _ Zn/Hg
fBa “Baco, | //___,C =0 AC | CH,
H.C — CH, —COO CH, — CH, CH, — CH,
barium adipate cyclopentanone cyclopentane

cCoo
@y, M e tgHz}aLo — e, |:£H2L le
too —

—MCO 4H
oo N

a cycloalkanone cycloalkane

(iif) By Freund reaction: Elimination of terminal halogen atoms from dihalidegh Na or
Zn dust gives rise to the formation of cycloalkan€se method can also be regarded as
intramolecular Wurtz reaction. This can be usegbrepare cycloalkanes from three to six

carbon atoms.

CH.X CH: CH. CH,Br H.,
| - 7n | :"-u\..q___“ H"‘"\_ﬂ_ﬁ_ //" | L
.z, CH, . __2Zn_ L {HC)LC
(CH_Jn — CH.X (CH)—" CH O CH_Br T CH,

1,1 - dimethylcyclopropane
NG L g _meomn, PR
H,C — CH,Br Nal H.C—
(0% yield)

(iv) By the use of carbenes:

Carbenes are unstable intermediates in which cahlsnpair of unshared electrons. These
are neutral species and have no formal chargez(m@#ihylene) is the simplest member of
this series. On account of greater stability doladrbenes (:CX are also used. Carbenes are
easily prepared in solution as shown below andha same form they are used for the

reaction. This method is very useful for the pregan of small ring compounds.

CHCI,
CCI,COONa %.. -CCl, Dichlorcarbene
CCl, - CO - CCl,

Methylene is prepared as follows

CH,l, + Zn (Cu) —=MET . :CH, + Znl,

carbene
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Cyclopropane and its derivatives can easily begrexpby the use of carbenes.

CHyl, + CH, = CH:% A

cyclopropane

CHIl.+HC=C-H ———» H.C —C —H

methylcyclopropane

‘CBr, + | _— CBr,

(v) Reduction of a cyclic ketone
The Wolff-Kishner carbonyl reduction is a good ne&thfor converting carbonyl group
directly to methylene group. It involves heating thydrazone of carbonyl compound in the

presence of an alkali and a metal catalyst.

0 KOH in

g . r"i]Hz tristhwlene O
—»
MH ghycol

cyclohexane (80% yield)

The Clemmensen’s and Wolff- Kishner carbonyl regluns complement each other, for the
former is carried out in acid solution, and thetdatin alkaline solution. Thus, the
Clemmensen carbonyl reduction may be used for iadkalsitive compounds where as
Wolff-Kishner carbonyl reduction is the method dfoece with acid sensitive compounds.
vi) From aromatic compounds: Six membered cyclo compounds can be easily olutdige

the catalytic reduction of benzene and its denesti

= aizzee%o
23 on -

benzenes crclohexans

OH

2 H
by e o 1 T duist
+ 3H: S
Fn

phenal cyclohexanol cyclohexanes
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Physical properties

The cycloalkanes resemble the alkanes in physrcgigoties. They are insoluble in water but
soluble in many organic solvents and are lightanttvater. The melting and boiling points

of cycloalkanes are ten to twenty degrees highem the corresponding alkanes (open chain
molecules). Some comparative boiling point (B.FPnglting point (m.p.) and density of

alkanes and cycloalkanes are as follows:

Density,
Compounds Bp, °C Mp, °C & g ml-?
propans —42 — 187 0.580°
cyclopropane —33 —127 0.6892
butane —05 —135 0579y
cyclobutane 13 —30 0.689%
pentanes 36 —130 0.626
cyclopentane 49 —94 0.746
hexane G2 —as5 0.659
cyclohexane a1 7 0778
heptane a8 —91 0.684
cycloheptane 119 —8 0810
octane 126 —57 0.703
cyclooctane 151 15 0.830

aAt —40° PUnder pressure.

The melting and boiling points of cycloalkanes ammewhat higher than those of the
corresponding alkanes.

7.3.3 Chemical reactions:

Cycloalkanes are relatively inert towards the axctiof common reagents at room

temperature. But cyclopropane and cyclobutane xaeptions and show a tendency to react

with opening of the ring. Cyclopropane forms adufitproducts with ring fission, as show:
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Cl_ s Dark
= CI(CH,},Cl Addition reaction
+Br_
*= Br(CH.),Br 1.3-dibromo propane
+HBr
CH, *= CH,—- CH, - CH.Br 1- bromopropane
+Mi, H_
H.C CH, 150°C » CH. - CH. - CH; Propane
+H_S0,
# CH,-CH,-CHHSO,
+KMnO, _
*» [Mo reaction
HI

CH, — CH.— CH, — |

All other cycloalkanes show the reactivity expedbgcalkanes, i.e. they react by substitution.

In diffused light, cyclopropane reacts with chl@into give substitution product.

Br2
A —— BrCH,CH,CHBr . : :
Rlng opening reaction
CH; CH,
| \CHﬁ + L. h4\'|- | \ CH — Cl Free radicle substitution
cn i —Hc! cn

=

Oxidation: Cycloalkanes are oxidized by alkaline potassiumma@ganate to dicarboxylic

acids involving ring fusion.

o EHR
- e

Ha

5

0

k

CH G HzCOOH

]

[

CiHa
Hao Ha A Eh AT CHaCHa S OO H
el el (Adipic acid)

0

L CHz’/

7.4 STABILITY OF CYCLOALKANE; BAEYER STRAIN
THEORY

Adolf Van Baeyer, a German chemist, in 1885, pregoa theory to explain the relative

stability of cycloalkanes. The theory is based be fundamental concept of regular
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tetrahedral structure as given by Vant Hoff andBe¢ According to them “the tetravalency
of carbon atom are directed towards the four carioéra regular tetrahedron with carbon
atom at the centre making an angle of °289 between any pair of such valencies.” He
argued that because the bond angles of small 1(&@s for cyclopropane and 90for
cyclobutane) are significantly lower than the teédral angle (10975 the rings suffer from
strain (angle strain) and so are highly reactieadily undergoing strain-relieving ring
opening reactions. Baeyer's arguments for largeyelc were that, beyond cyclopentane
and cyclohexane, the bond angles became signifychigher than the tetrahedral angle,
leading to the opposite kind of ring strain andtabdity. This argument was erroneous,
especially for the larger rings, because Baeyenrasd planar structures. In reality, only
cyclopropane is truly planar, the rest having puelestructures. Despite this error,
Baeyer’s ideas on angle strain are still very usefu

Strain § = 15(109°28'- bond angle) where all the carbon atamthe ring are in the same
plane. Suppose there amecarbon atoms in the ring, then the bond anglangf would be

nx 1800 — 3600 180° (1 — 2)

M M

The amount of strain (&} in the vanous cycloalkanes would be as -

cyclopropane 5= (109= 28" — B607) = 24~ 44"
cyclobutane [S= (100° 28" — 90°) = 9= 447
cyclopentane 5= (109° 28" — 1087) = 0° 44°
cyclohexane 5= (109= 28" — 120°) = -5~ 16"
cycloheptane 5= (109= 28" — 128.5%) = —9° 33’

cyclo octane 5= (109° 28" — 135°) = —12° 45’

[ L o e A | e o | I = | T o =)

It can be seen from the above data that the lovadse of the devitation is found in five and
six-membered rings and so cyclopentane and cychfeare the most stable systems.
The negative value of angle strain indicates thatltonds are bent outwards. The Baeyer’'s
strain theory could easily explain the greater tigdg of cyclopropane and cyclobutane and

the stability of cyclopentane and cyclohexane rings
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Cl

Cl, dark . Cl, he
——— no reaction, _—

In above example cyclohexane is stable ring, sannot react in dark but in the presence of

sunlight free radical substitution reaction occurs
Heats of Combustion and Relative Stabilities of Cycloalkanes

Stability, according to heats of combustion, reachemaximum at cyclohexane and then

decreases slightly until the ring size reachesa& Bhown in the table below.

Ring size Heat of combustion per
CH/kJ mol™
3 696.4
4 685.5
5 663.4
6 657.9
7 661.7
8 662.9
12 658.8
17 657.1

The heat of combustion per GFor alkanes is 657.9 kJ nibl

From the above data, it is possible to calculatg strain energy by subtracting the value
657.9 kJ mat from the figures in the table and multiplying hetnumber of Chiunits in
the rings. It can be seen that cyclopropane andoloytane are indeed strained, but

cyclopentane is more strained than predicted by®&&etheory and for larger rings, there is
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no regular increase in strain. Furthermore, ringmore than 14 carbon atoms are actually

strain-free.
The Nature of Ring Strain

The complex picture presented above can be explang by supposing that cycloalkane

minimum-energy conformations result from the baiagof three kinds of strain:

Angle strain: It is the strain induced in a molecule when tbadangles are different
from the ideal tetrahedral bond angle of 109i.%., the strain caused by distortion of

bond angles.

Torsional strain — it is caused by repulsion between the bondiegteins of one substituent
and the bonding electrons of a nearby substitientthe strain caused by eclipsing of bonds
on adjacent atoms.

Steric strain — the strain caused by repulsive interactions wh@mbonding atoms are too
close to each other, i.e., it is caused by atongraups of atoms approaching each other too
closely.

Cyclopropane and cyclobutane, with ring angles@fahd 90 respectively, suffer from the
most angle strain and even the two main conformkcyclopentane have a small amount of
angle strain. Apart from angle strain, the singlanpr conformer of cyclopropane has

eclipsed C-H bonds, with maximum torsional strain:

H
C

N
H/ H

The larger rings can minimize torsional strain byogting puckered (nonplanar)

conformations.

Cyclopropane: an Orbital Picture of Ring Strain

In normal saturated compounds, the carbon atomspate/bridized, with C-C-C and H-C-H
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bond angles close to 109.®verlap between the atomic orbitals involvedniese bonds is a

P Y /A )

Propane with maximum

maximum.

Cyclopropane, with bent
o {sps} bonds

overlap in o {sps} bonds
In cyclopropane, the C-C-C bond angle cannot be50€o there is poor overlap making the

C-C bonds weaker than in open chain equivalents.

The Conformations of Cyclobutane and Cyclopentane

Like cyclopropane, the planar conformation of cicitane has considerable bond strain and
torsional strain and hence the more favorable camdo of cyclobutane is puckered, with one
carbon atom laying some 26ut of the plane formed by the other three cartmms. This
conformer has rather more angle strain but corsiddgtess torsional strain, because the C-H

bonds are not fully eclipsed.

MIN O R MAJOR

angle C-C-C =900 angle C-C-C < 900

H H ;

S H : H

_c==T_—cH: v

H H/

H H

planar conformer: less )
angle strain but more puckered conformer:
torsional strain (eclipsed angle strain more, but
C-H bonds) less torsional strain

A similar, but more complex situation arises inlopentane, the two puckered forms being
(about equally) more favorable than the planar @onér. Generally cyclic alkanes found in
nature have five or six-membered rings. On theratla@d, compounds with three and four-
membered rings are found much less frequently. ©biservation suggested that alkanes
with five- and six-membered rings must be more Istdban those with three- or four-

membered rings. It was proposed that such instambuld be explained on the bases of
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angle strain. Ideally, a $jybridized carbon has bond angles of 1895 a result, stability
of a cycloalkane may be predicted by determining lobose the bond angle of a planar
cycloalkane is to 109’5 The angles of an equilateral triangle ar& Gherefore, the bond
angles in a planar cyclopropane are compressedtfieriieal bond angle of 109.6® 60, a
49.5 deviation causing angle strain. As described eartiormal sigma bond between two
carbon atoms are formed by the overlap of spborbitals that point directly at each other.
In cyclopropane, overlapping orbitals cannot paliectly at each other. Therefore, the
orbital overlap is less effective than in a norr@aC bond. Hence, the less effective orbital

overlap causes the C-C bond to be weaker and teugsily broken i.e. reactive.

For example, cyclopropane could be readily hydratgsh to propane. Because the C-C
bonding orbitals in cyclopropane cannot point diseat each other, they have shapes that
resemble bananas and, consequently, are ofterd dalegana bonds In addition to angle

strain, three-membered rings have torsional stagira result of the fact that all hydrogen

atoms are eclipsed.

Similarly, the bond angles in planar cyclobutaneailddave to be compressed from 1096
90", the bond angle associated with a planar squdamaP cyclobutane would then be
expected to have fewer angles strain than cycl@repbecause the bond angles in

cyclobutane are only 19.away from the ideal angle.

Considering angle strain as the only factor, it wesdicted that cyclopentane be the most
stable of cycloalkanes because its bond angles’\#08 closest to the ideal tetrahedral one.

In addition, it may be predicted that cyclohexaw@h bond angles of 120would be less

stable.
Cycloalkane Strain Energy (kJ/mol)
Cyclobutane 110.9
Cyclopropane 114.2

In contrast to smaller rings, distortion from pletain cyclohexane relieves both the angle
and torsional strain of the planar structure. Omoee, the internal angle in a planar hexagon
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is 120, larger, not smaller, than the ideaf smgle. Deviation from planarity will decrease
both this angle and torsional strain from the sakof eclipsed hydrogens in planar model.
This energy minimum cyclohexane is called the cliaim. In the chair conformer of
cyclohexane, all bond angles are 1ahd all the adjacent bonds are staggered. Eqgahtori
carbon-hydrogen bonds are parallel to the ringaadarbon bonds one bond away in chair
cyclohexane. Axial carbon-hydrogen bonds are paralhd pointing either straight up or

down in chair cyclohexane.

Equatorial carbon-hydrogen bonds are parallel eéorthg carbon- carbon bonds one bond
away in chair cyclohexane. Axial carbon-hydrogemdso are parallel and pointing either
straight up or down in chair cyclohexane Cyclohexaapidly interconverts between two
stable chair conformations because of the easetation about its C-C bonds. Such process
is called ring flip. When the chair form intercomyeébonds that are equatorial in one chair
conformer become axial in the other chair conforamsd vice versa. Cyclohexane can also
exist in a boat conformation similar to the chanformer; the boat conformer is free of
angle strain. However, the boat conformer is nostable because some of its bonds are
eclipsed, giving torsional strain to the molecuiteaddition, the boat conformation is further
destabilized by the close proximity of the “flagpdiydrogens” which causes steric strain.

Cyclohexane conformations:

Cyclohexane is one of the most important. If theboas of a cyclohexane ring were placed
at the corners of a regular planar hexagon, all#@ C bond angles would have to be 120°.
Because the expected normal C-C-C bond angle shHmildear the tetrahedral value of
109.5°, the suggested planar configuration of dyekane would have angle strain at each of
the carbons, and would correspond to less staldologxane molecules than those with

more normal bond angles. The actual normal valughe C-C-C bond angle of an open-
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chain —CH—CH,—CH,— unit appears to be about 112.5°, which is 3° tgrethan the
tetrahedral value. From this we can conclude thataingle strain at each carbon of a planar
cyclohexane would be (120° — 112.5°) = 1.5°. Angtmin is not the whole story with
regard to the instability of the planar form, bexmin addition to having C-C-C bond angles
different from their normal values, the planar stane also has its carbons and hydrogens in

the unfavorable eclipsed arrangement, as showailowiing figure.

Fig: Cyclohexane in the strained planar configuratioonshg how the hydrogens become

eclipsed
) H H 5
. B _ g
<@ e e -~ ¥
. 1’ I = hy
i-f" £ i H - aseasss= \ ey H
‘)'qf R J{ H S
“) 'hn)
chair conformation of cyclohexane chair conformation
. H H
H P B O o E NP o ~H
: L) .
b Bt N %
H H

New man projection

#
A
(
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Therefore the chair form is expected to be morblstdnan the boat form because it has less
repulsion between the hydrogens.

7.6 TERMINAL QUESTION

1. Complete the following reaction

light
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2. The structure of compound with molecular form@Q4#i;» that has only 4and 2 H

atoms is :
(a) 1- Methyl cyclo-pentane
(b) 1,1-Dimethyl cyclobutane
(c) Cyclohexane
(d) 2-Methyl pent 2-ene
3. Which of the following is the key intermediatethe chlorination reaction below?

hecat
cyclopentane | Chb

H H - Cl
+ . o .
A) B) @) D)

chlorocyclopentanc
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UNIT 8: ALKENES

CONTENTS:

8.1 Objectives
8.2Introduction
8.3Nomenclature of alkenes
8.4 Isomerism of alkenes
8.5 Methods of preparation
8.6 Physical properties of alkenes
8.7 Chemical reaction of alkenes
8.7.1 Mechanism involved in hydrogenation
8.7.2 Electrophilic and free radical addition
8.7.3 Markownikoff’s rule,
8.7.4 Hydroboration oxidation,
8.7.5 Oxymercuration reduction,
8.7.6 Ozonolysis
8.7.7 Oxidation with KMnfand OsQ
8.7.8 Polymerization of alkenes
8.8 Industrial application of ethylene and propene
8.9 Summary

8.10 Terminal Question

8.1 OBJECTIVES

By the end of the course the student should betable

* To name alkenes using proper IUPAC nomenclature.
* Structure and bonding of alkenes leads to theingoenable to rotate around the
double bond and results in the formation of cis atrdns isomers for

disubstitutedalkenes.
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* Isomerism of alkenes.

» Various methods of alkene preparation

* Physical and chemical properties of alkene

* Draw the major product of the addition reactioranfalkene with diborane followed
by basic hydrogen peroxide.

* Use Marknovnikov’s rule to predict the major protiof an addition reaction of an
alkene.

» Draw the major product of the addition reactioranfalkene with mercuric diacetate

followed by water

8.2 INTRODUCTION

An alkene in organic chemistry is an unsatura@etlec hydrocarbon containing at
least one carbon to carbon double bond. The simplkenes, with only one double bond,
form a homologous seriet)e alkeneswith general formulaC,H,,. A double bond is @
bond and atbond. Amtbond is weaker than@bond and hence more reactive tlmabonds.
Due to this,;tbonds are considered to be a functional grougkeds are also called olefins
(from Greek: ‘oil-formers’) and vinyl compounds. ri@nal alkenes have the double bond at
the end of the carbon chain (on a terminal carbwhgreas internal alkenes have the double

bond on non-terminal carbon atoms.

