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(1)  Stereoi somerism
(I) Structural Isomerism :-

. ifferent isomers differ in the arrangement of
' ithout any reference to space. It is further divided
into three types

a) Position i somerism

b) Chain Isomerism

¢) Functiona] Isomerism

ii) Stereoisomerism:-

carbon mainly forms covalent bonds

which have direction in space.
Stereoisomerism is classified into two class

€s.
a) Configurational isomerism:-

| The stereoisomers which are
interconvertib
ISOmers.

non-superimposable and non-
le by rotation around single bonds are known as configurational

T'hey can be interconverted by breaking and making bonds, the
of two types.

(1) Enantiomers :-

Enantiomers are compounds having same molecular formula but have
different configurations which are minor images of each other.

(ii) Diastereomers

Diastereo isomers are compounds having same molecular formula but
have different configurations which are not mirror Images.
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[ Chirality

xhibit optical activity the main condition is that
it on-

. the geometric structure of the molecule must be such that it 1s 1

. B . .
‘superimposable on 1ts mirror image. If the condition 1s not satisfied th
| w » L e 15
'molecule cannot exist in optically active forms. This property of asymmetry

'exhibited by molecules and also environments. E.g., each of our hands 1s

asvmmetric. Enantiomorphs (mirror images) are related to each other 1n th?
‘same way that a right hand is related to the left hand that is, the structures o

‘enantiomers differ only in handedness. Such molecules are said to pOSSESS
chirality (from Greek Word, Kheir hand), €.g., the carbon atom of | 2 — buta,nel
carrying four different groups — H, -OH, -CHa,, -C,Hs, is the ‘Chiral atom’ or
the ‘Chiral Centre’ in the molecule. The molecule is asymmetric.

¢ For any molecule to €

Scanned by TapScanner



ASC Ul'{‘ How
IS a Chiral centre

chiral conires are stereocentres.

\ Ni-
\\‘h}hh i‘I l ~ - - . 4 . . "
 Whe ‘1 1 Moiecule s ShMMRINe or not is indicated by Supenmposing
the onginal tomula ove |

T 1S mirror image. If it is

IS Shmmetric, if not jt 1S asvim

supenimposable, the molecule
opucally inactive

eme. A molecule having symmetrical torm 15

(a) S}‘mmetry operations:-

4 10N, Inversion efc. which leads to
4 conliguration indis cuish; configuration are called

(b) Elements of SsYymmetry

The geometric senerating - symmetry
operations are called svmr

Y be a point, an axis or a
Perations are performed. The complete intformation
symmetry of the molecule can be described in terms of Symmetry. For g
single molecule there are four symmetry elements corresponding o Symmetry
operanons.

(1) Rotation axis or Proper axis of symmetry 1)

If an imaginary axis can be cons
molecule can be rotated through an ar
configuration, the molecuyle 1S said to
stands for axis of symmetry and

ructed 1in a molecule around which the

12le say O, to get an indistinguishable

POSSESS 3 rotation axis. The symbol K,
subscript ‘n’ indicates. the order of axis.

The value of n (order of axis) can be calculated by the formula
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fl =
: -
When n=1, it 1s a C, axis, also known as trivial axis. All molecules have

|

| atnvial axisl; The. Symmetry operation C, is carried out by rotating the molecule
f: through 360" which results to identical original molecule. When n=2: it is a C2
- axis. For example (E)-1,2-dicholoroethene has

)-1,2 a simple axis of rotation that
passes through the midpoint of the molecule and is

E
Q described by the

perpendicular to the plane

atoms of the molecule. Rotation through 180° about the axis
leads to an arrangement identical to the onginal.
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(i) A centre of symmetry (i) — It is a point within a molecule such that
straight lines drawn through that point meet identical atoms or groups

In both directions from that point. Generally even numbered rings
have a centre of symmetry. '

€.g. In 2,4 - dimethyl cyclobutane -1,3- dicarboxylic acid, the centre of
symmetry 1s at the centre of the ring.

(iv) Alternating axis of Symmetry (S,) or Improper axis of Symmetry

A‘m?lecule s said to possess an n-fold alternating axis of symmetry if

~N\O/ . :
60"/n about this axis and then
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0. GENERAL

jsomerism 18 3 distinctive teature of organic chemustry. The concept of structure 1s inheron: n

- -

-\ ~ ":7-1_'} - ‘ﬂ_i " - - ¢ 2 e
on of isomensm. The prime importance of structure in the studv of arean

=
ﬂ‘.r1‘| : _ - - g . -
g Lthl—ll--‘lw "h-'-..."'--.-p'q' & . 3
L

b B ,
h"’\"’l.‘ i

e

o nectal 1 of 1someriem called o - - n _
or emphastzed. A special ype O 1somernism calied stereoisomerism. deals with three-dimensional
et of organic molecuies. Stereochemistry. the study of the structure and chemistry of

pecoming increasingly important in the study of organic chemistry. It has contributed <iom: < -
«ablishing the mechanisms of organic reactions. =

<

Important biomolecules (steroids, carbohvdrates. peptides proteins, nucleic acias. en

f | _ . I ! = y o s ol s AL QA Crn
sve a fascinating stereochemustry of thewr own. In addition. thev function largely in a stereochemi i

. . . - _ " - e . = ) ik a4 2 14 s C Y

n L ] L] ¥ - o - .l ~ = : ) . " -

mportant biological environment. Stereochemical factors have also played an important role in det

e efficacy of many drugs.

This exposure to the subject of stereochemistry will help you in a better understandine

wemustry. Hopetully, vou should also be in a better position to appreciate the imrportan: -ale #
‘ ) - 11--1:. Llalilt T Inat
ereochemistry has plaved in the chemical and biological world.

AR e e

.1. CONCEPT AND TYPES OF ISOMERISM

Isomerism is the phenomenon that
ormula (MF) behave as d4iff
omers. When isomers have ¢
ey are Known as

| MAKEs two or more organic compounds with the same molecular
erent compounds. Different compounds with the same MF .. called
different orders of attachment of their atoms/groups within themr m.

structural isomers (aka* constitutional ety

Té f{mrpmm{i\‘ With Iht’ same MF buf WwWith d
€ mol

i 1 -
LY
il\.t.-‘;:_-

isomers). In other words, structural isomers
ecules. However, when isom "‘fe"e”f . foai‘hjmenf*af S g —
emsgroups within rheir: molecul er H-” the sa‘me - ha.ve lderlmcal IIEREE: A N
" Space. they are known o u :es, ut differ only in the reltmvg positions of those atoms or groups
* have two broad classes - Teo isomers (the latter phenom?nen 1s known as stereoisomerism’ 'Tthh
shall see that Stm; tforlnmsm.. _namely struct}zral 1§omerism and s:,ter'zu)ismm:risrnE mﬁ :-.‘-ur:
"0erst00d that the con e o ra somerism and stereoisomerism can have suMI{sses too. It Mfu.mhtfe
recule, but alsq their E | Stmcmre implies not only the order of attachment of atoms/groups within
rieniaton in space, where necessary.

il
T
I-i“'....__. s

’ i w

.F‘ c}rﬂ)‘nfhﬂu‘i ".f"L_r--u. - BE_ &

i R ITC o
u'_j';

A L"
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3.1.2. TYPES OF STEREOQISOMERS

1-- - w % L L |. L ‘."
SLCTTOVMNAY 0N &\ A A i Y Ih'll

e tameh enantiomers or opfical isomers, georn
| ‘ ‘ ers. Dhese S Iso been classitic
e tsometrs and contorntional womers  OOsC STCQsAMeDs have also been classtd

smnomers 2od diastercomers of as configur Illﬂll.ll ISOMers md umful mational rotational 1son

ire study ot the structurye and ;htllll\l[ ) of stervoisomers 13 Anown as \It"l‘l"li\ht‘llll\tl \ HIL h‘H«

' i . N ST y b 1 Yy - 1.'. \1‘ } JAR R
werions will bz devoted (o these terms and aspects of stereochennstry

L LN

3.2. GENERAL STEREOCHEMISTRY

Botore we take wr o study of ditterent Kinds of stereasomenism (erantiomerism, geomelri,
omformaniona’ isomeriso) it would be useful to understand some of the concepts and terms used !
5 \ LB S . T <1y Ty

- . :"'-»\.-._Lkh. L\.L\-.'-.:\'-..u ]

8.2.1. CONCEPT OF CHIRALITY :

Look 2™ vaur left hand and right hand. They look simular, vet a left-handed glove does not fit the
Aand. [t you [ook at youw ':1.-.:1&:-: I a mirror, vou wiil notice th at your two hands are really non-ide:
nd non-superimposablc ol Mages ot each other. An object that is not superilllptiﬂfiliit‘ on 1ts mi
mage and aas no plane of symmetry s called chiral (Greek : cheir, hand*). The property of an objcu!

| e IT ™ s e T I I "‘.-..""" ™ : M O .'!I"'! O D - 5 - . .
Makes (t nansuperumposadle on s nurror image is known as chirality. An object that lacks chir:li
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l.elt hand Right Hand

> ‘ | | , , _ _ . ; S S— imposable.
Fig. 6.1. The mirror image of a left hand is a right hand, Left and right hands are not superimp

1o

6.2.2. TETRAHEDRAL CARBON

I'he concept of tetrahedral carbon (three-dimensional carbon in which its feur valencies are directed
to the four corners of a regular tetrahedron, carbon is located at the centre of the tetrahedron and the
angle between different bonds is 109.5° commonly known as the tetrahedral angle) was put fqrwal‘dl by
Van't Hoff in 1874 on cmpirical grounds. 1t 1s now well-established on the basis of studies involving
clectron diffracton and X-ray diffraction of organic compounds. Since. all organic compounds must
contain carbon, they have three-dimensional, rather than uniplanar, structures mostly.

[he usual representation of the structure of an organic molecule within the plane of paper Is
convenient but not adequate, especially when we wish to depict the spatial relationships of atoms/groups
attached to carbon(s). It 1s, therefore, necessary sometimes to construct a suitable three-dimensional
model of the organic molecule. A number of kits have been designed to depict the three-dimensional
structures of organic molecules, important being Ball and Stick Models, Stuart Models and Barton
Models. Ball and Stick models, though crude, are simple and adequate for our immediate purpose. Fig. 6.2
shows the Ball and Stick model and the Stuart model of methane.

Ball and Stick Model Stuart Model i ”

Fig. 6.2. Three-dimensional models of Methane.

Fig. 6.3. Non-superimposable molecules
(show enantiomerism).

6.2.3. CHIRALITY AND ENANTIOMERISM

Consider an organic compound, Cabced (whe're a, b, ¢ and d are diiferent atoms/groups bonded to
carbon). To determine, if such a molecule 1s chiral, construct 1ts mode! and hold it before a mirror.
C“onstruct also the model of its mirrgr image (Fig. 6.3). The two models are dif‘erent and non-superimposable,
. ¢ _they do not coincide In all their parts, huw;ﬂocwier we turn or twist them without breaking any bond. By
’!f".':!!!i{t:m such an organic molecule would be chiral, and the two model- (compound as well as of the
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(Perspective drawing)

% WEDGE AND DASHED BOND DRAWING OF ORGANIC MOLECULES
“  PERSPECTIVE DRAWINGS)

(do not vhhow crrantiomerism)

» can Jdr M Pape lL‘II'dl'lL‘L'lI'El molecules U.Sil'l}:’ wedge and dashed bonds. Fig. 6.5. shows the
\\l{. t..q.il.'. Wil JdW U } | + ' | |

toe and dashed bond drawing (perspective drawing) of a tetrahedral carbon with four different atoms
\"‘ EL‘ ;t i i "4 o ; : ‘ : ; | L |
o : < t_" 3 by N 11'} 1:'.1'1 h ~ [II.\I': Lﬁfnlrﬂ ?ind gTOUpS a and b dre In t | la C Df the pﬂpf‘f é'—::",::f L
oroups, Cabcd. 10 Flg. Tee ( e in the plan

e a dashed bond. ne ) 1s pointing mnto the plane of the paper, and group ‘d’ (shown .
i'ﬁ‘zhtﬂﬁﬂ \ J Ll

o) (8 pOINNING OWT of the plane of thc paper. Such drawings of organic molecules are also known as
™ Y i 2 LN —— ¥ L] - i ’ S
hoad. n | ci{rm“‘ing:S A quick way to draw the enantiomer of a chiral molecule is, to interchange any two
perspective dr: -

B WL e
'

Qroups.

