** Meso Compound
- An optically inactive compound whose molecule is superimposable on its mirror image inspite of the presence of
chiral carbon atoms is called a meso compound.
- If a molecule has two or more chiral centers, it is usually chiral. The exceptions are meso-molecules, which are

not chiral. These are molecules that due to symmetry have chiral centers that ‘cancel’ each other out.
- Hastwo or more chiral centers

- Has a plane of symmetry.

' A person is meso (NOT CHIRAL) even though they have chiral
elements (hands and feet). There is a plane of symmetry down the
middle of a person, which makes a person the same as their mirror

: image.

a NH,
: This molecule is meso (NOT CHIRAL). It has two chiral centers and a
= plane of symmetry.

NHE NHE This molecule is not meso (CHIRAL). It has two chiral centers but no

/7\/'\ plane of symmetry.

NHZ This molecule is not meso (NOT CHIRAL). It has a plane of symmetry
but no chiral centers. The carbons attached to the NH; groups may
look like chiral centers but they are not.

* *
In Tartaricacid: HOOC——CHOH—CHOH—COOH

The molecule contains two chiral carbons and the number of optical isomers should be
2" = 2! = 4 but number of optical isomer is reduced to 3 because one molecule has a plane of
symmetry. The stereoisomers of tartaric acid are,

Murror Murror

COOH | COOH coon |¥ COOH

H—i*—on | Ho—{*—n HO—1% } fu__t_.;.H

Ho—*—H | u—* on| vo—t—u | n—*—on
coon | COOH coon |:  coon
® an (m | av

| and Il are enantiomers (non-superimposable); Il and IV are meso form (superimposable).
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e Calculation of number of optical isomers in compounds (containing ‘n’ chiral atoms)

5. No.

(a) (m) (a/2)

Number of optical | Number of meso Number of
Compounds active forms forms Racemic mixture

Total number
of optical
Isomers

The molecule has n n1
2 0 2
no symmetry

a+m

2a

The molecule hos
symmelry:-
Casel: 2n-1 zn,-"l-l 2n-1,.~'2
When compound
has even number of
chiral carbon atom

atm

2b

The molecule has
symmetry:-
Casel: zﬂ-l 2Iﬁ-llf1 2"-1.-'2

- af2
When compound ’,
has odd number of
chiral carbon atom

Example:

1.

* *

*
CHOH CHOH————CHOH——CH;

HsC¢

Number of optically active forms:a=2"=2"=8
Number of Racemic mixture: (af2) = 2™ =2*'= 4

Total number of optical isomers: a+m=8+0=8

2.
* i ¥
HOOC CHOH : CHOH——COCH

Number of optical isomer: a= 2™ =27")=2

Number of meso form: m = 2™ = [277] = [2°] =1

Total number of configuration isomer: a+m = [2+1] =3
3. x : :

% : % St
HOH,C—CHOH CHOH CHOH: @CH |

Number of optical isomer: a = 271202 = 221 - 28V = [27 - 2') = [4-2]) = 2
Number of meso form: 2™ = (227 =2
Number of Racemic mixture: (af2) =2/2=1

Total no. of configurational isomers: 2™t=2*] =[] =4
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+» Optical Activity
e Sir Christizon Huygens (1629-1695). Dutch astronomer, mathematician, and physicist. He discovers plane
polarized light.
s What is plane-polarized light?
- Ordinary light consists of electromagnetic waves that oscillate in all planes perpendicular to the direction in
which the light travels. Passing light through a polarizer allows light in only one plane to come through. This is
plane-polarized light (or simply polarized light), and it has an electric vector that oscillates in a single plane.

Ligiht waves osciffate n all planes. Light waves oscllabs i 8 Bnghs plans.

- A POLARIMETER is an instrument that allows plane-polarized light to travel through a sample tube containing
an organic compound. After the light exits the sample tube, an analyzer slit is rotated to determine the
direction of the plane of the polarized light exiting the sample tube. There are two possible results. With
achiral compounds, the light exits the sample tube unchanged, and the plane of the polarized light is in the

same position it was before entering the sample tube. A compound that does not change the plane of
polarized light is said to be optically inactive,

The plans of polarteation s nor changed.

- With chiral compounds, the plane of the polarized light is rotated through an angle a. The angle a, measured

in degrees (*), is called the observed rotation. A compound that rotates the plane of polarized light is said to
be optically active.