PO N W

' Terminal alkene Internal alkene Cycloalkene
Double bond

8.2.1 Structure of Alkenes:

In alkenes the bond angles about each carbon aublel bond are about 12@oth carbons
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are sp hybridized and so the geometry of an alkene dobbtel is based on a trigonal plane.
The alkene double bond is stronger than a singlaleat bond and also shorter with an
average bond length of 133 picometer. The C-H bamed<ormed by overlap of $prbitals

from the carbon overlapping with 1s orbital fronethydrogen. The ethene C-H bonds
contain more s character than the ethane C-H bandsare therefore shorter and stronger.
spf has 1/3 s, whereas®p/4 s character. s orbitals are closer to theeuschnd lower in

energy. The carbon-carbon bond in ethene is shardr stronger than in ethane partly
because of the &3’ overlap being stronger than®ssp’, but especially because of the extra

rtbond in ethene.

H\;f—i 33 /\H/H H\ |-c—| 54 /\_}I 3 H H
== C > ii6G.6 \\\\\\C—Cff‘/
/ = K_x I 3 \
B Q%P 121.7%N 4 ¢ g%" 1=
ethylene ethane

The 1t bond exists with half its electron density abolie & bond, and half below. The
unhybridized2p atomic orbitals, which lie perpendicular to thare created by the axes of

the threesp? hybrid orbitals, combine to form the pi bond.

n bond m bond

8.3 NOMENCLATURE OF ALKENE

According to IUPAC nomenclature, alkenes are idiemtiby the suffix —ene. Number the

chain beginning at the end closest to the doubfel s that the double bond will have the
lowest carbon number.
- Name branched or substituted alkenes in a manméiasito alkanes.
« Number the carbon atoms, locate and name subdtiyrenps, locate the double
bond, and name the main chain.
« Cisandtransisomers must be designated by the appropciat®r trans prefix.
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[ e S e | cH
HoC 0 T g e e 3
ik | ik = 2=C H,

[ HC S = 1
oH CH,

5 Ethyniyl 1.2.5 hoptatricnc S3.4-Dipropyl-1 3-hexadien-5-vne
CH2:CH(CH2)5CH3 CHz(CHz)zC:C-CHg
1- octene 2- hexene
CH=CH, CH;CH=CH, CH3C(CHg)=CH,
Ethene Propene 2-Methylpropene

CH3;CHCH,CH,CH==CH,

1-Hexene
1 2 3 4 1 2 3 4 5 6
CHy;,=CH —CH,CHgy CH3—CH=CH —CH,CH,CH3
but-1-ene hex-2-ene
(iHs CH,CHg3
CHa—ﬁ—CH=CH—CH3 CH,=CH—C —CH,—CH=CH,
CH2CH2CH3
4-methylpent-2-ene 3-ethyl-3-propylhexa-1,5-diene
=1 e Hall e B~ A e 2=l Ha
Hai =.7"'3 PP Ty e 2
A 4 e 2 T H |
e el R L.
H,C ' TCH,
5 5-Dimethyl-1-hexzene A4-%inyl-1-he pten-5-yne
H H H
Hzc:C_CH ch 3 H3C_C:C_CH 2CH 3
1-butene 2-pentene

H H
Hzc:C_C:CH 2
1,3-butadiene 1,3,5,7-cyclooctatetraene

Compounds with two double bonds are called dietese double bonds are trienes, etc. For
branches, each alkyl group is given a number, heitdouble bond is still given preference
when numbering the chain.
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8.4 ISOMERISM OF ALKENE

The geometry of the C=C bond is determined byxtiend. The rotation about the
carbon-carbon double bond is very difficult and rédfiere severely restricted. As a
consequence substituted alkenes exist as one oistwiters called a cis isomer and a trans
isomer. When similar groups are on the same sideeoflouble bond the alkene is said to be
cis. When similar groups are bound to opposite sidde double bond it is said to be trans.
cis-trans isomerism to occur there must be a dooduhel and two different groups on each of

the double bonded carbon atoms. E-Z and cis-tremsliferent terms for the same type of

isomerism.
R/C\H H/C\R
E- isomer Z- isomer

e.g., isomers of butene

HC H HsC CHs HQ H
\N_/ __/ /
c—c\ /C—C\ C—C\
H/ CHg H H HC H
trans- but-2-ene cis- Begne 2—methylpropene

The cis and trans isomers will be chemically venyilar, though not quite identical, and will

have slightly different melting and boiling points.

cis-2-Butene trans-2-Butene
CH CH CH H
\a il ER -
C==C +1 effects /C =C\ +1 effects
H/ 3 \H reinforce H CHa, cancel
Smallnetdipole Zero netdipole
B.p.40C B.p.10C
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In general, a cis alkene is more polar than a tadkene, giving it a slightly higher b.p. and

making it somewhat more soluble in polar solvents.

CH3CH CH,CH CHLCH H
3 2\C_C/ 2 3 3 2\C C/
e ~N e ~N
H H H CH2CH3
cis-3-hexene trans-3-hexene

Common Names

Important groups derived from alkenes.

CHy,=CH— CHy,=CH—CH,—
vinyl allyl

8.5 METHODS OF PREPERATION
8.5.1 Dehydration of Alcohols:

Dehydration is a process of removal of th€®Hrom a substrate molecule. When heated with

strong acids catalysts (most commonlySKEy, HsPOy), alcohols typically undergo a 1, 2-
elimination reactions to generate an alkene an@émnwathe more stable alkene is the major

product; this product may arise from the rearrarg@rof the original carbon skeleton.

|| N._/

CI C — /C =C\
| -H,0
H OH
Tertiary alcohols are usually dehydrated underesély mild conditions:
CH ,
I 20% aq. H,SO, (|:|H 2
H 3C_C_OH o T C + H 20
I 85°C HsC~  CH
CH 3 3 3
tert-Butyl alcohol 2-M ethylpropene (84% )

The dehydration of alcohols can also be takes @gqeassing the vapors of an alcohol over
heated alumina(AD3) at 623K (350°C).
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AloCig, G232 K
RCHz— CHzOH =3 R CH=CHz

alocohol — Hz O allkerns=

For example,

Alodg, B23 K
CzHsOH === CHz=—CHz

ethanol — Hzo ethene

The order of the ease of dehydration of alcohgl&ersiary > secondary > primary.

8.5.2 Dehydrohalogenation of Alkyl Halides

Dehydrohalogenation is the removal of a halogematod a hydrogen atom from adjacent
carbons. When heated with strong bases (sodiunotasgium hydroxides or alkoxides) in
alcohol, alkyl halides typically undergo a 1,2-ahation reactions to generate alkenes.
Regioselectivity is usually controlled by the relat stability of the product alkenes. The

most stable alkene is usually the major productafe than one product is possible.

I —
«
H =1 Br. TL (F)

CH 3 CH
mc—’—ar + HO: —— H,c==<_ "+ H,0 + Br
CH
CH
(>90% )

base
CH3—CH—C|:H—(|:H2 ———» CH3CH,;—CH=CH; + CH3—CH=CH-—CH;

—HBr
H Br H but-1-ene cis- and trans-but-2-enes

CH 3CHCH CoHsO Na” —

3, 3 CH sOH - CH ,=CHCH ,

Br 55°C 79%

(CHy);,COK"
CH(CHLCHCHBI == m= CR(CHCH=CH
3

85%
40°C °
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8.5.3 Reduction of Vicinal Dibromides:
The action of zinc metal in acetic acid on vicirdibromides to produce alkenes is

elimination, a reduction and a dehalogenation react

Br H
\  FH H H
“'C_C Zn, CH3CH20H \ _ /
H 4 \ — ZnBr g /C_C\
H Br 2 H H

8.5.4 Dehydrogenation of alkanes:

catalyst
R-CHp=OHp-R —— > R-CHECH-R

8.6 PHYSICAL PROPERTIES OF ALKENE

The physical properties of alkenes are comparaiile alkanes. The physical state depends
on molecular mass. The simplest alkenes, ethylgrogylene and butylene are gases. Like
the alkanes, alkenes are nonpolar; insoluble irernvabluble in non polar organic solvents;
less dense than water, flammable and nontoxic. llikshes, like alkanes exhibit only weak

van der Waals interactions, so their physical prioge are similar to alkanes of similar

molecular weight. Alkenes have low melting points{.) and boiling points (b.p.). M.p. and

b.p. increase as the number of carbons increasesi$® of increased surface area.

8.7 CHEMICAL REACTION OF ALKENE

The alkenes are more reactive than the alkanesubeaaf the C=C bond. . The carbon-
carbon double bond consists of a strong sigma bamdl a weak pi bond. The typical
reactions of alkenes involve the breaking of theaker pi bond and formation of two new
sigma bonds. Because of the presence of the neultiphds, characteristic reactions are the
electrophilic additions. It is possible for theutide bond to break, allowing each carbon to

form a new bond, which is often energetically fanadle.
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CH2=CH2 CH3_CH3
152 kcal/mol - 88 kcal/mol = 64 kcal/mol
A
o+ T (o] m bond only

8.7.1 Hydrogenation:

In the presence of finely divided metals like Ni, Pd, Rh, and Ru, addition of a hydrogen
molecule takes place on alkene at room temperaWieen the catalyst is in a different
physical state to the other reactants it is cdflettrogeneous catalysis (E.g. a solid catalyst
with a liquid and a gas). In contrast a liquid bahin a reaction solution is an example of
homogeneous catalysis (acid catalyzed alcohol dakigd). During catalytic hydrogenation,
the hydrogen adsorbs onto the surface of the neatalyst, and they add syn to the double
bond. One face of the system binds to the catalyst, then the bound lygironserts into the

1 bond, and the product is liberated from the catalyhis is asyn addition reaction, i.e.,

both hydrogen atoms attack from the same sideeoiriblecule.

catalyst
R—CH=CH—R' + H; ——— > R—CHy;—CH,—R'

Ni, Pd or Pt
CH=CH, + H, » CH;-CH;
25 °C
Ni, Pd or Pt
CHsCH=CH, + H, » CHCH,~CH;
25°C

Finely divided metals activate molecular hydrogad the hydrogen atoms add to the double
bond. This is usually aynaddition, i.e., both hydrogen atoms attack from same side of
the molecule.

8.7.2 Electrophilic Addition. The most common chemical transformation of a@arb
carbon double bond is the addition reaction. Tharacteristic reaction of alkenes is
electrophilic addition, because tibond is both weak and electron rich (nucleophilién
important feature of alkene reactivity is an abilib react with a variety oélectrophilic

reagents those reagents attracted to the source of elgren density. In an alkene, pi
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bond serves as a source of electron. efattrophile will attract pi electrons, and can pull
them away to form a new bond. This leaves one caviith only 3 bonds and a +ve charge
(carbocation). The double bond acts asualeophile (attacks the electrophile). In most
cases, the cation produced will react with anothesleophile to produce the final overall
electrophilic addition product. Electrophilic addit is probably the most common reaction

of alkenes.

The mbond is broken Two 0 bonds are formed

X Y
P . _‘(:;_(:;_
H H H H H H
AN / | o | |
CT c —> H c‘: C H — H c‘: c‘: H
H/ \H H (V;Bre H Br
H6+

The alkene abstracts @roton from the HBr, and a carbocation and bromide iors a

generated.

The bromide ion quickly attacks the cationic cersted yields the final product. In the final

product, H-Br has been added across the double. bond

Consider the addition of H-Br to 2-methyl-2-butene:

/\QH3 CHj H H

H,;C _ CH %C“%CH:& > H3C4’_‘; H3H :

Br H
There are two possible products arising from the ti¥ferent ways of adding H-Br across

the double bond. But only one is observed. The vksgeproduct is the one resulting from

the more stable carbocation intermediate.
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Tertiary carbocations are more stable than secgnddre protonation occurs at the least
highly substituted end so that the cation produseat the most highly substituted end (and
therefore more stable).

The acid-catalyzed process is a convenient metbodhke preparation of secondary and
tertiary alcohols. The reaction is usually regiesgélve and followdMarkovnikov’s rule.

H/H,0 H'H,0
CH-CHCH, —>0-|3|CI—CI—[; HCH, — GCHM
H
Mechanism:
® ®
step 1 CH3—CH=CH, + H—OH, CH3CHCH3; + H,0
®
step 2 CH3CHCH3 + :OHy CH3(|3HCH3
OH
® 2
®
CH3CIHCH3 + H3O

step 3 CH3CI:HCH3 + OHz
OH» OH
@

8.7.3 Markovnikov's Rule After studying many addition reactions
unsymmetrical alkene, the Russian chemist VladiMarkovnikov in 186!
noticed a trend in the structure of the fasbaddition product and formulate
rule. According to this ruleThe addition of a halogen acid to the double bai
an unsymmetricahlkene results in a product with the acid hydrogeand to th
carbon atom that already has the greater numbehydfogens attachec
Reactions that give such products are said to Marxovnikov orientation, ar
are Markovnikov products. The electrophilic additiof HBr is said to b

regiospecifig since it only gives one orientation of addition.
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CHz UHzUCH=CHz + HBHr - — CHzCUHz2CHBrC_CH3
regioselectiv e
additior

it
e I O I e I P IR PO LY

® Br®
— CH3—CHp—CH, —— CH3CH,CH, —Br

HBr 4
CH3—CH=CH,
@

e
Br CH3CHCH
> CH3=CH—CHz ——> 3é ® main product
r
The basis of Markovnikov’s rule is the formation afcarbocation in the ratketermining
step. The modern statement of Markovnikov’s rutethie ionic addition of an unsymmetri
reagent to a double bond, the positive portiorhefreagnt attaches itself to the carbon s
to yield the more stable carbocation (lower ener§garrangements often occur during

addition of HX to alkenes, because of the involvetwd carbocation intermediates.

AE

CHz=CHy —CHQ

o it
E,(19) 1" carbocation

\\C_Hj--aH —CH3

2% carbocation
E,(2%)

CHy—=CH=CH2
+H"

reaction coordinate

Fig. Potential energy diagram for the protonation of propene.

CHz H CHz HiC CHs
!
ch_ﬂ:_CH:C\ —l-—HCl ch_?_CHcl_CHz_H + ch—?—CH—CHE—H
CHs H CH, Cl
3, 3-dimethyl-1-butene Z-chlara-2,2-dimethylbutane  2-chloro-2,3-dirmethelbutane
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(CHg),C=CH, +  HOBr
(CHg),C=CH, + GHsSCI

> (CH,COH-CHBr
> (CH)2,CCl-CH,SCHs

The regioselectivity of the above reactions mayekplained by the same mechanism we
used to rationalize the Markovnikov rule. Thus, dhog of an electrophilic species to the
double bond of an alkene should result in prefeaembrmation of the more stable (more
highly substituted) carbocation, and this interm&zlishould then combine rapidly with a

nucleophilic species to produce the addition pradiibis is illustrated by the following

equation.

R, H R H = H
. -~ s -~ "

s + E-ML —= f-J_.-“ijl‘:—l‘_“\—E Mo —= MNu—C—C—E
H H H H H H

Free Radical addition to Alkenes:lt is possible to obtain anti-Markovnikov produgtben
HBr is added to alkenes in the presence of freecahdhitiators like peroxide. The free
radical initiators change the mechanism of addifrom electrophilic addition to free radical

addition. This change of mechanism gives rise éoojposite regiochemistry.

Initiation: The oxygen-oxygen bond is weak, and is easily hgtizally cleaved to generate
two alkoxy radicals by thermal or light energy. Tiesulting alkoxy radical then abstracts a
hydrogen atom from HX in a strongly exothermic teat Once a halogen atom is formed it
adds to ther-bond of the alkene in the first step of a chaiact®n. This addition is
regioselective, giving the more stable carbon @dis an intermediate.

Propagation:

The halogen radical is electron deficient and ebgttilic. The radical adds to the double
bond, generating a carbon centered radical. Thigcahthen abstracts hydrogen from a
molecule of H-X, giving the product, and anothelolgan radical (Chain process). Each of
the steps in this chain reaction is exothermicosoe started the process continues until
radicals are lost to termination events. The ¢aon of this reaction is anti Markovnikov.
The reversal of regiochemistry through the useesbypides is called theeroxide effect
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ROOR (Initiator
RCH=CH, HX » RCHH-—CH,X

Tertiary radicals are more stable than secondatigaibs. The reaction goes through the most

stable intermediate
ROOR (lInitiator)

RCH==CH, = RCH,—CH,X
H X
— M ild
RO —0R ——— 2 RO«
°* i Heat
—
RO < THXIX -— ROH + X-o
;__2°
RC/I—T;@ P ex S RC'H—ﬁI—X
2
M ost stable radical
%» RCHX—CH, —=---1°
RCSH—EI:—X + HX ——— = RCH,—CHX + X-
2

|CHAIN REACTION I

8.7.4 Hydroboration of Alkenes:
Alkenes are capable of adding diborane to yield/lbtkranes. Diborane is the dimer of a
hypothetical borane, BH Borane has only six valence electrons and ig ekctron deficient.

BHj3; act as a Lewis acid and can bond to the pi-elestafna double, i.e., borane act as an
electrophilic molecule, and reacts with double l®ma a one step process to generate an
alkylborane. Intermediate alkylborane is not isadabut is oxidized with alkaline 40> to

yield an alcohol. This is one of the most usefetmods of preparing alcohols from alkenes.
Mechanism:

Hydroboration-oxidation is a two-step reaction sawe that converts an alkene to an
alcohol. Borane adds to alkenes with anti-Markowwilorientation. The Bhifragment will

be directed onto the least substituted carbon &edhiydride onto the most substituted

carbon. In the final product the hydroxy grouplwaplace the BH group giving rise to an
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overall anti-Markovnikov addition of $D to an alkene. Thus, the reaction is regiosefecti

since it represents an overall syn-addition to twable bond. The overall result of

hydroboration-oxidation is the syn addition of #lements of H and OH to a double bond.

i _— \ 3 A
SN . ] . |
‘ Hydroboranon‘ H BH, Oxydation H OH

Alcohol: H,O is

added as overall
reaction result

Alkylborane

The di- and tri-alkyl boranes behave just as thgllabranes, but for simplicity they are often

written as mono alkylboranes.

I i
H | |
o - M | pae = |
= Eerr—— | e E = | = H
e , cthar i S X i
i i | Hais [l |
L A
[ i 1
| H-—m 11 | P —
i 3 - i ansit
I s _.H F For a Oine
| el I iy |
| = s |
| g H |
L A

8.7.5. Oxymercuration-Demercuration This is another alternative for converting
alkenes to alcohols with Markovnikov orientatiorhi§ method has the advantage of not
involving free carbocationic species, and thus neesdhe possibility of rearrangements. The
reagent is called mercuric acetate, and is uswdllyreviated to Hg(OAg) In solution it

ionizes into acetate ion and a positively chargedcory species which is very electrophilic
and attack on a alkene double bond, giving a 3 neeetb ring compound called a

mercurinium ion.