5.2.5. ASYMMETRIC CARBON ATOM AND RELATED TERMS (STEREOGENIC ATOM)

| | | s the most umportant
“ ? atoms/groups in a molecule 1S
Presence of a carbon atom honded to four differel,mme group
thoueh not the only one) feature that makes a MmO e(;mn
chiral. Such a carbon atom 1S called an asymmetric car

atom or a chiral carbon, often designated by an asterisk ?OOH :

) mark. An asymmetric carbon is also known as a * (ol H H_'““"'/" S,
stereogenic contre or a chiral centre in reccqt / \ . OH
literature. Fig. 6.6 depicts the stcrEtﬁrﬂPfCﬁe“taF’ﬂn of laiﬂc HO CH; BT

acid (2-hvdroxypropanoic acid) and its murror 1mage C*1s I - acid

‘ - ' 1t on of Lactic
the asymmetric or chiral or stereogenic carbon because sentatl

is bonded to four different atoms/groups, namely H, COOI'_L
OH and CHj;, and is responsible for the chirality of lactic

1

acid term ,_

.o 6.6. Stereorepre
™ and its mirror

5 i | of
An asymmetric carbon atom is the common example ously for an . ny atom
stereocentre or stereogenic atom have been used synonym , stereogenic atod 3 T

hey have a broader connotation 100. A stereocentre oOf
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MODERN ORGANIC CHEMISTRy.

JRE R I ¢ VPR e e
' chirality (and hence enantiomerism). So, a stereocentre or a stereogenic atom does not have to be 4

«arbon atom always. It may be even N as in quaternary ammonium salt with four different groups bondeg
to N. Even enantiomers of tetrahedral Si, P, Ge compounds have been isolated. In due course, we sha]

come across even the doubly bonded carbon atoms in cis-frans or geometric isomers, show enantiomerism

Fig. 6.7, shows two chiral molecules (I and II), each having a C* and N* as the stereogenic atoms. C* j,
I'1s known as asymmetric carbon, but N* in IT is better referred to as the stereogenic atom, though they ¢ap
be collectively known as stereogenic atoms. Since both C* and N* are responsible for the chirality of thege

mulecules, they are known as chirality centres of these molecules.

[ Fig. 67 Chirality centres 1n organic molecules. l

6.26. ELEMENTS OF SYMMETRY

(@) Symmetry operations | he geometnc operations such as reflection, rotation, inversion, etc., which ;
Wl Lo a o nu!ir'.u-u-.m; -;'-f‘!ﬁh"u,,rn:u‘w..ﬂwlr from amgm.ﬂ configuration are called *FTTIHIL‘IF}' upur:llnm&

ih) ¥ lements of svmmetny i he OO 14 clements of the molecule u:r.:m:rut!n_;; mnmctry t.)p-.-:ruti{ms i

e called symmetry elements These may be a point. an axis of 2 plane. through which the operations are |
periformed | he '-'i‘i;‘iL"‘!l.' nivmation of the sxmmetry of the molecule can be described 1in terms ol i::
vitunetiry clement F(Y a 1t £iC MO LKL | o Hree -F".IHIH' [0 HYI”III'HL‘“'}’ !
crations These are (1) ldentity E (i) Rotstion axss of proper axis of symmetry (C,) (ui) Planeof |
crametny (o) Centre of symmetry (vl Altlernaning axis of symmetry or Improper axis of symmetry. E!
(h ldentity (£ Inadentny operation no change 1s made in the original molecule We can say, identity

s the operation of not downg anything When we do not do anything we leave the system unchanged and ‘i’
ii‘-.’ﬁfit .ﬂ o !!"u,‘ X iy ‘.'.1} Svslen i
(1) Rotation avis or proper axis of symmetry (C,). If an imaginary axis can be constructed in
hwievule around which the molecule can be rotated through an angle, say 6, 1o get an indistinguishable 5‘

configurahion, the molecule 15 said 10 possess a rotation axis. The symbol C stands for axis of symmetry
and subsctipt a indicates the order of axis
The value of » (order of axus) can be calculated by the formula -
]

A0* o
—— (m=o0rder of axis)

of ==

{4 {
When a=1 1118 2a (; mus, also known as trivial axis. All molecules have a trivial axis. The symmetry d
operation O 15 carnied out by rotating the molecule through 360° which results to identical original

molecule
In Hy, Oy, Cly, N;, etc, the proper axis of rotation is C; as the angle of rotation (6) to get identical E
configuration 1s | 80°
Rotate by 180° i Rotute by 180" j
Mty b Hy—+H, — 1T, H—Hy,
l A L LA /‘5& __________’lm X /’53\ ("" ?N.J: =2)
‘H..-" -:.‘_H‘ }l‘b ; H‘ H' \ l'ib | 80
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( 360

Cy when n === 3 (Three-fold axis)
' -0 .
i) ~ D S
I."\ - Sotale by | ?_'L} }.lh"\ ) Rotate by 120° Fas Rotate by | 20 I
. ,.o-—‘?'*—"n Py . -7 By ———— "
l“h : IAJ : Fe” -
: L 'Fb
W }64) \
Ne e—— e ] |
. : ‘ 120) ,J
Symularly, - N has L an
R N
\ R
. IR 60°
/ : 360° . 360° .
/ w}. n=-—7"-—=35(Cg axis) n= —=6(C4 axis)
e 2 ; 60°
Cyclopentaae O—

(iii) Plane of symmetry (0). An imaginary plane that bisects molecule in such a way that the two
are mirror images of each other. This element of symmetry is represented by symbol (o). For example.

;fuou COOH CHO
H—C—H H={—=0H H—(li—OH
LIH = I —o (plane of symmetry)
—{axs) H—?—OH H-*(T“—OH
COOH CHO
Propanoic acid Tartanc acid 2. 3-Dihydroxy butane 1, 4-dial

(iv) Centre of symmetry (). This is such a point through w hich if a line drawn meets identical atoms
ot equal distances from the point 1n two opposite directions. The centre point 1s known as a centre ©
symmetry. The symbol used to indicate inversion centre 1s i. For example,

l—Centre point (centre of symmetry) H\Cxc _Cl H\;éﬂc-/H
®_C..E.(.:_@ <+« Sume aloms O=(C=0 Cl/ \H H/ \H
t ! Same distance

A

Lt Fo

...—Funclional

group él’ CH3 Q

Ferrocene

try (Sn) or Improper axis of symmetry. When a molecule has a -k

ed through an angle 360%/n about this axis and then followed b

his axis, the molecule 1s ndistinguishable from the original structu

(v) Alternating axis of symme
ernating axis of syminetry 1s rotat
ection in a plane perpendicular tot

A

F o=

-

o =
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For example,

R H H R R H
— ]
a4 pfn _Rowtenby o R MM —— s HMH  R/R
| [
R / H H R R ’
(1) (1) (111

R=(Alkvl, halide)

Since (1) and (111 are superumposable indistinguishable. the mol ale has 4-fold alternating axy
symmetny

Optical Activity—Relation to Chirality and Symmetry Elements

We have scen that asymmetric molecules lack all elements of symmetry except a tris 1al axis i ¢ . there
no simple axis of symmetry, plane of symmetry, alternating axis of symmeiry an d entre of symmetn

A dissymmetric molecule has simple or proper axis of symmetry. but lacking alternative axis of symme
The relationship to chirality and symmetry elements to optical activity is ~hown below in Table 6.1

TABLE 6.1
. Tﬂ'ﬂl rAlterﬁna-t;nga:;of svmmetr}r Slrnple axis of svmmetn r 0ptmal acn‘nh
Asymmetric Absent Absent - Opticallv active
Dissymmetric Absent Present Optcally active
Symmetric Present May or may not be present Optically inactive

6.2.7. THE ASYMMETRIC CARBON AND MOLECULAR CHIRALITY

All the examples of dissymmetric or chiral molecules showing enartiomerism, can be presented by th:
general formula, Cabcd. Each such molecule contains a carbon (C ™ with tour different atoms

S/gToup
attached to it, as shown below.
CH} CH; CH; " Carbon atom with ']
e O H—C2 (] He O CHAOl1 | asterisk(*) has four |
' = ditferent groups atoms |
COOH C,Hjs C.H; E attached to 1t Hence, |
L as : sl
Lactic acid sec-Butyl chloride S efiyl] Sanangl. Y metric ar ohired)

—

A carbon which has four different atoms or groups attached to ir is called an asymmetric carbor
More recently, an asymmetric carbon 1s also known as a chiral carbon. It may appear th’l-I the p*eww:f of an
asymmetric or chiral carbon 1n a compound 1s probably necessary tor dissymmetry or chirality and henc
cnantiomerism. However, we find in actual practice that there are a tew molecules which contain asymmetrs
or chiral carbon atoms and yet, do not show molecular dissymmetry or chirality. We shall see 1n due couwrs
that the meso form of tartaric acid contains two asymmetric carbon atoms. but it does not show enantiomeriss
and optical activity. Again, there are a few molecules which do not contain asymmetric or chiral carber

atoms, but show dissymmetry or chirality and show enantiomerism.
6.2.8. CHIRALITY WITHOUT CHIRAL CARBON AND AXIS OF CHIRALITY

_._.—III—I—_—-_—
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w.mmetric carbon, yet, they show molecular dissymmetry and hence, enantiomensm

H H
>C:C:C:: ‘ A x1s of ¢

Cl G

| 3.pichloropropadiene (an allenc) trans-Cyclooctene a spirane Y =CO»H .
(Mirror |
COOH NO, H()Q(:__H
7 N\ R VAR
Cese cs: sofecular dissymetey due to the proscince ot bulky atoms or group: =i

. jecule coplanar due to large space occupied by them and also hindered rotation on their axis

y - ¥
By i, v il _r -

in 1875. J. Van’t Hoff pointed that an unsymmetrically substituted allene of the typc ab(C=

heuld exist in two enantiomeric forms. The reason for the molecular dissymmetry is that the grouns 2 and

e - _i—.‘_.‘.__
L

hat one end of the system lic in a plane at right angle to the other end (if the doubly bonded carbon zto

-« viewed as tetrahedra joined edge to edge). At present, optically active allenes are regarded as compounds
vith an axis of chirality (in contrast to compounds with an assymetric carbon atom). The centrae carbor
(.2 1s sp-bonded and remaining two p-orbitals overlaps with p-orbital of each adjacent sp- car~ 7 atom

' s & salar nlanese (coe Fro
-1 and C-3). This forces the two remaining bonds of each carbon to lie in a perpendicular planes. (see Fig

oiven below).

fa. ;A 0 _ —
/ ‘C-——’C—-——C;\----~ = a{szs of chirality |
A I
sp> sp Sp*
(Mirror ] B 3
a., 2 3 b3 2 1.9 Two substituents on each

C=C=C C-—-C—-C;\ |carbon C-1 and C-3 are not
ol Ng a’ b identical |

Enantiomers of unsymmetrically substituted allenes.