- The rotation of polarized light can be in the clockwise or counterclockwise direction.

¥ If the rotation is clockwise (to the right from the noon position), the compound is called dextrorotatory.
The rotation is labeled d or (+).

¥ If the rotation is counterclockwise (to the left from noon), the compound is called levorotatory. The
rotation is labeled ! or ().
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* SPECIFIC ROTATION

- The observed rotation depends on the number of chiral molecules that interact with polarized light. This in
turn depends on the concentration of the sample and the length of the sample tube. To standardize optical

rotation data, the quantity specific rotation I{u]] is defined using a specific sample tube length (usually 1 dm),

concentration, temperature (25 *C), and wavelength (589 nm, the D line emitted by a sodium lamp).

- Specific rotations are physical constants just like melting points or boiling points, and are reported in chemical
reference books for a wide variety of compounds.

2 ; a o : observed rotation (°)
Specific Rotation => [a] = Ixc ! : length of sample tube (dm)
€ : concentration (g/mL)
dm  :Decimeter
1dm :10cm

e OPTICAL INACTIVITY DUE TO COMPENSATION

- The optical inactivity is also possible due to compensation. There are two types of compensation, They are,
(a) Internal compensation

(b) External compensation.

a) Internal compensation: If the rotation of polarized light caused by one half of the molecule is exactly cancelled
by equal and oppaosite rotation caused by the other half of the molecule and the molecule becomes optically
inactive, then the optical inactivity of molecule is due to internal compensation {within the molecule).
Example: Mesotartaric acid

bl External compensation: If two enantiomers are mixed together in equimolar amount, then the mixture
becomes optically inactive. The rotation caused by one enantiomer is exactly cancelled by other enantiomers
and is due to external compensation. The resulting optically inactive mixture is called racemic mixture.
Example: Equimolar amount of d (Dextrorotatory) and | (Levorotatory) form of tartaric acid.

e OPTICAL PURITY

- The "optical purity” is a comparison of the optical rotation of a pure sample of unknown stereochemistry versus
the optical rotation of a sample of pure enantiomer.

- An "optically pure” {or “enantiomerically pure”) solution of 100% (5,5) tartaric acid and 0% (R,R) tartaric acid will
have an optical rotation of (-)12°.

- An “optically pure” solution of 100% (R,R) tartaric acid and 0% (5,5) tartaric acid will have an optical rotation of

(#)12°. Individually, when the pure erystals of the (-) and (+) forms
were re-dissolved In water, they each rotated plane-palarized light,
with equal and opposite specific rotations:

[x] ;ﬂ-“ 127, (e = 20, H,0) [«] ;u-p 12*, (c = 20, H ,0)

OH O - CH O
HO - { Ho . " oH
O OH O 6H
(S.5) tartaric acid i (R.R) tartaric acid
{-)-tartaric acid ' (+)-tartaric acid
Specific rotation: Specific rotation:
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Optical Rotation Versus Molar Composition: Tartaric Acid
For tartaric acid

Rotation
i +12°

optically active

=
optically inactive —3= (°

-~

optically active |

w = 12.; i
Molar composition
100% | 50% { 0% |
0%d 30% d 100% d
optically pure / racemic optically pure /
enantiomerically pure mixture enantiomerically pure

100% optically pure I-tartaric acid has a specific rotation of =12%, which graduolly rises to 0® os the proportion of
the d enantiomer is roised to 50%. As the molar composition of the d form increases, so does the opticol rotation,
going up to +12° again for the optically pure d-enantiomer.

- The optlcal purity as the observed rotation of a mixture divided by the specific rotation of the pure enantiomer

{obtained under identical conditions).
Observed Rotation of Mixture

Specific Rotation of Pure Enantiomer

Optical Purity =
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e CONDITIONS FOR OPTICAL ACTIVITY

1) To exhibit optical activity molecule must possess asymmetric carbon: Asymmetric carbon compounds are
optically active. But, presence of asymmetric is not only the requirement.

