n the study of i ik
e ;qualor:%;n; rcilgr;&s:ry W€ come across many cases when two or more compounds
. i - > atoms. These compounds have the same molecular formula but
ffer from each other in physical or chemical properties, and are called Isomers and the
phe‘nomcnon. is called Isomerism. Since isomers have the same molecular formula, the difference in
their properties must be due to different modes of combination or arrangement of atoms within the
molecule. There are two main types of isomerism : '

(1) Constitutional Isomerism
(2) Stereoisomerism

Constitutional Isomerism.When the isomerism is due to difference in the arrangement of atoms
within the molecule. without any reference to space, the phenomenon is called Constitutional
Isomerism. In other words, Constitutional isomers are compounds that have the same molecular
formula but different structural formulas. Constitutional isomerism is of five types:

-~ =

e e

(@) Chain Isomerism

(b) Position Isomerism
(¢) Functional Isomerism
(d) Metamerism

(¢ Tautomerism | |
e b is caused by the different arrangements of atoms or groups

S isomerism. When isomerism . ‘

ins Stereﬂ(: lsomgnomenoﬂ is called Stereoisomerism. T;WL_,———’WW%‘?@‘ECQM
pace, the phe nt of atoms in space. In other words, stereoisomernsm is exhibited
fuxsmnins hut S *he same structural formula but differ in configuration. (The term

by :fuch compou:'ldr: :Z;htf: g;:-dimcnsional arrangement of atoms that characterizes a particular
configuration refe _ :
compound). Stereoisomerism 15 of two types :

(@) Geometrical or Cis-Trans Isomerism

(b) Optical Isomerism
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. ISOMERS
(Same molecular formula)
G onat _
s0
o .ﬁ.ﬁoia. connectlyity -aozm:-..o“ Stereolsomers
bl el ) (8ame connectivity, different arrangement In space)
Different carbon sketetons - r l 1
| ettt n_qu Diastereomers Enantiomers
aCHy H _ Nonsuperimposable, (Nonsuparimposable,
2~M3  and CH3CHCH, Aaoa.a_..aq __ﬂo-n s) mirror Images)
Different functional groups :
COOH COOH
CHaCHPOH and CHLOCH, &
..... b RN
Different position of functional groups : P..u i H_ °© Ha
! NHy Miror e
_ ozumzoxu and CH,CHgCHNH,
[ SEREERR (R —
Cis-trans Diastereomers Chiral Diastereomers g
(Double bond or Rin, (Muiltiple Chiral centers)
Iuo/ CHs Iuo/ L COOH COOH
=C and =C NH
=g P ] H h_u NH; :/w NH;
H H H CHj I |
C C
HsC CHs HaC H H” | SoH HO” | WI
VQA and VQA OIu C 3
H H H CHj

CONSTITUTIONAL ISOMERISM (STRUCTURAL ISOMERISM)

In constitutional isomerism the isomers have the same molecular formula but differin oo:Z.:E.wc:m_
»rmula, that is, in the order in which the different atoms are linked in the molecule. Constitutional
omerism is of five types :

(1) Chain Isomerism .

Chain isomers (also called skeletal isomers) have the same molecular formula but differ in the
er in which the carbon atoms are bonded to each other.

Example 1. n-Butane and Isobutane .
CHs
|
CHz—CH,—CHy—CHjs CH;—CH—CH3j
Isobutane

n-Butane

"

IBOMERI§M

ikample 2, 2, .

ixnmple Mothylburune ng 3 o, 123,
AT v:s.n:w_v-ov ]

LU
Hu e &1 .
My PI-IA.I = Ghy he
...HI Oy - CHy
2 wan
J §a.:<_==.5.. ,

(2) Position .x:.:c.._._:_

posltion Isomers hay,
the carbon chajn,

xample 1,

n,n.,s_:‘gssg

® the Name mole ] T fort Iy Htfue in he Position of f fetionel
i Gula for il ut diffee in «

. Lt

:.:::.?::—:3 and 2 32.2&:3:.:—.‘

CHYCHCH, H._
HaCH,Br
A.mao:_e_u:.n:“ CHy ‘IQInOIu

Example 2. n-Propy| gleoho) and lsopropy n_ccz.nﬂ.asaoa:.-:.
5 )

H
CHa==CHy—CH,0H CH ,..th
nPropyl aloohel \ : OI»
Example 3. 1-Butene and 2-Butene g
OIUOIMOIN'OIN OIGOIIKOIOI
1-Bytene 2-Butene ’
Example 4. 2-Pentanone and 3-Pentanone
O
e i
3 O..rOIuOINOIa CH,CHy ==~ C == CH,CH ;
2-Pentanone 3-Pentanonse !

