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Si_:_t_.ld_ent Learning Outcomes (SLOs)

« Explain stereoisomerism and its division into geometric (cis/trans) and optical isomerism.

- Describe geometrical (cis/trans) isomerism in alkenes and explain its origin in terms of
restricted rotation due to the presence of pi () bond.

« Describe the shape of benzene and other aromatic molecules, including sp® hybridisation in
terms of sigma (§) bonds and delocalized pi () system.

+ Explain what is meant by chiral center and that such a center gives rise to two optical
fsomers (enantiomers).

- Describe that enantiomers have identical physical and chemical properties for their ability
to rotate the plane of polarized light and potential biological activity.
«Apply the terms optically active, racemic mixture and mesocom pounds on the given
structure.
« Describe the effect of two optical isomers of a single substamte on a plane polarlzed light.
= Explain the significance of chirality in synthetic reparatipn of drug molecules, including the
potential different biological activity of enantiomers, the need to separate racemic
mixtures, and the use of chiral a,tatysts to produce a single pure optical isomer using

thalidomide as an e)-cazmple1 [|
A




Organic chemistry is the study of preparatiéﬁ}
properties, identification, and modiﬂcations*'\

of organic compounds. All organic_compounds
have carbon as an esseﬁl:iai. element. They
usually contain hydrogen element and may
have other elements, like oxygen, nitrogen,
halogens, and sulphur etc. There are millions
of organic compounds with different uses in
our lives. For example, carbohydrates,
proteins, food, medicines, and cloths. Many
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|interesting Information

In the early nineteenth century, Jakob
Berzelius. classified chemical compounds
into two groups based on their origin,
organic compounds and inorganic
compounds. Organic compounds come
from plants and animals while inorganic
compounds have mineral origin. A striking
difference is in their way of burning.
Organic compounds burn on heating

(undergo combustion) while inorganic

i ds, lik 2
industries produce organic compounds € | chemicals melt on heatina.

polymers, insecticides, cosmetics, and dyes.

Recall from grade 11, that organic compounds have a vast majority in nature. Nearly 19 millions
organic compounds have been discovered so far. This enormous number of organic compounds
is attributed to one of the factor which is isomerism. Organic compounds show isomerism
because they exhibit different structures due to the directional character of covalent bond.

Organic compounds have a unique property of( showtng ksmneﬁsm which is one of the factors
held responsible for their vast majorlty in| nature The pbenomenon which gives different
structural formulae to organic ccuupqund with same molecular formulae is called isomerism.
The compounds showing such phgrmrnenbn are called isomers.

Isomerism is broadly qaltego zed into two classes: constitutional isomerism (structural
isomerism) and stereoisomerism (configurational isomerism). The constitutional isomerism
arises due to different connectivity of atoms in a molecule while stereoisomerism is due to
different three- dimensional arrangement of atoms or groups of atoms in the space. We can
interconvert constitutional isomers simply by rotation of one part of a molecule with reference
to the other about single covalent bond, without breaking bonds, whereas stereoisomers can
be interconverted by breaking and making bonds.

In the previous class, we have already studied both structural and sterecisomerism. However,
in this chapter we will revisit stereoisomerism and study it in more detail.

7.1.1 Stereocisomerism

Most of the chemical reactions in our body involve molecules with specific stereochemistry.
Metabolic reactions are catalyzed by enzymes which can interact with those stereoisomers that
can fit in their active sites. The side effects of a medical drug is caused by the wrong
sterecisomer whose structure does not fit into the active site of the enzyme. Stereocisomers are
those molecules which have same chemical formulae, same structural formulae but
different arrangement of atoms in space. The phemmenan of existence of such molecules is
called stereoisomerism. This type of isomerisrn 1s furt.her classified into two categories.
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Stereolsnmnrism \uis L
conformational_i_i;oméﬁéﬁ*l configurational isomerism
optical isomerism geometrical isomerism
[ - |
enantiomerism diastereocisomerism

1. Geometric isomerism

Some organic compounds, like alkenes, have the same connectivity of atoms in their molecules,
same structural formulae but different arrangement of atoms or groups of atoms around double
bond. Such molecules are called geometric isomers, and this phenomenon is called geometric
isomerism.