Asymmeltry:
if asymmetric centre present = oplically aclive {may / may not check for ofher criteria)
if asymmednc centre absent = optically inactive (may / may not check for olther crileria)

l-" ?GGH H ?{fHélH
H-C“H H-C OH  --t-g-2--- HyC-C =C=C-CH
' ' H-C-OH o R B
H CHa, i
CHa
abserml present present no asymmelic Carbon
inacive active but inactive but optically actne

plane of symmetry due to allene bond
2) To exhibit optical activity molecule must not have the symmetry elements, [a) plane of symmetry (b) centre of
symmetry (c) n-fold alternating access of symmetry. If these three are absent then only the compounds exhibits
optical activity.
{a) Plane of symmetry: A plane which bisects the molecules into two mirror images are called plane of symmetry.
If the plane of symmetry is present then the molecule is optically inactive, if absent then optically active.

Plane of symmafy:
if present = optically inactive; if absent = oplically actie

EI I:I |
H-C-H ‘ET*IT"."-'UH‘ |-EI-Er H
L)

H
'Br H [ m.ﬁ' CH! cl : i
present present absent present absent
inactive inactive aclive nactive active

{b) Centre of symmetry: If all the lines two identical groups pass through a single point or a central point is called
centre of symmetry.

Cartre of symmety. d present = oplically inachve, if absent = optically actve
¥

HiG

s dloddmo. rmngs
(3.5 7. 8 1etc)
will not show

Ve
--—x---

. ' H & centre of symmetry
present absent €H, * *
inacj‘ve aclive active present absent
machve Bclive

{c) n-Fold alternating occess of symmetry: If a rotation by 3609/n degrees (n = 1, 2, 3, ..)followed by reflection in
plane perpendicular to the access taken results in identical molecule the compound said to be possess n-fold
alternating access of symmetry. If plane of symmetry or centre of symmetry is present then n-fold alternative
access of symmetry is present. If plane of symmetry or centres of symmetry are absent then n-fold alternating
access of symmetry will be absent. If the n-fold alternating access of symmetry present then the molecule is
optically inactive, if absent then optically active.

Allenes are optically active because absence of plane of symmetry.
However, if on first or third carbon two same groups present it will be inactive.

HiC, H HLC CHs
HiC, H ""HQE = c’H CHs H c=c=C, c=c=C
c=c=c L=CC, c=c=c, HC CiHy He €
H GHa, Hg_':- CHH H cﬁi C? =1 ﬁE
active inactive active inactive M Ave
{1€ carbon same 2 Ma) {1st carbon same 2 Me)  (3rd carbon same 2 Et)
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% STEREOISOMERISM IN ORGANIC COMPOUNDS
® The isomerism which arises due to different spatial arrangements of atoms or groups is called stereo isomerism. It

is broadly divided into:
l. Geometrical isomerism
il. Optical isomerism
ili. Conformational isomerism
» The stereo isomers have same structural formula i.e, same connectivity order between atoms. However the atoms
or groups are arranged differently in space.

» CIS & TRANS GEOMETRICAL ISOMERISM
¥ The geometrical isomerism arises when atoms or groups are arranged differently in space due to restricted
rotation of a bond or bonds in a molecule.
¥ Example 1:
= Two different spatial arrangements of methyl groups about a double bond in 2-butene give rise to the
following geometrical isomers.
-  Two forms are not inter convertible due to restricted rotation of double bond. In the cis isomer, the two
methyl groups are arranged on the same side of a double bond. Whereas in the Trans isomer, they are

on the opposite side. HC  CHa HC  H
= c=c,
H H H CH,
v Example 2: cis2-butene trans - 2-butene

- There are two geometrical isomers (cis & trans) possible in case of 1,4=dimethylcyclohexane.
Here the methyl groups are arranged differently about the plane of the cyclohexane ring. These isomers
are not Inter convertible since it is not possible to rotate the bonds in the cyclohexane ring.

CH; CH, CH, | tHa
" H;C\M Q NS
CHy
¢is-1 A-dimethylcyclohexane trans-1 4-dimethylcyclohexane

v The geometrical Isomers often show different physical and chemical properties.
v The difference in their physical properties Is more significant when there is more difference in their polarity.
¥ Usually the dipole moment of cis Isomers is greater than that of trans isomers. Hence the cis isomers usually
re solubili r n
¥ In general, the Trans isomers are more stable than cis isomers.
v Geometrical isomerism In nitrogen compounds. Geometrical isomerism due to restricted rotation around > C =
N bond. The important class of compounds exhibiting geometrical isomerism due to >C=N bond are (i) oximes (ii)

hydrazones and (iii) semi carbazones.
= In aldoxime, when hydrogen and hydroxyl group are on the same side, the isomer is known as syn (analogous
to cis) and when these groups are on the opposite sides, the isomer is known as antl { analogous to trans).