Example 5. o-Dichlorobenzene and m-Dichlorobenzene
Cl cl
Cl

Cl

o-Dichlorobenzene m-Dichlorobenzene

(3) Functional Isomerism

.

Functional isomers have the same molecular formula but different functional groups.
Example 1. Ethyl alcohol and Dimethy! ether

CH3CH,OH CH;—O—CH;y
Ethyl alcohol Dimethyl ether
Example 2. Acetone and Propionaldehyde
0 o} "
1 I
CH3—C—CHa CHyCH,—C—H
Acetone Propionaldehyde
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Exampie 3,

Acetic acid ang Methyi formate
o]

Il [e]
OIUIO’OI I,MIIOOIU

Aceti
@) Metamerism ¢ acid Methyl formate

This tyPe of isomerism ;
functiong) w..o_._v.z el

ue to the unequal distribution of carbon atoms on either side of th
Ex ) Sthbers belong to the same homologous series.
ample 1. Diethyl ether and Methyl propyl ether
CH3CH;—0—CH,Ch, 2 CHa—0O=—CHyCHyCHa
Diethyl ether Methyl propy! ether
Example 2, Diethylamine and Methylpropylamine
CH3CH; —NH—CH,CHs CH3CHaCHy —NH—CHj
Diethylamine Methyipropylamine

(5) Tautomerism

It is a special type of functional isomerism in which the isomers are in Q%:mamn equilibriup,
with each other. For example, ethyl acetoacetate is an equilibrium mixture of the following two forms,
Al room temperature, the mixture contains 93% of keto-form plus 6% of the enol-form.

O muI
oxmlmlozmoomo%m F—= CH;—C=CH—CO;C;Hs
Keto-Form Enol-Form
-w ~ Points to Remember

s

i.  Constitutional isomers are also calledsoructural mmoﬂwau

2. Chain isomers have the same molecular formula but different arrangement of carbon atoms,

Chain isomers are also called skeletal isomers. )
Position isomers have the same molecular formula but differ in the position of a substituent o
functional group

4. Tawomers are imerconvertible constitutional isomers that exist in equilibrium with each otheg

]

" GEOMETRICAL ISOMERISM

l‘ Geometrical isamerism (also called cis-rrans isomerism) results from a restriction in rotation abom
’ i S —————— S
double bonds, or abour single bonds in cyclic compounds

e et =Y ..

The carbon atoms of the carbon-carbon doubie bond are sp- hybridized: The carbon-carbar
uble bongd consists of 2 g bond £nd 2 % bond. The o bond is formed by the overlap of sp* hybnl
#als. The % bond is formed by the overiap of p orbitals. The presence of the x bond locks the
ecule is ome position. The ruo carbon atoms of the C=C bond and the four atoms that are artachel
e lie in ope planc and thear positions in space are fixed. Rotation around the C=C bond isndl
bl becanse rotation would brezk the 7 bond Fig 7.1

ISOMERISM

7e) -~ Serzs |
\:@\\‘R—.f H H 1 M

- e M AN ]
L W it Cag o /n w77 [Py |
< =1 " i ‘< TRy |
X/ 2] 4 i
At ~—
Q
H™"7 N Eo:r' I.,.,..n,l M
H" i
Fig.7.1 Rotatig O
> N about = bon
This restriction of d is not possible Decause it woy

id break the x bong
double bond is res
wgllvfﬁaq?g ™
& ¢ ,'.(.VPWQV and n,,.r.,Z nails
the two hoards