™ / : | ' |
Cc=—C + Hg(OAc), _H0 _ NaBH, |
/ N | | — | |

(Markovnikov orientation)
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R H
Hg(OAc) ,
— )
-OAc -
R H
Hg(OAc)
H H HT H
R R R
OH 5" OH

BSCCH-102
Hg(OAc)
H H
—_— R R
OH ,*
H
H NaBH , H H
—» R R
OH

When water is present, the nucleophilic oxygen apién the mercurinium ring, and generate

an organomercurial alcohol. Demercuration is tmeaeal of the mercury containing species,

which is achieved by reaction with sodium borohgdria powerful reducing agent, which

replaces the mercury species with a hydrogen atgiirg the desired alcohol. The opening

of the mercurinium ion proceeds in the Markovnikashion, with the incoming H (this time

as ahydridg being placed on the least substituted carbone rBaction isegioselective

since the water nucleophile will attack the carloth positive charge since it represents an

overall anti-addition H and OH groups to the doulbbend. Oxymercuration-demercuration

also gives Markovnikov orientation of the alcohibhe electrophiléHgOAc remains bound

to the less highly substituted carbon.

CiHg
Ha{OAC) 2 |
Mo THF Aco—tlz—CHz—Hg-OAc
CHy

(DA = O-COCHz)

Addition

TR
H—C—CHz—E

| Y

ZHg R
(R =Haor CiHs)

8.7.6 Ozonolysis:

t_?H3
MaBH4 _
HO—C—CHz—H m
MNaoH ] z jsea’) arcuration
CHg

Substitution

CHz
HzO2

— == hydroboration
MadH , HzO ¥

I
H—G—CH2—0H
CHg

Ozone, @, is highly reactive electrophile. Ozone adds tdoa-carbon double bonds forming a

number of intermediates the most important of whgcbzonide. Reactive ozonide is reduced
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by zinc in the presence of water to give aldehyde&etones depending on the degree of
substitution of the double bond. Each double bgiettds two fragments if it is substituted

asymmetrically. Both acyclic and cyclic alkenes smbject to degradative ozonolysis.

o® 8

0?7 o2 e S0 0-0
R R R
B ":?__C L7 R CCl, or \Cl' (lj/ rearrangement B ‘-.C/ \C/
T T CH,COOH L ~ R
R H <2p°C H 0) H
unstable, explosive explosive ozonide
intermediate
; R R
y &
Zn/H.O \C:O " O:C/
R™ ~H
kctone aldehyde

After reduction step of ozonolysis:

(i) an alkene with an unsubstituted carbon atortdgiéormaldehyde

(i) an alkene with a monosubstituted carbon atoeidg an aldehyde

(iif) an alkene with a disubstituted carbon atomlgs a ketone
Hence these reactions can be useful for the clemrsation of molecules of unknown
structure which contain carbon-carbon double bofide position of the double bond is

clearly determined by ozonolysis method.
8.7.7 Oxidation with KMnO4 and OsQO,
When alkenes are oxidised with cold, alkaline KMn@ihydroxy compounds (diols or

glycols) are obtained. The KMn@ets decolourised. This reaction is thereforeduse

Bayer's test for unsaturation (the presence of leombtriple bonds) in any molecule.

e.g., Ethene gives ethane-1,2-diol.

IﬁHE + HO + © KMMNO alkalineﬁ_ Hzl:lj—DH
o cold H,C—OH
ethane ethane-1,2-diol
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In basic solution the purple permanganate aniomeduced to the green manganate ion,
providing a nice colour test for the double bonadional group. Permanganate and
osmium tetroxide have similar configurations, ineththe metal atom occupies the center of
a tetrahedral grouping of negatively charged oxygesms. The reaction involves formation
of the cyclic oxomanganese intermediate that isegbently hydrolyzed in alkaline medium
to give the desired product. Note that the reactiepresents a syn-addition pathway and is
a diastereoselective and stereospecific route a¢sdi

0"

0 / OH
R H ~=wn o) OH
— - -
O R H
H ' H R
H R

R

With Acidified potassium permanganate (or potassdiohromate) oxidises the dihydroxy

compound so produced in reaction to ketone or catlmoacid. For example,

ZH
2 e HC—OH
|| + H,0 HO] KMNO, I:aEIdIE}_l 2| |_[|Dé.
CH H,C—OH 2
ethane ethane-1.2-diol
ZHCHO ﬂh— 2HCOOH
rethanal methanoic acid
CH
HSC_C:CHZ | [o]
| + HO +[0]—= HC—C—CH,OH —=
CHy
CH,
2-methylpropens 1, 1-dimethylethane-1,.2-diol
HaT
=0 + CH,COOH
H4C

propanone methanoic acid

[acetone)

UTTARAKHAND OPEN UNIVERSITY Page 174



ORGANIC CHEMISTRY-I BSCCH-102

oH
KMNO |
HC—CH=CH, + H,0 +[0}—— = H,C—CH—-CH,CH
propens H
[]
— = CH,CHO + HCHO
HZD l[':'] i
[2]
CH,COOH  HCOOH
acetic acid  formic acid
Me H Me H OH
\ / KMNOy \ / /
\
Me Me I\/Ie/ Me Me

O
KMO, <:>: M
— T O
hest HO
The purpose of this reagent is to replace the dobbhd with two oxygen atoms.

Therefore, one may expect to see two types of mtsdaldehydes and ketones. Hot KNy®

a vigorous oxidizer. As the result, the oxidatisncarried out further with aldehydes being
oxidized to carboxylic acids and formaldehyde ¢ChHl to COQ and water. Ketones are

resistant to oxidation and are therefore foundradglycts under these conditions. Both acyclic
and cyclic alkenes are subject to degradative dysiso

Alkenes will also react with Osfxo form diols. The reaction involves formationtbé cyclic

osmate ester intermediate subsequently hydrolymedikaline medium to give the desired
product. The reaction represents a syn-additioiwey and is a diastereoselective and

stereospecific route to diols.

o]

0 /0 // OH
R H T——o0s o) OoH |\
0sO , / oH - R y
>_< -7 0 R A
H R H R
H R’
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This reaction proceeds via a concerted electraplaitidition generating an osmate ester,
which is hydrolyzed to a syn diol by hydrogen pedex which also reoxidizes the osmium
catalyst. The two C-O bonds are formed at the same with the cyclic ester, and the

oxygen atoms are added at the same face af Hond — syn orientation.

0.%_0
AN
) 0 0
+ Mno K ! .
o™ |R—I—C—R [ ™ + MnD422
A Hpo pH=2 J,. “ ™
& =] =] \
R R HC OH
™, s / * M i
e s - _ R——0—R faalvenl
R HR o 0 pf{ \F-l
\ S0t -
0 0 _~Hz5 or
: 5 I -~ + Os
\\ﬂ fR— P MaHS0
in pyridine ’ - T, ’
[ [

8.7.8 Polymerisation of alkenes

The process when monomer units are linked togéthfrm polymeric material without the
loss of material is called addition or chain-groytilymerization. The products, the addition
or chain-growth polymers, are made of alkenes obstuted alkenes to produce
polyethylene, polypropylene, polyisobutylene, pbjysne, polyvinyl chloride(PVC),
polymethylmethacrylates, polyacrylonitriles, poly&tluoroethylene (Teflon).
Polymerization occurs in a stepwise manner thraegictive intermediates. Polymerization

can either proceed via a free-radical or an ionecimanism.

When ethene is heated at high temperature underpnegsure in presence of oxygen, we get

polyethene
02
nCHy=CHz = — (—CHp—CH2—)n—
(trace)
ethene paolyethens
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Similarly, when vinyl chloride is polymerized indlpresence of peroxide catalyst, it forms

polyvinyl chloride (PVC)

catalyst
nCH>=CH —(— CHo—CH—n—
| High pressure |
| I
vinyl choride palyvinyl chloride (PWC)

Teflon is a polymer of tetrafluoroethene,
NCFo=CFo ™ * —(—CFz-CFo—) -

tetrafluoroethene teflon

Polymerization ofalkenesis an economically important reaction which yiefadymers of
high industrial value, such as the plastics polyletire and polypropylene.
Polymerization of monomer vinyl chloride to form lpmer polyvinyl chloride

(PVC). Polymerization of monomer styrene form podymolystyrene.

8.8 INDUSTRIALAPPLICATION OF ETHYLENE AND
PROPENE

Ethylene has following main industrial uses:

1. Ethene is used to accelerate the ripening ofdfraitd is most commonly used on
bananas and also on citrus fruits. The ethene altbe fruit to mature in colour and
ripen. This process takes place over a few daykstl@more ethene that is used, the
faster the fruit will ripen.

2. The other use of ethene is in the manufacturdasitips, such as packing films, wire
coatings, and squeeze bottles.

3. Alkenes are useful intermediates in organic s)sithdut their main commercial use

is as precursors (monomers) for polymers.
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8.9 SUMMARY

The major characteristics of the addition reactions covered in this dpter are

summarized in the table below.

Reagent Product Mechanism Regioselectivity Stereochemistry
HX Alkyl halide 2 stepvia rate- Markovnikov Syn and anti
determining addition

formation of

R".
Rearrangements
possible
H.O Alcohol As above As above As above
Xo/H0 Halohydrin (2- 3 steps, but Markovnikov:  Anti addition
haloalcohol) similar to X' bonds to less

halogenations substituted C.

BH3 (or Alcohol 2 steps: one-Anti- Syn addition in

equivalent), step Markovnikov hydroboration

then HO,/OH hydroboration, step; retention of
then oxidation. configuration in
No oxidation step
rearrangements
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CHCHOH
ethanal
solvent, reagent
%CHZ_CH%T CHiCHO
acetaldehyde
polyethylene reagent
poOTE | COOH
(—CHZ—CH—} <«— CH~CH «~— CH=CH, — O
| n viny| acetate acetic acid
e "
vmyl chlon ethylene oxide
|C| reagent, polymers
CH2—CH—)
% n CHz—CHPh
\sd%g ide ethylene dichloride regﬂgnf ngrs

Ph / .
froror)

styrene polymers

Fig: Summary of Reactions of Alkenes

8.10 TERMINAL QUESTIONS

(@) Provide the major product for each of the fellty reactions, showing

stereochemistry where appropriate.

ﬁ/\ Br,, hv
—>
(1) BH, ether

/ﬁ/\ —
(2) H,0,, -OH, H,0O
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HCI
NS
KMnO,, H*
I/\ .
X

(b) The intermediate of the following reaction

NN + HO —

(c) What are the possible products when 2-chloro-2-yhietitane is
reacted with:

(i) aqueous potassium hydroxide

(ii) a solution of potassium hydroxide in ethanol

(i) a solution of sodium ethoxide in ethanol?

(d) Name the following compound.

CH,

CH,— CH=—¢( CH,— CH CH.

CH,

(e) Name the straight-chain constitutional andestisomers of butene (8s).
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UNIT 9: CYCLOALKENE

CONTENTS:

9.1 Objectives

9.2Introduction

9.30bjectives

9.4 Methods of formation

9.5 Conformation

9.6 Chemical reactions of cycloalkenes.
9.7 Summary

9.8 Terminal Question

9.1 OBJECTIVES

By the end of the course the student should betable

* Recognize the cyclic hydrocarbon families, funcsiibyn substituted derivatives of
cycloalkenes

* Give the IUPAC names of the branched and unbranchedalkenes.

* Know the methods of formation of cycloalkene.

* Know the chemical reaction of cycloalkene.

9.2 INTRODUCTION

A hydrocarbon that contains carbon atoms joinetbtm a ring with double bond is called
cycloalkene.The only difference in reactivity or energeticsfracyclic systems occurs

when there is significant ring strain in the cydkame.

9.3 NOMENCLATURE

In naming cycloalkenes, the double bond is locdietiveen C-1 and C-2 and the “1” is

usually omitted in the name. The ring is humbetedkwise or counterclockwise to give the
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first substituent the lowest number.

Examples:

L

dm—'s
A SCH,

1-Methylcyclopentene 3-Methylcycloheptene é

1,6-Dimethylcyclohexene

’ Hp
H C2 H _ H
/
" e e | i |
H,CZ L 2 HC.
Cw HC—C C ¢ H
H H Hy H H,
Cyclopropene Cyclobutene Cyclopentene Cyclohexene
Hzc_Cl'\lz
O
HC_ _CH,
H2C_CH2

Cyclooctene

9.4 METHOD OF FORMATION

9.4.1 From cyclic alcohol:

Secondary alcohols usually dehydrate under mil@erditions: The loss of water from a

cyclic alcohol gives a cycloalkene.

OH 85% H,PO
ALt + H,0
165-170°C

Cyclohexanol Cyclohexene (80% )
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9.4.2 By Birch reduction:

The 1,4-reduction of aromatic compoundsto the esponding unconjugated
cyclohexadienes by alkali metals dissolved in ligammonia in the presence of an alcohol is
calledBirch reduction. The reaction proceeda a one-electron transition mechanism.

OCH; OCH;

Na / MH4 (lig.)
L
G2HsOH

9.4.3 By Diels-Alder reaction:

The cycloaddition of a conjugated diene and anrakkeads to a cycloalkene. In this

reaction, participating bonds are broken and nemdba@re simultaneously formed .

Ll — U

9.4.4 By Electrocyclic reaction:Conjugated double-bond systems can be cyclized in a

reversible reaction either by heating or using plysis and form cycloalkene.

C - O

9.6 CHEMICAL REACTIONS

9.6.1 Hydrogenation:

This is the addition of a hydrogen molecule to anpound using a (usually Pt, Pd, Ni)

catalyst. When the catalyst is in a different pbgbstate to the other reactants it is called
heterogeneous catalysis (E.g. a solid catalyst witlyuid and a gas). In contrast a liquid

catalyst in a reaction solution is an example ofmbgeneous catalysis (acid catalyzed
alcohol dehydration).
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During catalytic hydrogenation, the hydrogen adsarbto the surface of the metal catalyst,

and they add syn to the double bond.

| +H, —— AH° = -30.7kcal/mol

@ +H, — » O AH° = -26.6kcal/mol

Pt
—
25°C

D D
H,, Pt @H
e
Z=H
D D
Cyclohexene
One face of that system binds to the catalyst, then the bound lggirdnserts into the

bond, and the product is liberated from the catabpsd stereospecific cis-addition of

hydrogen takes place.

9.6.2 Reaction with halogen acid:

Addition of halogen acid like HCI to cycloalkenerio stereoisomers according to
Markovnikov rule.

O/ HBr OABI’
(no peroxides)
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Note: For unsymmetrical alkenes,
w protonation occurs at the less
H substituted alkene carbon so that
Protonate Cation the more stable cation forms
Capture (3° > 29 > 19), in keeping with the
+ Br product stability-reactivity principle

@ CH3 CH3
‘ . VS.
3 >

CHs
HBr O:H
peroxides Br

both cis and trans

/-\ *Br /\*H_Q;r Note 2: Hydrogenation of
- > + oy | theradical comes from either
H  Brominate Br Hydrogen Br face, thus cis/trans
H Transfer H mixture results CH,
aH
Note 1. For unsymmetrical alkenes, top CE. Br
bromination occurs at the less CH3 CH3 - H
substituted alkene carbon so that VS, as
the more stable radical forms By bottom H
(3°>2°>19), in keeping with the :
product stability-reactivity principle H

1, 2-dimethylcyclohexene forms two stereoisomers as follows:
Initial attack of H to 1, 2-dimethylcyclohexene forms two enantiome@ebocations. These
carbocation react with Cirom two directions, forming a total of four stergomers, A-D — two

pairs of enantiomers. Overalhti-addition to the double bond takes place.
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I
From From
below l above
CHs CHg
“roH Enantiomeric -
- i ——-
& carbocations s
CHg CHj
Step 2 Step 2
o o
From From From Eioim
below above below above

CH3 CH3 ‘.CHQ “_CHS

i + M + H 4+ H

L Cl e C| o Cl e C|

A CHg B TCH3 c CHsy [
L Enantiomers J

Enantiomers

9.6.3 Addition of halogens:

Alkenes react rapidly with halogens {CBr,) even in the dark (rapid decolorization of

bromine in carbon tetrachloride — a test reactmrafkenes).

e.g., bromination of cyclohexene and its derivatife a result of its interaction with the
double bond bromine is polarized and forms a waatomplex. The latter breaks down to
form a cyclic bromonium ion, which then reacts withomide ion attacking from the

opposite side to forrtrans-1,2-dibromocyclohexane.

5 & B B 1 B
L Br—BI’ !
Bry Br_ \
—_— —_— —> .
B :
Br! Br
a Trcomplex a bromoniumion enantiomers
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N /\ =@ :
(L2 (e (- (2
B

. Giion B
Capture H H

trans -1,2-dibromo-1-methylcyclopenta
Br

.
2R
C// ¢H 3
CH Br ol H H
3 2 - ; —_—
; )
0 CH 5 Br
H Br
CHg
(I -
e
CHy ccCl,
CHj
Br,
_ = + HBr
CH3 H20

1,2-dimethylcyclohexane
9.6.4 Oxidations:

Depending on the reaction conditions, breakinghefgi bond or cleavage of both the sigma

and pi-bonds can occur.

i. Epoxidation andsyn hydroxylation yield epoxides (oxiranes) and 1,8lsli respectively,

through breaking of the bond.
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o) b, -0
/\O/\J\C/Ar > 1 ':O \C/Ar > o)
\ r-\// LS ,'/ -ArCOOH
\_/ H (o) H--0

cyclohexene oxide

a peroxycarboxylic an epoxide or oxirane

acid

OH
(0] _
—_— n —_—
/ '\ hydrolysis
o o@ y y OH

cis-cyclohexane-1,2-diol

This is one of the most useful methods of prepaaioghols from cycloalkenes.
9.6.5 Hydration:

This reaction takes place according to Markovnikde.

CH
(y s

72N

H
H H)
H

Protonate Cation
Capture H Deprotonate H

For unsymmetrical alkenes, protonation again ocatitke less substituted end of the alkene,

in order to produce the more stable radical inteliate (3° > 2° > 1°)

Tweo new o bonds are formed.

—
= [ T nyaronaiogenan
Y ro alogenalion
(X =cCl, Br, I) . o

HoO - r A Bt
The w bond is broken. HoSO, = )
e il oH
e vL o -
= .
H halogenation
L = = ] or Br) (:E

- < — x
cyclohaexaena »

M HO . \
(> _~"c1 :r Br) O halohydrin formation
= =121

H - .H o C/J: Las = S BN
L obho ion—oxidation

= s P L}

=1 o oOH

Fig: Various reactions of Cycloalkene
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9.7 TERMINAL QUESTIONS

(a) Draw the major product of the following reactio

ROOH
(b) Find out the structure of the major producirfed from the following reactions. Justify

your selections.

