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Chirality & Stereochemistry

Wb, LA Nac\s o
W\ b, A.we@ &gs\%/‘gs\

% An object Is achiral/inot chiral) if the
object and its mirror image are

identical Chiral f\
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"+ A chiralobject is one that cannot'be
supefposed on its mirror image
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1. Isomerism: Constitutional “
Isomers & Stereoisomers

1A. Constitutional Isomers -

% Isomers: different compounds that
have the same molecular formula

o Constitutionalisomers: isomers
" that have the same molecular
formula but different connectivity @mﬁs@
—their atoms are connected in a
different order



% Examples ey, S A

n o eoMee
e T s
Molecular Constitutional _ Ho
Formula Isomers o

N and )\
Butane 2-Methylpropane

Same MG \\W/

compeehiit) I\ @\Te
Cl

@ /\/Cl and )\

Same e 1-Chloropropane 2-Chloropropane
m/ sl
el QANNRAT Y 5



% Examples

Molecular Constitutional
Formula lIsomers
fmCJ()U\/\Q\
C.H.O /\OH and CI_E_O_CH3
20 Ethanol Methoxymethane
Same. M1
diphai o™
OCH,
C.H5O, OHand Y

Butanoic acid Methyl propanoate
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1B. Stereoisomers

F\Q\ \),s.zﬂ E

l-’\>CGV\J’2’ SUY\O\%\Q‘/\ ) ﬁldw\ @K\DX Q
AN, AT Q\QQOXPI

% Stereoisomers are NOT Constltutlon
iIsomers

S Stereoisomers have their atoms
w\ connected in the same sequence but
gj they differ in the arrangement of their
- atoms in space. The consideration of
such spatial aspects of molecular

structure is called stereochemistry
- Stefed] Sovts BNy kS;k\YX@X\é]
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1C. Enantiomers & Diastereomers

suStereoisomers can be subdivided into
two general categories:

enantiomers & diasteromers

° Enﬁntlomers — stereoisomers
whose molecules are
nonsuperposable mirror images of
each other

° Dla/s reomers — stereoisomers
whose molecules are not mirror
images of each other




% Geometrical isomers ( c)iosw"@ -:>< 5/ Prans
O35 (G 322N 0
&y NG JH) b e
OISR € PP RSO

(cis & trans isomers) are:

e Diastereomers
U

e.g. )=<

Ph Ph  and
(Cis)

() —

]

and
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Subdivision of Isomers

-

-z N
— W<
Isomers Tl
(different compounds with same | |y F&)
molecular formula) C(W.E)
\ %
[ 1
N 4 N

Constitutional Isomers

N

(isomers whose atoms have a

Stereoisomers
(isomers that have the same
connectivity but differ in@

different connectivity) MQemenBJf their atoms)
NG J
1
4 _ N 4 _
Enantiomers Diastereomers

(stereocisomers that are (stereocisomers that are
nonsuperposable mirror NOT mirror images of
images of each other) each other)

\_ - -
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(nantlo @jnd Chiral

Molecules > chel +fus ,ég\o,u,#mrs

’i d««-\\
% Enantiomers occur only with compounds
whose molecules arecchiral Cliel

w\P’\W)TC

% A chiral molecule is one thatis NOT ;="
Nsgr
supﬁposable on its mirror image

% The relationship between a chiral
molecule and its mirror image is one

that |s£gantlomerﬂ Archiralsnolecule
and its mirror image are said to be

Chiva) \ d’\‘v \

enantiomers of each other =, 1.7

p‘qu—\-W‘Y = enimes & 't 11
)/ \) wiry




OH

‘ (2-Butanol)
G\,\Yf'\\ —) Swtkim An\w\)\

o (I) and (II) are
: N
Y nonsuperposable

mirror images of

Ho, H
X~ each other |

(1) (1)
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3. A Single Chirality Center
Causes a Molecule to Be Chiral

% The most common type of chiral , ~™¢
compounds that we encounter are
molecules that containsascarbens-atom

~bonded to four different groups. Such
a carbon atom is called an asymmetric

carbon or a ‘chiral center and is

usually designated with an asterisk (*)

(cl]ma | /qg}mﬂw C/ S%\Vai%\‘:/ St ecmk‘% $, »




e X4 w\fR D

Cl \ SX
— chial =03\
Me C Et E)C N
Moy OV
&"\"Y”'\ vl Vet
H ,c i cl H
Me/<Et Et>\Me
(1) § (IV)
e\ r:lrror\v‘o\/ — e oINS
(1) and (1V) are nh&\s sUperposable

mirror images of each other
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Me—C Me ( QCL\\V"'>
: O ey

- D% oA <pU
H, g e
Me~ Me Me™ Me
(V) (V1)
mirror
@w\&»

(V) and (VI) are superposable
= not enantiomers = achiral




3A. Tetrahedral vs. Trigonal

Stereogenic Centers Ch;f«’

x(/hlrahty centers \are tetrahedral ** S
stereogenic centers ™[/ Ll

el N N
\)/)ﬁ OH chv; tefrihdn|e— NP
b k\v‘ﬁé&g‘ P‘( - e
Tetrahedral (B)
stereogenic mirror A) & (B) are

center Qantlomers]
= chiral




% CIs and trans alkene isomers contain
achiva|

trigonal stereogenic centers 8
VR T3 lll)\g
Ak : bl achml <
Pho H i H P T G
‘>>E —\ § ; o ( shgeni<
H Ph | Ph H
Trigonal (C) faS (D)

stereogenic mirror

center
= achiral (C) & (D) a@
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e about the Biological \
Importance of Ch@%{/ j}“"ﬁ&f\