-_——
+

But once a

|

I
H,

h Free rotation is

—d Free rotation
"ot possible S possibie
Consider the case of 2-butene. I SXISIS in two spacial &J,?rﬂ... 2
Outen spaci rangements <
IUO/ c p—————— c \fl_Jm H,C e ~H
H ~———— /I N = S — ¢ N
I..WO/OIO\OIU, Imﬂ/O ~H
RN and =C~
cis-2-Butene trans-2-Butene
(dp 4°C) ®e 1°C)

These two compounds are referred 10 as geometrical isomers and are distinguished from sach

.u.naw., Oy the terms cis and rrans{The cts iso ne me.@i%##&_db m,wagn:ﬁm 5Aﬁ7a gﬁmﬁu
side of the double bond [ The trans Jsomer is 2atin which two similar groups are on the - T

ESATR 7

sides of the double bond. Consequently, this type of 1somenism is often calied CIS-IT@RS (omeTiSTR

Geometrical Tsomers are stereqisomers, because they have the same structural formula bt differem
Spacial arrangement of atoms.
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The trans isomers are more stable than the corresponding cis lsomers. This is because, in the

¢is isomer, the bulky groups are on the same side of the double bond. The steric strain of the groupy
makes the ciy isomer less stable than th

These isomers differ in physt ISOMERIGM 1 i
e trans isomer in which the bulky groups are far apart (they ar, The trans-isomer has ne Hiog zr.mn_ Properties such : v ¥.'" % 127
f the double bond) e onger acid than the ¢ pole, since is h as melting point, d
on the opposite sides of the dout e bond). ::‘E:_u_n the als-anid ::JS.T_::-:E‘, Even ,r“v\w:q:n:...ns_. unlike the ..__“v.:_n moment, and aciditjes
; ek ' i dergoe O chemicy) q o CAtisomer. The ¢fy. i
" \.. I/ H I \I 1) cn:vﬁqm:c: at :x?%:éa:_? differ in the v:_a:oan cly :...::2 I8
B~ 4 e H H - 1ol aids. For
. C
" Ny Ny W SNcamc” H N OOH
" Ty g Ne” 1 H
s HCg 4, .
OOH + H0
Steric strain in No steric strain in ' H ;
) . cis-2-butene trans-2-butene
The geometrical isomers have different physical and chemical properties. They can be separated Malsic aciqy
by conventional techniques like fractional distillation, gas chromatography etc.

(6]
However, the trang.gciq Maleic anhydride

All alkenes do not show geometrical isomerism. Geometrical tsomerism is possible only there is sufficient thermal 0€s Not form gy
when each double bonded carbon atom is attach

" ) er anhydrid -
ed to two different atoms or groups. I'he following formed in succession, 1EIRY 1o breuk the doube ?.“:ﬂ ,N._:___ heated 10 2407C. Aq tha R
examples illustrate this condition for the existence of geometrical isomers. « %0 that the cly-acid and the &93:.%”“
Example 1.  Consider the case of Propene ) H o0 ,
No geometrical isomers are possible for propene (CH,CH=CH,). This is because one of the e OH H COOH m_u
« H s
double bonded carbons has two identical groups (H atoms) attached to it, i F.c,.cf O\ H fO\\O
c - | My ( \
HOOC” ™ H \M, 4, i /o
CHy H o+ H "COOH Bt o
\ - (dentical atoms/groups WO~
\OR&O on the same carbon " f
[l “H - umaric acid
P ne (not Isolated at M : (]
il ( this temperature) aleic anhydride
y (2) Geometrical | )
" . or the case of 3-Hexene , ) ' ; SOmertsm in Cvelie ¢
Example 2.  Consider the f (CH,CH,CHs=CHCHZCHy). This 1% becaune Geometrical somerim in alue. fic Compounds
Ceomeieal Soriies &0 Fbie A : ; CH AA_\— and H). The c¢is and about carbon-carbon ui s iy also possible
ench double bonded carbon atorm is attac hed to two different groups ( ' . ; § and | ningle
1rans isomers of 3-hexene are shown below

bondy forming

Y compounds 1CfE can ) G On

cychie cor Ther n be rotation
i

the ring,. For ¢ x::.—y_... _.\\ dime ;

thyleyclopro ation would break the bonds and break
PANE exints - .
opposite sides St 0 two isomeric forms,
HAImMe side 1 |
N N |
4 » CH4CHy M