In alkenes, each carbon atom of double bond shows sp? hyt;artdizatiqm ,The double bond consists
of one sigma (3) bond and one pi () bond., The, sigrfpa {ﬁ]} taond- is formed by head-on overlap
between one of the three sp? hybrid artni:al,s on each Carbon atom of double bond whereas pi
() bond is formed by parallel Q erlap éen unhybridlzed “p:" orbitals on each carbon atom
of double bend. \ :

Since pi () bond bel:weeﬁ h:i!rboh atorns in alkenes restricts rotation about double bond at room
temperature and da\a-s not allow free rotation of substituents around. To rotate the carbon
atoms in a double bond of alkenes relative to each other, the pi (m) bond must be broken.
Breaking pi (m) bond in ethene requires approximately 264 kJ/mol energy. This restricted
rotation of carbon atoms of double bond is responsible for geometric isomerism in alkenes.

Alkanes, on the other hand, cannot show this type of isomerism because a single bond can easily
be rotated at room temperature. For example, rotating carbon-carbon single bond in ethane
requires almost 12 kJ/mol energy.

In the light of this discussion, we can say that one major difference between alkanes and
alkenes is the degree of freedom of rotation about carbon-carbon single and double bonds.

N | ves |
= _— o

P 1~
alkene a!kane__

Remember that alkenes molecules with same atoms. or groups ‘of atoms on same carbon atom
of double bond cannot show geometric 1sramerism. This is because we get identical molecules
even after breaking pi (m) borld and rotating the molecule across carbon-carbon double bond as

shown.
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HiC H 30 o
>C=—;C:§ —rotate,_ /c=c< (identical molecule)
H30H2C H—II AL \ “HaCHzC H
but—'lhe"!"31 but-1-ene
H4C H,CH.,C
S /H rotate TN e H . .
C=C\ -_— /C=C\ (identical molecule)
H4CH., H H,C H
but-1-ene but-1-ene

On the other hand, alkenes molecules with different substituents bonded to each carbon atom
of double bond exist as two different molecules. For example, the physical properties of but-
2-ene, depends on orientation of substituents around carbon-carbon double bond which means
that different arrangement of substituents around double bond gives birth to different
molecules as shown.

}'13{:\ /(Jl 1 t
C—C
rd
H H
(a) il

canng h&c.- converted to molecule (b) simply by twisting one carbon
of double bond with respect \t ) the other due to restriction of pi () bond. To differentiate
between such moleculés based on different orientation of atoms or groups of atoms around

double bond, IUPAC nomenclature recommends two types of designations for geometric
isomers.

Remember that molecule (a) cannot)

i. The cis-trans Isomerism

The cis-trans isomerism is originally used for naming disubstituted alkenes. We have some
molecules that have the same substituents on the same side of double bond. Such type of
molecules is called cis-isomers (Cis is a Latin word meaning “same side”). Conversely, the
molecules having same atoms or groups of atoms on the opposite side of carbon-carbon double
bond are called trans-isomers. In this system, the arrangement of carbon atoms of the parent

chain decides whether the isomer is cis or trans. The but-2-ene molecule can show cis-trans
isomerism as shown.

H;C CH H
L T et /
p=c SPRT
W Ho Cen,

A "t;aris"-_bul—2—ena
In cis-but-2-ene, the two methyl groups (carbon 1 and carbon 4 of the main chain) lie on the

same side of carbon-carbon dou btel:lorld ‘whereas, in trans-but-2-ene, the two methyl groups
stand on the opposite__;icla.s._pﬁ"dchutsté bond.

cis-but-2-8ne-




The pent-2-ene molecule becomes rel.atwely rnore difﬁcult to designate it cis and trans-isomers
in the sense that it has three different substituents. ethyl, methyl and hydrogen. Chemists
decide cis and trans-isomerism in sUch md;ecules based on carbon atoms (carbon 1 and 4 in
pent-2-ene) of alkyl graupq ‘bonded to the carbon atoms of double bond and treat all alkyl
groups as same subsl:ituents. Similarly, cis-trans isomerism is studied based on orientation of
hydrogen atoms bonded to carbon atoms of the double bond.