(i)
Hs
(no peroxide)
H3 H3 H3 H3 HzBI'
Br S
) () © ® Bro@
(if)

Hs
(peroxide)
H3 H3 H3 H3 HzBI'
S S N
(Y] (B) (© (D)

Br (E)
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UNIT 10: DIENE

CONTENTS:

10.1 Objectives

10.2 Introduction

10.3 Nomenclature and classification of dienes
10.4 Isolated, conjugated and cumulated dienes
10.5 Structure of allenes and butadienes

10.6  Methods of formation

10.7  Polymerization.

10.8 Chemical reactions

10.8.1- 1,2 and 1,4 addition

10.8.2 Diels — Alder reaction

10.9.

Summary

10.10.Terminal Question

10.1.0BJECTIVES

Explain the difference between cumulated, isolated] conjugated dienes, and be
able to draw or recognize examples of these comgmun

Give the relative energy of the three types of ég&rCumulated dienes

Explain the geometry and hybridization of cumulatdenes, as well as the
orientation of substituents to each other.

Explain why conjugated dienes have two preferradf@mnations (s-cis and s-trans),
and how this is different from cis and trans ste@mers of alkenes.

Explain how the p orbitals from the four carbonsl@-butadiene come together for
form four pi orbitals, including which are bondiagd which are antibonding, how
their energy compares, which are occupied, and thiegtlook like.

Draw the mechanism for a Diels-Alder reaction.

Explain what kinds of starting materials can formmotconstitutional isomers as
products of a Diels-Alder reaction, and how to deiae which will be the major
product.
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10.2. INTRODUCTION

Those compounds which have two C-C double bondkrmoe/n as Dienes or alkadienes.
Their suffix is —adiene.
e.g.buta-1,3-diene
o
CH2= C_C=CH2

10.3.NOMENCLATURE AND CLASSIFICATION OF DIENES

Dienes can be divided into three classes, deperainthe relative location of the double

bonds:

1. Non- conjugated dienes (isolated dienes)n this type of dienes the two double
bonds are separated by more than one single ben#érawn as Non- conjugated
dienes.

Examples:

T
CH2= C_C_C=CH2
H
Penta-1,4-diene
2. Conjugated dienes:n this type of dienes the two double bonds aresspd by only

one single bond are known as conjugated dienes.

Examples:
T
CH,=—=C—C=CH, benzene

Buta-1,3-diene
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3. Cumulated dienes:In this type of dienes the two double bonds areticoous, so
these are named as cumulated dienes.
Examples:
CH,=—=C==CH,
propa-1,2-diene
Nomenclature of dienes:
Dienes are alkenes with two double bonds. IUPACen&same as alkene, but change -ene
to -adiene and use two numbers to locate the tvablédoonds (number from the end of the
chain which makes the smaller of these numberslsral
A type of organic compounds, callgmblyenes contains two or more double bonds. For
exampledieneshave two double bonds, atrienes have three. To name a diene or a triene,
follow the same steps for naming an alkene witls¢hexceptions.
Step 1Write the numbers indicating the locations of tleeible bonds separated by commas
and followed by a hyphen.
Step 2After the hyphen; write the parent name of the gound, changing the ending from
—eneto —diene if there are two double bonds, ortrene, if there are three, etc.

The following example demonstrates how to namelygepe.

N

Step 1Determine the length of the parent chain and ttijons of the double bonds. The
parent chain is six carbons long. There are twdbtiobhonds, and their positions are
C1l and C4.
6\/4\/2\
/ N
5 3
Step 2Write the numbers of the locations of the douldeds followed by a hyphen: 1,4—.
Step 3After the hyphen write the name of the parentrchdth the -dieneending. The name
of the compound is 1,4-hexadiene.
6\/4\/2\
- N
5 3
1,4-hexadiene
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» Some common diens and their IUPAC Nomenclature:

1. CH,=—=CH— CH=—=CH, — 1,3- butadiene

2. CH, =—CH—— CH=—=C—CH, pent- 4- methyl-1,3-diene
' I

CHj

3. - 1,4-hexadiene

CHs;
P 5-methyl-1,3-hexadiene

10.5.STRUCTURE OF ALLENES AND BUTADIENES

10.5.1.Structure of allenes:

An allene is a compound in which one carbon atosidwuble bonds with each of its two
adjacent carbon centres. Allenes are classifiggbh®nes with cumulated dienes. The parent
compound of allene is propadiene. Compounds witlaleme-type structure but with more
than three carbon atoms are called cumulenes. édleme much more reactive than most
other alkenes.

The central carbon of allene forms two sigma baartt$ two pi bonds. The central carbon is
sp-hybridized, and the two terminal carbons arehspridized. The bond angle formed by
the three carbons is 180°, indicating linear geoyrfetr the carbons of allene. It can also be

viewed as an "extended tetrahedral" with a sinslape to methane.

3-D- structure of Allene
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Sp, hybridization

N, / \ i

C—C—C
7 |
Sp hybridization

10.5.2.Structure of 1,3-butadiene:

Each carbon in buta-1,3-diene is?’Syybridization and the $phybridized orbital of € is
overlap with 1s orbital of 2 H atom to form?spo-bond and also $porbital of G to form

sp’ - sif o-bond. Similarly Gand G overlap with 1s of 1H atom to form Spo-bond and it

is also overlapped with;Gnd G. Hence the bond structure of 1,3-butadiene is represented

@ %

as

%

In 1,3-butadiene each carbon consist of one untiiged p-orbital which overlap from the

nearest carbon atoms to form tiibond bynr-electron cloud. This is known as delocalization

. @""@ )

H H H

of n-electrons.

vacent Pz orbital
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10.6.METHODS OF FORMATION

1. From 1,4-dichloro butane: 1,4-dichloro butane on react with alc. KOH gives
buta-1,3-diene.

(CHz— CH—CH; C|3H2 + alc.KOH — CH,==CH—CH=CH,
Cl Cl
+ 2KCI + 2H
2. From 1, 4- butane diol:Bute 1,4- diol on react with conc,80, from 160-
170°C temperature gives bute-1,3-diene.
CH3—CH2—CH2—(|3H2 + Conc. HSO, M CH,=—=CH——CH=CH, + 2H,0
OH OH
3. From n- butane: n-butane on heating in the presence of3G#AIl,0; at 606C

than it gives 1,3-butadiene.
Cr20+-Al,0.
CHz—CHz;—CH,——CHj 22  » CH=—CH— CH==CH,
600°C

10.7.CHEMICAL REACTIONS

1. Addition of halogens:1,3- butadiene when react with halogens in thegmess of
catalyst than it gives 1,2 and 1,4 addition prosluct

s CH,BrCHBrCH=CH,

1,2-addition product

CH/=—=CH—CH==CH, + Br, =<4 __|. (minor product)

1,4-addition product
(major product)

2. Diels-Alder reaction: In this reaction buta-1,3- diene is react with tassed
compound such as alkene, alkyne etc. to form tbhdymt without any catalyst. This
reaction is known as Diels-alder reaction and tfelpct formed by the reaction is
known as adduct.

E.Q.

UTTARAKHAND OPEN UNIVERSITY Page 195



ORGANIC CHEMISTRY-I BSCCH-102

CH,
(‘// CH, /CHZ\
ClH . . SH CH,
H . HC|! CH
\CHZ \CHZ/ 2
Diene Dienophile Adduct

Cyclohexene

=

Adduct
3. Polymerization Reaction n- molecules of 1,3-butadiene are polymerizeive the

addition polymer.

CH=——CH CH CH, Polymerization [CHZ CH CH CH2] .

4. Hydrogenation: In the presence of Ni catalyst buta-1,3-diene actravith H gives

n-butane.

CHF=CH—CH=—=CH, + 2h NI > CHy—CH,—CH;—CHj

n-butane

10.8. SUMMARY

Dienes are unsaturated hydrocarbons with two dobbials. In case of Conjugated dienes,

the Conjugated double bonds are separated by ngke $iond and isolated double bonds are
separated by more than one single bond while Cusdildouble bonds are adjacent to each
other. A conjugated diene is more stable than alatesd diene, which is more stable than a
cumulated diene.

An isolated diene, like an alkene, undergoes onB+ addition. If there is only enough
electrophilic reagents to add to one of the dobloleds, it will add preferentially to the more
reactive bond. A conjugated diene reacts with atdéidhamount of electrophilic reagent to
form a 1,2-addition product and a 1,4-addition jcid
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In a Diels—Alder reaction, a conjugated diene €4 reacts with a dienophile &) to form

acyclicc

expense

ompound; in this concerted cycloadditieaction, two new bonds are formed at the

of two bonds.. The reactivity of the didnleps increased by electron-withdrawing

groups attached to the carbons.

10.9 TERMINAL QUESTION

1.

Give the products obtained from the reactiorl ohole HBr with 1 mole 1,3,5-

hexatriene.

2.

© 00 N O o1 b~ W

16.

17.

Which dienophile is more reactive in a Diels—-&ldeaction?

. Discuss the effect of temperature on 1,2 ancdgition to conjugated diene.

. Discuss why conjugated diene is more stable tlo@rconjugated diene.

. Give the mechanism of 1,2 and one four additattion of 1,3 butadiene.

. Explain why conjugated dienes are more stalde the isolated diene.

. Give the mechanism of electrophilic additiorctmjugated dienes.

. What are dienes? Write the difference betweajugated and cumulative diene.
. What happens when 1,3-butadiene treated witlo2-of HBr.

. Write a short note on diels-Alder reaction.

. Explain the structure of conjugated diene.

. What are dienes? How they are classified wittable examples.

. What are the various classes of dienes? Gere structures.

. What are conjugated dienes? Why they are ntabdesthen isolated dienes?

. Give the mechanism of 1, 2-and1,4 additiontreac¢o 1,3 butadiene. What is the
effect of temperature to the addition of H&811,3 butadiene.

On the bases of molecular orbital diagram,arphhy conjugated diene is more
stable then non-conjugaed dienes.

Complete the following reactions:
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o CH,—CHjs
1. + I 20C >
~ CH;—CH,
2. CH,—CH—CH=—=CH, + Br, ——— A + B
3. CH,=—CH—CH=—7=CH, + HBr—> A + B
4. CH,=—=CH—CH==CH, + ICCl3 AP
Con. SO
5. CH,—CH,——CH;,—CH, A"b n 2
6. /CHZ
oy CH,——CN 208C N
| ]l -
CH\ CHy
\CH2
/coom—g
CH, H\C
yd H -
CH
7 | +
C\
CH /
\ H COOCH;
CH,
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UNIT 11: ALKYNES

CONTENTS:

11.10bjectives

11.2 Introduction

11.3 Nomenclature and classification

11.4 Structure and bonding in alkynes

11.5 Methods of formation

11.6 Physical properties

11.7Chemical reactions of alkynes
11.7.1 Acidity of alkynes

11.7.2 Mechanism of electrophilic and nucleophaladition reactions

11.7.3 Oxidation and polymerization

11.8Summary
11.9Terminal Question

11.1.0BJECTIVES

» Explain the difference between alkynes and unstgdreompounds with carbon
carbon triple bonds.

* Nomenclature of Alkynes

* Hybridization and bond formation of Alkynes

» Explain how the sigma and two pi bonds are fornmea C---C.

» Explain how carbon-carbon single, double, andermnds compare in length.

» Give the physical properties of alkynes, includpadarity, water solubility,
flammability, and odor.

* Chemical Reactions of Alkynes.
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11.2.INTRODUCTION

Alkynes are hydrocarbons which contain carbon-carbon tiyoled. The triple bond
is indicated by changing the ending of the nameyte, in the same manner as the double
bonds in alkenes are indicated by the ending -eklgynes, like alkenes are unsaturated
hydrocarbons with the general formulgHz,>. There suffix is —yne and the IUPAC name
of them is written as Alkane-ane+ yne = Alkyne. Egample, ethyne the simplest alkyne,

H C=C H

Structure of Ethyne, Acetylene

Which is more commonly known by its common naaoetylene is a gas often used as a
fuel for cutting and welding torches because insuwith a very hot flame?

The first stable member of alkyne series is ethwhech is popularly known as acetylene.
Acetylene is used for arc welding purposes in threnfof oxyacetylene flame obtained by
mixing acetylene with oxygen gas. Alkynes are sigrimaterials for a large number of
organic compounds. Hence, it is interesting tosthd class of organic

The first few members of this series are represkhy the following structures:

Name Structure Condensed
structure
Ethyne H—C=C—H Mool
H
Propyne H —CEC—&—H HC:CCH
I_|I 3
i
But-1-yne H —Czc—él—q —H HCiCCH,CH,
H H
H H
But-2-yne H —Cl —C=C—C—H CH.C:CCH
|_|| I_|I £t £t
H H H
Pen-1-yne H —CEC—é—é—L’lJ—H HC:CCH,CH,CH,
H OH H
H H H
Pen-2-yne H —L’lj —CEC—¢—¢—H CH,C:CCH,CH,
: H H
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11.3.NOMENCLATURE AND CLASSIFICATION

The naming of the alkynes follows the exact rukesh@se used for naming alkenes except, of

course, that the suffix yneis used to indicate that a triple bond is now enés

Naming Alkynes:

STEP 1. Name the main chainFind the longest carbon chain of carbons contairiveg
triple bond. The names of alkynes end with -yndeWthere is more than one
multiple bond, use numerical prefixes (diene, djyniene, triyne, etc.)

CHy—CH;—CH,—C=C—CHj
Name adexyne a six C chain containing a triple bond.

STEP 2: Number the carbon atoms in the main chainBegin at the end nearer the
multiple bond. If the multiple bond is at the sadistance from both ends, begin
numbering at the end nearer the first branch point.

4 5 6 7 8
CH3 C_C CH—CH>— CHz_T:H_CH3

CH;
The lef t end is closer to the triple bond.

STEP 3: Write the full name. Assign numbers to the branching substituents, @tdHe
substituents alphabetically. Indicate the positainthe multiple bond(s) in the
chain by giving the number of the first multipledsted carbon. If more than one
multiple bonds is present, identify the positioneaich multiple bond and use the
appropriate ending diene, triene, tetraene, arfdrto.

CH,—C CH>— C== CGC—CHS3
e 5""742 5 5%

2-hexyne or
hex-2-yne
Some common alkynes and their naming:
Structure Common Name IUPAC
CH=—="cCH Acetylene ethyne
CH=——/C——CHj methyl acetylene propyne
CH;— C——C—CH3 dimethyl acetylene 2-butyne
CH==C — CH2-CHs ethyl acetylene 1-butyne
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11.3.1.Classification of Alkynes: Generally alkynes can be categories in to followiwg
categories.

a. Terminal Alkyne: A Terminal Alkyne is an alkyne in whose molecthere is at
least one hydrogen atom bonded to a triply bondeldan atom. Or simply, the
alkynes in which the triple bonded carbon atomsaatbe extreme positions.

R—C=C—R

Where, both R will be H or same alkyl group
b. Non-terminal alkynes: Non-Terminal Alkynes,on the other hand have triple
bond at any place other than the end positions.

R—C==C—H

11.4.STRUCTURE AND BONDING IN ALKYNES

Each carbon atom of ethyne hea® sp hybridised orbitals. Carbon-carbon signea (
bond is obtained by the head to head overlappirtgeotwosp hybridised orbitals of the two
carbon atoms. The remainingp hybridized orbital of each carbon atom undergoes
overlapping with the 4orbital of each of the two hydrogen atoms in theaglane to form
two C-H sigma bonds. The H-C-C bond angle is of°1&8ach carbon has two unhybridised
p orbitals which are perpendicular to each other e as to the plane of the C-C sigma
bond. The P orbitals of one carbon atom are parallel to theobitals of the other carbon
atom, which undergo sidewise overlapping to form mmbonds between two carbon atoms.
Thus ethyne bonds. Thusbonds and two C—@bond, two C—Hs molecule consists of one

C—Co ethyne is a linear molecule.

1s ) , 1s
) ")
( )( >C< ] ) o4 x : )
Sp Sp

0 bond formation of alkyne
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pi- bond formation of alkyne3

11.5.METHODS OF FORMATION

1. From Vicinal di- halides: Vic. di halides on react with alc. KOH gives alkgne

Br
H
| | ———>» H—C=—=C—H +alc. KOH —»H—C=C—H
H—?— CI:_H + alc. KOH —&¢ | | KBr
H Br - H0 H Br “H,0

2.From gem. dihalides:1,1- dihalides are known as gemdihalides, gem-idalon

react with alc. KOH gives alkyne.

H
Br
| H— C=—=C—Br +alc. KOH —»H—C=C—H
H—?— (I:_Br + alc. KOHW’ | | -KBr
4 H - H,0 H H - H0

3. From tetra halides: Tetra halides on react with Zn form alkynes.

Br Br
BH$— C|:—Br + 2Zn———> H—C=C—H + 2ZnBn,

|

H H

4. From Chloroform: The trihaligen derivatives of CHare known as haloform. Such
as CHX (X= ClI, Br, I). Chloroform on react with Ag powdgives acetelene.
Cl

C—C—H + 6Ag ——> H—C==C—H + 6AgCI

Cl
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5. From Kolbey's electrolysis method:The Na or K salt of malic acid on react with

H,O and after electrolysis gives acetylene and @@node and +and NaOH at

cathode.

CH—COONa
+ 2H,0 H—C=—=C—H + 2CQ + 2NaOH + H

CH—COONa

Sodium malate

11.6. PHYSICAL PROPERTIES

1.

Physical State:
The first three members of alkynes are gases linlge containing five to thirteen carbon

atoms are liquids and higher alkynes are solids.

. Melting and Boiling Points:

The melting and boiling points of alkynes are qui& and increase regularly with

increase in molecular mass. Alkynes are less Velttan alkanes and alkenes.

Solubility:

Alkynes are insoluble in water but are soluble mgamic solvents such as benzene,
hexane, ether, carbon tetrachloride, etc.

Density:

All alkynes are lighter than water. Their densitiasrease regularly with increase in

molecular mass.