Py 7/ i _C™C

AOC H CH,CHy
CH4CHy CHyCHy -

- H
o cls
trans-3-Hexone
cis 3 Hexens

Iy chy-1.2-j trans

VOLY A y E i §
Z-dimethyleyclopropane, the two methyl groups are on the same side of the ring. In

fxample 3. ( onsider the case of Butencdioic acid

trans-1,2dimethyleyclopr

' : lopropane, they are on opposite sides, A

. . y requirement for geometrical
. COOHY), Thisis | Isomerism yelie ¢ ] : . e
Cieometrical isomers wre _.:{::_.. fot butenedioi acid (HO( YA H H : p M_a JOH) ot tha _‘_:_.:.f____._.:.:_.::.:_x is that there must be at least two other groups besides hydrogens
e anine ciach demble bonded ¢ arbon atoms hias two different groups attuched to v (Fhan f g and these must be on different ring carbon atoms. For example, no geometrical

—_— omers are possible for 1,1-dimethyleyclopropane

H LOOF

D \GR»CI «.\ No geometrical Geometrical
” __\ Isomers are [somers are
_ _ possible for .\ possible for

\T. I\«? COOH this compound /l this compound
HOOC H /e (RSN,
trarns Buasnsdio al jef cls ::.:::.:::.._:.._;
aded [ T BOIC
(F umaric aeid) (Maloic acid)

268"C
mp 130°C mp
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’
P —
v

L /

T.

2
3

Points to Remember

Stereoisomers have the same structural formulas but differ in arrangement of atoms in spa
N . . . - 0 . o .
Geometrical isomerism is a type of stereoisomerism. It is also called cis-trans isomerism b
Restriction of rotation around carbon-carbon double bonds is responsible for the geometrj
Cal

isomerism in alkenes.
Cis isomer is one in which two similar groups are on the same side of the double bond

Trans isomer is one in which two similar groups are on the opposite sides of the double bong
Trans isomers are more stable than the oo:.omvo:m::w cis isomers. -1
All alkenes do not show geometrical isomerism. Geometrical isomerism i
. s possibl

when each double bonded carbon atom is attached to two different atoms M—. n—.o:ﬂ.m.n_q
Geometrical isomerism is also possible in cyclic compounds.
A requirement for geometrical isomerism in cyclic compounds is that there must be at least
two other groups besides hydrogens on the ring and these must be on different ring carbop
!

—

N w

©

atoms.

e
VAN (OPTICAL _mo.smw_wi

g feature of optical isomers is that

Optical isomerism is a type of stereoisomerism. The outstandin
y is often referred to as optical

they have. the ability to rotate plane-polarized light. This propert
activity and requires a brief discussion.

L ACTIVITY PLANE-POLARIZED LIGHT

Tv_uﬁﬂxr
Light from ordinary electric lamp is composed of waves vibrating in many different planes,
50:@ is passed through Nicol prisniy(made of calcite, CaCO3) or polaroid lense, light is found to
437_.2« in only one plane, and is said to be v-w%.c_‘ simply polarized. The diagrams illustrate
the vibrations of ordinary and polarized light from a beam propagated perpendicularly to the plane of

paper.
Solutions of some organic compounds have the ability t

These compounds are said to be mm\ fically Im,aln\..kn..._;mm property of a compoun
Ordinary Light .o_m:?_uo_wnnm.a Light
i (Polarized Light)

o rotate the plane of polarized light.
d is called optical activity.

a0 N

rimeter. Whené

P g

Optical activity in a compound is amﬁ.mﬂmm\mwa.al@?\nmmmﬁm‘w.k&ﬁl\nmm__.mmo.o,om%wmmm-m\ polarimeter the

) . i a ically active material 18 F >

solution of a known concentration of ah SpZe” er of degrees, either to the right Alenws..asv
d light to the right

beam of polarized light is rotated through a certain numb olarize

or to the left Agz.-leagmmmw.ﬁ@mhmﬁﬂ W compound whic€ rotatés
@wm_g_wimom is _m“._.m to cn@n@% It is indicated by the sigh

the plane of po! !

ound which rotates the plane of

Totation, o. Fig.

zed light to the left ( 59 S ows e
(-). The magnitude of the rotation, i
parts of a polarimeter.