Two rings of spirane (linked by a common carbon) are similar to the pi bonds of the allenc 5{“‘1 the

soups attached to two ends of the rings force to lie at perpendicul'ar plane to eac}} o_ther. 'j—_leni::e s:e.::t: ring:
show optical activity without a chiral carbon. Similarly, unsymmetrically sqbsttmteﬂ blphenws linked through
» pivote bonds lie in two different planes also show optical 1somerism wlthouf a chlr-al carbon and can b
rzsoived in two optically active forms. This type of isomerism 1s known as atropisomerism

This shows that the presence or absence of an asymmetric or a chiral carbon in a molecule has n
(riterion of dissymmetry or chirality (and hence enantiomerisnt) in that molecule.

5.3. OPTICAL ACTIVITY | r
brating in all directions, perpendicular t

Ordinary light consists of rays of difterent wavelengths, V1 | , (sav. lieht fron
the path of propagation. Even a monochromatic light i.e., light of a single ut*g\—elﬁﬂgll_ *(5"-‘-%1}11;'::“‘1 .
odium lamp, A= 589 nm) consists of waves, vibrating in many planf:s: at fight_hd“% f'; ‘;‘ “
opagation. By suitable means say, by passing it through a Nicol Pf's”' _\Conftmﬁ; SO :dC;HL??;
ogether the two crystals of Iceland spar® with Canada balsam), these vibrations can oe 59 ¢ Justed th

g — T & e . —un ~md Nieal nrism constructad from it s nam
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iy Ligh Polatiemg prosm Plane polnrlzed Sample tube Valarized Analyring Freof | |
(Unpolarized)  (Nicol preisim) it (Finpty bhg bt PrIsm Soserver | )
Fig. 6K Dingram of » pobarimetey (sample tube empteyy *

When the sample tube (1) 0 filled with

pance of the polaization ol L ht hivs been rotated and obser vz will not detect
manmm bogpehiness ol Lipht, the observer wall ha
mteclochwase ditection g, 6.9 1f (he

he Lotation (OO measured in l{t‘j'lt'i". &

e solution of an optically active Lurstzrc e ’trmntil:ml:r._ e
iy NENL in rGer i) dessrs
ve lorota'e the axis of an::iyz:s:r "r/-., 0 cTiner
soale mounted on analyzer (A) s rotated in 2 clockwise girection.
i to be (8 ) and il antic Il}{.l-(wi'ﬂf_ the r '

AL WISE

wr e g P

CrAation is yaud o be (~) Aa
cptically active substance that rotates the plane ol polarizal hipht o ok e airection, 18 5214 16 he
Jdextrorotatory (Latin dexter, right) and if rotates in anticlockwise direction, s said 1o oe laevorotater
(atn L laevu, left),

+ ()=

Ordinary hght - Polarizing prism Plane polarized  Sample tube

light (filled)
Fig. 6.9. Diagram of polarimeter with sample tube

Rotated plane Analyzing Eye of

0” polanzaticn prism observer
containing an optically active substance.

The actual rotation (), observed by a polarimeter, or an optically active substance in a solution
depends on (/) the concentration, ¢, of the solution, (if) the len

i
l
i
gth, [, of the light path through the solution
- ¢, length of the sample tube T, in which the solution is filled for measuring its rotation, (iii) the
‘tmperature of measurement, (iv) the wavelength of the |3 ght

used and (v) the solvent used for dissolving
the substance. The specific rotation, [a]p, is given by following relationship :

ok, =  Observed rotation (o)
» Length(/) of the polarimeter tube in dm » Conc. (¢) of the substance in gms / ml

20 (L
@l = I x¢
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Lt gl

L’%“' This relationship ccii also he used to calculate observed rotation (), 1f specific rotation, / and «

gl VBH

"i‘ll
“}1 l l“l“ﬁ'/.“"“
e
[t 1s custamary to indicate the fcemper rature ol ll]t‘ measurement and the nature or wavelength of
llghl used. For example. the specitic rotation + 6659 of sucrose solution in water at 20°C using sodio

I]ghl 1s showr as fOl 1o ws
Specilic rotation = [« l"il“ =+ 66:5" (in HHO)

The si1gn - ) denotes that sucrose 1s dextrorotatory, 1.¢., 1l rotates the |l|.lni of polarized hight

I'he ‘H”I'I ( ) would be used when the substance 15 lagvorotal

right o1 10 the clockwise direction
> of polarised hight to the left or in the anti-clockwise direction. The notation D corr

| rotales the :‘HJHL Ol
f o the D-line ot the sociun light (=589 nm). It 1s also desirable to indicate in braket the corncer

the si voni used for dissolving the substance For ¢ cample.

per ml and also th
20 i B
[w ]y =+ 66:5° (=002 g/ml. in watcr)

 —_—
| i
[

Molecular rotation ['he product of multiplication specific rotation and molecular mass d:n

hundred 1s known as malecular rotation.

20
. Mx[a]p 20 . , _—
Molecular rotatton (\V) = 700 where, M=Molecular wt., [ Ip = Specific rotaion at Z 0°C
Problem 1. 3 gms. of an enantiomer 1s dissolved in ethanol to make 100 ml of solution. Find out the specili

o e,

i
mtatmn at 20°C for sad-um light (the D line), if the solution has an obwewed rotaion of +2-10° in 10cm Idm

~polarumeter tube.

Solution. o= +2:19°, I=10cm = ldm., c=3gms. in 100 ml =03 gm per ml.

N

Substitut:ng these values in the equaion

o4 _+2.IO°

;U_,_ s
2lp' = T%e © 1x.03

i

+.70° (1n ethaﬁul}' |

Problem 2. Calculztc the observed rotation (u) if above solution (problem 1) that gives specific rotation

.;; +?U“‘ is filled in 5 cm. pak irimeter tube.

 ’" * Solution. Applyieg the formula, we get :

a=[o]f xIxc

'f ] a=70° x 0.5 +03=+1.05°

sl Lt
L™

By reducmg ps}]ammur tube to half allows only many molecules to act on the plane polinzed hlight

“and therefore, observed rotation is half of the prob!em

6.4. ACYCLIC MOLECULES WITH ONE ASYMMETRIC /CHIRAL CARBON
Or STEREOGENIC CENTRE

few specific compounds, like lactic acid CH3CH(OH)COOH, containing one‘

Let us now consicer i
(C*). Fig. 6.10. lists a few such compounds together with their mirror umages.

ssymimetric or chiral carbon

Each of these compounds, exists mn two stereo isomeric (enantiomeric) forms. ‘

T il ——————— i V.
- S R, S, ", SR T T [ [, T e . i I . W Gl
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H,C | ]

Cily

H— X

] F

s / |
-
HOOC

CrH)H j

Lactic acid CHACHOM Y oy

H - |
Hx,u | . .r"' ¢

e (] ¢ 6 [ }
IL{"‘ [

sec-Butyl chloride {1£I{_ﬂ(‘.l}{{{ CH;

H,C
CH
T '
CH,OH HOH (" —— \—H
h »
HsC, L H.

2-Methyl-1-butanol CHyCH(C,H)CH, 01

P e - 2o e s : .
ossible enantiomers of Lactic acid, sec-Butyl chloride and
(In these structures.

Fig. 6.10. 1|
| 2-Methyl-1-butanol.
cirele represents an asymmetric carbon atom)

The two stereoisomers of each pair depicted in Fig. 6.10 have ident

- or il Ao > = . .
Ol Eloupb attached to the central asymmetric carbon, C* are concerned. They have also 1dentical phvsic
properties except for the direction they rotate the plane of polarized liuht | e

lane of polarized I A% AC R TR 4 - :
] polanized light by exactly the same amount, but in opposite dircction. We cannot predict which

direction a particular enantiomer will rotate the plane of polarized light. One enantiomer was Ilfhl"r":n"hi:l*
o be dextrorotatory, while the other was e

| | laevorotatory. Thus, compounds shown in Fig. 6.10 ar
optically active, E =

i
=

[t may be noted that before we knew the relationship between chirality and optic
stereoisomers were called optical isomers because they were identical
activity. However, the term ‘optical isomer’ was applied loosely to more than one type of isomerism J{‘:‘-'L"”.‘-
optically active compounds. This ambiguous term has now been replaced by theimﬁre wel : -
‘enantiomers’. For similar reasons, the term optical isomerism is not favoured

al activity, these
cxcept for their opposite optic:

l-defined term

over the term enantiomerism
;] » d & X M ' T i ' Y e

[t may be recalled that ‘enantiomerism dlsappmrb, ds S0on as two or more atoms or groups, attached

to carbon become identical. Therefore, compounds, like propronic acid CH3CH>COOH, n-propyl chloride
(C2HsCH,Cl) and n-butyl alcohol, (C2HsCHyCH>OH) do not show enantiomerism |

6.5. ENANTIOMERS AND RELATED ASPECTS

We have already learnt that

(1) isomers, which are the non-superimposable mirror images of cach other are enantiomers.

(2) Enantiomeric pairs have identical gross structure, i ¢ the sequences of atoms and groups In
cach are identical, but they differ from each other in having different <patial disposition of atoms and
groups.
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~— 1D e,
551, PROPERTIES OF ENANTIOMERS

1‘ k.l - > ""- il | : 4
A e DaAVY AAUTTAAN menhoned {‘l lfﬂ

ol

difactienstics o

voan the carher section while referring to the ch
ompounds cor | 12 lew

MHamimng * 1eIrIC Car - ‘
il ' aiammy ane asymmetnie carbon atom (C*y, et us now consolidate the 11,
.,-fnﬂfrﬂl p]‘{lpi‘['t'll'?i O enantiomeoers | mporiant

e v iNnntoMmers }“ * b T AT X .
[_H - nan .1 TN NAVE lﬂtlllltﬂl [‘!h} steal |Huplﬂlil‘ﬁ hke m .. § P, tlt‘nhtlv. refractive imndex
"fi"if} d!ﬁ;ﬂ in ner achon on 1‘&.“11" ﬂL‘*LH'I.'t‘d hjlhl One ol the cnantromers rot |
Cdextrerotarery) and the other rotates the plane of polarized Lyl

: ? w £ 1 "
rhese POCTNER Are generally sho

LS

e P it
HH‘ ' ”1{' Pl-"“.' pL'It.";I'i,-‘ rI, 1111_1']!

e
o
- o
v
-

LIRS ihr,‘ t{'“ {h”‘l'f”"t*f”hu] _1
rined o the letters 'd” and ' (written in lower case 1o distinge

i

- ; IR AT
som the upper casd letters D" and ' used 1o define configurations of chiral mole ales) i .
dersiond 1k, JITCCUHONS O rolation I Cnantiomers arce denoted usually by prefiany (1) for e
1d or lacvorotatary, betore the names of compounds. The earlier practice ot prefising the |ooer o
dox INOrotatlory ) and 1 o Lacy orotatory) 1S oW Llim'nu“]?“‘[{ It must be noted th
cions of rotattor 1 Such Snanhonie

%N

Non pars are ditferent, the amounts of rotation are the win

(2 Enantiomers have wdentical chemieal properties except their action towards opticalls 1o
reagents Che wo enantiomenie sec-bueel alcohols (CH3CHYCHOH)CHY), tor cxample, ¢
>hptene o treatment with HaS0y4. Thev form the same sec-butyl bromide (CHyCHACHBr)C 11,
rment with hvdrobromic acid, and they give the same sec-butvl acetate (CH3yCHy CH(OCOCH )¢ 11y on
sgterification with acetic acid. Even the rates of these reactions are identical in the case ot cach
nuomer Al this, 18 reasonable also because the two enantiomers of sec-butyl alcohol have exithy the
came srructural environment tor reaction with reagents hike HySO4 or HBr or CH3COOH.

4hal

e |
...\-'h' |

L5 |
1n|-lL

[
[

Stereospecificity. When the reagent itself is optically active, reaction rates would be difterent The
sagent [sav (S)-lactic acid in esterification] would not be subject to identical influences duc to the
,::ﬂ;;c:a?. spatial disposition of ~OH group in two enantiomers of sec-butyl alcohol. The ratc of esterification
of (#)-sec-mrund aleohol with (=)-lactic acid would be different from that of (=)-sec-butyl alcohol with
lacne acid. These mtluences may sometimes be so different that reaction of an optically active reagent
wav succeed with one enantiomer of the reactant, but not at all with other enantiomer. These reactions
are known as stereospecific reactions.