11.7.CHEMICAL REACTIONS OF ALKYNES

1. Electrophilic Addition Reactions

Carbon-carbon triple bond, C=C, is a combinatiorom¢ and two bonds. Alkynes give
electrophilic addition reactions as they show redgtdue to the presence of bonds. This
property is similar to alkenes but alkynes are lesactive than alkenes towards
electrophilic addition reactions due to the comp@@ electron cloud. Some typical
electrophilic addition reactions given by alkynes:a
a. Addition of hydrogen: An alkyne reacts with hydrogen in the presence of
catalyst (Pt or Ni) at 250°C, first forming alkereedd finally alkane.
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+ H2 + HE
R—C=CH " R—CH=CH> — ~ R—CH> —CH=3

PL /M PL/ Mi

alkyne alkene alkane

For example, ethyne gives ethane in two steps.

CH M CH, 4 Ho N S
Il + Hy ——| — |

CH CH, CH,
ethyne ethane ethane

b. Addition of Halogens Alkynes when react with halogens {Qir Br) in the
dark, initially it gives dihaloalkenes and thendlily gives tetrahalo alkanes. The
reaction gets accelerated in the presence of dightilogen carriers.

X X

RC=C—H +x, —> R—|C =T_H + 0% —>R_T _T_H

Alkyne X X X X
dihaloalkene tetrahaloalkane

For example, ethyne (acetylene) with chlorine gives

_H ZHCI + CHCI,

Il + dy —— | ——= |

H ZHCI CHCI,
ethyne dichlotoste tetrachloroethane

c. Addition of Halogen Acids: Alkynes reacts with halogen acids (HX, X= Cl, Br,
) according to the Markownikoff's rule to give timily mono-halo alkenes and
then finally gives di-halo alkanes.

R—C 4 Hx . R—Cx 05 pcx

] | |
_H CH, CH3
alkyne halogen acids 2-haloalkens 2, 2-dihaloalkane

For example, ethyne (acetylene) with HBr gives,
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CH CHBr CHBr,

Il + HBr — || _tHer

ZH CH, Cl—g

ethyne bromoethens 1,1-dibrormoethane
[acetylens) (vinyl bromide) (ethylidens dibromide)

2. Substitution Reactions:Due to their acidic nature, alkynes form metalhéts called
alkynides i.e. sodium, silver and copperous salts.

¥ T CH i CH CNa
CAg A0 CH e Ma (liquid NHo1 Na
- =< | NalH, - — 1l
iCu-'-

CH oy CCu
— -
1l Il

CiCuy ol

CAg Cig e CMa

dicopper acetylide (red precipitate)
3. Hydrogenation:
a. Uncontrolled hydrogenation: In the presence of Ni catalyst alkyne on react with

H, gives alkane.

H H

; Ho/Ni L

H-C=C—H +H2L>H—C|3=T—H;> H_(I:_T H
H H H H
Ethene Ethane

b. Controlled hydrogenation: Alkynes on react with KHin the presence of Pd-
CaCQ/Quinolin gives alkene. This reaction is known astmlled hydrogenation

of alkenes.
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H-C=C—H

H-C=C—H

BSCCH-102

Fd-BaSO,4/quinoline » H—C=— T— H
2H |
H

H
Ethene

Pd-CaCQ@/quinoline _ H—C=—C—H
2H | (|:
H H

Ethene

4. Polymerization: In the presence of red hot Cu tube, three molecoleG;H, are

undergoes polymerization and give a polymeH&L This reaction is known as

polymerization of GH..

CH

Hot Cu Tube -

—

3 Il
CH

ethyne

~CcHe  or |f_,

benzene

5. Oxidation: Oxidation of alkynes gives mono or dicarboxylicdsci

||+ [
C

+ H0

KMnDdr(alkaIme); RCOOH + R'COCH

6. Ozonolysis:In the presence of C£alkyne on react with £gives alkyne ozonimide
which on react with Zn/kO gives di-carbonyl compound.

H-C—C—H +

UTTARAKHAND OPEN UNIVERSITY

> N~
(% CCI4 - C‘: \|C— H
o—g— o
Ozonide

Zn/H>0
H,O +
o Ll

di- carbonyl compound
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11.8. SUMMARY

Alkynes contain the doubly unsaturateet@ functional group. Terminal alkynes, R-
C=C-H, are quite acidic for hydrocarbons and can dy@atonated to for carbanion that
can then be alkylated. Like alkenes (C=C), the radky>=C undergoes a variety of
addition reactions.

Summary of the Key reaction of Alkynes:

x2 X2 >|<
- CH3—(|3=CHX—>CH3—C—CHX2
X X
| i
HX N N HX ~
1 mole CHy—C==CH, —%=— CHj (|3 CHs
X
HOH
CHy— Cc——
HgSQ/H,SO, s— C—CH;,
KMNO ,/JOH" I

CH;—C=cCc—H CH;—C—OH + CO, + HOH

KMNO/OH/HOH . Il

o o
Os [

11.10 TERMINAL QUESTION

1. Discuss Kolbe's electrolytic method to preparedene.
2. Convert Chloroform into acetylene.
3

. Alkynes do not exhibit geometrical isomerism wlalkenes do so why?

B

Alkynes are less reactive than alkenes towarddrefgulic addition reaction why?
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© 0o N o O

Convert acetylene into ethanol.

Why does acetylene behave like a weak acid?

Alkynes undergo both electrophilic and nuclephaddition reactions. Why?
Discuss structure of alkyne.

Alkynes are acidic in nature. Explain.

10. Give mechanism of addition of halogens to alkynes.

11.Why alkynes undergo nucleophilic addition reactiasle simple alkenes do not?

12.How will you distinguish between Ethane and Ethy@a? reaction.

13. How will you distinguish between Ethene and Ethy@a?e reaction.

Objective Type Questions:
1. Odor of ethyne is:

a.
b.
C.
d.

Onion like
Garlic like
Vinegar like
fruity

2. Acetylene is another name of:

a.
b.
C.
d.

Ethane
Propyne
Butane

Pentane

3. The compound C2H2 belongs to the series of hydborer with the general

formula.

a.
b.
C.
d.

CnHn;
CnH2n
CnH2n-2
CnH2n+2.

4. What is the major product expected from the follogwieaction?
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ta) k) (el tedy

CHz- ¢=CHy CH;. H < <
1 = CHy- CHp- C'— H CHj- ¢— CHz
H = 1 1

5. What is the IUPAC name for the following compound?

i
CH;-C=C— CH— CH=CH,

a. 4-vinyl-2-pentyne
b. 4-methylhex-2-yn-5-ene
c. 3-methylhex-4-yn-1-ene
d. 3-methylhex-1-en-4-yne
6. The reaction of ethyne with which of the followigiyes CHBr-CHBrCI?
(a) HCI, then HBr
(b) HCI, then Bs
(c) Ch, then HBr
(d) Cl, then Bp
(e) H, then Bp
7. Which of the following metals is used as a gatain the catalytic hydrogenation of
both alkenes and alkynes?
a. Palladium
b. Iron
c. Magnesium
d. Copper

8. What product(s) will be obtained from the acatalysed hydration of pent-2-yne?
a. Pentanal Pentan-2-one

b. pentan-3-one
c. Pentan-2-one
d. Pentan-3-one

Answers: 1. b, 2.b, 3.3, 4.C, 5.d, 6.
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UNIT 12 ARENES AND AROMATICITY

CONTENT:

12.10bjectives

12.2 Introduction

12.3 Nomenclatures of benzene derivatives

12.4 The aryl group

12.5 Aromatic nucleus and side chain

12.6 Structure of benzene
12.6.1 Molecular formula and Kekule structure
12.6.2 Resonance and MO picture

12.7 Aromaticity: the Huckel’s rule, aromatic ions

12.8 Methods of preparation

12.9 Properties (Physical and Chemical properties azbee)

12.10 Reduction of benzene (Birch reduction)

12.11 Orientation and ortho/para ratio.

12.12 Summary

12.13 Terminal Question

12.1 OBJECTIVE

In this chapter we have to study about Arenes.

Arenes: Nomenclature of Benzene derivatives, The aryl grdAromatic nucleus and side
chain Structure of benzene, molecular formula & Wels structure Resonance and MO

pictures, Aromaticity: the Huckel's Rule, Aromaions.

Chemical reactions of benzene Aromatic electrophilic substitution ,General patt of
nitration, halogenations & sulphonation & Friedebffis reactions, Activating and
deactivating substituent, Orientation and orthcaraPratio, Reduction of benzene (Birch

reduction),Summary & Terminal questions & Answers

UTTARAKHAND OPEN UNIVERSITY Page 211



ORGANIC CHEMISTRY-I BSCCH-102

12.2 INTRODUCTION

Arene is generally used for aromatic hydrocarb&enzene and its alkyl derivatives

are important parts of arenes. The general forrou&enes is fHan.ey (Where y =Number of
rings) so the percentage of carbon in arenes ig than that of aliphatic hydrocarbons.

In 1834, Eilhardt Mitscherlich correctly determindmnzene’s molecular formula and
decided to call it benzin because of its relatigm$b benzoic acid, a known substituted form
of the compound. Further its name was changedriedre. Compounds like benzene, which
have relatively few hydrogens in relation to thentner of carbons, are typically found in oils
produced by trees and other Natural Plants. Edmynists called such compounds aromatic
compounds because of their pleasing smell. In Way, they were differentiating from
aliphatic compounds, with higher hydrogen-to-carlvatios, that were obtained from the
chemical degradation of fats. The chemical meawinthe word “aromatic” now signifies
certain kinds of chemical structures. We will noxamine the criteria that a compound must
satisfy to be classified as aromatic. Aromatic comqs are now regarded as a class of
compound which contains at least one benzene Tingy are also known as benzenoids. In
other cases compound which do not contain benzagebut they still behave as aromatic
compounds. Such compounds are known as non-beizenoi

In this series benzene is first and most importaember. These are called benzenoid
compounds.

Example:

1. Alkyl benzenes:

T
CHg CH>CHgz CHzy— C—CHg
Toluene Ethyl benzene tert-Butyl benzes

2. Alkenyl benzenes:
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CH= CH2 CHZ_CH= CH2

Styrene
3-Phenyl propene-1

Aromatic hydrocarbons which have different thosernsltal properties then benzene are

called non benzenoid aromatic compound.

0 O

Pyridene Cyclopenta dienyl anion

12.3 NOMENCLATURE OF BENZENE DERIVATIVE

Example:

Nomenclature of benzene derivatives depends on {LBystem and some derivatives have

common names.

1. Monosubstituted benzeneThese are named by prefixing the name of thetgubést to

‘benzene’
Example:
cl NO, SO;H
Chloro benzene Nitrobenzene Benzene sulphonic acid
COOH CHs
OH NH>
Phenol Anelene Benzoic Acid Toluene
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Disubstituted benzene:When there are two substitutents on the ring,ethpesitional

isomers are possible and their positions are ibelichy ortho, meta and para or by numbers.

Br
Br
Br
Br
Br
Br

1,2-dibromo benzene 1,3-dibromo benzene 1,4-dibromo benzene
ortho benzene metebenzene parabenzene

Example:

3. Polysubstituted benzeneWhen three or more substituent are placed ondrenthen
numbers are used to indicate the position.

Example:
CHg

NO, NO,

NO»

2,4,6-trinitro toluene

4. Fused polycyclic arenesThere are many polycyclic arenes having one or rbereene

rings fused in ortho positions.

Anthracene

Example:

Naphthalene

12.4 THE ARYL GROUP

The univalent group which is derived by any othemaatic hydrocarbon is known as aryl

group (Ar-)

Example:
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CH3
CHj
CH3
o-tolyl m-tolyl p-tolyl

12.5 AROMATIC NUCLEUS AND SIDE CHAIN

The basic carbon structure of benzene is calleshatio nucleus. When alkyl group attached

to thr aromatic ring is called side chain.

CH,CH3;—> Side chain

Aromatic Nucles

12.6 STRUCTURE OF BENZENE

12.6.1 Molecular Formula and Kekule structure: The structure of benzene is
deduced by the following points.

A. Molecular Formula:

By the analytical measurement its empirical formiglaobserved as CH and its molecular

mass is 78.

Empirical formula= CH

Empirical weight = 12+1 = 13

Molecular weight = 78

Empirical weight X n = Molecular weight
13Xn=78

Since molecular formula = CH X 6 =&s
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B. Kekule structure of benzene:

In 1865 a scientist Kekule gives the special stmgciof CsHg and he represents thatHg
shows two resonating structures which are knowKedaile structures and these structures
cannot explain all properties of benzene so thexse hasonance hybrid and the resonating

energy for it is 36 K Cal/mol.

\ Wi Resonance hylai
Y

Kekule structure

It is cyclic planer structure of six carbons withieenate single and double bonds. Each

carbon attached with one hydrogen so two structamesn a state of continuous oscillation.

12.6.2 Resonancend MO picture:

A. Resonance Structure:

OO -E

‘H Resonance hylti

]

Diwar benzene
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According to valence bond theory, benzene is cendids resonance hybrid of two kekule
and three dewar structures, the kekule structur&ingamajor contributions. Because

resonating structures are more stable so benzenddsbe more stable than other structure.
B. Molecular Orbital (MO) picture :

All six carbon atoms in benzene arezﬁpbridized. All hybrid orbitals overlap each other
and with s-orbitals C-C and C-H bonds to fasrbhond.

It is the modern view of structure, in benzene ezatbon is SPhydrides with bond angle
12¢. So it is cyclic and planner. Each carbon contaims unhybrid p orbital (pz) which is
perpendicular to the plane andr-e undergoes delocalization, each carbon is overligip w

two carbon atoms to form $8f ¢ bond and with H-atom to form $pSo bond.

C in ground state = #S2<, 2p7 = Iiﬂ 1 1 1

] it
HEREIEl

——

C in hybridization state = SP2 hybrid unhyblroié orbital
orbital

C in excited state =

O Frame work of benzene

:
S/ N\
é Qé
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n-Frame work of benzene:

—» pz orbital

Complete structure of benzene:

H /1.09 A

12.7 AROMATICITY: THE HUCKEL'S RULE

An aromatic compound is more stable than an anakgyclic compound with localized

electrons. In contrast, an antiaromatic compountess stable than an analogous cyclic
compound with localized electrons. Aromaticity ikacacterized by stability, whereas
antiaromaticity is characterized by instability.

Aromatic compound > cyclic compound with localizgddctrons > antiaromatic compound

The aromatic compounds have alternate single anbdledond due to this those compounds
have special stability, which is known as AromayiciThese are the following rules for

compound to be aromatic.

1. An aromatic compound is cyclic and planer.
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2. There is a p-orbital on every atom of an arooatig.

3. The cyclic arrangement of p-orbitals in an arbeneompound , must contain (4n+2)

electrons. This is known as Huckel rule. If sucktegns contain 4nelectron then it will

SN

Benzene Cyclooctatetraene

be anti aromatic.

Example:

These all compounds follows Huckel rule.

12.8. METHODS OF PREPARATION

1. From sodium benzoate:
From sodium benzoate s@sCOONa on react with sodalime (NaOH and CaO) to give

benzene.

CeHsCOONa + NaOH —89 o c.H, + NaCO;

2. From Phenol:
Phenol on react with Zn power gives benzene bywamng ZnO.

OH

3. From Grignard Reagent: Grignard Reagent @lsX) on hydrolysis gives benzene.
MgBr

+ HOH — + MgBroOH
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4. From Benzene sulphonic acidBenzene sulphonic acid on hydrolysis gives benzene.
(sosH
+ H2804

5. from acetylene (By polymerization reaction):Acetylene (Ethyne) on polymerization

gives benzene.

CH\
N
C”:|»j (,CH Red hot
CH Fetube
CH
C{;\// Benzene

6. Industrial Preparation of benzene:n-hexane on heating at 5@ temperature in the
presence of GOz supplied by AlO; gives cyclohexane, which on again dehydrogenation
gives GHe.
0 B~

\C[E/(Liz
THZ CHz  cr,os /Al N X
500°C

CH,
CH,
\CHZ/

12.9. PROPERTIES (PHYSICAL AND CHEMICAL)

A. Physical properties:
1. Benzene is a colorless liquid
2. It is insoluble in liquid but soluble in Orgarsolvent.
3. Benzene itself is a good solvent.
4. Its vapour is poisonous.
B. Chemical properties of benzene:
1. Hydrogenation: In the presence of Ni catalyst at #6G@emperature benzene on

react with H gives an additional product cyclohexane.
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Ni/ 16°C
_—

Cyclohexane
2. Ozonolysis:In the presence of C&benzene on react with O3 gives benzene tri

ozonoid. This on hydrolysis in the presence ofZrms glyoxal.

/o

CH /

/ | CH CHO
O—CH_ o | _ZVHO _ + 3H0,
| o) CHO
O—CH~” R\Cji

\

e P

(@]
benzene tri ozonoid

+30,

3. Chlorination: In the presence of sun light benzene on react With gives an
additional product benzene hexa chloridgHgCls, BHC). It is also known as Gamaxine,

lindane or 666. It is used as apestiside

cl
H
cl H
+ L
3Ch c H
H Cl

Benzene hexaC chloride
4. Electrophilic Substitution reaction:
i. Chlorination: In the absence of sun light and in the presenc&e&l3 or AICI3,
benzene on react with {Ofjives GHsCI. This reaction known as electrophilic substaunti

reaction of benzene.
Cl

FeClk/dark .

+ Ch + HCI

Chloro benzene
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Mechanism:

Step I: Formation of electrophile:
) +
Cl—Cl + A|C|3 — Cl + A|C|4-

Ele.

Step II: Attack of electrophile (formation of arinium ion):

R

Arenium ion

Step Ill: Formation of product:

Cl
H Cl
+
— > + H

Areniumion

Step IV: Formation of catalyst:
H* + AICI4 —— > AICl; +HCI

ii. Nitration: In the presence of 330, benzene on react with HN@ives nitrobenzene. This
reaction is known as nitration.

NO,

Con. HSO
+ HNO, —2TSOh + HO

Nitro benzene

Mechanism:
Step I: Formation of electrophile:
+
H* + HSO;, —— NO; + + HSQ" + H_O
Electrophile

N
OH—NO, +
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Step II: Attack of Electrophile (NO,")

H H

Step Ill: Formation of product:

L NOy NO,
+
—_— + H+

Nitro benzene
Step IV: Formation of catalyst:
H" + HSQ —— H,SO,
iii. Nitration: In the presence of H,SO,, benzene on react withH,SO, gives benzene

sulphonic acid. This reaction is known as sulphionateaction.