ISOMERISM ”M

Nico|
@ Ordnary E o
light Polarized e Rotated
ight ') Polarized W
Light @ Tight
source
\)Doﬁ

n|

GPECIFIC ROTATION

O tically active compounds _.Onhno. thy
! — e plane of polarized 1i :m m H g
ght.(The degree of rotation 0
F ymber of molecules of the compound €ncountered by li ght u

along its path. It is, therefore,

ary to introduce some standard
of different compounds may be

by which the rotating powers

tion produced by a solution of length 10 centimeters
at the given temperature.

through o degrees ata temperature
of t° and using the sodium D-line as the so if ’ _~ = :
f t°C : 2 ; A ~ urce. The specific rotation AQ. b is given by TL.U
whe s the observed rotation ; 1 is the length of the tube i i
here ’ of

grams per 100 ml of solution. The
{emperature. 3
Problem. A 1.20 g sample of cocaine, [o] = L i
placed in & sample tube having a path _o=n._m, ...w.@ 5.0 Mmg etk
dextrorotatory or levorotatory ? ) .
Solution. Use the following relationship :
L [0}
a
laly =55
Where, o= observed rotation in degrees
¢ = length of tube (dm) = path length
¢ = concentration of sample (g/ml)
The given values are :
Tx_.s =-16°
o= ?
¢ = 5.0cm=0.50dm (1 dm =10 cm)
1.20 g/7.50 ml = 0.160 g/ml

specific rotation varies with both the wavelength of light and the

.50 ml of chloroform and
What was the observed rotation ? Is cocaine

C =
Thus, ~16° m ——mes
0.50%x0.160
a= -16°x0.50 x 0.160
= -1.3° *

The observed rotation is -1.3°.
Cocaine is levorotatory.

PLANE OF SYMMETRY

‘Aplane which divides an object into two sy
example, a person or a hat has a plane of symme!
of symmetry,

mmetrical halves, is saidto be plane o symmetry). For

try (Fig. 7.3). A person's hand or gloves lack a plane
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object lack;
metric objec

Ng aplane of Symmetry is called Chj -
tis referred to as Achiral, e s U_mm«...E.oEp

Plane of symmetry

Fig. 7.3. Planes of symmetry.
A chiral object cannot be supcrimposed on its mirror image. A left hand, for example,

does not vous__
a plane of Symmelry, and its mirror image is not another left hand but a right ﬂwzﬂw m“._mo.\“w:a_ :25
are not identical, because they cannot be superimposed. If we were (o lay one P © othy
the fingers and the thumbs would clash.

left and right hands.
Irror Image relationship of the .
M.%:Mra,_ﬂh__-*ﬁ.: :nzan.n the mirror Image of the left hand
HIRAL (OR ASYMMETRIC) CARBON >,_.O.<_ o i calladia Chirsl or el
" A carbon atom which ia bonded to four different groups i
carbo
Carhon Atom. [or example,

CO,H
Chiral earbon v CH, CHy

N\ : |
—C—OH )
AHIU —— -O_s OT_»‘OT.,.«OI; M _

il CHyOH
i

Chiral oarbon

- i .- ( o - 0 8] o ] YO om meuans thint o C on il
i | hin Al U N
1 erm ¢ ra (&]§ 1 MANOSY, 0no ce ——ﬁ—-_- :—vr=—~ on a .
3 ¢ v SN, pronoun (8 : .
' ‘ —A ir 7 -::—. - L\ : .
{ Yy _\& ?::L. ; o -..::wv »:—,: rent t-.:—:uz :-:_ ::: 1] _:C_nr ule of this —v\auﬂ —:P—A? a _-:::‘ of L(:_:—Om-w men
~; — . )| ‘le
\ q. ecule iy N ,w: > !:—:-n tx —» ) — iss w\-:-:.-.- Cy
u // m - ! I [ _» —_ L) (81)

