Stereoisomerism ﬂ_

SOLUTIONS OF STEREOISOMERISM

EXERCISE # 1
PART - |
CH, CH, CH, CH,
G-4. |R-COOH + H OH+ H OH H OCOR + H OCOR
(%)
C,H, D C.H,
2-Diastereomer 2-Diastereomer
I-6. Molecule C2BrCIFl shows geometrical isomerism as E & Z-isomers.
F\C _ C/BI' F\C _ C/I
cr” NI e B e
1 (Z-isomer) 11 (E-isomer)
F\ /C| F\ /I
C=C _
g B >l e
I (Z-isomer) II (E-isomer)

/ \Br I/ \ B

1 (Z-isomer) LI (E-isomer)
Hence total isomers are Ssix.

PART -1l

A-1. Stereoisomers have same connectivity of atoms but different orientations (configurations) in space.
A-2. Follow conditions of geometrical isomerism.
A-3. Follow conditions of geometrical isomerism.

A-4. Follow conditions of geometrical isomerism.

A-5. (A C=0+ HNOH —— HC:N” s =N
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Stereoisomerism

B-1.

B-2.

C-2.

C-3.

D-1.

D-2.

D-3.

F-2.

G-2.

G-3.

G-4.

(2)-2-pentene

CH, CH, — CH,
\C= C/
W\

[Senior groups at same side of restricted rotation]

E-isomers have senior groups on anti-orientation.

CH3 —CH-CH, —CH-CH-CHjs has three chiral carbons.

I I
OH Br

CoHs
OH
Four chiral carbon atoms
CH,
H OH the arrow is clockwise but least priority group is on horizontal line of fischer projection.
C,H,
(A) E (B) R (€S (D) Z

First decide the (R/S) configuration in wedge-dash and then draw fischer projection for same
configuration.

HO——+——H

CH, CH,
non-super imposible mirror image stereoisomers.

(B) +12 unit Since specific rotation [a] is independent of 7, C.

Cl
H— CH,
Compound Ccl H Isamesocompound hence it has zero optical rotation.
CH,
% Enantiomeric excess = Excess of one (.enant_lomer over other x 100 = 6-4 % 100 = 20%
Entire mixture 6+4

% optical purity = dobserved 100 = 20 = [@observed » 100, [o] observed = + 2.7
pure 135
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Stereoisomerism ﬂ_

CH, CH,

G-5. HzN—C—ﬁ—OH + HO ‘ H two diastereomeric esters
[ 8 |
H C,H,
()
TH3 C.H,

HzN—C—ﬁ—OH + Cl ﬁ—OH — two diastereomeric amides

. 0
H H
()

(=) —2—chlorobutanoicacid
Racemic mixture can be resolved by using optically active compounds.

O @]
Me Me Me Me
G-6. AN . | P
<-cfoH + Hlo-c, "%, c-c-0-C,
HY | | gt HY | gt
D H D H
Since carbocation does not form any chiral carbon in this reactions hence racemic mixture can not

form.

G-7. Enatiomers have same physical properties so they can not be separated by any physical method which
diastereomers have different physical properties.

N C3H7
l® , , _
H-1. and CHE—II\I—CZH5 are chiral and optically active.
O
H

*
H-2. CH3- C|3H —CH3 —CH3 has chiral carbon.

NH»
Cl Cl
H-4. (A Plane of symmetry is present, so it is achiral.
Br Br
cl Cl
(B) \B Plane of symmetry is present, so it is achiral.
Br r
Me Me
© @ @ Optical active because both phenyl rings in the perpendicular plane.
Et Et
() H . Br Optical active.
Br ~H
I-1. Unsymmetrical compound with 2 stereocentres has 4 geometrical isomers (22 = 4).
I-2. Unsymmetrical compound with 2 stereocentres has 4 geometrical isomers.
I-3. Unsymmetrical compound with 2 stereocentres has 4 geometrical isomers.
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Stereoisomerism ﬂ_

J-1.

J-3.

J-5.

J-7.

J-8.

J-9.

J-11.

Unsymmetrical compound with 2 chiral centres has 22 = 4 stereoisomers.
Number of optically active stereoisomers of tartaric acid = 2.

Number of optically active stereoisomers = 2.