H,c,\l/u u,c.,,\]/u
N N
O ~oHn Ho— @

Syn-Benzaldoxime anti - Benzaldoxime
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- Similarly, azo compounds show geometrical isomerism. CgH, : 9 Q
Nﬁﬂ\ /H—N\
0 CﬁH’ H;C‘ CﬁHj
anti-azobeniene syn-azobenzene

¥ Distinction between cis and trans isomers. Distinction between cis and trans isomers of a compound can be
made on the basis of their physical properties such as melting point, boiling point, solubility, dipole moment
etc.
I. Melting point:

- In general, the melting point of a trans isomer is higher than that of the corresponding cis isomer. This is due
to the reason that the molecules of a trans isomer are more symmetrical and hence fit more closely in the
crystal lattice as compared to the molecules of a cis isomer.

- In order for the intermolecular forces to work well, the molecules must be able to pack together efficiently in
the solid. Trans isomers pack better than cis isomers. The "U" shape of the cis isomer doesn't pack as well as
the straighter shape of the trans isomer. The poorer packing in the cis isomers means that the intermolecular
forces aren't as effective as they should be and so less energy is needed to melt the molecule a lower melting

point. H H H COOH
HOOC COOH HOOC H
Maleic acid {ciz somer)  Fumanc acd (frans isomer)
mp =403 K mp. =575 K

il. Solubility: In general, solubility of a ¢is lsomer is higher than that of the corresponding trans isomer. This is
due to the reason that the molecules of a cis isomer are less tightly held in the crystal lattice.

Maleic acid (cis form) = 79g/100m!
Solubility (gm/100ml)

Fumarie acid (trans 1somer) = 0.7g/100ml
lil. Dipole moment: The cis isomer has higher dipole moment than the corresponding trans isomer.

-
i I [ |
:}_i o B '\_}
H [ ]
-
Cis-1.2 dichloro ethene Trans-1.2 dichloro ethene

u=12%85 pu=20
iv. Stability: The trans Isomer is more stable than cis isomer due to steric hindrance. Intermolecular reactions

occur easily when reacting groups are close together. Hence, the cis isomer will form eyclic derivatives more
readily as against trans derivatives. But this reaction will take place in only those cis isomers in which the

substituent’s on two double bonded carbons are cappble of intramolecular reaction with each other.
o
o H—— i —— CO0H X .
H—C—COCH heatat 160°C I R 160 Sublimes on beating
IR S e + HO | HOOL —C—H but 0o chemical change
i - r 4 _'hu! - “
Cis-butenedioic acd 2 : Tranz-buenedioicaad
(Maleic aad) butenedioic acid Fumazcaad
(\aleie anhvdride)

Note By: Fumaric acid forms anhydride via the formation of maleic acid because at high temperature fumaric acid
converts into maleic acid  Fyymaric acid & Maleic acid — Maleic anhydride
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v. Action of heat: On strong heating cis and trans isomers are interconvertible. This interconversion takes place as
follows:

a b a b a b 3 b a b
ﬂ' N _‘-
Homolytie — m—k +
bond fission
a o b a b b a g b b a

pin A °
Thus, cis isomer =2 (rans isomer.
* NUMBER OF GEOMETRICAL ISOMER IN POLYENES
a) When compound has ‘n’ double bonds and ending groups of a polyene are different, the number of

geometrical isomers = 2.
Example 1: CgHs=CH=CH-CH=CH-CH=CH=-CH=CH-CI
Since, the number of double bonds is four and two ends are different, one is C¢Hy and other is Cl. Therefore,
Number of geometrical isomers = 2" =2° = 16
b} When the ending groups of polyene are same

Case = I: When number of double bonds is even then the number of geometrical isomers = p R el

Example 2: CI-CH=CH-CH=CH-CH=CH-CH=CH-Cl

n = 4 (even)

Number of geometrical isomers = 2" + V1223421210

Case = lI: When number of double bond is odd then no. of geometrical isomer =
Example 3: CgHs — CH = CH—CH = CH— CH = CH — C¢H;

n = 4 (odd)