S

‘\ 1808 is sai teé
. e § i ht is said to be op!
- AOVH.O)P .“ﬂwdm_ﬂ.:m::z the ability to rotate the plane of _E__h“.”mn_._hm.ho:”—a:_ ] v_.e_!
7 J:;.u ...., hibits apical isomerism. Optical isomers are isomers ;
e 3 T
...H.évn for thelr effect on plune of polarized light,

Lactic acid (2-H
It contains one chir

Fwp

wnnoxquovmsown acid) is an exam,

le of a com) und which sh i {
al carbon atom, 3 i e _Es.
I// .
n_vI
Lactic acid. The
OIu’OrOOOI chiral carbon is shown
.__ by an asterigk.

Two three dimensiona] Struci
These

tures are possible for Lactic acid (Fig. 7.5),
tical because they cannot be sy
. Such nonsuperimposable mirror image forms are opti
S, three forms of lactic acid are known. Two are optically

perimposed on each other. One is the

cal isomers and are
active and the third

id{ It rotates the Plane of polarized light to the right (cloc

kwise direction) and
2. (

—)-Lactic Acid| 1t rotates the plane of Polarized light to the Jeft (anticlockwise direction) and
is ns_grmn:o acid is the mirror image of (+)-lactic acid an
[3. () -Lactic Acld] It doe

d vice versa,

e S

‘ S not rotate the plane of polarized light,
It is an equimolar mixture of (+

Thatis, itis optically inactive,
)-and (~)-forms (racemic mixture),

OH i OH
M / ““COOH
! CHy
Mirror . .
COOH m COOH Equimolar mixture of
| : _ (+)- and (=)-forms
HO—C—H : I-l%.l OH (racemic mixture)
n_uIm ! CHy .
- ~)-Acld E.)a_m
M,_.._..Nu WQM_MQO i M:v = 26°C mp = 18°C

Optically active Optically inactive
Flg. 7.5. Isomers of Lactic acid. In the upper __:M ﬂo Mﬂhﬂﬂ_ﬂ_ﬂmﬁ%ﬂr@_ﬁﬁﬁmw
' sho s .
e lower line a commonly use Sk B
mwﬂ_mwwﬁﬂm_wa%auaa bonds going away from the observer/reader and
lines represent bonds coming toward the observer.

|
|
|
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mn_mwanm.z VBOLMO.—..OZU
Fischer Projections
AOms ure Projected ongg

Provide an guy
shown below -

: Y way to draw thy,
one plane, ’ g ree-dimension
plane, The Fischer projection of one of the on.uuﬂ...._ua_.oauc:._.u ”;.w “.Sﬂ—% MM_ e

d in
FOOH OOH
HO = C ey s HO H

_
OIU CHg
Flach
Ischer rules Siep Sheins or projection of (+)-Lactic acid.
Tha oarbon oha, Mowing the arrangement around a chiral carbon are as follows:
6 o, 15 Jhain of the compound is arranged vertically, with the most oxldized carbon at
.2. Re :1_.,, ._._;: _:a carbon nuniber 7 (as defined by nomenclature rules) at the top.
‘ I ent he chiral carbon(s) at the intersection of crossed lines. Some teachers like to
show the chiral carbon also,

The K
1.

Chiral carbon .

e e

Giroups attached to the vertical lines are understood to be going back behind the plane of the

paper. ‘That is, the vertical lines represent bonds going away from the observer. The chiral
carbon is in the paper plane

Ciroups attuched to the horizontal lines are understood to be coming forward out of the paper
plane. That is,"the horizontl lines represent bonds coming toward the observer.