CeH120

D.U.=1

CHB_CHZ_CHZ_CHZ_ﬁ_CHB CH3_|CH_CH2_ﬁ_CH3

CH, 0]
?W CH,
CH3—CH2—9H—ﬁ—CH3 CH,—C —C — CH,
@+ ©O CH, O
CH,

cm—CH—ﬁ—cm—cm cm—cm—cm—ﬁ—cm—cm

Total no. of ketones = 7

Total no. of stereocentres (n) = 4
Total no. of optical isomers = 2" = 24 = 16

The eclipsed and staggered conformation of ethane is due to free rotation about C—C single bond.

Deviation in normal bond angles increases the angle strain. In cyclopropane deviation in bond angle is
maximum.

Anti form of butane is more stable because of less strains.

(A) is meso form so it is achiral molecule

CH, CH
H,C cl H.Cj™
) Cl
H
H Cl H Cl
H
Meso form

X = Hydrogen, Y = —CH(CHz)2

F~-
“H
N\
H o)
H H
H

Although steric repulsion exist but hydrogen bonding as shown above, gives stability to the gauche
form.

Both are meso compounds (achiral) and identical with its mirror image.

/\
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Stereoisomerism

EXERCISE # 2
PART —|
1. These molecules except D have at least one plane of symmetry. So these are symmetric achiral
molecules.
2. Compound which has chiral carbon can show enantiomerism.
H i Cl H,C < H
3 C 180° H:C ¢ _ HC——Cl
' H,C—T—Cl
Cl CH, H
H HH (meso)
Cl .
H
Cl——CH;
_ H——CH,
{ cn, 9 es
cl CH (optically active)
3
(b)
H Cl
5 m, s < (chirality)
Cl Cl
6. Since total two products are formed hence both carbonyl should be symmetrical.
7. Number of geometical centres (n) = 4. So, total G.I. = 2% = 16
9. Have 8 spatial orientation due to chiral C, >C =< bond & along 2, 2, 6, 6’ biphenyl.
PART - |l

CH,
D
2 @U & *
| OH
Mé Et CH,
12 F
MeC CH= CH CH3 H
3 >=<c
H H-CH, NH, H D
E E E

AN Resonance”®

Educating for better tomorrow

Reg. & Corp. Office: CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Stereoisomerism ﬂ_
5. Acetic acid is optically inactive.

Cl

(P) is identical with (A).

Therefore (r) is an enantiomer of (A) as (P) is a mirror image of (r).

(p)
CH,
cl H
H Br

(A)

CH,
H || Cl
Br H

CH,

(p)
Q;{ ﬁi Back side view is similar to (r), so enantiomer of (A).

(s) (n

Back side view is similar to (r), so enantiomer of (A).

;@ﬂ

i -8
7. Enatiomeric excess = [o] m'Xtur? x 100 = —=5 % 100 = 25%
[a] pure enantiomer -32
8. [(X,]mix. — [Q]F;.;O[CL]S — —150 x 60 aF 150 X 40 — _30
100
d-7 _
{ xlOO}x[a] 00-49,. 100 |x(-150)
or [o] _Ld+/ Pre 1 60+40 __30
9. Unsymmetrical compound with 2 stereocentres has 4 geometrical isomers.
n-1
10. Geometrical isomers for symmetrical compounds = 2"-1+2 2
n =3, total G.I. =6
12. Number of optically active stereoisomers = 4 and total stereocisomers = 6.

A A

H A H H

13. H H H H
H A

Gauche form Anti form
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Stereoisomerism ﬂ_

The following values are given in the question: pobs = 2D, Xanti = 0.75, s0 Xgauche = 1- 0.75 = 0.25
By using the formule = pobs = Zuixi

Hobs = Mgauche X Xgauche + Manti X Xanti
2 = pgauche X 0.25+0.75 x 0

Hgauche = i =8D

0.25
14. There are five stereocentres in the compound total stereoisomers = 25-1 = 31.
15. M has following orientations

H cl H | H
| | | |
OH  [OH H | H OH |

OH OH OH
I (meso-I) IT (meso-II) 1T v

optically active enantiomers (d + /)
Total geometrical orientations = 3

PART - Il
6.
H ‘COOH
COS present, POS absent, optically inactive
CH,
H—] NH, HN, H*% NH,
11. = = K <
HN———H
CH, CH,  CH,
C, axis of symmetry
Optically active
12. () and (1) are enantiomers
PART - IV
Sol. (3-5)

(I) & (i) are enantiomers

(I) & (i) are identical compounds

(I) & (ii) are diastereomers

(1) & (iv) are meso compounds so they are identical

(IV) & (iii) are diastereomers

= Enantiomers having same B.Pt or M.Pt so they can be separated by optical resolution.