Number of geometrical isomers = 22+2"'=¢
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“* E& Z NOTATION FOR GEOMETRIC ISOMERISM

* The simple convention of denoting the geometrical isomers by cisftrans descriptors is not sufficient when there
are more than two different substituents on a double bond. To differentiate the stereochemistry in them, a new
system of nomenclature known as the E & Z notation method is to be adopted.

s According to this method, if the groups with higher priorities are present on the opposite sides of the double
bond, that isomer is denoted by E. Where E = Entgegen ( the German word for 'opposite’ ) or E = Enemy

s However, if the groups with higher priorities are on the same side of the double bond, that isomer is denoted by
Z. Where Z = Zusammen (the German word for ‘together’)

s The letters E and Z are represented within parentheses and are separated from the rest of the name with a
hyphen.

s Step by step procedure to determine the E and Z configuration: The following procedure is to be adopted to
denote the geometricol isomers by E & 7 descriptors.
¥ First determine the higher priority group on each end of the double bond.
¥ If the higher priority groups are on the opposite sides of double bond, the isomer is denoted by the

descriptor, E.
¥ Otherwise if they are on the same side of double bond, the Z descriptor must be used.

¢ The priorities are assigned by following Cahn-ingold-Prelog sequence rules:

- Rule 1: Rank the atoms directly attached to the olefinic carbon according to their atomic number. High
priority is given to the atom with higher atomic number.

l

b ¥

&
f

Z-bromochloroiodoethene Figher pnon®y £_p ramochloroiodoethene

- Rule 2: If isotopes of same element are present, the higher priority s given to the isotope with higher atomic
mass. E.g. the Deuterium isotope {l-i"I or D) has more priority than protium (H" or H). The e isotope has

more priority than €. Deuter um
F 7 “‘:‘
H;C Hp H Hp
\E‘:E/ \C:f/
/ 0\ /N
H H HiC
I -isomers E-fsomers

- Rule 3: If the relative priority of two groups cannot be decided by Rule 1, it shall be determined by applying
to the next atom or sequence of atoms in the group X'
e.g. for typing groupings in organic molecules where X is more than one atom ....
X = -CH,CH,CH, > -CH,CH; > CH; > -H i.e. the longer the hydrocarbon carbon chain the higher its priority,

H;CH.CH.C /cH; H cH.cHcn, || BrHC /"3 H f:;-f'ﬂl
/C=f‘ = /C— C—_{'\
H;CH.C H Cl=H;C H H,C CH,-Cl
e Z-bomers e E-lsomers Nt Z-lsomers ; E-isomers '
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= Rule 4: Treat double and triple bond as if each were a bond to a separate atom. For this methods, imagine
that pi (n) bond is broken and the atoms at both ends duplicate. (or) Atoms participating in double/triple
bonds are considered to be bonded to an equivalent number of similar “phantom” atoms by single bonds.
Note: “phantom”™ atoms are bonded to no other atoms.

High Tilh
ke Higher priority
" " j lllllllllllllllll LEREREREEERERE RN E NN
li‘ ! ; : |I| I]I
H;C CECH } —C=CH = —*!?-C : H;C H{'-ﬂh P 0=CH; == —C—C:
\ / : C : \ : | :
/U‘:f'\ e e s Fa e e —'l" OO - ..
T H ; 1 C k
H HC=CH; i | I ] H c=m : | -
¢ Isomers r=—=C=CH; == =t E lvomers ™ - TR | ¢ :
: & TR ..
llllllllllllllll R R R LR R e T T ‘
Higher priority
Higher pricrity Higher prioeity
. R S .‘ : B AT e .
Py H ' E Hod
H,C, H;:' =) E —!'H{} — _J-_.D : o \ HC-G { =0 = _{-ﬂ. :
\(‘=c‘/ ORI = TR
i R R AR A EE LT Ia{ ------- +-.: / ]lc CII E *I‘I '::|
i HC=CH; T —&—c .,}. ' —ﬁ=ﬂ|; i i
' H : ' i ;
zlm‘.*r. 1l-il-|lllllll+-lll'llllii ...AI\‘I+‘...I.. : [ I“n"r‘ i —————— F ......... ’
|
Higher prionity
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