\ \&o/
\ O'W’/‘/
\\s\»SJA\ymu \\ aq),w\;\()\ﬁ \ ‘
SR
(+) -Limonene (- ) Limonene
(imonene enantiomer  (limonene enantiomer
found in oranges) found in lemons)
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Thalidomide

% The activity of drugs containing
chirality centers can vary between
enantiomers, sometimes with serious
or even tragic consequences

s

QCL\'N 0\\) {hmaev 9

% For several years before 1963

thalidomide|was used to aﬁ\éviate the

symptoms of morning sickness in
pregnant women

sl Jy cpiadl sy il Jalsall s9a 5ia) S5
lslac thalidomided! <ewl (o Ssuiidl & il Lnsinns
a5 Bloead | E glicdslins gl ety ually oyla
|\9.a.~;‘) cu:_&\}.u.uc JLQ.Jal SJYJ Y .Ls‘).a &_A-A-ZIJ—! o‘).‘s

okl g HIS Huindl <) e

s OIS il gslls S 1 IS U &
cnBleea¥ e J 5 ob e alins (o258

R oS gall el

SIS pebiaall gyl

R 40%

S 60%

Slow¥ T o elgall aacn a3
Jolsall s iagty Lo 4l Wia
folic acid

% In 1963 it was discovered that thalidomide
(sold as a mixture of both 'enantiomers) was
the cause of horrible birth defects in many
children born subsequent to the use of the

drug
O O O 0O
NH NH
N4 O N / ®)
N ¢
O e
Thalidomide enantiomer of
(cures morning sickness) Thalidomide

(causes birth defects)
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5. How to Test for Chirality:

S N
Planes of Symmetry mg\j Mig,é,%
. T R
s A molecule@l not be chiral |if it et
possesses a plane of symmetry aciel
% A plane of symmetry (mirror plane) is an

: . 0P > :
iImaginary plane that bisects a molecule

such that the two halves of the molecule
are mirror images of each other

% All molecules with a plane of symmetry

in their most symmetric conformation
. QG — sk Wb P o sopondy
are achiral AN V-

21
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6. Naming Enantiomers: R,S-System

OH HQo H

OH H,
Recal I L/’\)Z\ ----- o \/< )\/
= l (1) (1)
o - bufane) UQ\ 9-bdane] (S) 2-buked

% Using only the IUPAC naming that we have
learned so far, these two enantiomers will
have the same name:

e 2-Butanol

% This Is undesirable because each
compound must have its own distinct name

~
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6A. How to Assign (R) and (S)
Configurations

% Rule 1
e Assign priorities to the four different
groups on the stereocenter from
highest to lowest (priority bases on
atomic number, the higher the
atomic number, the higher the

lorit Fena s
I>@p;>orcy\) SO D>F ><>N>67HM

c’“NCW 0 (k=)




L A\ SN Sl Db Ve
# Rule 2w V250 27 ?f;\’ﬁ&) > f,f’j?f l’f@&
e WWhen a priority cannot be assigned
on the basis of the atomic number
of the atoms that are directly
attached to the chirality center, then
the next set of atoms in the
unassigned groups is examined.
This process iIs continued until a

decision can be made.
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O&/& Wepl G\ e e -
% Rule 3 A st NS

o\ﬁa«\ Qoumkv dadvise  ImeXidn

ClocKwise  w

e Visualize the ?%’oleoule SO th%t the
lowest priority group is directed
away from you, then trace a path
from highest to lowest priority. If
the pathisa clockwise motion, then
the configuration at the asymmetric
carbon is (R). If the pathis a
counter-clockwise motion, then the
configuration is (S)

26



Step 1: >\
C

@ or @

@
3 \
H.c”

T
[(H, H, H)]

Step 2° C

H@

@CI_l3

I

(C H, H)‘

27



© /OH
OH
gor) 3
H a
®Me Et® V“Et >>

OH

Q) (3\ - H_45t> )>

\-/ Arrows are clockwise MeQ

(R)-2-Butanol



% Other examples

@
C] C| Counter-
@ clockwise
H\\\\“)\@> j
CH; HO CHy (S)
HO
@
Clockwise

2 OCH; OCH;

Qg\\\\\“" @ j @ (R)
M CH,CH; Br CH,CH;

@Br















% Other examples
e Rotate C-CI bond such that H is pointed

to the back
@ oY
Cl Cl SRASNS
> @ @Ay
Br“" = H""/ cc? H - Aézf
HO @B (1)
Cl Clockwise

~ QOH (R)
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% Other examples

e Rotate C—CH; bond such that H is
pointed to the back

@
H OCH
@
| \\\\“‘4)\ — H“““)\ @
OCH; I
H5C H,C®
Counter-clockwise OCH,

~ H3c@| (S)
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