= Diastereomers having different B.Pt or M.Pt so they can be separated by Fractional distillation.
= Mirror image of meso compound are identical & they have same BPt or MPt.
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Stereoisomerism

Gauche form

=

Lobs = 1D
= Hobs = ZHiXi
Y
H—+—D H
H—r—D*=
D
Y
meso

(a) If Y is CHs, the Newman projection is

z z
Ht$jz H\/$\/H
H H H H

H z

Anti form
Xgauche = 0.18

1 = pgauche X 0.18 + 0.82 x 0 = Hgauche = 0 !
Y
D
H
Y
CH,
D H
H D
CH,

EXERCISE # 3
PART - |
1. When optically active acid reacts with racemic mixture of an alcohol, it forms two types of isomeric
esters. In each the configuration of the chiral centre of acid will remain the same. So the mixture will be
optically active.
2. Ph+ +Ph+ H+OH — ) O
COOH COOH C2Hs H502+ CH, H502+ CH,
| | (+) 2-Butanol H H
+ or Racemic mixture of (+) (+)-ester (=) (+)-ester
2-phenylpropanoic acid
3. Least stable staggered form of n—butane is
4CH3 1
CH,
2
H H
H
This is due to Vander Waal's strain developed between the methyl groups at C2> & Cs. There is no
torsional strain in the staggered form at torsional angle 60°.
5.

=555D
18
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Stereoisomerism

o—*
D O-H
(b) If Y is OH, the Newman projection is
D H
H
8. All geometrical isomers are diastereomers.
9. (X) has configurations
(1)RZR (2)szs (3YRZS 4 RER (5)SES (6) RES
) ) 3) ) e CH.
(5)
(cis, meso)
HaC\\\QA\CH H C/A “cH
| (6) s Y (7) N
Trans ()
CH
¥ CH H CH
CH, CH, | 3 CH, CH, | 3
11. H ’ = CH; -C-CH, —CH; , = CH; - C-C,H;
| H H |
CH, CH, CH. CH,
12. InB)H—-—C=C— C; e and (C) CH2==C==0 all atoms are always in same plane.
CH, H
13. CH,-CH=CH-C-CH=CH-C - CH=CH-CH, _0s/2Zn/H0 , 5CcH;—CHO + 2CH3;-CH-CHO
H E A |
E E CHO
H CH,
All optically inactive products
Cl CH, Cl o] Cl
HO—+——H HO——F—H HO OH HO— H
14.
HO—— H H—————OH HO OH H OH
CH, o] CH, CH, CH,
M N O P Q
®
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Stereoisomerism ﬂ_

Cl CH,
15. Br————CH,= Cl———8r
Br—t—cl Br——Cl
Cl CH,
Cl CH, Br
Cl
Br. Br Br cl Br Cl Br Cl
Cl _
H,C Br Br cl Cl CH,
H,C CH, CH, CH, CH,

Three stable (staggared) conformers exist (with i = 0)

16. Total number of stereocisomers = 2

H,C
ﬁq d + ¢ pair
CH, Y

This molecule can not show geometrical isomerism so only mirror image will be other stereoisomer.
H

. uuuBr Ni/ H, CH—CH CH C_Br

3

(Optlcally active)

(Optically inactive)

H
/k\\\\\Br /b\\Br
CH,=C CH. —> CH, CH

CH, CH
(Optically active)

Br
\\\\\\\\ H \\\\\\ H
CH,=CH— —CH, _N/H.y CH__CH;
(D) ~"”

(Optically |nact|ve)