In pent-2-ene, the cis-isomer has alkyl groups and hydrogen atoms on same side of double bond

whereas the trans-isomer carries alkyl groups and hydrogen atoms on opposite side of double
bond.

H,C CH,LCH F CH.CH
3\_—/ 2 3 N/ 2 3
CcC—cC C—C
/ N

F H

ad

cis-pent-2-ene trans-pent-2-ene

The physical properties of cis-trans isomers, like melting points, boiling points, and solubility
are different from one another. Cis-isomers are polar because they have dipole moment while
trans-isomers are non-polar as they have zero dipole rnomentL _

resultant dipole = 1.9D

< Cl

cis-1,2-dichloroethene

trans-1,2-dichloroethene

Their chemical properties are similar because
they have the same functional groups, but not
identical. They differ widely in biological systems
due to their different shapes. Generally, cis-

Interesting Information

Cis-platin has shape able to bond to the
base guanine in DNA, causing DNA
damage and kills cancer cells. This is

isomers are more reactive than trans-isomers.
The closeness of bulky groups around carbo-
carbon double bond causes steric hindrance,
making the cis-isomer less stable compared to its
trans-counterpart. Moreover, the electron cloud
in cis-isomer is shifted to one side, making it more
exposed to electrophilic attack compared to
trans-isomer.

-~ Blanlk NEM1 AA-— -

why cis-platin is used in chemotherapy
of different types of cancer. Tran-
platin cannot play this role.

Key Information

We can also designate cis-trans isomers
based on hydrogen atoms bonded to the
carbon atoms of double bond.




How Isomerism Works in Our Eye? - |\ )

In 1950s, an American chemist, George Wb,ld disﬁoVered that the chemlstry of vision involves
cis-trans isomerization. The retina of eye contains rhodopsin which consists of protein and
a cis-isomer called cis-retinal, W'hen ligh!: enters our eye, the rhodopsin absorbs energy from
photons of light high enough, ﬂo break the pi (i) bond in the cis-isomer. Then rotation around
sigma (4) bond takemplade followed by reformation of pi (1) bond and thus the trans-isomer,
called trans-retinal, is formed. The energy released during reformation of pi (w) bond is
responsible for the transmittance of nerve impulse to the brain. This absorption of light
changes the shape of protein, creating flow of ions into retinal cells, initiating electric
impulses which are carried by nerve cells to the brain where they are interpreted.

“Concept Assessment Exercise 7.1
1. Which of the following compounds can and cannot show cis-trans isomerism and why?

i. 1-chloroprop-1-ene ii. 3-chloroprop-1-ene iii. hex-2-ene

7.1.2 Optical Isomerism

The easiest way to understand the concept of optical isomerism is to look at our hands. Our
right hand is the reflection of our left hand in a mirror which means that our left-hand reflection
looks just like our right hand. In nutshell, our right and left hands ‘are mirror images of one
another. Your right and left hands are nonsupedmposahle mirrof images, meaning they cannot
align perfectly one above the other. regardléss l:if how ydd oHent them as shown.

Interesting Information

If our hands were superimposable
we would have either two rights
hands or two left hands, instead
of one right and one left.

Similarly, try to put your right-handed glove on your left hand, it does not fit. All objects that
are nonsuperimposable on their mirror images are called chiral (Greek word “cheir” meaning
‘hand’).