SOsH

H,SO
+ H,S0, =

Benzene sulphonic acid
Mechanism:

Step I: Formation of electrophile:
OH—SOH + H,S0, — SOH"

Step II: Attack of electrophile:
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y o SOH*

+
+  SQH"  — >

Step Ill: Formation of product:

SOzH

H SOH
+

benzene sulphonic acid

Step IV: Formation of catalyst:
H+ + HSQ- —_— H2804
iv. Friedel Craft reaction:

a. Friedel craft alkylation: In the presence of anhydrous A{Qbenzene reacts with R-X to
give alkyl benzene. This reaction is known as Faiétraft acylation.

CHs3

anhy. AICk
* CHyX ——>

Tolueane
Eg.
CHs,

+ CHyCl anhy. AICK +  HCl

Tolueane
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Mechanism:
Step I: Formation of electrophile:

CH3-\C4:I + anhy. AICk — CH;* + AlICI4

Step II: Attack of electrophile:

CHs3

Step IlI: Formation of product:

. CH CHz
+
+ H*

benzene sulphonic acid
Step IV: Formation of catalyst:
H" + AICI4 ——  AICl; ++ HCI

b. Friedel craft acylation: In the presence of anhydrous A{dbenzene reacts with R-CO-X
to give aceto phenone. This reaction is known alEl Craft acylation.

COCHj4
+ CHy-cO- c2M- ALk © +  HCI
Acetophenone
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Mechanism:

Step I: Formation of electrophile:

CH,CQWCI  +anhy. ACk —— *COCHz+  AICI4

. Step II: Attack of electrophile:
H H. COCH;
/\ X

+ *COCHy—  »

Step IlI: Formation of product:

COCH
H COCH; 3
+
+ H*
Acetophenone

Step IV: Formation of catalyst:
H* + AICl4 ——  AICI; ++ HCI

12.10. Reduction of benzene (Birch reduction)

The Birch reduction is an organic reaction whem@vaatic rings undergo a 1,4-reduction to
provide unconjugated cyclohexadienes. The redudsoconducted by sodium or lithium
metal in liquid ammonia and in the presence oflaahml.
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© +  Na/liquid NH; R-OH

Mechanism:

H H

cyclohexadienes

H
+ H -
i Na+ - S N RO H+ -RONa Q
= H H
H
+
.

Na—s Na* +

l

-RONa RO +H"  +

12.11. Orientation and ortho/para ratio.

As we know that all six hydrogen atom in arentitmal. So they form only monosubstituate
derivative. The next incoming electrophile will veard to the other condition by the |
substituent group. HencéThe tendency of | substituent group for farwardirnige II
incoming substituent group on ortho, pera or memsifions is known as directive
influence.” Directive influence is depends upon the naturesoibstituent group.
Classification of groups according to directiveuehce:

According to directive influence the groups aresslfy into two classes-

(1) Ortho pera director.

(2) Meta director.

In a GHs ring the position 2, 6 are equivalent and fornmomroduct.
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The position 3, 5 are equivalent and gives metdymb The position 4 is unique and gives
pera product.

1. Ortho/para directing: If the first substituent group forward to the indam second
substituent group primarily to ortho and pera posithen it is known as, pdirector.
Example: When GHsOH undergoes nitration then it form 57% o-nitro pbéand 43% p-

nitro phenol.

OH OH OH

+ HNO;

o-nitrophenol NO,

p-nitrophenol
Condition for o-p director:

1. o, p-directors are saturated in nature.

2. They are electron rich, hence they consist fm@nof electrons (except —R groups).
3. These are ring activator (except, halogen faohiig to —I effect.

Examples of o,p-directors-

Strongly activator-

-OH,-NH,* -R,N -OR

Weak activator-

-CH3, -C2H5, -R

Ring deactivator-

-F, -Cl, -Br, -l

Mechanism of o, p-director: The mechanism of o, p-director group increaseslémesity of

e at o, and p-position due to which the incoming electrophile wahsily attack at those

positions. Hence these are ring activator.

. OH OH
-OH OH
K, ortho
ortho -
— — | |

para
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Thus it is clear from above mechanism that the-Odiiglincreases the density ofa¢ o & p-
position so the incoming electrophile will easilyaak at o and p-positions so, o, p-directors
are ring activator. But halogen (-F,-Cl,-Br,-1) avgo directors but ring deactivator due to —I
effect (inductive effect).
Meta-directors- If the first substituent groups forward to the indogisubstituent group at
meta position then it is referred as meta director.
Example: When undergoes nitration then it form 1, 3 dinliemzene.

NO, NO,

+ OHNO,Y — + RO

H NO,
Condition for meta directors-
(1) They have multi bonded (except -NR
(2) These are electron deficient.
(3) These are ring deactivators because they withtira electron from the ring towards
itself.
Examples of Meta directors:
-NO? - COOH, - CHO, -SgH, CONH,, -CN, -NR;" etc.

Mechanism of meta directors:

T : ? > >

N—=—O +N o N o o N o
4 ortho ortflo
—————— ————— ————
X

para I

o

Il
N—— O

Thus is is clear from above mechanism that m-darscivithdraw the electron from ring. As

a result theortho and pera position becomes partially + ve. Hence the inconsegond
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electrophille will attack at neutral meta positi@&o these are meta directors and also ring

deactivator.

12.12.SUMMARY

» Aromatic hydrocarbons are known as arenes. In ardBeszene is most important
compound.

* Nomenclature of benzene derivatives is dependinghersubstituent which added with
benzene. By substituent, benzene derivative hawerae names as Toluene or
Methylbenzene.

* Benzene aromaticity causes it to undergo electhopdmomatic substitution reactions. The
electrophilic addition reactions characteristicatkenes and dienes would lead to much
less stable nonaromatic addition products. The nooshmon electrophilic aromatic
substitution reactions are halogenation, nitratgutfonation, and Friedel-Crafts acylation
and alkylation.

* Some monosubstituted benzenes are named as si@osbenzenes (e.g., bromobenzene,
nitrobenzene)

» Bromination or chlorination requires a Lewis acidtatgst; iodination requires an
oxidizing agent.

» Nitration with nitric acid requires sulfuric acid ascatalyst. Either an acyl halide or an
acid anhydride can be used for Friedel-Crafts #éioylaa reaction that places an acyl
group on a benzene ring. If the carbocation forfnech the alkyl halide used in a Friedel—
Crafts alkylation reaction can rearrange, the majaduct will be the product with the
rearranged alkyl group.

» Stability of benzene depends on the resonatingtsires. By resonance we can easily
define the stability of benzene.

» Aromaticity of benzene and some other stable comgi@an easily be given by Huckel

Rule.

12.13 TERMINAL QUESTIONS

A. Short answer type question:
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1. Discuss the orbital structure of benzene,

2. State Huckel rule. Give the suitable example.

3. Give the mechanism of Friedel Crafts acylaticactien.

4. Explain meta directing nature of nitro group.

Methyl group attached to benzene ring has no I@ang electrons but is still ortho and para
directing in nature. Explain why?

5. What are non benzenoid compounds?

6. What is aromaticity?

7. What is the cause of aromatic character of hemaeterms of Huckels rule?

8. Explain why methyl group in toluene is ortho guada directing in nature.

9. Give the mechanism of nitration of benzene.

10. Explain the stability of benzene on the bagwrbital structure.

11. How will you prepare the following compounds froenbene?

a. Acetophenone b. Toluene c. ChlorobenzedeBenzene hexa chloride

12. Discuss the orientation of electrophilic sulb$tin in nitrobenzene.

13. What are electrophilic substitution reactiobsScuss the mechanism of sulphonation of
benzene.

14. Explain why —NH2 group when attached to wnzene isngrtho and para directing in
nature.

15. Which of the following have aromatic and why?

0000 C

16. List the following compounds in order of deciegsreactivity toward nucleophilic
aromatic substitution: chlorobenzene,1-chloro-Aptbenzene,p-
chloronitrobenzene.

17. Show how each of the following compounds couldymthesized from benzene:

a. nitrophenol b. p-nitroaniline c. pbroanisole.

18. Draw the structure of each of the following conutsi

UTTARAKHAND OPEN UNIVERSITY Page 231



ORGANIC CHEMISTRY-I BSCCH-102

a. m-chlorotoluene b. p-bromophenol c. o-nitroaniline  d. m-
dichlorobenzene
e. 2,5 dinitrobenzaldehyde f. m-chlorobenzomtriy. o-xylene
B. Objective type question:
1. In nitration of benzene, the electrophile is-
a.H b. SO c. SQ d. NOZ
2. Benzene reacts with chlorine in the presenceeGhkFeatalyst to form.
a. Hehachlorobenzene b. Chlorobenzene
c. Hexachlorocyclohexane d. benzyl chloride
3. Gammexene is:
a. hexachloroethane b. DDT Cc. TNT d.
Hexachlorocyclohexane
4. Ozonolysis of benzene gives:
a. formic acid b. glyoxal c. formald/de  d. glycine
5. Which of the following compounds undergoes nibramost easily?
a. Benzene b. toluene c. Nitrobenzenel. Benzoic acid
6. Toluene reacts with bromine in the presence of igh to give.
a. m-bromotoluene b. benzyl bromide c. o-brtmluene  d. benzoyl
bromide
7. With respect to the electrophilic aromatic sitbsbon of benzene which of the following
is:
a. A non-aromatic intermediate is formed
b. Benzene acts as an electrophile
c. A proton is lost in the final step
d. Resonance forms are important
8. Which of the following statementsimscorrect: aromatic compounds?
a. Are planar
b. Have 4m-electrons
c. Are cyclic

d. Are generally less reactive than similarly substid alkenes
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9. When considering electrophilic aromatic substiu reactions electron withdrawing
substituents (e.g. nitro) are described as:
a. Ortho/para directing and activating
b. Ortho/para directing and deactivating
c. Meta directing and activating
d. Meta directing and deactivating
10. The Friedel-Crafts alkylation.
a. Works very well for primary chlorides
b. Works very well for tertiary chlorides
c. Works very well for acyl chlorides
d. Works very well without a catalyst
11. With respect to the electrophilic aromatic siibon of benzene which of the following
is not true:
a. A non-aromatic intermediate is formed
b. Benzene acts as an electrophile
c. A proton is lost in the final step
d. Resonance forms are important
12. Which of the following is not associated withottephilic aromatic substitution?
a. The formation of nitrobenzene
b. The formation of benzyne
c. The formation of bromobenzene

d. The formation of benzene sulfonic acid

Answers

1.¢,2.b,3.b,4.b.5.b,6.b, 7.b,8.b,9.d,10.b.11.b,12.b
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UNIT 13: ALKYL HALIDE

CONTENTS:

13.10bjectives

13.2Introduction

13.3Nomenclature and classification of alkyl halides
13.4Methods of formation

13.5Physical properties

13.6Chemical reactions

13.7 Mechanism of nucleophilic substitution reactiohgalayl halides
13.7.1 SN1 and SN2 and SNI reaction with energy radiihgrams
13.8 Elimination reactions (Types of elimination react)

13.9 Polyhalogen compounds-Chloroform, carbon tetraratdo
13.10Summary

13.11Terminal Question

13.1 OBJECTIVE

In this chapter we have to study about Alkyl halille:classification, Nomenclature.
Describe the reactions involved in the preparatidnalixyl halide (haloalkanes) and
understand various reactions that they undergorretate the structures of alkyl halide with
various types of reactiont)Jse stereochemistry as a tool for understandingréiaetion
mechanism.Nucleophilic Substitution Reaction of Alkyl Halides &' Reaction, §
Reactions and its mechanism, Elimination ReactiassE1l and E2 reaction and its

mechanism, Poly halogen compound and Terminal Questi

13.2 INTRODUCTION

The replacement of hydrogen atom(s) in a hydroagrhtiphatic by halogen atom(s)
results in the formation of alkyl halide (haloalkdnHaloalkanes contain halogen atom(s)

attached to the sp3 hybridized carbon atom of &gl group. Many halogen containing
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organic compounds occur in nature and some of theselinically useful. These classes of
compounds find wide applications in industry as wasllin day-to-day life. They are used as
solvents for relatively non-polar compounds ands@sting materials for the synthesis of
wide range of organic compounds. Chlorine containggfibiotic, chloramphenicol,

produced by soil microorganisms is very effectige the treatment of typhoid fever. In this
Unit, you will study the important methods of prepema, physical and chemical properties

and uses of alkyl halide.

13.3 NOMENCLATURE AND CLASSIFICATION OF ALKYL
HALIDES

A. Classification on the basis of number of halogeatom:

Aliphatic halogen compound (alkyl halide) can bessified in to following classes:
1. Monohalogen compoundsCompound which contains one halogen in the moleule

called Monohalogen compounds.
CHs-CH,-CH,-ClI

2. Dihalogen compoundsCompound which contains two halogens in the moleisutalled
Monohalogen compounds.
CHZ_CHZ_CHZ

Cl Cl
3. Trihalogen compounds:Compound which contains three halogens in the cotdeis
called Monohalogen compounds.

CHZ—CH—fHZ

<|:| él Cl
4. Tetrahalogen compoundsCompound which contains four halogens in the mdéec
called Monohalogen compounds.

|
c|:| c ¢ <
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5. Vicinal dihalide: Compounds containing two halogens on adjacent carbthe
compound is called vicinal dihalide.
CHZ_CHZ

Cl Cl
6. Geminal dihalide: Compound containing two halogen on the same caalbam is called

Geminal dihalide.
Cl

CH —CH,

Cl
B. Classification On the basis of the nature of thearbon attached to the halogen atom:
On the basis of the nature of the carbon attacbate halogen atom, alkyl halides are
classified in three types.

1. Primary alkyl halide:

i
H— c|:— X
R
Primary halo alkane
10
2. Secondary alkyl halide:
H
|
R— Cll— X
R
secondary halolkane
20
3. Tertiary alkyl halide:
R
|
R— Cli— X
R
Tertary halo alkane
30
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Here R = Alkyl group Ckl C,Hs, CsH> etc.
X = Halogen atom (Cl, Br, letc.)

Nomenclature:
Alkyl halides are named into two ways

A. Common System:In this system the alkyl group attached to the dphoatom is named
first .This is then followed by an appropriate watdoride, bromide or fluoride.

Example:
1. CH3-Cl Methyl chloride
2.CH3-CH,-ClI Ethyl chloride
3. CH3-CH,-CH,-Cl n-prppyl chloride

4,CH—CH—CH;j iso- propyl chloride

Cl
5. CH3-CH,-CH,-CH,-CI n-butyl chloride

6. CH;-CH,-CH-CH, Secbutyl chloride

Cl
7. CH3-C|:H-CH2-CH3 Iso-butylchloride

CHs
B. IUPAC System It has following rules-
1. Select the longest carbon chain containing #iegen atom.

2. Number the chain so as to give the carbon gagrihe halogen atom the lowest possible

number.

3. Indicate the position of the halogen atom byiaber and by the fluoro, chloro, bromo.
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4. Name other substituent and indicate their pmsitly numbers.

Example:
1. CH5-Cl 1-Chloro methane
2.CH3-CH,-Cl 1-Chloro ethane
3. CH3-CH,-CH,-Cl 1-Chloro propane

4. CH3—C|:H—CH3 2- Chloro propane

Cl
5. CHg-CH,-CH,-CH,-Cl 1- Chloro butane

6. CHy-CH,-CH-CH, 2-Chloro butane

Cl
7. CH3-(|:H-CH2-CH2 Cl 3-Methyl-1 chloro butam

CH;

13.4. METHODS OF FORMATION
Alkyl halides can be prepared by the following nuet:-

1. Halogination of Alkanes: Alkanes react with Glor Br, in the presence of UV light or at

40 C to give alkyl halides along with polyhalogenidatives.

Sul light
—_—

CHy + cI CH,-Cl

2. From alkene (Addition of Halogen acids to Alkenes):Halogen acids add to alkenes to

yield alkyl halides. The mode of addition followsakkonikoff rule, except in presence of

organic peroxides.
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CH;=~CH; + HBr ——————> CH;-CH,Br

CH3-CH:CH2 + HBr — 5 CH3-CH,-CH,-Br

3. From Alcohol:

a. Reaction with Hydrogen halide: When any alcohol react with hydrogen halide in the

presence of anhydrous ZnClthen it gives corresponding alkyl halide.

Anhy. ZnCl
R-OH + HBr Y 2 > R-Br + H0

ANhY- ZnCh _ CHyCHyBr + HO

CH3'CH2‘OH + HBr
b. Reaction with phosphorus penta chloride (PG):

Alcohol on react with PGlgives alkyl halide by removing phosphoryl chlor{@ROCE).

R-OH + PClg — > R-CI + POCl; + HCI

CHyCHyOH  —— CHyCH,Cl + POC} + HC
Ethyl chloride
c. Reaction with phosphorus tri chloride (PC}):
Alcohol on react with PGlgives alkyl halide by removing of H3RO

3ROH + PCl; ——» 3RCl + HsPO,

3 CHyCH,Cl  + HPO,

3 CH;-CH,-OH
Ethyl chloride

d. Reaction with thionyl chloride (SOCL).

Alcohol on react with SOGlgives alkyl halide by removing of G@nd HCI.
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ROH + SOCl, —— R-CI + SO2 + HCI
CH3-CH,-OH — > CH3;CH,Cl + SO2 + HCI
Ethyl chloride
4. From halogen exchange reaction:

This reaction is particularly suitable for preparialkyl iodides. The alkyl bromide or

chloride is heated with a conc. sodium iodide ietawe.

Acetone/CoHel
CHs- CHy- Br + Na 2 5 5 CHyCHs-l + NaBr

Alkyl fluorides are also prepared by treating allofiloride or bromide with inorganic

fluorides.

2CH4- Cl + Hg,F,

2CH-F  + HgCl,
Methyl chloride Methyl fluoride

13.5 PHYSICAL PROPERTIES

1. The lower alkyl halides (C#fF, CHCl, CHsBr, C;HsCl) are gases at room temperature.
The other alkyl halides containing upto C18 areitig having high boiling points.

2. Haloalkanes are moderately polar molecules. By are immiscible in water. It is due to
their inability to form hydrogen bonds with watepl@cules.

3. The melting and boiling points of haloalkanes &igher than those of their parent
hydrocarbons (Table 13.1) This is due to (i) theatgr molecular mass and hence greater
magnitude of van-der Waals forces of attractionhalo compounds than in the parent
hydrocarbons and (ii) the existence of intermolaculipole-dipole interaction, as shown

below:
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For a given alkyl group, the boiling points incredsom fluoro to iodo compounds as the
size of halogen atom increases. The boiling pahtsalomethanes, haloethanes and

halobenzene given in the Table 13.1to show thimtran.