Such situations are quite common in biological systems, where enzymes (biocatalysts) nd T...J.“,.:
compounds thev act on (substrates) are both chiral. 1t 1s posmbl‘e that reaction tfetwcen an en .rwr* x.'-ﬂij‘i. :’-t
i‘.lh:ﬁ-{l; e\ uuhi be highly stereospecific, i.¢e. only one stereoisomer or enanltmme?r of :ia stt;zhitr:.-;r: n:;
respond to the action of the optically active enzyme. {+)-§luc0?c, for examph'a, 1S Easﬂy'm,tla ,TUI:L;;;-;}
" nimal svstem and is fermented by yeast, but (—)-glucF}sc 1S neither m?tabohsed y animals e
i srmentation. Therefore, enantiomers have different biological properties also.

diffe ' of the transition state theory,

_ oy derstand the above differences in terms ol U
thp:}aﬂﬂ mct‘ sin of two Enan*mmcrs' (+)-A and (-)-A with an optically inactive reagent 'B. e Id obvicu-ly be
= 'h —— ~tly th ame energy The two transitional- states for the two reactions WoL . nd
thﬂ reactions hﬁ‘r"f exact J s = T'.E.ﬁipeiﬁ 01 ﬂ{:tlvatlﬂn (Eﬂfi) Df lhﬂ twQ reaclions Jiln

1 J ; f e “nl mﬂrg}r- ' - . . ',‘, N f : !
wirros Vi (e SmAmRmEEE N Sadioel, What (+)-A and (=)-A . react with an optically active reagent (53%
- il | ' jt-3 8 : ;

- - - dentical. When . Bk . o
fhoic resution ritek, Whe A 1dEHIIC§iv 1d ‘no! be enantiomeric “and hence of different encrgics. CQﬂthL*{dﬁ[t«;
' jve transitional states wou . ORIt Ty ' ion rates wou
(-)-B], their respective trans ¢ these. reactions would- be different and hence, their react
the energies of activation (Eger) Of these T - .

different.

5.5.2. THE RACEMIC MODIFICATION

Ii

\ fi 1 ] Ixture. Such
| A r rt ' 1C mudi ication Or 4 racemic mixture

\ mixture qfequai pa A) (Jf!lﬂﬂﬁ()"lﬁl‘s ) Cﬂ”Ed a racemi

lecules of one isomer 1S

: ' ion caused by mo . o
racemic modifications are optically inactive, because the rotatio s of its enantiomer

i ber of molecu
cancelled out by an equal and opposite rotation caused by an equal num pv——
f Jre usually denoted by preflxing (+) before the name O

L

i Racemic modifications
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WMODERN ORGANIC C WL
A 4180 *
F : e ECL -~ earher hiteraturc hut the prefix preferred
prefin dl- has also been uscd. t.slﬂ"-‘tll'*“?*l"“ ’“1;1“ '}  rsethryl-] st ‘] .,
o A NosoC- f € » and (2)-2-methyl= =t
have (+) lactic acid, (£)-5 b”rﬂ chionde ‘[ al reactants, the produ vavs of ragenq 'l -
When a chiral compound 18 synthesized from achiral reactants, the proce »2 P |
' : , _ - he following o F PTITY '
variety. The reason for this will be readily understood from i< follc 2 f
When prupiﬂnic acid (achiral) 18 brominated. {l-brt;‘!ﬂ‘af‘ﬁpmpm:a'.:: acid (a chiral i
> 3 : Aeapen 2107 _ 55
‘eaction is brought about by the replacement of one of the two n:m.t gen
: ints { (b) in the formula (see DEiC Y
molecule by Br. Both the hydrogen atoms at points (a) anc {b?};"‘ A e
and replacement of one or the other is equally possible. 1118 10 b ¢ xpected. tha : s
would be formed In equal amounts. that is, the product will be the racemic @ _
achiral compounds 1nto chiral compound is often referred as chiral syntaes _
CH;CH,COOH + Bn > CH3CHBrCOOR = 7% L
(*Asymmetric carbon -
CH, CH- _H
H'—[L_—-H HnJ:H.tl‘.Ll'l.mn_} *‘1_L i _ o
b | ]
LW . COOH COOF
COOH by e
(+)-fomm %
Pmpanﬂic acid (+)-0T I acemic mixide 3
(Achiral)
[t may be recalled that the physical properties of enantiomers are 1dentic=r hus, €na : |
.dentical melting or boiling points and solubilities in a given solvent and they are HeiC acually stongn v *
a given adsorbent. It is, therefore, not possible to separate a race nic modificanon ok their o :
components by conventional techniques like fractional distillation. fractional crysfaliization. <. 2
. : _ : . . . ) _es e Fnown 38 s<nlution - .
separation of a racemic modification into 1 epantiomeric COMPONENIS, 15 AR = resolution. |
requires special methods and we shall consider in due course.
[t may be pointed out that a racemic modification as well as an achiral compoumd arc oplica
o inactive for similar reasons. [t has been stated earlier that due to the random distribunion 01 2 (aIEE L
I;F : of molecules, for every achiral molecule that the light encounters. there 1s a _se;a:*r‘.: molecule a muTar e
of the first, aligned just to cancel the effect of the first one. In fact. an achiral compound sQOWS 20 &=
optical inactivity. In a racemic modification, this second molecule happens 0 he an enantiomer 27 U
and there is an exact cancellation of rotation caused by the enantiomers. Hence. the optical inacomt
racemic modification.
| 6.6. RACEMIC FORMS AND ENANTIOMERIC EXCESS (EE) "
[f a sample of an optically active substance contains a single enantiomer, it is said 10 be eNANTOMETE (g
pure or an enantiomeric excess of 100%. For example, an enantiomerically pure samp.e 0- (—FIcnars &g
. . - 20 k| ¥ = =
shows a specific rotation of +12.7° L2, [a]D = +12.7° (H0). On the other hand, 11 2 sampic &= 177
2cid shows a specific rotation less than +12.7°, but greater than zero degree. Such a sample 18 sa1d 10383
an enantiomeric excess less than 100%. Hence, enantiomeric exess (ee) ma) be defined by the 10ik
expression : 1
é . : Observed specific rotation : ’
4 Enantiomeric excess = T — == 5 - of o « 10C .
Specific rotation of pure enanuomer
(Remember that this ~alculation should be applied to a single enantiomer or to 2 mixture of enantiom<™
F: of same ci +d Tt should not be applied to mixtures in which some other compounds are present
_— i rotation for the enantiomeric pairs have been given here arbitrarily but i1t makes no 4 Foranx §
explaining ~a! inactivity of the product consisting of an equimolecular mixture of the TWO 1SemeTs
he
i _-m_-;__.
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. e . 5 We w then
e acid enantiomers shows a specili rotation of + 6357 We would

SUPPOSC, o mixture of tart "
ic acid 18 50% by applymg above given relationship

hat enantiomeric excess of () arty

_ (Ilfrﬁ‘i_ ‘ <00
I nantiomeric excess (ee) "{ 12,70 1060 ~ 50%

I'his means that 50%,

. E Ny
: : At ey that enant e excess of this mixture 18 50%
Fromn: this derivation we can si that enantiomeric exce -

' AL, 4N 17
o consists racemice form o 25% {+) and 25 ( )1

’@‘_{H EOCHEMIETRY-
|
|

. SR i,
the mIXTUre consists (+)-criantiomel and remaming 50°
vhich cancel rotations . Jused by ocach other i opposiie dircction, - "
\ . . Sl . e . i . y . g
- 25 = 75% (r) enantiomgi and 25% (-) enantiomer. This method is used to determine opticat puri

spanttomer

5.7. CCNFIGURATION

In Fle 60.6. we have opresanted the two enantiomers of lactic acid | |
| docihiitiaotie {'H’L-’f!-HU therr L‘UIIH}_{_IH':I“HHH ()ne of these I
(+)-lactic acid. It 1s natural to enquire as to whic
1e actual arrangement 1 space

| and [}), A PO ON

conliguration

PRS0 QU GBS C o U
sresent (=)-lactic acid and the ctler will represent
E :}ESE two configurations represents the (<)-lactic acid or (+)-lactic acid. Tl . _ :
r he atoms of a stereoisome: (1 ¢, absolute configuration) can now be determined b}/ using Bllj\v’{}t‘
E alvsis, but it is not essential to determine the absolute configuration of every optically active compou
l i iS'tIFUE';”}’ sufficient (o kiow the configuration of a compound and relate it to that of an Dther com;
i a reaction does not uvolve the dreaking of a bond at a chiral carbon, the corgﬁgm'm:m? ﬂ/'tu:,hfff
| hiral caroon s retaincd The configurations of (+)-1-chloro-2-methylbutane (IV), .tham?ﬂ? L?}. ‘
Fplazemert of ~OH in (- )-2-methyl-l-butanol (III) by Cl, would be similar to that of (ILI). Simhlﬁﬁ.}, L
A anfizuration of (+)-2-methylbutanoic acid (V), obtained by the oxidation of (III) would also be simil

iil). This is called refative configuration that is required in most of the compounds.

_ C2Hs A C,Hs

| HOOC—C—H M0 | Homyec-Coti——— CIH,C—C—H

;1 'E CH; G CHS_,» CH;

‘ (+)-2-Methylbutanoic aic (—-)-2-Methyl-1-butanol (+)-1-Chloro-2-methylbutane
(V) (11 (IV)

[t may be noted that 111 1V and V have similar configurations but different directions of rotation

"|iereochemical series (i ¢ -ompcunds possessing similar configurations) varies greatly according to thi
“Iature of the groups attached to the chiral centre. Thus, all dextrorotatory compounds do not necessa:
e s‘milar conficurations In fact, “here are many compounds which have similar configurations bu.
‘éiiertnl signs of rotation. {'or example, two forms of lactic acid and their corresponding methyl lacta

e similar configuration bui opposite sign of rotation as shown below.

¥ . i _Hﬂ““\
/ cmh / COOCH) COOH COOCH:;
l |

1
- | g g
H,¢” | H HyC” | H " 1 > cH, 1”7 | NcH;
. OH H OH OH
| (+)-Lactic acid (- .actate (-)-Lactic acid (+)-Methyl lactate
; '] +) 4+ K™ - [D‘.J: !r_'j ‘.;820 [U.]Z{#-FJPEESG
" -~ e o — i
’ e — - - - . )
Peilar confizurals ition )| [Sl_mﬂar configuration but oppaosite sign of rotation J

This mixture, actually contan

t’s X-r:
YOUn ..