All chiral objects show handedness (chirality), with examples including scissors, keyboards, and
cars. To understand chirality, hold your left hand outstretched {palm away] before a mirror and
your right hand (palm toward you) next to it. The rnirror h'page of your left hand will appear
identical to your right hand, dernonstrating chirallt.y A \

Many organic molecules exist in| pairs which \are ' non- super‘lmposab-le mirror images of one
another. Such molecules have carbon atom bonded to four different groups and are called
NNV
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chiral molecules. The carbon which is bonded to four dlfferent atoms or groups of atoms are
chiral or asymmetric carbon. = L DO

On the contrary, achiral mplecmes have a central carbon bonded to identical groups, making
their mirror images sulpehmposable and identical. For example, bromochlorofluoromethane has
a non-superimposable mirror image.

mirror
cl H Tl
- l"w"._- 5 F\\“"f"\.H < =
Hoa i - £
i51 H B E
L]
chiral t image '
N o i
b 4
nonsuperimposable original molecule mirror image
| — ‘
mirror !
F : F
C ! -GN -
P 5 e [N - o
H l 7 i F\'i"‘ { =
Pa E B E
achiral H image
Y s
T
superimposable original molecule mirror image

The pair of stereoisomers that are nonsuperimposable mirror images of one another, just like
our right hand is mirror are called enantiomers and this phenomenon is called enantiomerism.
The word enantiomer comes from Greek word ‘enantion’ which means opposite. Consider

3-methylhexane shown.

mirror
k1| I, i ‘l]' ! P
H
C., B B G
/ “ay, " “ \
C?.HS . l ﬁ 3H7 : ‘ l c2H5
or}manl mnrecule mirror image

We have studied in pre\nnus class that ordinary light has waves oscillating in all planes
perpendicular to its direction of propagation. When ordinary light is passed through a polarizing
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filter, such as calcite or Polaroid filter, only\mat palrt -liéﬁt v'vill Se allowed to pass which can
vibrate in parallel plane. The light; vibratmg 1n me plane is called plane polarized light.

The isomers that can rotate the plane ‘of polarized light either in clockwise or anticlockwise
direction are called (:npl:ll;_,alT isomers and this phenomenon is called optical isomerism. Optical
isomers can exist in pairs cadled enantiomers or diastereomers. A solution of one enantiomer
rotates the plane of polarized light in one direction whereas a solution of the other enantiomer
rotates the plane of polarized light in the other direction.

Concept Assessment 7.2
Separate chiral and achiral molecules in the following.

a. CF3CH2CCl, b. CFHCHFCCL; c. CHCIL2(CHz):CH(OH)CH;
d. CH(OH)CICH2CH3 e. CH:CICH({OH)CH3 f. CF3iCH2CCls

~ If the mixture contains 50-50 mixture of the two

types of isomers, it is called racemic mixture. It - :

has 50% dextrorotatory (Latin ‘dexter’” meaning Optical isomers are molecu!es withch c'zm

‘right’) isomer which rotates the plane of Davm non: supenmpq:sable Wnages willle
R i . . . - enantiomers—are. the\pairs of molecules

polarized light in clockwise direction while the | that_are. nol‘q-ﬁupﬁrimposable images of

other has 50% levorotatory (a Latin word ‘laevuys’ | | ohe ancith'tr.

meaning ‘left’) isomer which rotates the pl,ane"

of polarized light in annctackwise q‘rrgct_ o\nr.ﬂ'he symbols "l" for levo and “d” for dextro are

now obsolete and IUPAC recon mqnds 'symbols “+" for dextro and “-* for levo isomers. The

trans-isomer of 1,2- dnm;rxylwd: lobutane shows optical isomerism as follows.

Interesting Information

b mirror

CH;

=

CH4

S

optical isomers of trans-1,2-dimethylcyclobutane

Similarly, nicotine molecules naturally synthesized by tobacco plant are chiral showing opticé\l
isomerism. Note the red star shows chiral carbon in nicotine molecule.

\ _mic:étine




It is evident that a racemic mixture lacks the abt!ﬂ:y to rotate t.he ‘plane of polarized light in
either direction, making it apticatly inactive. The two isomers within such a mixture rotate
polarized light equally, but in' oppasfte directions. They cancel out their collective impact on
the rotation of planel- of pql rized light in either direcuon

Interesting Information

While administering racemic mixture of drugs, one enantiomer puts intended therapeutic
effect while the other have damaging effect on the body. For example, a common painkiller,
ibuprofen is chiral molecule, whose one enantiomer is active while the other is inactive as
shown.