Compound Melting point (K)
X=H X=F X=Cl X=Br X=I
CHs-X 111.5 194.6 248.8 276.6 315.4
CoHs-X 184.3 241 285 311.4 345
CsHs-X 351 358 405 429 461

13.5. CHEMICAL REACTIONS

1. Wurtz reaction: In this reaction R-X is treated with Na in the gese of dry ether to

give alkane. This reaction is also known as cogpleaction.

Drt ether
CH;-CH,--CH,-CHjs

2. Wurtz Fittig reaction: When two different alkyl halides react with Na metethe
presence of dry ether then it gives odd numberatoiny alkanes. This reaction is known as

Wurtz Fittig reaction.

R-X + 2Na + X-R' Dry ether RR  + 2Na
P T ) Dry ether
CHgCHy-ICl + 2Na + CICHy _oryemer CHg-CHy--CHy

3. Reaction with Magnesium (Mg):When any alyl halide reacts with Magnesium metal

then it gives Organometallic compound.

THF
CHs-Br + Mg e CH3-Mg-Br

4. Frackland Reaction: In this reaction R-X is treated with Zn in the peee of dry ether

to give di-alkyl-Zn compound.
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Dry ether
—_—

2CHs-Br + 2Zn (CHg)Zn  + ZnBp

5. Williamson synthesis:n this reaction R-X is treated with R-O-Na (sodiatkoxide) in
the presence of dry ether to form ether and tlastien has great importance to form both

types of ether symmetrical and unsymmetrical.

2CHyBr + CH-O'Na _ PYeMer cp o.cH, + NaBr

e
6. Friedal Craft reaction: In this reaction when an alkyl halide react witbraatic

hydrocarbon like benzene then it gives alkyl beezen
CHg
H
Anhy. AICl3 + HBr

Y o

+ CH3'B|’

Bromo benzene
7. Reaction with Sodium hydro sulphide (NaSH)In this reaction when an alkyl halide
reacts with Sodium hydro sulphide then it give thicohol.
R-X + NaSH —— RSH + NaX

CHyCl + NaSH CHySH + NaXx

13.6 MECHANISM OF NUCLEOPHILIC SUBSTITUTION
REACTIONS OF ALKYL HALIDES

During neocleophilic substitution reaction the (b¥nd undergoes to the breaking and the
C-necleophile bond to be formation. In the cas®-of this processes takes place any of the
three types.

(1) The breaking of C-X bond takes place followgdtoe formation of C-Nu bond.

(2) The formation and the breaking takes place Banaously.

(3) The formation of C-Nu bond takes place follovidthe breaking of C-X bond.

Generally the initial two types takes place in ladipc alkyl halides and the third types takes
place in aryl halides (Ar-X).

Classification of Nucleophillic substitution reaction

The Nucleophillic substitution Reaction is clasaifiin to following two classes.

(1) SN1 (Unimolecular Nucleophilic Substitution reactn):

UTTARAKHAND OPENUNIVERSITY ~ Page242




ORGANIC CHEMISTRY-I BSCCH-102

It is represents that Mononucleophillic substitntioeaction. Generally such type of
mechanism is carried by tert. alkyle halides ansl the two step mechanism.
Step-I
In this step the C-X bond undergoes heterolytisidis to give an intermediate carbonium ion
and it is the slowest step. So it is the rate deitgéng step.
Step-Il
It is the faster one and in it the nucleophilettack to the carbonium ion to form the required
compound.

CH, CH3

CH3—C—Br + Ag.. KOH —»CHg—C—OH + KBr

CH, CHs
Mechanism:
Formation of Nucleophile:
KOH — K™ + OH
Step I- Slow step:

Hs CHs
e - | .
CH;—C—Br heterolytic fission -~ CH—C* + Br
Slow
CHs CHs
tert. butyl bromide 3% butyl carbonium ion

Step Il Fast step:
CH,
| CH3
3 + OH =277 CH;—C—OH

CH;,

CHs
3% butyl carbonium ion

tert. butyl alcohol
Formation of KBr:

K* + Br ——» KBr
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It is clear from above mechanism that in the sldwstep only one reactant (ter. butyl
bromide) takes placed, hence the rate of reacsigiepends upon the concentration of it, so it
is first order reaction. So this reaction is knoas uni-molecular nucleophilic substitution
(SNY) reaction.

Mathematically:

ax
dt

(2) SN (Bi-molecular neicleophilic substitution reaction)Reaction:

= K lAIkyI halidel

This type of mechanism is generally followed bynmary alkyl halides and it is the one step
mechanism. In this type of mechanism’ [dttacks to that carbon which is attached from the
halogen atom, from the opposite side of the halaggenying carbon atom because there is
repulsion between nucleophilic and halogen. Ihesglowest step.
Mechanism:
Formation of Nucleophile:

KOH — K* + OH

B CHy; CHs
CH; CHs cH. S N
N = / Fast step HO— C + Br
C—Br Slow step OHz---" C-——-- Bi — r
| | Ch
CH, CHg
OH L = Inversion product

Transition state

Formation of KBr:

K* Br ——» KBr
In the transition state or activated complex thdllCbond is partially formed and the C-Br
bond is partially breaking. Hence in this stage@Bu bond start to form and the C-Br bond
start to breaking and finally is formed. In thisehanism the C-H bond are like the spokes
and are along the axel.
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Since in the slowest step there are two reactirgiep one is alkali & other is R-X. So its
rates depands upon the concentration of both. Soisit Bi-molecular Nucleophilic
Substitution reaction reacti@®n’.

Mathematically:

dx

rr =K [Alkyl halide] [KOH]

13.6.1. SN1 and SN2 reaction with energy profile dgrams

Sx1 Reaction Conditions S~2 Reaction Conditions
AAG:..::ﬂCﬁ'\'ﬂﬁnn
Paolar Solvenrt
.-“-:\ Belaribolvens Non-Polar Solvent AAG;'II:acIi’\miun
J \ e
h 4 / \ Non-Polar Solvent 2 M v"'/
—_— v 3 ~
'I l'l - /-_\‘\ ’,/.. 4 % _/’
E M R, B | N~ A
Vs \\ e il 4
P
I \
Ill "..I /
f C* Intermediate ".. ,
o 4 g v
Reactant Y / Reactant

()

o/

Product Product

Reaction Coordinate Reaction Coordinate

13.7. ELIMINATION REACTIONS (TYPES OF ELIMINATION
REACTIONS)

In this type of reaction the atoms or group of atamne eliminated from two adjacent C-

atoms to give the product.

Example: R-X on react with KOH (alc.) gives alkene by undeng dehydrohalogenation
H H

H—lC—C—C| + Alc. KOH ——> CH,=—=CH, + KCI + HO
0oL
Types of elimination reaction:

Elimination reactions are classified into two ceEssOne is Eand other is Ereaction
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1. E* Elimination (Uni-molecular Elimination Reaction): Generally such type of
mechanism is observed in tert. alkyl halides amsltitvo step mechanism.

Step I: It is the slowest step. In this step the C-X bondargoes hetrolytic fission to form
an intermediate carbonium ion and this step is lat&avn as rate determining step.

Step II: 1t is the faster one. In this step the'Mueliminate - hydrogen from the

carbonium ion and form alkene.

Mechanism:
KOH — K* + OH
Nu
Step I
CHg CH,
e - | .
CH;—C—Br heterolytic fission - CH—C* + Br
Slow
CHs CH,
tert. butyl bromide 3% butyl carbonium ion
Step Il
C|3H3 C|3H3
:: OH + H_QHTC + > CH2= f + l_lzo
CHs CHs
K* + Br — KBr

2. E? Elimination (Bi-molecular Elimination Reaction): E2 mechanism is concerted
process and a bimolecular reaction. Because therkasoves a hydrogen at the same time
the C— X bond is broken to form a halide ion thie faw for the rate determining step is

dependent on both the alkyl halide and the base :
Rate = k [alkyl halide] [base]

The stronger the base the more likely it is thatrB&chanism will be in operation. E2

mechanism illustrate by reaction of 1-bromopropaite sodiumethoxide.
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Formation of Nucleophile:
KOH —— K' + oW

Attacking of Nu: B 7]

H H

T
F-————-=--=======-< a
| N OH---=--H—C — C --- Br
lOH +  H—i-C—C —Br —oWstep_ R
(R J | | S~ H H

H H | Transition state _|

Fast step

P
I
Br + H,O + C|3=C|:
Formation of KBr: H H

K* + Br —— KBr

Thus it is clear from above mechanism in the sldwep, which is rate determining step two
reacting species takes palce. Hence the rate dfioeas depands upon both concentrations.

So it is of two order reaction.

13.8. POLYHALOGEN COMPOUNDS- CHLOROFORM,
CARBON TETRA CHLORIDE

A large number of polyhalogen aliphatic and aromhtilogen compounds are known. These

are extensively used as solvents, pesticides, taties etc. Some of the important
compounds are chloroform (CHgliodoform (CH}), carbon tetrachloride (Cg}) benzene
hexachloride (BHC), DDT, etc.

A. Chloroform (CHCI 3): Chloroform is an important trihalogen derivative raéthane. In

the past chloroform was extensively used as gerarasthetic for surgery but it is rarely
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used for this purpose now because it is causes@xeeliver damagdts IUPAC name is tri

chloromethane
Preparation of Chloroform:
1. From Ethanol:

Chlorofom is prepared in the laboratory by treagtiganol or propanone with chlorine gas in
the presence of an alkali. Following is the reacgequence in this process
CHz -CH,-OH + ¢l, — CHzCHO + 3cl, —___ = ClsCCHO

-HCI Ethanal -B3HCI  Trichloroethanal
Ethanol (Chloral)

Ca(OH) + 2C}-C-CHO ——> (HCOO)Ca + 2 CHG
Calcium formate Chloroform

2. From Methane: Methane on chlorination gives CHQNhich is separated from the

mixture.

CH, + CI2 40 CHCI + CHCl,+ CHCE + CCj
Chloroform

3. From Chloral (Trichloro acetaldehyde): Chloral on react with NaOH or Ca(Otp

give chloroform.

Cl

Cl— C—CHO + NaOH —» CHCIl; + HCOONa

| Chloroform
ClI

Chloral

4. From trichloroacetone: Trichloro acetone on react with NaOH gives CEIBl removing

sodium acetate.

CCl;-CO-CH; + NaOH —> CHCl; + CH3COONa
Chloroform Sodium acetate
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Physical Properties:

1. Chloroform is a colorless liquid with a charactgcisickly smell.

2. It is almost insoluble in water but is solublemiost organic solvents.
3. It is heavier than water.

4. Its boiling point is 334 K.

5.1t is used as anesthetic in surgery.
Chemical Properties: The chemical properties of chloroform are as folew

1. Oxidation- Chloroform undergoes oxidation in the presenceigtitland air to form
phosgene.

cHCl, + 0, ——unliot 2COCL +  2HCI

Phosgene
Chloroform is used for anesthetic purposes; theeefbigh level of purity is desirable. To
prevent oxidation of chloroform it is stored in kidottles.
2. Reduction- It undergoes reduction with zinc and hydrochlog@an the presence of ethyl

alcohol to form dichloro-methane.

Zn
CHCly; + 2H —— > CH)CIl, + HCI

3. Reduction with HNGOs: Chloroform on react with HN©form nitrochloroform which is
known as tears gas.

C:HC|3 + HNO3 E—— CC|3-N_02 + Hzo
Chloropicrin

(Tears gas)

4. Hydrolysis- Chloroform undergoes hydrolysis with hot aqueaxditem hydroxide to give

sodium formate.

CHCI; +4NaOH —— > HCOO-Na+ + 3NaCl + 2H,0

Chloroform Sodium formate
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5. Rimer-Tieman Reaction- Chloroform reacts with phenol in the presence disn

hydroxide to form salicyaldehyde.

OH
OH
CHO
H
+ CHCI3 + 3NaOH ———— + 3Nacl + 2HD

Salicyldehyde
Uses:

i. Chloroform is used as a solvent for fats, waxesrabter.
il. In the preparation of chloropicrin and chlone¢o

ii. As a laboratory solvent

iv. As an anaesthetic.

v. In medicines such as cough syrups.
B. carbon tetra chloride:
Preparation: Carbon tetrachloride is manufactured by followprgcess:

1. From Carbon Disulphide: By the action of chlorine on carbon disulphide. @laium

chloride is used as catalyst

AICI
CS, + 3ClI2 > cc, + SCh

Carbon Tetraazide
Carbon tetrachloride is removed from the mixturdragtional distillation.
2. From Chloroform:
CS; + 3Cl, — CCl; + HCI

3. From methane:
CH, + 4Cl, —> CCl, + 4HCI
Physical properties:

1. Carbon tetrachloride is colourless liquid.
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2. It is insoluble in water but soluble in ethaaal ether.

3. Itis an excellent solvent for oils, waxes, fatsl greases.

4. It is used as a fire- extinguisher under the edgrene because it is non-inflammable.
When a spray of carbon tetrachloride is directefit@tits dense vapours prevent the oxygen

of air from reaching the burning articles.
Chemical Properties:
Carbon tetrachloride is inert to most organic redgdt gives the following reaction-

1. Reaction with Steam:Carbon tetrachloride vapours react with steam @GQo give

phosgene.

CCl, + H,O(Steam) —> COCIl, + 2HCI
Phosgene

2. Reduction-Carbon tetrachloride can be reduced moist iroimjlto give chloroform.

Fe/H,0O
CCl, + 3Cl,, —=2> CHCl; + HCI

Chloroform

3. Recation with HF: Carbon tetrachloride reacts with hydrogen fluoiié¢he presence of

antimony penta fluoride to form dichlorodifluororhanhe.

SbF
cCl, +2HF ——» CCLF, + 2HCI
Freon-12

Freon-12 is widely used as a refrigerant and ptapein aerosol sprays of all kinds.
C. Dichlorodiphenyltrichloroethane (DDT):

It is available in several different forms: powdaeyosols, granules, etc.
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O

CH—CCl,

Methods of preparation: Chloro benzene on react with GCHO (Chloral) in the presence
of Con. HSO, form DDT by removing KO.

D

. Con. BSO,  clyC—CH

| | .
C—¢—¢=r0 = |
cl H | H —3@—0

DDT

Uses:

It is used mainly to control mosquito-borne malariis also used as an agricultural
insecticide. The use of DDT has been banned in maoyntries because being non-
biodegradable, it accumulates in environment. tbigc to other living organisms such as:

mammals, birds, fishes, etc.
D. Benzene Hexa Chloride (BHC)

It is sold under the name gammexane, lindane om@@thas the formulas8sCls.

cl
cl H H
H cl
cl H
H cl
cl H
BHC
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Methods of the preparation:

In the presence of sun light benzene on react @Gitlgives an additional compound B.H.C.,

it is also known as 666 or Gamexene or lindane.

Cl
H
Cl H
hv H Cl
+ 3C, Cl H
H Cl
Cl H
BHC

Uses:lt is used as a pesticide in agriculture.

13.10 SUMMARY

Alkyl halides may be classified as mono, di, orlypalogen (tri-, tetra-, etc.)
compounds depending on whether they contain one,dawmore halogen atoms in their
structures.

Alkyl halides are prepared by the free radical gafmation of alkanes, addition of halogen
acids to alkenes, replacement of —OH group of alsolwith halogens using phosphorus
halides, thionyl chloride or halogen acids.

The boiling points of organohalogen compounds amparatively higher than the
corresponding hydrocarbons because of strong digiptde and van der Waals forces of
attraction. These are slightly soluble in water ¢npletely soluble in organic Solvents.

In addition to undergoing nucleophilic substituticeactions, alkyl halides under@e
elimination reaction. The halogen is removed frame carbon and a proton is removed from
an adjacent carbon. A double bond is formed betwleenwo carbons from which the atoms
are eliminated. Therefore, the product of an elation reaction is an alkene. Removal of a

proton and a halide ion is called dehydrohalogenati
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A number of polyhalogen compounds e.g., dichloriwaee, chloroform, iodoform,
carbon tetrachloride, Freon and DDT have many im@lsapplications. However, some of
these compounds cannot be easily decomposed andcause depletion of ozone layer and

are proving environmental hazards.

13.11 TERMINAL QUESTION

1. Draw structural formulae of the following compwais:

(i) 2-Bromo-3-methylbutane

(ii) 3-Chloro-4-methylhexane

(iif) 3-Bromochlorobenzene

(iv) 2,4-Dibromotoluene

2. Although haloalkanes are polar in nature, threyisoluble in water. Explain.

3. Why is chloroform stored in dark coloured bottles?

4. Name two commonly used polyhalogen compounds.

5. What products will obtained when ethylbromidaats with

(i) ag. KOH and (ii) alc. KOH

6. What is the major product of elimination reantiof 2- bromobutane?

7. What is a Grignard reagent? How is it prepared?

8. What are nucleophilic substitution reactions? Expthenmechanism ofng and Si2 reactions
in aliphatic compounds.

9. Write down the E1 and E2 mechanism of dehydogeiation in detail.

10. Write down the detail mechanism of reaction of galw acid on alcohols.

11. Arrange each set of compounds in order of inangdsoiling points.

(i) Bromomethane, Bromoform, Chloromethane, Dibromihraee.

(i) 1-Chloropropane, Isopropyl chloride, 1-Chloraéne.

12. What happens when?

(i) n-butyl chloride is treated with alcoholic KOH,

(i) Bromobenzene is treated with Mg in the preseufodry ether,

(iif) Chlorobenzene is subjected to hydrolysis,

(iv) Ethyl chloride is treated with aqueous KOH,
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Objective Type Question:

(1)Freon-12, CGF;, s used as a:

(a) Local anesthetic (b) Dry-cleanagent

(c) Refrigerant (d) Disinfectant

(2)Which of the following reagents can be usedrappre an alkyl chloride from an alcohol?
(@) PCé (b) SO

(c) NacCl (d) HCI + ZnGl

(3) Alkyl halides undergo-

(a) Electrophilic substitution reactions
(b) Electrophilic addition reactions

(c) Nucleophilic addition reactions

(d) Nucleophilic substitution reactions

(4)1-Bromobutane reacts with alcoholic KOH to-

(a) 1-Butene (b) 2-Butene

(c) 1-Butanol (d) 2-Butanol

(5)Which compound reacts most rapidly by afrBechanism?