CONDITION FOR OPTICAL ISOMERISM

The necessary condition for a molecule to exhibit optical isomerism is that it should be
dissymimetric. That is, the molecule should not be superimposable on its mirror image, In simple
tiiclecules, the dissymmetry (ulso called Chivality) results from the presence of a chiral carbon atom,
Recall that a ¢hiral carbon is one which is bonded to four different groups,

e ——

Fig. 7.6. Tha two forme (I and 1) of Cypey are nonsuperimposable.

consider a chiral molecule ¢! e Ty IBOMERISM
The form (I1) is the mirror a, ﬁ 8. 7.6 shows two three dim,

) age of snsional models
quperimpose the Ju, $1OUDK ttached jo o czﬂr_”ans. o sansiot b o
four groups coNCICe, While the other (y, rbon atom in form (1
u:.?_,na compounds, ar

n ® in conflict, This shows
The nonsuperimposable mirpy |,
ynant {o = opposite), They represent Pl i i

t are called Enantiomers
4 due 10 the 0ppOslte urtungement WO optical Isomers ; (+) and (=) eswizop

%‘ 133

this molecule,
superimponed. If you try 1o

. Their opposi M
1t 9 rue that mostof the g vw mh Hwﬁ. h:osa the asymmetric carbon .:.,ﬂass_e pe |
t always so, o1 contaln chiral ¢ . |
Dons ot bl Gl s oA 4 e
0 ’ 8 ©
Mcassczam (such as substituteq s pomeri. -.q :

On the other h
) alle ; and, there are centai
o aymmetric, show o_:pn:_.._ucao:__ :”5- and biphenyls) which have no chiral carbons but casn
OPTICAL ISOMERISM OF TARTARIC AG ,_,
\ ~Tartaric acid AN.u.Um:v.nqcxv\m:...m:mm._wm.‘hm_‘w i :
ca
an Y0 chiral carbon atorns.

Tartaric acid. The two
chiral carbons aj

shown by astel
O

Four forms of tartaric acid are known (Fig, 7,7), Two of them are optically active and two are i
optically inactive. The optically active forms are related to each other as an object to its mirror & ,
That I8, they ure enantiomers, fror image.

Mirror !
| |
OOH . OQOH OOM |
= .. — — e P Equimolar mixture ot
" . i Ho 4 1 ox (+)- and (~)-torme
HO—C~—H " II-W'OI H=—C—~0H (Racemic mixture)
— 1 _,
COOH H MOOI OOM
(+)-Acld i " (=)-Acld meso-Acid (#)-Acld
mp = 170°C i mp = 170°C mp = 143°C mp = 208°C

Optically active Optically inactive
Fig. 7.7. lsomers of tartaric acid.
L. (+)-Tartaric Acld? It rotates the plane of polarized light to the right (clockwise direction) ,
and is called dextrorotatory.
2, (=)-Tartaric Acld. It rotates the plane of polarized light o the left Agﬂ_“”uoxurm ww._..”mweos g
and is called levorotatory. (~)-Tartaric acid is the mirror image of (+)-tartaric a¢ e_”. Mﬁ._ ! coLE‘ .
»w. meso-Tartaric Acid. It possesses a plane of symmetry and wﬁnoahmw Bﬁwo%o rhsad
inuctivé, This :..ic::z inactive form is win to ”a wzz.!n:w compensated (Op . !
\ i carl s cancelled by that of the other). icall
?S:.:M::.»Mg:”m__u-”,_.r_n .he_a It does not rotate the plane of v.uihm_«hw”? That is, it is optically
Bl ~ . ) W, ¢ i {
Inactive. It is an equimolar mixture okt T,v .o«ﬁﬂﬂﬂnﬂ;_aca of 2" optical isomers, unless |
A molecule containing n chir cwiETH n.san ,..a: 2% 1. For example, four optical isomers are
the compound has & meso forchidn WA .o_“”a carbon atoms but no plane of symmetry (Fig. 7.8).
possible for 2-bromo-2-butanol, It hus awe ¢
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Fig. 7.8. Four |
Optical iSOmers i ur isomers of 3-Bromo-2-butanol.

x are not enantj mirror i ‘

P bove €Xample, are known a: Deir:tlm::s PR i o (D)“
R%l:)tEig}l'!ES OF ENANTIOMERS |
' isomers i i