CH, CH;
HO ) HO X
* CH’ | J | T\Q/ct
% CHy; . CH,
(+)-ibuprofen (active) (+)-ibuprofen (inactive)

7.1.3 Properties of Optical Isomers

The physical and chemical properties of opti-:;al tsnmers are iimilar ' For example, the optical
isomers of the same compound possess the same dgﬂsity and meltlng points. Optical isomers of
a compound can be differentiated’ basqd {“ thagﬂ— ability to rotate the plane of plane-polarized
light in opposite directions. | ( \

However, they show ,:ﬁffarénn 'ysiological effects in human body highlighting the fact that
biological sensors: add Biochemlcal reactions are dependent on the shapes of molecules. For
instance, one enaﬂtiomer of amino acid (asparagine) has a bitter taste whereas the other
counterpart gives sweet taste.

Similarly, limonene molecule has chirality, and the body can distinguish between the taste and
odour of its two enantiomers. Lemons and oranges contain the same isomer, (+)-limonene. In
contrast, (-)-limonene is found in pine needles, peppermint, and spearmint and is different in
smell or taste to the (+)-isomer. The (+)- and (-)-enantiomers of limonene (+)-limonene (-)-

limonene.
’_’,cn3 /CH:
HJC C\ H;C LTT \\\\
\CHl CH

2

(+)-limonene (-)-limonene

—

Therapeutic drugs may also show optical isomerism as thﬁy are l.:h!tal nml.ecules. One of the
two enantiomers have desired pharmacokineétic | 'and  pharmacodynamic properties.
Pharmacokinetics studies absorption, -‘diStribution. " metabolism and excretion while
pharmacodynamics is the study of actions -administered drug on the system of the body and
the way drug binds to the t.p!nget 'site.

N[\
N
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l::‘i '.': vion oif Drugs

it is of high industrial com:vam t\n design develop and supply pharmaceutical drugs globally.
Onecannotneglectthu_ of the therapeutic effects and the heavy financial issues of
the development and'marketing of new drusgs.

The shape of biological systems and the biological-targeted chiral molecules are deeply linked
in preparation of drugs. There is a potential difference between the biological activity of a
particular drug. One enantiomer of a chiral molecule has differing effects on the human body
compared to the other enantiomer of the same chiral molecule. For instance, one enantiomer
of propoxyphene is an analgesic (pain relieving) whereas the other has anti-coughing properties,
although the commercial names are mirror images of one another.

Another example of a chiral molecule which is used is called thalidomide. It was prescribed by
medical practitioners as a sedative and treating momning sickness (nausea linked with
pregnancy). Later, it was found that this drug caused birth defects in babies whose mothers
took it during pregnancy. Further research proved that the (+)-enantiomer of thalidomide is
active and used as sedative with no side effects whereas the (-)-enantiomer is a teratogenic,
causing birth defects in babies whose mothers took the drug.

TN ™ Q=
W I:."__ ']4thaudomide (-)-thalidomide
(sedative) (teratogenic)

Unfortunately, the two enantiomers of thalidomide soon interconvert, making the
administration of a single intended enantiomer ineffective to prevent the harmful effects.

7.2.1 Separation of Racemic Mixture of Thalidomide

Most chiral molecules in drugs exist in the form of racemic mixture, having 50 % (+) and 50 %
{-) isomers. However, such drugs are not advised by healthcare professionals in racemic mixture
form because the two isomers can have different effects on human body. One enantiomer may
be therapeutically active and have desired effects while the other may be inactive, less
effective or even harmful. This is evident from the case of thalidomide.

To address this issue in thalidomide drug, there are two methods. One method is optical
resolution which involves the separation of the racemic mixture into two enantiomers of
thalidomide, removing the (—)-thalidomide enantiomer. This can be done by high-performance
liquid chromatography (HPLC), crystallization or use of sorme enzymes. The other method is
called chiral synthesis or asymmetric synthesis which ensures the formation of single desired
enantiomer, like (+)- trmlidomlde nmpress'lng the faﬂnaﬁon of the other enantiomer.