(a) Methyl chloride (b) Isopropyl chloride
(c) Ethyl chloride (d) B butyl chloride
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UNIT 14: ARYL HALIDES

CONTENTS:

14.10bjectives

14.2 Introduction

14.3 Nomenclature and classification of aryl halides
14.4 Methods of formation of aryl halides
14.5Chemical reactions

14.6 Relative reactivity of alkyl halides vs allyl vihgnd aryl halides.
14.7 Synthesis and uses of DDT and BHC

14.8 Summary

14.9 Terminal Question

14.10 Answers

14.1 INTRODUCTION

Alkyl halides have vast importance as it can bedusr the preparation of a variety of
organic functional groups. In this unit we shabdaliss the halogen derivatives of benzene-
Aryl halide, which are normally less reactive thalkyl halide, have their own pattern of
reactivity, and these reactions are noval, usefdl@oductive. The aryl halides produced on
the largest scale are chlorobenzene and isomeatiglibrobenzene. Several aromatic chloro
compounds are used extensively as insecticideBides, fungicides and bactericide.

14.2 OBJECTIVES

1) Name Aryl halide according to the IUPAC system ofnenclature from their given
structure.

2) Describe the reactions involved in the preparabibAryl halides.
3) ldentify reactions involving aryl halides.

4) Synthesis of DDT and BHC.

5) Relative relativities of alkyl halide VS vinyl aradtyl halide.
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14.3 NOMENCLATURE AND CLASSIFICATION OF ARYL
HALIDES

(1) Classification of Aryl halides

Aryl halides are those compounds whichtaonat least one benzene ring and one
halogen atom in thelecule. They are as follows:

(i) Nuclear halogen compounds

These compounds have directly attachedgealatoms to the benzene ring. For example,

Cl Br
f ~CH3

Chlorobenzene o-bromotoluene
(i) Side- Chain halogen Compound

These compounds have side chain attached with éraldgere may be more
than one halogen in the side chain.
CH,CI CH,Br CCls

cllegle

Benzyl chloride 0-Chloro benzyl bromide  Benzotrichloride

(2) Nomenclature of aryl halide

Aryl halides are also termed as haloarenes in IlUR&Qvell as common
system. There are some rules for nomenclatureybhalide.

(1) If there is only one halogen group bonded direttlybenzene ring, it is
numbered as one position and written as prefixofedd with benzene as main
ring. For example Chlorobenzene or aryl chloridé.s#x position of benzene
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are equivalent. Hence monohalogen compounds coeldepresented by

attaching the halogen to any of the six position.
Cl

Chlorobenzene

(2) For dihalogen derivatives containing same type aloden, the prefix o-
(ortho) m-(meta) and p-(para) are usedommon system. If the two
group are located in neighboring position the twougs are ortho to each
other. If there is a gap of one position, the geape meta to each other and if
the gap is of two position the groups are paradacheother. However in
IUPAC nomenclature of dihalogen derivatives, nuecarprefixs 1,2 , 1,3 ,

1,4 are used to assigned the position of halogen.

B
Br Br r
Br i
Br
Br
o-(ortho) m-(meta) p-(para)
(1,2dibromo benzene) (1,3dibrommdsme)  (1,4dibromobenzene)

(3) In the presence of two different halogen groupchid to benzene ring,
halogen numbered alphabetically and written insdume way. For eg. If there
are two halogen groups like bromo and fluoro boneddenzene ring bromo

group will be writren first followed by fluoro grqu
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Br

F

1-Bromao3- fluoro benzene

(4) For naming trihalogen compounds, we use the numap&iem. Number 1 is
given to the position of the groups and then thesiogroups are numbered

accordingly. Clockwise direction is followed forigtpurpose.

Br
Br Br
1 1
1
i 2 :Br 2_Br 2
3
B 5
3 Br r f 3 TBr
r

1,2,3 Tribromobenzene 1,2,4 Tribromobenzene ~ 1,3,5trbromobenzene

(5) Side chain halogen compounds are named as follows :

Br
CH,CI % _CH,Cl ©/0H0©/Ccls

Benzyl Chloride  0-Bromo benzyl chloride Benzal Chloride  Benzo Trichloride

14 AMETHODS OF FORMATION OF ARYL HALIDES

Aryl halides are prepared by following methods:
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(1) Direct halogenations of benzene Chlorination and bromination is very
conveniently carried out at ordinary temperaturghi@ absence of light and in the
presence of metallic iron or lewis acids such dsrates or bromides of Fe, Al, Sb.
Fluorination and lodination of benzene, are rapdyformed because fluorine is too
reactive to control the reaction and iodine is tooreactive for a favorable

equilibrium constant.

This reaction stops at the monosubstituted stagetaluhe deactivating influence of the
halogen atom on the aromatic ring.

Cl
+ Cl, L»Ej * HCI

However, if chlorine is used in excess, furtherssibtion takes place and a mixture of o-
and p-dichlorobenzene is obtained.

cl | Cl
Fe I
+ C|2 —_—

0- p-
CHj GHs
CHj
Cl
Fe +
+ C|2 —_—
Cl
o- p-
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C

CHy Ha
CHs
Br,
Fe +
+ Br, ——>
r2
P

O- -

When aromatic compounds contain strongly deactigagiroup such as —NO2, -COOH etc.,
high temperature is required and the halogen etitersmeta position.

NO, NO,

Fe

413 K
Br

Nitrobenzene m- Bromo nitrobenzene
(2) Decomposition of aryl Diazonium salts (Sandmeyer’sgeaction)- This is

an important method for the preparation of aryides, specially those which cannot
be prepared by the direct halogenations.

Aryl amines when treated with acidified sodium itétiat low temperature (0-50C), result
in the formation of Aryldiazonium salts.

+ -

NH, NCl

NaNG, HCl
H,0, 0-5°C

Y
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+ -

N,Cl cl
CuCl
+ HCl > +Nz + HCI

Chlorobenzene

Benzene diazonium
chloride

+ -

Br
N,CI
CuBr
, HBr > + N, + HCI

Gattermann Reaction

Gattermann reaction is the modified form of aboventioned reactions. This reaction
requires the diazonium salt to be warmed in presefcopper powder when it decomposes
to give the halobenzene.

CH3 CH3
Cu
- + N,
heat
Cl

N,"Cl”

Schiemann reaction

This is a good method for introducing fluorine atonthe ring. Addition of fluoroborate, to
aryldiazonium salt solution gives the insoluble zdiaium fluoroborate, which on gental
heating gives the aryl fluoride.
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. F
N,"CI N,"BF,
heat
+ HBF, — > t HCl ———
+

BF;
Aryl iodides are obtained by warming the diazonigalt solution with potassium iodide
solution
Heat
ArN,*CI” + agKiI = Arl  + HCl+ N,

When aromatic compounds contain highly activatingug such as —OH, -NHetc. They

undergo halogenation in the absence of halogemecand halogen enters tloetho and
para position.

NH, NH;

Cl Cl

(aq)

Aniline
Cl

2,4 .6-trichloroaniline

(38) From phenols- Reaction of phenol with P&Yields aryl chloride.
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OH cl
+
@ ., PCy — @ POCE + HCI

Phenol

(4) From silver salt of benzoic acid ( Hunsdiecker reamn ) :

COOAg C
Cl,/ heat
- +CO, +AgX

14.5 REACTIONS OF ARYL HALIDES

The reactions of aryl halide are due to the halagem (nucleophilic substitution reactions)
and the aromatic ring (Electrophilic substituti@action).

Nucleophilic substitution reactions

Aryl halides are relatively unreactive towards maghilic substitution reactions. For
example Chlorobenzene is essentially inert to agsiesodium hydroxide at room
temperature. To proceed reaction at reasonableeragerature over 300°C are required.

OH
Cl

(i) NaOH, H,0, 37¢C

-
>

(i) H;O+

0,
Chlorobenzene Phenol (97%)
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Aryl halides are less reactive than alkyl halideutleophilic substitution reaction. This lack
of reactivity is due to several factois aryl halide the carbon chlorine bonddsbond.
However, one of the-orbital of chlorine having a pair of electrons parallel to the
delocalizedo-orbitals of the benzene nucleus. This p-orbitatidbrine can also overlap with
the delocalized p-orbitals of benzene nucleus. Tthesbond between carbon and chlorine
becomes strong.

Cl

The delocalizeat MO gives partial double bond character to C-Cldonaryl halides.

® ®
Cl

& .
')A, ‘ @

Another reason for the low reactivity of aryl haitbwards nucleophilic substitution reaction
is therw electron cloud in aromatic ring with which doeg atlow the nucleophile to attack
easily on benzene ring.

Aryl halides cannot proceed through SN1-type preegdecause carbon- halogen bonds of
aryl halides are too strong, and aryl cations fatrdaring the reaction are highly unstable
due to high in energy.
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SN1 X
\/ + X
(—x—

Unstable aryl cation
Aryl halides also cannot be proceeding through 3)2-process, because the aromatic ring
blocks the approach of the nucleophile to carbatheiside opposite the bond to the leaving
group. Inversion of configuration is impossible.

SN2
DAY X
Nu~ X \
Twiste double bond

(1) Nucleophilic substitution in nitro substituted aryl halides (SNAr)

Y

Aryl halides consists of strong electron withdragvigroup such as a nitro growptho or
parato the halogen undergo nucleophilic substitutiesadily

OCH,

Cl
CH;OH
+  NaOCH ° > +  NaCl
85%
Sodium methoxide Sodium chloride
NO,

NO,

p-Nitroanisole
p-Chloronitrobenzene 92%
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Cl NH3
NO, NO,
NH3 _
176
NO, NO,
1-Chloro-2,4- dinitrobenzene 2,4- Dinitroaniline(65-75%)
OCH,CH;
cl
NO, NO;
+ CH;CH,O > + I
Ethoxide anion
N02 NOZ
1-Chloro-2,4-dinitrobenzene 1-Ethoxy-2,4-dinitrobenzene

Aryl fluorides undergo nucleophilic substitutioraction when ring bears an or ap- nitro
group.

OCH,

F
CH;OH
+ KOCH;
850C + KF
Potassium methoxide Potassium fluoride
NO,

O,

Y

p-Fluronitrobenzene _ _
p-nitroanisole (92%)

These reactions follow a second order rate law:

Rate =k[Aryl halide][Nucleophile]
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Mechanism of second order nucleophilic aromaticsstuiion reaction (SNAr) can be of
following two types.

1) Addition/elimination mechanism
2) Elimination /addition mechanism
Addition /elimination mechanism
General schematic representation for addition elatidon reaction: It is two step reaction.

Step I: In this step incoming nucleophile attacks at shene position where the leaving
group is attached. Such attack is known as ipsalatt

Y
R Y
X Y
X
Slow K X <
+ Y > _ -

Step Il: In second step the leaving group detached leadimggeneration of aromaticity in
benzene ring.

\'%
\'

fast —_

(X ] n

Elimination/ Addition mechanism

Elimination/Addition mechanism is proceeding vianbgne mechanism. The benzyne
intermediate has triple bond in benzene ring durthg transition stage. Benzyne
intermediate is highly reactive and they rapidlydergo nucleophilic substitution reaction.
Aryl halides undergo substitution by the benzynecma@ism only in the presence of very
strong bases such as alkali metal amide and ortjainal reagents or somewhat weaker
bases under vigorous conditions.
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elimination

-HCI
Cl Benzyne

Benzyne mechanism involves two steps:
Elimination

In first step elimination of H and X (Halide) ocsuto give benzyne. Elimination itself
comprises of two steps.

Abstraction of a hydrogen ion by the strong base

cl Cl

+  NH

+ NHy

Loss of halide ion to form benzyne

&
+
E:0)
Y
+
o)

Addition

In second step addition of nucleophile and H octuigive overall substitution product.
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Protonation of anion by reaction with acid, ammaatia

NH,

NH,
. o
* — NH g + .NHz
©
© Q
h + H— NH, ——— + NH,
N, NH,

(2) Electrophilic substitution reaction of Aryl halides

Aryl halides are reactive towards the electrophdromatic substitution but they are less
reactive than benzene because halides are weakvd¢ars. The weak deactivation is due to
the electronegativity of the halogen making theerimtediate cations less stable than those
produced when benzene undergoes substitution. é$adicko- or p- directing groups.

X X '
E
+Ef /> * HH
ortho- E
para-

Electrophilic aromatic substitution reactions ofozbbenzene is given below.
Other reactions

Wourtz- Fittig reaction- When aryl halide is treatedith ethereal solution of alkyl
halide, in the presence of sodium, we obtain ayl dl&nzene.
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Dry
ad +2Na + GCH, CH; +NaCl
ether

When only aryl halide is treated with sodium diaay¢ produced, this reaction is called fittig

reaction.
ether
Cl+ 2Na +Cl -

di phenyl

Reduction — Aryl halide are reduced by Nickel- Aluminium allog alkali or sodium
amulgum and aqueous alcohol in the presence oli.alka

Cl

Ni-Al / NaOH +HC

+ 2H >
or Na(Hg)/Alcohol

Benzene

Formation of Grignard reagent: When Aryl halides and lodidesre treated with
magnesium turnings in dry ether they form Grignezdgent. Aryl chloride form Grignar
reagent only when the reaction is carried out intdtra hydro furan (THF) as solvent.

Br MgBr

Dry ether
+ Mg -

Phenyl magnesium bromide
Bromo benzene

Cl MgCl
+ Mg Dry THFE - ©/

Phenyl magnesiun chloride

Chloro benzene

14.6 RELATIVE REACTIVITY OF ALKYL HALIDES vs ALLYL,
VINYL AND ARYL HALIDES
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Aryl halide for example chlorobenzene has carbtmmain ring which has p-orbital
available for overlapping with p-orbital of chloeratom and thus the p- orbital carbon atom
overlap with the p-orbital of attached CI- atomnide the Cl-atom is firmly attached with the
C-atom of benzene ring. Moreover the bond betwéenG-atom in the benzene ring has
partial double bond character due to delocalizatibelectrons in the benzene ring. All these
factors make it difficult for aryl halide to under@N1 or SN2 reactions and thus they are
least reactive in nature. In case of vinyl halit®dhe side wise overlapping of the p-orbitals
of carbon atom occurs with ClI- atom. Thus thersidewise overlapping in the vinyl halide
which makes it difficult to undergo SN1 or SN2 reéaws and they are also less reactive..
However in case of alkyl halide carbon atom attdctee halide atom does not have any
unhybridised p-orbital to overlap with the p-orbitd the Cl-atom and Hence it is easy for
them to undergo SN1 and SN2 substitution reactidihe allyl cation has delocalization
which decreases the energy of the system. This sriikasier to remove a halide.

14.7 SYNTHESIS AND USES OF DDT and BHC

(i) Synthesis of 1, 1-Bis (4-Chlorophenyl)-2, 2, Zrichloroethane, (DDT)

chlorobenzene

conc HSO,
-H,O
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Cl

Cl Cl

Cl | | Cl

1,1-Bis (4-Chlorophenyl)-2,2,2-Trichloroethane

DDT is used as insecticide. DDT was initially udeyl the military in World War 1l to
control malaria, typhus, body lice, and bubonicgpla DDT is still used today in South
America, Africa, and Asia for this purpose. Farmagsed DDT on a variety of food crops in
the United States and worldwide. DDT was also usdalildings for pest control. DDT was
so widely used was because it is effective, redifiitnexpensive to manufacture, and lasts a
long time in the environment. DDT is slightly to derately acutely toxic to mammals,
including people, if eaten. DDT is poorly absorllebugh mammalian skin, but it is easily
absorbed through an insect's outer covering knograma exoskeleton.People exposed to
DDT while working with the chemical or by accidengaposure report a prickling sensation
of the mouth, nausea, dizziness, confusion, heagddethargy, in coordination, vomiting,
fatigue, and tremors .

(i) Benzene hexa chloride:

For benzene hexa chloride eight isomers are peskilil only seven are known. One of these
isomers is an insecticide called lindane, or Gananex {- isomer). GamaBenzene
Hexachloride is used for the treatment, contraypntion, & improvement of the contagious
and itchy human head infection mites skin diseaskli@e skin disease. There are various
side effect of BHC as insomnia, paresthesia, gekin dizziness, headache, nausea,
vomiting, restlessness, skin irritation, contaginolitis if used in excess quantity.

14.8 SUMMARY

Aryl halide, with electron withdrawing substituen#$ ortho and para position react by
nucleophilic aromatic substitution reactions. Thes&ctions proceed through a resonance-
stabilized anionic intermediate resulting from &leophilic attack of the aromatic ring. With
the loss of halide ion from intermediate substitysmoduct is formed. Elimination addition
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mechanism via benzyne mechanism is followed whenniicleophile is an exceptionally
strong baseg(g.amide ion, NH) and the absence of the strong electron withdrggnoups.
Aryl halides can undergo many of the same eleciliopromatic substitution reactions that
benzene can including nitration, sulfonation, farthalogenation and FriedelCrafts
alkylation or acylation reactions.

14.9 TERMINAL QUESTIONS

Short answer type questions

Q1. Write the structural formula for the following.

(@) p- chlorotoulene

(b) 2,4- Dibromoanisole

(c) 2-Fluoro-1-chloro-4-nitrobenzene

(d) p- chlorostyrene

Q2 Identify the major organic product of each & tallowing reactions.

(a) Bromobenzene + acetyl chloride____aici; ,

(b) Idobenzene + Lithium diethyl ethey,

Q3 what are aryl halides? Give example.

Q4 Explain why aryl halides have low reactivity mhgr nucleophilic substitution reaction.

Q5 Why aryl halide is less reactive than alkyl i@liExplain.

Q6 Describe the benzyne mechanismof nucleophitimatic substitution.

Multiple choice Questions

1. Aryl halides are less reactive towards nuclelapblubstitution as compared to alkyl halide
due to

(a) Inductive effect (c) resonance stabilization

(b) Electromeric effect (d) stereoisomerism

2. Which of the following reagents can be used istiriguish between chlorobenzene and
allyl chloride

(a) H2/Ni (c) Zn/HCI

(b) Br2 in CC} ) (dHNH,

3. Alkyl halides undergo

(a) Electrophilic substitution reaction (c) Nucleophilic substitution reaction
(b) Electrophilic addition reaction (d) Nucleophilic addition reaction

4. which reagent can be used to carry out thevatig conversion
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Cl cl
NO,
? .
Cl cl
(@) HNG; + H,SO, (b) NaNO
(€) HeSO (AR
5. DDT is prepare by the reaction of chlorobenzsitle
(a) Chloral+ HSO, (c) ChlorineHsSO,
(b) Chloroform (d) Carbon tetrachloride
Answers
1(c)
2 (b)
3(c)
4 (a)
5 (a)
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