S ARG, thl:ract are mirror images are called Enantiomers. These always exist as g

s are two optical isom: £l . s ig. 7.9). i b ‘
image of (B). They are a tait P enanciomers_crs of lactic acid (Fig. 7.9). Notice that (A) is the N

Mirror
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Fig. 7.8. Two isomers of Lactic acid.
Enantiomers are stable, isolable compounds that differ from one ‘anothcr in.L!'Lree-dimensim
spatial arrangements. Enantiomers cannot be interconverted undcr_ordm_arylr condxt}ons. ‘
Enantiomers have identical properties in all respects except in their .u‘ncracnon with pl#'i
polarized light. Enantiomers have the same melting poim,ldcnS}ty, solubility, color, and reactiy
toward acids and bases. They differ, however, in the direction in which they rotate the plane of polariz
light. Both rotate the plane of polarized light to exactly the same extent (same angle) tl)m one m
the plane to the right (clockwise ; called dextrorotatory), while'the other rotates the plane to
anticlockwise ; called levorotatory). T j
( A mixture of equal amounts of two enantiomers is cglled aka‘cggu“q Mixture. Such : m
optically inactive (does not rotate the plane of polarized light) because the two components

plane of polarized light equally in opposite directions and cancel one another.

~ PROPERTIES OF DIASTEREOMERS
In general, each chiral carbon atom in a mo - -
isomers. Hence, molecule with n chiral carbon atoms should have 27 stereoisomers.

the four isomers of 3-bromo-2-butanol, which has rwo chiral carbon atoms.

lecule doubles the number of theoretically pos
Fig. 7J0s%

Notice that (A)is ISOMERISM
. the mij "
are two pairs of enanﬁom::'rr;r image of (B) ; (C) is the mirror | 135
thoy E1ireex ke, 5+ Now compare (A) with (C). They ares e, (- Thus the four isomers

-I.h o
(C). and (B) and (D), Stey are called dias Y are neither Superimposable nor are

5 tereomers. (A)
Sreoi and (D) ’
somers that are not misror images ofaer:c::hd,rl as are (B) and
CHy Mo are called Diastereomers
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3 . Fig. 7.10. Four i
Diastereomers have dj fretdng [ isomers of 3-Bromo

ili ints. : A TOperti .
boiling points, and solubilities. They ayy b oo lastereomers will have different melting points
PROPERTIES OF MES rent che; .

mical reactivities toward
o] mMost reagents.
A compound with two COMPOUNDS

. Or more chiral c: bo:
plane) is called the M ! carbon atoms but also havi
planes of symmetry d:.'f;’dlsl‘;':‘hpeounq. Fig. 7.11 shows two mesoa:ou‘;g a pl:nse of sysemmx (ami
half of the molecule is the m; ™M midway between the two chiral carbons in rowwy Noﬁ:“::“:::

g Tor image of th a
though each has two chira] centres. Neither wilel zt:et: ;i: th molecules are optically inactive, even

-2-butanol,

plane polarized light.
H Plane of ‘ﬁ
‘ Symmetry C|—- OoH
H3C—C\:—0H H—C—0QH
L — _ ......
L H i OH
C—0OH
g
meso-2,3-Dihydroxybutane meso-Tartaric acid

Fig. 7.11. Examples of meso compounds.

OPTICAL ACTIVITY WITHOUT CHIRAL CARBONS
' Compounds containing a chiral carbon can exist in optically active forms. However, compounds

which do not possess a chiral carbon atom can also exist in optically active forms provided that the
molecule is dissymmetric. Example are :

(1) Allene Derivatives ;

Some derivatives of allene (CH,=C=CH,) exhibit optical isomerism. Example is
1,3-diphenylpropadiene. In allenes, the central carbon is sp hybridized, and the terminal carbons are
sp? hybridized. The central carbon forms two sp-sp? G bonds. The central carbon also has two
p orbitals which are mutually perpendicular. These form = bonds with the p orbitals on the other
carbon atoms. As a result, the substituents at one end of the molecule are in a plane which is
perpendicular to that of the substituents at the other end, so that the compound exists in two forms

which are non-superimposable mirror images and are optically active. .
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1,.3-Diphenyipropadiene
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