’
el
A |

ar
LLi

~auld. therefore, be clearly understood that the direction (and even the magnitude) of rotation in a giver

4 P O PP AAAPAMSPDOPOPESECOEECT T
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- N L NOTATION
6.7.1. RELATIVE SPECIFICATION OF CONFIGURATION D Al
i Lo’ . ¥ . P W
We have seen above that (+) lactic acid when CSIETIREE 0 © 0 G asspn configumani
any change in configuration at asymmetric ;arbnn I: hered 1:‘ .[ m-! i.rlt{ht " 1998 wsed “wo fors
enantiomers on the basis of rotation alone. To solve this probic |
glyceraldehyde (I and I1) as standard. :
H—C—OH HO—C—H ‘ f - mnEtnC Carboe
| e Py
CH-0OH , CH:0
' |
Il:li i IJ' =
D(~-Glveeraldehvde L(--)-Glveeralden
: | ¢ n os o f 5 4 [ as -1 -
The structure (I) with ~(FH i the OIgat Nabd e 4 T : _ ¢ [-siveeraiden iz T
and H on tne Uit t ATl A A s
whereas its mirror image (II) with _OH on the left and H O 1458 n__' il o
configurations are denoted by capital letters D and L In these GesiEn . Z
brackets as convention but not alwayvs necessary. | L
: ral han atom 1~ then relaied o 204
The configuration of other enantiomers at chiral carbon atom
glyceraldehyde and D and L notations are given accordingiy ror xarins
(D<onfiguration; - -
| ~O0 ~OOH
| 1 | i
i ! E_I——r—iﬁjr—:ll L ] - qu
o - H_C_{E)H — 3] — S 2 $
H—C—OH | i . §
CH.O0H || CH-OH CH: K i
' 2 ; D(-)-Glvcenc acid D{-)-Lactic 20d Di—-Mangelx and
D(+)-Glyceraldehyde (—)-Ghy :
{L — :
l CHO 1 <. CooH | coon
i ,\3 : 1
HO—C—H I:%;,y;—(]:—-H H> C
CH:OH CH] O o SRS p T
L{-)-Glyceraldehyde | L{+-)-Alanine L{—)-Phem lanine -
a-Amingoacids

Therefore, the sign of rotation of plane polarized light as (+) or (-} does not specify configuraten
D-configurational 1somer may have (-) and L- mav have (=) rotation).

ral

"+ Pprocedure for assigning D and L configuration. It involves following steps

(1) Orient the main carbon cham m a vertical line with priority group (z2ccording to FTUPAC nomenclan
at the top
(2) Arrange the substituents at chiral carbon atom on herizontal line projecting towards the observe -

¥

-

(3) Now, on examination 1f the main substituent (e.g.. OH. NHa. 21¢) is on the right hand side o7 =

observer (on horizontal line), the configuration is assigned D notation (without indicating any sign
optical rotation) and 1if on the left hand side L configuration. For example.

)
iy

L

e g e T .
e e .

*D and L do met specify the rotation of plane polarized light. bur speci®y the group on right and left hand s&! |

of the observer respectively on honzontal line. The sign (~) and (-} are given here only for the sake of comparison
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COOH COOH TUOH CHj

H—C—NH; H,N—C—H HO -—(|: —H H—C—Cl
CH,OH CH,OH CHj CHj
D L L D

al) carbon contaming
comnared

4) The D and L notation can also be applied to multiple asymmetric ‘(c'hir
ounds (¢.g, 10 carbohydrates). In such cases bottom chiral carbon containing structure is
i s of glyceraldehyde. For example,

0 corresponding D or L forn

rD-cun ﬁgura{iun]

CHO cl‘Ho CHO
H—C—OH H#(%HOH H—C—OH
=0l o= . HO=C=H | |
H—C—OH < HO—C—H HO—C—H <«——L-configuration)
CH,OH H—C—OH CH,OH
EHy0H
D-Galactose L-Arabinose

D-Ribose

The compounds having D or L configurations are arbitrarily classified as D and L family of chiral

-ompounds.

o —

guration at _only one chiral centre. It s therefore, not satisfactory

- Limitation. D,L-nomenclature indicates confi
taining more than one chiral centre.

for assigning configuration for compounds con

:7.2. ABSOLUTE CONFIGURATION ‘R’ AND ‘S’ NOTATION*

Cahn, Ingold and Prelog have proposed a procedure to specify a particular configuration in a sympler

.nd more convenient way than by always drawing 1ts piC
Step 1. The four atoms Or groups of atoms attached to the chiral carbon atom are assigned priorities

n 3ccordance to the following sequence rules :

(@) Sequence rule 1. 1When the four atoms attached lo.the chiral carbon atom are all diffcrent
priority depends on atomic number. The atom of higher atomic number gets the higher priority 1hus,
he priority n the compound bromo-chloro-iodomethane (C HCI Br I) is I, Br, Cl, H.

Ca

ture. This procedure involves the following ~cp:

When isotopes of the same element are attached to a chiral carbon, the isotopes with higher mass
vumber eets priority a-Deuterio ethyl bromide [CH3CH(D)Br] for example, has the priority sequence of

¢ &, CHy. D H

[

Ty¢!

i

[n general, when the substituents are attached to chiral carbon, the decreasing order of priority -
I>Br>Cl>SH>F>0H>NH; >CH; >D >H

B lb)?Squence ru[elz. If rule-1 fails 1o decide the relative priority of two groups of atoms attached (o
i chiral carbon atom (e.g., the two groups may be -CHj3 and -CH»CH3 : carbon is attached directly. n

, ather ¢ P I T T : ,
1 r case, to tne‘ chiral carbon), fhe prt'f::m_y may be determined by comparing the next atom in the
group [f 1t 1s still not possible to decide the priority of the two groups, the comparison may 5

- CH,CH;
Mlinued to th Thus, the prion - t |
e next atom, and so on 1hus, (o€ prionty sequence in sec-butyi chloride CHBCHC .15

He CH-:. HIC+H:< has on ~$, |
yH¢, CH3, H(C>H; has prionty over CH3 becai - , |
. H(C5H; has priority over CH1 because the second atoms in C;Hg are C,H,H whereas s (CHa

i HH)
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.‘.

k [ '_ i ¢ - . - 5y : i z -.* -*._. ® r..! "_"_.,.?‘.i_'h 1 . % L | : .
- R Y S :Hhaﬂru Ty N _-Il el e =L . ;
..-" L l-.-:'\..ﬁ-r'ﬁ:.-,- “ag R o F- " - ¥ " g ram - :I]lluill* thE ‘}rltjrl!\,'l 'l‘
hen two of the atoms directly attached to the chiral centre are ide I
Therefore, when WL

g Ly - : s ‘l- -1 le‘
lecided by considening the next closest atoms. For examp
dec y COns g

_ has hi ority than CHi-
H3C\cy— has higher priority than CH3CHaCHz-, CH3CHy- has higher priorify
7

H3C
n : jority than HO-.
d CH3CH2O- has higher prioniy y .
- ' bonded atom is equivalent (0 1wo OF three such aioms

(c) Sequence rule 3. A doubly or triply

H .
(0, O, H) and ~CH>OH (O, H, H) the former (CH=C) will have
CCH(OH)CH>OH.

attached to an asymumetric or criral carbog
vest priority 1s directs

1
Thus. between the groups, —C =0
~riority in the compound glyceraldehyde, OH

iorities of the four atoms or groups i s
; 4 the molecule 13 visualized so that the atom or group Gl L 2 S ;
e Tha el o5 e "nﬂemmt of the rematning atoms or groups of atoms 1in decreasing

i i i direction the configuration 1s SPE“'i"?d as R 1f the ey
as S. The following examples wil

nds containing an asymmetric or

Step 2 When the pr
. haon o Y

away from us. On looking at th ‘
Jrder of priorities, il the eye cravels in a clockwise oy v
cavels in the anti-clockwise directomn, the configuration 1 Spe |
lustrate the above procedure of specitying R and S notation to compou

chiral carbon atom.

/ Br

Priority sequence of groups:
I=Br=>Cl>H

CH,OH > C,Hs>CH3 > H

H.C  CH,OH

CI}CZHS} CH3 >H

(These siruchares e 2iso called steering wheel projections)

- - s i enl
it may be pomted out that the direction or rotation of an opfically active compound is independ

# the {R)- or (Sh-configsration of the compound

—

— R

' g Bt - V_’_ . - [ k. i
"R amd 5 rhols wsed for e I 3 Sinis ft). Occasionally, this convenue
Rasd 5 u ¢ wsed for Se Laten words Rectus (right) and . n::t {:n)lmm s milh_‘. 2 s

Los Rabl DWRE nd Simister pvstem by the shoriened forms arc |

sl o we Than ooe chiral carbes 21073
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ot include both the configuration:®

c ol an H[ﬂu‘.llly aclive tfunpmmf[ 310

Criplion ¢
) prefixes For example, -

Thus, a complete d

R Or “1] IHLI lh{. {.ilrLl tror of rot ttiom ¢+ Ol
]

constructed on Fischer projection formulae (Planar

)-Se¢ hun'f f,hln]ll'“irf

tructure) and ¢

1191 'l
|

Suc h structures can he

uctures can be construted fo R-S notation, if nceessary “
H P o For example, (RS)-sec-butyl chloride
i The }”H‘L‘H"'i (RS) 15 used 1o depote a racemic modification ror CxXarmpis, 4
-'. _:..;Prnblem 1. Designate I or S configuration o following compounds
a | Br
? | : ‘
i J & i e s } ,.-( 1
' (1) er\.-‘«l-( (OCHlH 5 (1) }-IZCZCH“—CHR(,.H;; (i11) (.,.,:(,HL!!— [(CEA)
" " : CH
(OOl | '
. Answer. (1) The order of prionities 15 NHp > COOCy9Hs - COOH > H
: Ve mh \ ; &
: , ,| The sequence is clockwise or R.
| H>N COOC,Hs Therefore, it has R configuration. G
L | = _
S COOI -
: .I ~ £ Fam 3 *'li'ﬁ\‘, 2 I
(i) The sequential order of priorities is Cl > HpC=CH-"> CH3CHy > H. The configuration ok () 13, aerelc ‘
j (iif) The order of priority 15 Br > CHCI > CH(CH3); > CHj.

“ The sequence of decreusing prionty order is counter clockwise. Therefore, cﬂnﬂguratiuﬂ of (é0) 1s S .
| Problem 2. Assign R and S configuration to following structures : ‘
| COOH CHO CoHs
-i{ et 3 i _

; i\ - 18 &, ..o (3 ¢
j HG CH; . HOHse & OH v & dhC 7 OH
: Answers : (i) Prionty order HO > COOH > CH; > H, hence, 1t has R configuration. '
riority order HO > CHO > CH,OH :>"H, hence, it has S configuration.
‘ qority order HO > C,Hs > CHj > H, hence, it has S configuration. . ‘
. 6.8 compmmos WITH TWO STEREOGENIC CENTRE / CHIRAL CARBONS ¢
r The twc cl ons (C*) may be dissimilar (when the atoms or groups attached to one ¢l
- carbon atom al ent from thu:-..r., attached to the other) or similar (when the atoms or groups attach. i
' 15 the two chi rbon stoms are identical). For example,
f [ Bott | Hyc—CH—CH—CHj Both chiral 'CH(OH)COOH ¢
; | contain rent | = C* atoms contain o
é L};rm OH,C1) | ' OH CI similar “OH group CH(OH)COOH
3-Chloro-2-butanol Tartanc acid A
(dis um:!m chiral carbons) (similar chiral carbons)
The ste two representative compounds 18 described below {
L. S 2-butanol. It contains two dissimilar chiral carbon atoms (C*), as

.
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Mirtor | Mo |
e s | - CH [ H
}LH; 3 It : P. | l
H--C~OH HO- ¢ 1 EL R | e
H~CCl Cl=C~H el : f=( O}
C, | CHy (11 (1,
(1) (1) (111 (V)
Fnantiomers, | iTr{i{.it'L~rt1|ar form) Fvantionm o costuie of BHE VPV (R acenne Farm) |
i s ———— J |
Dinstercomers |
[ we write structure Tand its mueror imagee 11we fnd that these toietures e oot stperimposable ¢
Hmduh. 5"11*.;.1:;-1:-.:11:,} {I}.Hni [H}!]n‘u‘fnlu CORS TR b P R AT T A e AR (R AR § L) arsed (30
be interconverted by rotation about carbon carbon bonds el stercorsomer can exast depeirdept
can show optical activity.
We can write yet another structure (LD, 101 netther superimposable on (1) nor on (M) T net F

mirror image of (1) cither. Obviously, (1) and (1) are stercomomers hut nof ecnnntiomers  Stoobarly (5
ﬂ”d_(") are also stercorsomers, but not cnantiomers We can say the siome thig about (IVY) the nug
image of (1), with respect to (1) and (1), Such steriosomers /el are nol mirror (iges are called
diastereomers. Thus, (111 and (IV) are diastereomers ol (1) and (1D Temay be potnted out here that thys o
just an example of diastereomers, of compounds contaming two o more chial centres Tndue cour
shall sce that compounds having diasteriomers do not always have (o have ehiealZasymimetoe carbor
By definition, geometric isomers (01 cis-trans-1somers) are also diasiereomers

|

For reasons similar to used above tor (1) and (1), structures (L and (1V) represent a second patr of
enantiomers. Thus, 3-chloro-2-butanol with two dissimmlar stereoromene chirality coentres con exit
four (1 to 1V) forms or two pairs ol cnantiomers. It can be shown simlarly that other compound:
containing two dissimilar asymmetric (chiral) carbon atoms are also capable of existing my four ciantiomery
torms (two pairs of enantiomers). In general, it can be stated that o compound with w-different chiral