Asymmetric synthesis utilizes chiral catalysts to create an enwmnmenr. in the chemical reaction
that favours the production of desired enantlomer, Isuppre:"-sing the other enantiomer. A BINOL
(1,1-bi-2-naphthol) catalyst has palladium or rhodium ‘used for asymmetric synthesis of (+)-
thalidomide enantiomer, making thaﬁdurrﬁﬂe 'drug safer and reliable thereby minimizing the
risks of harmful effects of (—)- thqﬂ]domide ‘enantiomer.

In asymmetric synthesis rgdct‘ion thalidomide, the double bond in thalidomide, is selectively
hydrogenated in the presence of a chiral catalyst. The chiral catalyst supports the addition of
hydrogen to the double bond in thalidomide molecule favoring the formation of one enantiomer
over the other. In this way, a single pure isomer of thalidomide is produced which can be used
for intended therapeutic effects on our body.

Interesting Information

Now-a-days, different drug authorities across the globe, like US Food and Drug Authority
(FDA), recommends the assessment of enantiomer activity for racemic drugs in the body
to ensure the development of a single desired enantiomer.

KEY POINTS

Organic chemistry is the study of hydrocarbons or their derivatives.
Almost 20 million of organic compounds are known. - \\
Isomerism is the phenomenon stems from same mle'c'ul}hr :fomulae but different
structural formulae of organic molecules. |
Stereoisomers have same molecular- for ,maq_-.,and"struttural formulae but different
arrangement of atoms or groups of amms 'the space.

Geometric isomerism is, qu;pwn .by alkenes having different atoms or groups of atoms
bonded to doubles tﬁhd&d carbon atoms.

Geometric isomensm is also called cis-trans isomerism.

The double bond presents restricted rotation to the two doubly bonded carbon atoms
giving different configuration to the molecule.

The E/Z designation is used specifically for those molecules having different atoms or
groups bonded to double bonded carbon atoms.

A priority rule is established by IUPAC body to decide the right configuration.

The IUPAC nomenclature recommends E/Z system for all alkenes molecules exclusively.
However, chemists still continue to use cis-trans designations for simple molecules.
According to IUPAC recommendation for organic chemistry 2013, both E/Z and cis-trans
systems are used for alkenes, however, the E/Z nomenclature is preferred over cis-trans
nomenclature.

Optical isomerism is shown by molecules having no symmetry. Optu:al isomers rotate
the plane of polarized light either clockwise or anticlock-wise. -

The clock-wise rotating isomers are designated d or + qign wmlg& the ones that rotate
the plane of polarized light anticlock-wise are de'sighated Lor - sign.

The plane polarized light is the one which tra.vels or vibrates in one plane.

Chiral molecules are those having, “a"b‘“" atoms bonded to four different atoms or groups
of atoms. AN \] oUWV
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Chirality means handedness. ﬁu c‘h‘lral molecule has a mirror image related to it like left
hand to right hand. ()

A molecule may hpve more than one chiral carbon atoms.

All optical fisqn'lelrs have chiral carbon atoms and are asymmetric.

All a-ptical‘l isomers have chiral centers but all chiral molecules are not optically active.
A meso isomer is the one which is optically inactive, although it has chiral carbon atoms.
The reason is that it is internally compensated.

A racemic mixture is the one having 50% dextro and 50% levo rotatory isomerism making
it overall optically inactive.

Polarimeter is the instrument that determines the optical activity of organic molecules.
Optical isomers have different properties from one another.

Optical isomers are used as drugs. One optical isomer has the desired effect on a patient
while the other counterpart has harmful effects.

It is recommended to separate the racemic mixture of optical isomers before using them
as drugs.

References for Further Information

Chemistry by Brain Ratcliff, Helen Eccles, J-ohn R.affan, Jq n"-. Nicholson, David Johnson
and John Newman.
Chemistry by George Facer i
Chemistry-The molegular, natur ~af, matt«er and change by Silberberg.
Chemistry by Peter Ca,rm and Peter Hughes.