©)
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Stereoisomerism

HQ H @QH HQ H @QH HQ H @QH
Pe Pe Pe
H H H H H H
18. Pe Pe ~,/7<(Pe
HO H  OH HO H  OH HO H  OH
Optically Active Optically Active Optically Active
HO HO
Ho H OH HQ H Pe HQ Pe
OH OH
L]
»
HO H  OH Ho H n Pe HO H H P
Optically Active Optically Active Optically Active
HO HO
H H
HQ Pe o Pe
OH OH
~ ’
HO H H Pe HO HIT\P‘*
Optically Active Optically Active
O
o] —Q — O 2 / \
19. | | I =10
RSN/ R+S) (RR), (S, S)
(R,S)
PART -
JEE-MAIN (OFFLINE) SOLUTIONS
1. An equimolar mixture of two i.e., dextro and laevorotatory optical isomers is termed as racemic mixture
or dl form or () mixture.
2. Cl,—C=CH—-CH2—CH2>—CH3s
Identical groups (CI) on C-I will give only one compound.
3. A chiral object or compound can be defined as the one that is not superimposable on its mirror image,

or we can say that all the four groups attached to a carbon atom must be different. Only I and II are

chiral compounds.

CH, CH,
(I) C,H, — c|: - CH, (II) CH,CO — ? — C,H,
H H
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Stereoisomerism

1C|H3
1CIIH3 1C|)H3 H —zcll—CI
H—2(|)—CI H—2|C—CI H—3C|)—CI ?H
4. H-C-H H—3(|';—CI H-‘C—H CH, ~ G~ COOH
CH, CH, CH, H
2-chlorobutane 2,3-Dichlorobutane 2,3-Dichloropentane  2-hydroxypropanoic acid
2,3-dichlorobutane have meso isomer due to the presence of plane of symmetry.
|
5. CH,-C* - <] Optically active due to presence of chiral carbon atom .
C2H5
6. To be optically active the compound or structure should possess chiral or asymmetric centre but in the
rest of the structure it is present.
CCH H H H Fll |Cl IT l? l|4
H- ¢ R H-C="C-6-CGH
"R REEE
1-chloropentane 2-chloropentane
(|3|Ci'|3HHI|-I |-||C:‘|3l-|||‘||||‘|
|
A o - WA
H H HH H H H H H H
1-chloro-2-methyl pentane 3-chloro-2-methyl pentane
7. Due to presence of two asymmetric carbon atoms in 2, 3-dichlorobutane, CH, — C|3H - CI)H — CH,
Cl ClI
it exhibits optical isomerism.
CH, CH, CH,
H—————Cl Cl————H H———Cl
Cl—H H —Cl H———1—ClI
CH, CH, CH,
CH,- CH,
8. |
F OH
2-fluoroethanol
F .
F F ||-| F
H
H H O OH
H
H H HO7‘£ Q : |‘ \ H ;i?\
HO HMH og T H HYH
anti or staggered H eclipsed skew or Gauche fully eclipsed

Gauche form is more stable due to intramolecular H-bonding
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Stereoisomerism ﬂ_
CHO

|*

9. HO-C-H

CH,OH
Due to the presence of chiral carbon atom it is optically active, hence it is expected to rotate plane of
polarized light.

10. The twist boat conformation of cyclohexane is optically active as it does not have any plane of
symmetry

11. According to CIP rule first decide the seniority of groups and than decide the configuration.

12. CH3s—CH=CH-CHs

13. CH3—CH=CH—6H—CH3 Total possible isomers are four.
|

OH
cis—R
trans — R
cis—S
trans — S
! |
14,  CH.-CH,“C-CH=CH, CH,-CH,"C-CH=CH,
CH, CH,
3-Methyl-1-pentene 3-Hr-1-Uu=cH

It is optical active since it has chiral carbon atom.

15. Molecules with restricted rotation and having two different groups on both restricted atoms can show
geometrical isomerism.
1-Phenyl-2- butene (Ph—CH2—CH=CH-CH3)

Ph—CH CH Ph—CH _H
2\C= C< 3 2\C=C\
H™ H H” CH,
(cis) (trans)
1 3
COzH CO:H
1
H—P OH H—&,—oH 25
2
1 N\—Cl 3R
16. H - Cl H—E -
4CH, 3CH;

IUPAC numbering Numbering according
to CIP rules for

R/S naming
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Stereoisomerism ﬂ_
JEE-MAIN (ONLINE) SOLUTIONS

I

cl
CH, —(liH—CHO
cl
CH,
|
CH; —CH, —C—CH,
|

Cl
CH; —CH, —|CH—CH3
Cl
CH; —CH, - CH, —CH-CHg4
I
Cl
3. Both valences are identical in I.
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