1

carbon atoms. has 2" stereoisomers, n1s an mieger (o 1,200 )
(2) Stercochemistry of tartaric acid. Tartaric acid contains two similar chiral carbon atoms (C*), &
shown below :

HOOC-—(FH-i;fH—*C{')()I-I [*Two similar chiral carbon atoms]

OH OH
Using models as before, we arrive at structures (1), (1), (1) and (I'V) for tartaric acid as shown below
I
(Murror] - [Miror] ‘
COOH * ey COON HOOC :
I-i-—*?{]“*-*(]ii HO-~C-H Fl==('—O)]] HO~('=H |
HOSC—H P DGR Dt v SR > [Fie o) |
omon ; HOOC [~ H HO—C—H  Symmetry) |f
(+y Tartanic acid (2R, 3R)" (~) Tartanc acid (28, 38)° S HLCL ]g:]
(T) S (1) (1) (2R, 1S) (1V) (25, IR) .

nantiomers (Non-superimposable = % , :
ERERtOmETS U0 / posabie) Meso - Idential (Superimposible), eptically inactive

fsee sec. 6.7.2 and 6,.10.2]

e P T e R e e L B e e ok -

Sy i

B e e At e [l e T peinil ST — _— . -~

* It would be useful to recall here, the rules for assigning (R) and (5) notuons sround each asymmetrie/chiral carbon i

1
i
el i 1 ah _'1':”-- 2R ._l'r?_'_. F"r:' fai' "' 1 ek bt b= g T -
: Ry o i N 1 L i c :
i .-\.& .'H.E'. 2 .-ﬁzt___ﬁir!._-.i- ] 'I._-:'- - |_.-;-. El;:.'. ..ﬁ-il ?i - Lk B 5 v .i':_' 5 " '.{_-\:.—'&:' 25 _,jl ‘{ ] e .. ; ) r o
L . ; D i .-'"ni"'_;,."-'-__-\.'.l;. -:- bt B BI . ARG TR e - v _,:_'__'_-\.'.-'_-..- 4 iy SRR R R = Mot e o Flam - pom i
T g o o T 20 S x5l o i ERA ;4-1‘ -'-f'.,-@h%,#} Tty T S e R i s
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[ and II are mMIITOT IMAZES of each fﬁhﬂ They are neither superimposable nor inerconverti.
about carbﬂn-cal"bﬂﬂ bonds. Therefore, I and Il are enantiomers capable of independen
r;\men separated from each other, they show optical activity

11 and IV also have a muror image relgtmnshlp. but become superimposable (: senti
o res is Just rotated through [80% within the plane of the paper. As the structurss il an
. SEruTmmrtaric acid should be capable of existing in three, rather than four, stereoisome - forms
e ) is not the mirror tmage of I or II, it 1s really 2 diastereomer an: mot ar

d exists in two enantiomeric forms inspite of having two chwal o™

bY rolatiﬂ
ﬂjstﬂﬂﬁ:-

.

v are 1 .
As the structure I1I (=IV) 1s no
pantiomer. Therefore. tartanc acl
¢

| oxamination of structurc [1I (=1V) shows that the structure is not chiral despiie e
A closer € )

A g ; : v active enanticomerc forms
hiral carbon atoms. [t cannot exist in two optically active enantiomer:c form
{}ft'““nc e il
qactive compound 1 cal

led a meso compound. An optically inactive compound whose mole wuics are
on their mirror in

W

LS

L]

-

(W

— -

'l' w 4
N 3

wages despite the presence of chiral carbon atoms is known o 2 meso
F‘H. - p - .

- imnosable - e A R i

&5 supf'fffﬂp R b 1 "\Tﬂ'l ure HI L O [\\, b 1S n]t:ﬂ}-fﬂrf.ll'l:. AWMLY

el I d ticallv inactive because the rotation czused by »wae hal
8 ¥ . I ¥ l ln 1."_"' U-‘} 'I: Il._ Rl LR W, Lil% L Fishc ahr | &

ang [t may be noted that a meso COMpOot | P i oo the s

of the molecule is cancelled by the equal and oppﬂsite-rf{tathn of the other ha+lf S S SR
)tz | image of the first half. In other words, optical inactivity in a meso COmPOURE &= === == =77 07 =
Mal : R = SN

IS | ' ' i contrast, the racemic modifica
) | within the molecule. This is known as internal compensation. In contrast, ta< racemic

optically inactive due to cancellation of fntations Icaused bw.f hﬂi? qllfereitmTEEf:Lecae;!L.wﬂﬁurmﬂ
lled | images of each other (external compensation). In other words, olpuc;a;:na;c% h L;;. e x - iy
< < | s caused by compensation between two mﬂie;ules rather than t_:*etw:,.t_n two halves of _t;d_...__ i
we | It will be seen shortly that an optically inactwe. racemic mﬂdtﬂcanﬂn can ae separat .-;-_r.ﬂ?{.d s
s | active enantiomeric components, whereas an optically inactive meso compounc cannot de separatcd =x

optically active components.

-*;*Fm ..'.'. .{‘

—_—
| ==

rof On examination of the model of meso structure II1 (or [V), we find that it has a plane of symmetry. 10

| | ' ' ' ' v. Such a
LI | molecule can be imagined to be cut into twWo identical halves along the plane of symmetr
nds | Solecule cannot be chiral inspite of having two chiral carbons.

€ric _ , : . e e ek o
iral Tartaric acid exists in three stereoisomeric forms, a pair of optically active enant'z?me._ ._'..u_t:z,
optically inactive meso form. It can be shown by similar reasoning that all cqmpounds with twe mm. wr
), as chiral carbon atoms (e.g., 2,3dichlorobutane) can, exist in three stereoisomeric forms, a pair of opticaiiy
" | ictive enantiomers and an optically inactive meso compound.
|6.9. PROPERTIES OF DIASTEREOMERS
| The important properties of diastereomers are :
1 (1) They have different physical properties such as melting points, boiling points, Spiubilflei.
efractive indices, densities, etc. This 1 in contrast to enantiomers. For example, meso-tartaric acic has

i.m.pt. 149°C. whereas its diastereomer (+ and —tartaric acid) has m.pt. 170°C.

. s " . ; yE 31 ¥
(2) They may or may not be optically active. Geometric isomers (a kind of diastereomers), ! will be
— iseen in later chapter, may or may not be optically active. However, diastereomers other than geometric
isomers can be mostly optically active as seen under 3-chloro-2-butanol.

=

2

| (3) Unlike enantiomers, diastereomers have similar, but not identical chemical properties. [he I'alEL‘f
' of reactions of diastereomers with reagents (chiral as well as achiral) are generally different, whereas

 enantiomers have identical chemical properties except the reactions with chiral reagents.

!
1: (43 Due to differences in their physical i snerties, diastereomers can be separated from one nna{heflt
e 1« rences i ’

= 1 sruntallizaf ' stillation, chromatography, &
oo |Brough techmques such as fractional crystallization, fractional distillation, ¢ il il

%ﬂ:l;-! be recalied that enantiomers cannot be separ ated oYy these tethmqm's

g
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“tH
S “TTON BETWEEN DIASTEREOMERS AND ENANTIOMERS
&9 1. DISTINCTION BE N
o e 1% PN ; Aie 9.4, e
aween dinstercomers and enantiomers s given il o N
The distimeiion betwea -
' re
table 6.7 Distinction hetween Dinstercomers and Fnantinme
= - p————— r:“h..:.-.* -1 : e - L v P TR 3 I',ﬂﬂntiﬂnﬂf r‘
Q ‘f CPiastereomers i AT IR 25, H S
‘“I't P : « - R e e et gt .”#“t‘—#a" ) e¢8 f 3C | ‘e r
B — & %k o vlalin [Tiese are mirror images o '
{ L hose do not Dove anerad e i lation ‘]”ll i i l | i
| , e S cric natr has sinular physical properte,
b~ ] Piasteteamers have differcat physical properties I-ach cnantiomeric p ; i -
{ BEIT IR L ' . 4
i TP e T triese cannnt k.
, . ’ sical properties. INe s
1" 3 Due o diftevent phivsical properties, (hese can | Due to similar physical proj _

. vete:al methos v [ractional
- T separated by ]il:r':ul" al metiio :
N u‘l'&,uzth‘d I (ractional distllation, | « il

¥ " # ; ¥ e Fy . . liin
- . e ation and fractional crystalliza
pactional erwtidhzaton, u:luunmtngraphy clc distillat

.: I
a | )
Ihey may have rotation i the same

i
ST R S

' ; - ically active
hese may of may not be optically active. | These are always opucally

e ——

Fnantiomers have rotation in opposite direction, 5.

1 { sextent
ot o diafterent extent Ly S me

w ¥
! "‘|.r'|

3

SRR B

=
.

— —

_—-\l—l——l—-—_-____-i

6.10. FISCHER PROJECTIONS

The sterie aspects (i.e. space relationships of the different atamsfgroups) of an organic compoun
can be understand by the examination of its three-dimensional model. It 15!50met1me5 ngcessar}, axd evay
comventent. to use the simpler two dimensional (planar) representations of threadxmensmnﬁ comounc:
These planar representations have obvious limitations, but with the help of certain conven:ions they a'x

secome quite clear. Let us illustrate this by taking the planar representation of the two enanziomeric forr,
of lactic acid (I and 11).

CH -/@himl carbbﬁ“]\) (l:H )
o .

C™=Asymmetric carbon

[ and Il are mirror

—OH HO_? —H [images (enantinmers)]
COOH COOH
(1) (1)

Two lines crossed at right angles to each other are drawn. The chiral or asymmeiric carbon 1s

shown as such but it 1s believed to be situated at the intersection of these lines. The four atoms or group:
are attached to four ends of two crossed lines, as shown below :

* o S P S I
B s e
m“ﬂﬂiﬂww

(Mirror) '
( bond mmmg‘"l !
CH, H3C l \towards observer; |
HO A !
Hooc\@@ g

() an

In such “cross® representations (also known as Fischer projections), it is assumed that ‘he horizomal lir=
\comesponding to the C-H and C-OH bonds in the above

oul of the planme of ¢
SXampie) represen
of such flar,

he paper, whereas the vertical lin
{ bonds going away from the observe:
'wo-dimensional representations, the follo

sxample) represent bonds coming towards the observe

onding to C-CHj3 a_nd C-CQOE boads in thie abc.:

;;r;.;e of the paper. Whiie testing the superimposabi®
have to be observed :
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r—

L e =oF ._‘-'lﬂh'_wp'

—| ‘cross’ represcitations dre Jrawn only lor molecules which
“hese S8 Hianon:

(1)
LJhnﬁ.

These formulae arc not drawi

(2)

. miror Image.