Chemistry by Blaq.kiman, Bottle, Schmid, Mocerino and Wille.

Chemistry|by Cliff Curtis, Jason Murgatroyd and Divid Scott.

Chemistry by Christopher Talbot, Richard Harwood and Christopher Coates.

EXERCISE
Multiple Choice Questions (MCQs)
i. Which one of the following molecules will have the ability to rotate the plane of

polarized light?

&@5@

a) |land !l only —Tand lll only
c) |, Il and IV only e d) II ‘and 1V only

ii. Which one of the following molecules shows optical isomerism/
a) CH;=CHCHzCH3 LA AL b) (CH3)2CHCI

C) CI._I_P'I;}(;-;_I;IQZ;H[_C\{}CH; d) CH3CH:CH:CH=CH;
WIN | ;
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ifi.

viii.

ix.

How many chiral centers, are presenc 1n th'ls mnlecule?

\ '.-..CH',
YN
a) 1 b) 2
b) 3 d) 5
Geometric isomerism is shown by
a) alkenes b) alkynes
c) alkanes - d). benzene -

Wwhich one is correct statement about cis-trans isomerism?

a) It is shown by alkenes due to restricted rotation of double bond

b) It is shown by alkenes due to free rotation of sigma bond

c) It is not shown by alkynes because it cannot have different atornsfgroups

d) alkanes cannot show geometric isomerism dae, t;crfraee rotation of sigma bonds
Which compounds need to be designated by E( 2 sgystem?

a) low substituted alkamq b-) " high substituted alkenes
c) highly suhstil:uted| alkancﬁ d) low substituted alkenes
Which one'is. thé'teast stable compound?

a) cis-but-2-ene b) trans-but-2-ene

C) trans-hex-3-ene d) trans-pent-2-ene

Which molecule is chiral and can rotate the plane of polarized light?

a) cyclohexane b) benzene

c) 2-methylbutan-2-ol d) pentan-2-ol

Which one of the following is optically active?

a) racemic mixture b) meso-compounds

c) all chiral molecules d) all asymmetric molecules

Which one is incorrect statement about optical isomers?
a) they cause different rotation of plane polartzed light,
b) they have no functional groups. 1\ . () \ \oN
c) alkanes cannot show, optical‘ ismnedsm

d) the double bond carbon in alkenes acts chlral center




2. Short Answer Que-st-ip-ﬁﬁ"-

ii.

viii.

Draw the cis-trans isomers of hex-3-ene.

Highlight the importance of chirality in drugs. Why do we need to separate optical
isomers in the preparation of drugs?

what is meant by levo-rotatory and dextro-rotatory isomers? Give one example.
Why can’t geometric isomerism occur in alkenes where identical atoms or groups are
attached to the same carbon atom of the double bond?

How does the presence of a o (pi) bond in alkenes restrict rotation, and what energy
implication does this have for isomerism?

Why are cis-isomers generally more reactive but less stable than their trans-isomer
counterparts?

How can a molecule be chiral yet remain uptically inacthre? Give the term used for
such a molecule. — [T\

Why is it not effective to admiy‘liste.'r dnly l:he (--} t.hal.idomide enantiomer to
patients? .\ S

Why is the use of ctﬂral caatalysts prefened in the pharmaceutical industry for
synthesizing ngf:lcal lsomers of drugs?

3. Long Answér Qﬁestlons

1.

Define geometric isomerism. Draw cis-trans isomers of any alkene.
Why propene cannot show cis-trans isomerism?
Explain the way of separating a racemic mixture of thalidomide.

How a catalyst can play its role in this separation.
Explain why the trans-isomer of but-2-ene is more stable than the cis-isomer. What

role do steric interactions play?

Given the compound 1,2-dichloroethene, identify and draw all possible geometrical
isomers.

Indicate which isomer would likely have a higher boiling point and why.

What structural features must a molecule have to exhibit optical isomerism? Give an

example and explain why it is optically active.