] (3) in our mind's eye wuo o md!
i .4 *'J;ip!.i'f
[ | ... GUIDELINES FOR WRITING STEREOCHEMICA
- 5190 D SCHER PROJECTIONS
i " (|) The stereochemical truviure ol ?nu E'Dl'finLll::l.(Iﬂ{:.'i not f::hange:. |
II For example, structure | i) and () tor lactic acid are equivalent
: el : :
: ('H s C'OOH
rl X
Rotate by | 80°
J ;? H Ol ‘ S HO H
/
& COOH / CHj
&
| (1) (11)

2

(2) On nterchanging the places of an
[ are entiomers.

omer results, For example, and I\

L

4t random. One of these formulae 15 i

ay rotate these formulae end for end, but we ma

v two atoms or groups bonded to chiral

CH; CHj COOH
1 i A s d L””I [v Hﬂd \ dI’E‘. |
HO "f—\ﬂH e > H OH = HO H equivalent an |
A g and tl on horizontal line enantiomer Urlﬂ
COOH COOH CH;
(111) vy _ (V) »

+75
€.
contain atleast one asyvimmetric or chiral .-

awn first and the other is drawn only

ay not remove therm from the

LLY EQUIVALENT STRUCTURES OHN

%
¢

.

|r lr...:li Ii"'l -..

-

rotated ”ll‘-:’]”;;h | 80O~

e

.!_HU!]'! SIrUCiurcs | and i} |
[ represent same molecule
L in stereochemical sense |

carbon, the enantiomer of thz:

L =
L =
. 3
¢t
e
L]
&

On rotating st. [V by 180°

Fnantomers of Lactic acid

o BT e L B S E— nﬂ-—m-lh“ Irpf_‘.l—r,h‘mm
Tl T ——_ e

Sim larly. (v} 15 obtained by ;n[t.nndnmnf: CH} and COOH on vertical lines in structure (I.H) Structures [V and V
e identical with structure 1l und enantiomer of III. This can be verified by using three dimensional models. Structure ‘\
s also obtained on rotatne structure [V by 180°, hence identical.
(3) If the groups at the hual carbon are wterc hangd twice, the resulting configuration is simlar to the onginal one Q
here is no net change i vonfiguration. For example, VI and VIII are identical.
CHj {;Hﬂ'ﬂf“\.\ OH h
| _,,--"‘f'\j nterchange ) g m 2nd. Interchange ‘
E{) e . > H [ OH : > H CH-
L H oand UH) | (OH and CHj) :
o horizontal iine | on vertical line
COOH COOH COOH l
V1) V) (VIII)
o checked by three dimensional models, the n (V1) and (VIIT) were found to be identical. ‘-
wher Projectio ) be transf 24 tures by rotating a group of any three
&3 8 Clockwin anticlockwise direchio; > position of fourth substituent Such ‘
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manipulation is equivalent (o two interchanges given above under poiil (3} Enr example

By 5 £ Ol
|
|
Rotate three substituent |
HO — ] e————— » | % —(_H
TR“HHH 4 and hix fourth substitaent o greotip .
e N l
COOH *f"*-—ﬁl_\ this }un’tJ COOH
(\fl}f = S o ,f(\fillj
\thmt:ll.lrﬂ (VD) and (VII) are {‘t'|uw:-ult'nlj
It can be concluded that the rotation of three substituents of a oleoule an clock-wise or anti-clocky, |

direction by fixing the fourth substituent. will give the strocture of same molecule Whereas rotation of w

X r'!-'l.l.;ﬁ‘ !”T”]HLI !hI““'__:h (1o &Y h._1 il'l!L'i'rh-]”“i””, ’l”"'- 1wy iy ’il'l BIRSTRS AR . & £ nantiomer

Problem 1. Which of the following Fisher projections of 2-chiloropropanoic said represent the same enantiomer 7 |

COOH CHjy COOH C]
(a) H —-{— Cl (h) (*1_%«‘— H () Cl——H (d) H ‘-t~ COOH
CH; COOH (115 CH;,

Answer, (a) and (b) identical and enantiomeric with (¢) and (d) which are identical

Problem 2. Are the following structures all equivalent ?

Cl Br Br CHs CHy Cl
H —I—Br c1~?—11 H—‘—CH; Br+[-] n+ Cl Br+CH3
CH CH; Cl Cl Br H
Cl H H | Br H,4 H
CH3+H BT+C] CH; +Br CH;‘I——CI CI‘%Br CI+CH3
Br CHj Cl H H Br

Answer. (R)-1-Bromo-1-chloroethane. These structures are all equivalent

6.10.2. SPECIFYING R—S CONFIGURATIONS ON FISCHER PROJECTION

Consider the example of tartaric acid (1)

to assign R-S notation at the ' 2
) e ~ \ L At the two chiral carbons C-2 and C-!
on Fischer projection. |

——

(-ontiguration at C-2 chiral carbon |

\
\/OH Rotate H, OH

and COOH at C2 ' - [hie order of priority
Ho-;r 3.:“1._. —H (Two interchanges) ] —H - OH >~ COOH > CH(OH)COOH > H
| . d# 7) __ I'herefore, configuration at C-2 =
4(*(3@}{ R\F%this e, B G guration at C R |
| CH(OH)COOH !
(I E

| BN - ]
alent | Numeral given on boxes as 1, 2, 3, 4,

L#iw 10 accordance to the order of pnonty |

Scanned by TapScanner



i 1 "I]'i'l-f.‘

*I r;l il 'I.'T

delines gy

ach substituent or v

under sec. 6./.2

L Iven
decredasing priority ol other three
=, 1L 1s S (sinister)
- K-S notation can be given to othe

2-hromo-3-chlorobutane (n=2), c: ve [our

- n be , can try yourself to find the notation by

CH,

'“.lli'.]%:!![ lenis ill 1O(

I compounds contamnmy

CNANUOINErs

( T-HI:'.I-: LI il 0
illll fll'!*l' f rftjlr,_rﬁ'
{1} { ()Y()YH [ Hi

’
[ i ¥
| Bl i

() ( OO}

' O ':,|I|[,'_.I] AERIRIR ] 173 i Ty { !ll'-l'l-i

MOre (na ) 1)

T

[he R-=S conf

lIE:LlI_.Tiilt'.';"i dl CONnceri 1 CNiral

lollowing the guidelines given

Mirror

H(R)

e

CH;
(I11)

Br (R)

CH,;
(I'V)

Enantiomers

gy
==
bl 8

i h g w
Pt o

(racemic form)
— ; -

[

1
b R
- =

. e LY
e~
L

"

i
2, e ¥
& A

Nyl
- I'_"

> -
e

Scanned by TapScanner



s - AR R MODERN ORGANIC CHEM; 28
B eE e A -

Assign the cunﬁgﬂfﬂiiﬂn to the following structures of 2,3 -dibromobutane
Problem 4. AsS1E0 - -

CH- CHs CHy
H- | Br Br H H*mr—--ﬂr
Br H H —Br H—t—B1
CHy - v CHa CHy
7 R ' (if) (ifi)
answer : (125,38 - (if) 2R, 3R . (i) 28, 3R

Problem 5. Assign R, S notation o the following structures of threonines

COOH HOOC COOH COOH
H . (- s NH> HoNa - o H H-..(I:..-A NH,  H: hr{ -
| | _lo
H™ ¢~ oH o= C~~H  HO™ § H H™ . TNOH
CH; CH; CH; CH,
(1) (1) (1if) (1v)

Answer : (i) 2R, 3R (i) 28,38 (i) 2R, 3S  (iv) 25, 3R

(i) and (i) ; and (i7i) and (iv) are pairs of enantiomers.

6.11. ERYTHRO AND THREO NOMENCLATURE (NOTATION) OF CONFIGURATIONS

Erythro- and threo- notations have been derived from the structural resemblance to tw6 sugan
erythrose and threose, having following structures :

CHO _ , .
CHO _. e 1 Each form has OH groups on the same side, but their
Howertec—i HG ' mirror images are not superimposable on threose.
H—+—8H Ho—+—H Hence, Erythrose & threose are diastereomers to each ofher,
CH,0H CH,0H
D (=) Erythrose L (+) Erythrose
CHO ChO [ Each form has OH groups on the opposite side, _r
HO H H—-——OH but their mirror images are not superimposable
H- OH HO— H on erythrose. Therefore, Erythrose and threose
CH,OH CH,OH I_arf: diastereomers J
"~ D {(-) Threose L (+) Threase

On reviewing above structures we conclude that -

(1) isomers having identical substituents or groups on the same side are cailed ervthro forms.
(2) isomers having identical substituents or groups on oppesite side are called threose forms

Further, their marror images do not superimpose between (hese two EToups (Erythrose and threose) Hentt
these are diastereomers.

Compounds with similar resemblance 10 Ervthrose and threese are assigned as erythro- and threc- Cormpounts
two prianty groups, according to Cahn, Ingeld and Prelog sequence rule are con sidered tc assign this configurane

ror example,
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¥ i
4 {{—4——0H HO) H H0) I |
3 t C] C1——H
W {{—+—Cl} ('] I H |
dye r
Y CH; Cil,y alf "
E? | [ [ |
Erythro | rythro | hreo I hreo
6.12 RESOLUTION
' ‘ Micali ' : , [led resolution
The process used to separdle d racemic mm!‘q[u*uﬁun (rlo enanftomers 1o called resoluty )
importan! methods used to resolve a racemic modification into enantiomeri forms arc
:I i
" \ “y Lfge {1y ' ACEITVIC GOt
(a) Biochemical mvthod  When certann nitcro-organisims art allowed to grow in racemic comp
hey prefer 1O take up oo ol the cnantiomers, For example, when penicillivm glawcum, 15 100
[L: o - { {(f . : i F T - i I:I"I': 111
qcemic lartaric acid, it consumes only (V)-tartaric acid tor s orowth. lcaving {)-tartaric acl r
Thus, y fartaric actd oo be isotaded i e slale
; ™ ’ ' Fer L el f t'_', - Ifl'l micr
Limitations (i) It 12000 10 the destruction of one of the cnanbomers. (1) [he recovery of the enantion
. . F v e i -* i
often very laborwous. (i77) 1 0 sometnnes difheult 1o find a specilic microorpganism for racemic product
I e . , . —_— W ~ a <olution
(b) Mechanical separation. Somctunes, a racemic modification crystallizes out from a Soiution
* J 4 -, ~x o - ﬂl.' ( : ':l
| produ-:u a well-defined msture of crystals of the (+)- and (-)-torms. Thesc crystals, being enantiom

«an be separated by “hand-picking™ o1 forceps with the help ol a lens. Pasteur, discovered enantiomer t‘

through such a resolution o racemice sodm ammonium tartrate

Limitations, This method v also laborious and limited 1o only those cases 1n which the identification ol U

'féﬂﬂﬂtmmurlc forms of ¢ry-tal. 15 possible by such means.
. t0dl

1 oM

(¢) Chemical methed (via diastercomers). The underlying principle of this method is that the racent

\ modification is converted by an optically active reagent into a mixture of diastereomers which can the
be separated. Supposc the acenic substance under examination is an acid A, consisting of an equimolecul
nixture of (+)A and ()~ 1t 15 made to react with an optically active base, say (—)B. Two salts namely (+)

\ (B and (-)A4 (-)B will " lormed These salts, being diastereomers will differ in physical properties suci
s solubility. These salts (+)4 (-)B and (-)4 (-)B can, be separated from one another by fraction:.
crystallization and can b converted into (+)4 and (-)A acids on treatment with strong mineral acids®. o
example, (+)-tartaric acid on treatment with the optically active base, (-)-cinchonidine** forms (+)acid (-
danchonidine and (—)ac'd (- )cinchonidine salts. The two salts can be separated from one another by

\ ractional crystallization The (-)acid (~)cinchonidine salts, being less soluble, separates out first. These

|

I

alts can be reconverted into the corresponding (+)and (—)acids by treatment with dilute sulphuric acid. ~
seneral scheme of separation 1s outlined below:

(+) A {-i-)xf-'k(—)Bs.:all’ﬁ
+ (OB , + ‘r > |Diastercomers) (
L4 (-) A(-) Bsalt ) (can be separated by fractional crystallization) =
Recemic mixture Base I
of acids ~ H® 23 | |
r > (+) A (-) B salt - (+)A + (-) BH¥ salt 1
[ Diastereomers ]— - @ f:
> (-) A (<) B salt > (-) A + (-) BH® salt & |
(O .,
*The optical purity of thuse enantiomeric acids will, of course, depend on the thoroughness, with which the mixture
! diastereomeric salts are sepaated in the earlier step. (
I . : :
__ | s an.alkalqld (a notrogenous heterocyclic base) of the cinch structurally related to quinine, the .
" 1 *l-known antimalanal drug These alkaloids are generally produced in | iy one of the two possible enantiomeric
s g

L]

<
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sreall ve acid. say ( tartaric
g ' i 1 AT it a L
Similarly, a (+)- base can be resolved by i cacting 1t wath an o
| (+ )-Base ( + JACK e
(+)-Basc > | Diastereomers |
- > _ l
3 _
+ (+)-Acd (-)-Base ( +)AC1d cparated and recavered
- e (reatment with strong alkali)
- 4 cfract al ¢y stallization. | hese salts cap
These diastereomers are separated from onc anothier by fraction fl |
» N N ' : 45C catment will (12 DdSE
-econverted mto the corresponding (+) and () bases by (r
Base (B) ¢ 8 B £ qalt :
(+)-Base (+)-Acid salt —> ) 13, .
Base (1) [ =y B B salt
(-)-Base ( +)-Acid salt >
hases !

| > iotv ueed for the resolution of pacemic zeids ar
A\lthougeh this method has been mainly used tor ti_u resol

i i y . ! 1 'Y I- i 1™ !r ',: ':!"- o T B 'I"'.:
vodbstereoisomeric sails, todn e dPpiistEi e e

- classes. Of course. the underlying chenustry 1o el
tormation just described above.

Resolution provides the most important method for the |'}_1'L:[71Lil'.3j‘7_’i_rf
the laboratory. Of course. many optically active compounds. mc?udmg : | |
~hemical method for resolution of racemic modifications, arc ohtained from natural Imurces e.g. (—)-ma

ac i ex muscles. etc. |

acid ex. fruit juices, (=)-quinine ex bark of the cinchona trec. (+)-lactic |

n this method. resolution ot the racémaiz
-ch as adsorbent. The surta

} 1 .-r--i.l-r,- -—"h-l'l'F--1 afal e
IT IIJrL-"'l.iH!::I!' d{-\-!'.-] L J-rli_-l'l'-'-"- Sl s *

.ome of the reagents used in -

(d) Selective adsorption in chromatographic column
achieved bv passing its solution over a column of finely powdered st

the adsorbent selectively absorbs one enantiomer and the solution comcs out Hirst 1 |

: : ' TR . N e =
(=) mandelic acid is separated by using starch as an opticaily
n. Turner (1942), resolved the diastercomer of (-=)menthyl{=)mendadegiar:

f container s riches

in one enatiomer. For example,
adsorbent in chromatographic colum
on alumina adsorbent.

(¢) Kinetic method. This is based on the different rate of reaction of enantiomers with an optically actie

compound. For example, (—) menthol reacts faster with (+) mandelic acid than (=) enantiomer. [f the reaction

stopped before completion, on hydrolysis (—) menthyl (+) mandelate will dominate.
( f) Crystallization by inoculation (seeding). In this technique, a supersaturated solution of the racemic
mixture is inoculated with a crystal of one of the enantiomers or an isomorphous crystal of another chirz

compound. For example, saturated solution of () sodium ammonium tartarate is seeded with the crystal of one

enantiomer or a crystal of (=) asparagine, (=) sodium ammonium tartarate crystallizes out first and second

isomer afterwards. The seed crystals is called entrainer and this method 1s also called entrainment. This
method can be applied for the separation of D and L forms of amino acids

6.13. ASYMMETRIC (STEREOGENIC CENTRE) SYNTHESIS

We have seen earlier that when propionic acid (achiral compound) is brominated, the racemic modificatic
of a bromopropionic acid (a chiral compound) is obtained. In fact. th's 15 a general phenomenon anc
synthesis of chiral compounds from achiral reagents always gives the racemic modifications. Let us nov
consider the synthesis of chiral compounds from achiral compounds under the influence ot some opticall

active substance.

For example, direct reduction of pyruvic acid gives the racemic modification of lactic acid, s
expected. However, when pyruvic acid, pre-esterified with an opticallv a:tive alcohol [say, (-)-menthol”}.
is reduced and the resulting alcohol hydrolysed, we get, mainly (-)-lactic acid. This asymmetric synthes:s

re———

L

=

————

i a . » '.1-,.‘*- o P W N I 1 "-:'. )
“(-)-Menthol 1s a high molecular weight monohydru HgOH) eccutimg. i peppermint oil
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o }ﬂldlr;cd by (—) menthol (asymmetric) to get pure () lactic acid 15 also referred as asymmetric induction
15 ' ' '

() ()
| COOH + C,oH,¢0OH 8. > H l”——(”-wr'(}r;r‘. H . e
ch'ﬂf# ISESHES (Estenificanon) e gldla by .
_ P}'m”i‘: acid (-)-Menthol (-)-Menthyl pyruvate Redieetiomn
'- | 0P v
CioH1oOH + CH3CH(OH)COOH a —— H4C—CHOM ) —C 05 ¢
(-)-Menthol (-)-Lactic acid (-)-Menthy! la
()
” (Reduction) _ |
cf. 1. C—C—COOH + 2H > H+C—CHOM 051

I f - i - . g _,.':I
Myruvic acid (t)-Lactic scid
e P_.‘

Sumlarlv. when benzaldehyde s treated with hydrogen cvanide and the resulting

rvdrolysed. Lie product oy i cacemic modihication ol mandcehic acid. How
C;ﬂ;ed out in the presence of an optically active enzyme emulsin, the mamn product i ( j-mand<
| HCN | HOCN . TN e
, \COOF < { "HO ————>  CHCHIOH COOH
C¢HsCH(OH)COOH 5 CsHsCHOJ————— )

2 Hs0 in T
(+)-Mandelic acid Benzaldchyde 2 130 (-)-Mandelic acid

’ i-r_. "I i Frk 1 ¥ S
r""“] L d.ﬂ. F e - . P

Thus. we find that we have achieved the laboratory synthesis of opticalls
(chiral) compounds from optically inactive non-dissymmetric (achiral) compounds under the Huer
suitable optically active substances (these, of course, get removed subsequently). Possibly. in
active substances likc (=) menthol and emulsin used in the foregoing reaction sequences © 7ol 10C
geometry of the main reactants in such a way that specific enantiomers are the main procuct
subsequent steps. It is necessary to stress here that the preferential formation of laevorotatory 7o <o
both the reaction sequences given above 1s only incidental. Under suitable conditions, dextraorotatory
products could also form. The synthesis of the type described above is known as asymmetric synthesis

as 1t leads to the formation of asymmetric or dissymmetric compound showing optical activity

Thus, asymmetric synthesis is the synthesis of an optically active chiral compound from non-
dissymmetric (achiral) molecule, under the influence of some optically active substance

[t 1s interesting to note here that most of the dissymmetric (chiral) compounds found in nature (¢ ¢
amino acids, carbohydrates, proteins, alkaloids, etc.) exist in optically active forms. This is poss:hlv due 1o
the fact that they are synthesized under the influence of other opiically active species like enzymes In

other words, the biological syntheses are mostly asymmetric syntheses, induced by biocatalysts.

6.14. WALDEN INVERSION

It an atom or a group of atoms directly attached to an asymmetric carbon atom is replaced b another
atom or a group of atoms, the configuration of the product is sometimes found to be different fro that of
the parent compound. This phenomenon, which involves the inversion of configuration during » reaction.

|
[ ]

s called Walden inversion, after the name of Walden, the discoverer of this phenomenon. Oce :51ona
Walden inversion is also known as Optical inversion For example, Sn? substitution
(~)-2-bromo-octane with alkali.

CeH 3 CeH s
H Br By | HOQ f\/jﬁ
CH, CH;
(-)-2-Bromo-octane ¢ - 2-Octanol
(a)=-360° = +103°
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5.15. RETENTION AND RACEMISATION

We have seen above how Walden venio takes plave, whai AR AT T o i i ey

chiral carbon reacts with a nuwlovphule (ay, & Base) by the Back st atban b G aimidier o the T b )
a chiral atky! habide {say, (O3 Hrame 20 dinstdpeniane ] o wibiea andd sty salvent stvid)

shall learn m due vounse that (e feaviian 1 d Doatop by e i e b i e indep i ate fomab o g
carbocation (L), a3 shown below i b actd

Wﬂmwmw, W T T b o il . T T S e o e :"Jtﬂ'm‘ﬁ
:'Bi: ﬂ R EIRIR I LA
| . %‘I J "': \ 11:" !
C PN oz S | N [ . 1) » |
H o™ \E\ é H W ) ) \ f VoAl Al b L AU b
¥ i
' :I" ¥ . ‘H
(33 Brom- 2, LAt alia (EA) SR RRTTAN TR PR TTI RN
3-dumcthy lpeatase (D planat. avhital AU TR AR A RS TSN
(e rad) .. it b penane
OB | (b anbe aitach)
) N
v
H““\. bt
3 Ot \

- 3 $chimiaak) | |
(R-3-Ewhoxy-2, X-dunedy! pesiane (LD (aversion of contigaation)

Fig. 0.1l Reacton of (NM3-Rrome-2, 0 et peatane with Eihanal (Nohvadiais).

The carbocauon (1A) G055 i e , | | —
skes plice foow "‘?L‘j'?: ok ”“‘h ‘ir‘mm anmt achual, Mbvepble W attack i ol taces 1 the attak
o uf}m;ﬁ;;mmwt stde, ;hn&kh!iﬂ p;\;\m.;z has the xame contiguration (N ax 1, g g thei o

s etk @ : \ 0 ethanol attacky |-
rear side, the product s 1 . : v VAN A o the backside o
) o D wath configuraton (\R) VRPRSHE o that of L e, there 1 A erston ‘ﬂ'
e ! i

Conliguration i gowg Som | o 1l \ppare:
J 3 LA nily, i and | : @ M
AMoURTs, e product would naturalhy raceme. AT manamers 1L both 1T and 1 are w el

[t and (11 are 1n uneQual amounts
£ A process that grves both tnantramers of the produc W e apincally dess pur than the SORTING Mitera |

- , - S - s Fine - N .
Sartng matenal s called racemisation When the o Squat amounts daring the reactiog ot the chual

UNOURLS, the overall provess i3 known as pactial wmmwh . 'h © WAL are, however, i AL L
racemisation  the sygn of totation of the pact alh

racemised product would of course, depend N
amack Thus, the retention ’“t‘“&gw‘m “PeRG on which route dominates hack-ude attack o1 the fentud
; | I , - ' i | ‘ l“ :
Hlfh ine same mﬁgmﬂ ol e =4 :9*1’ &H‘H.tmw & Ty ‘:Eiw q (i 'iwgﬁh\*i*t"i‘ia PN o)
J : e M » e . RN Y % B¢ R
h&nd_ Ly E&f ..;'.’m B ¥ . | "R PR TN R‘{“tﬂ[hl“ t":‘t wrle AN B B . ¢
formanon o he prodwce Mpiete o pavtiall, on the widve

F, -I.F'rq ‘_5 e, 7 " L ) o
| LY -h"'ﬂ{a. v d 1-'%.3:'%.';3.:-."!‘1 ‘Rl i\ L L TR Y m*hr \# 7 -
Y AL | # ‘_h:- ‘ ‘\ 1I' .{"-
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