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Chapter Five
Stereoisomerism

Stereochemistry: Branch of chemistry that deals with arrangments
EYal bl B Geael”

Section 5.1-5.2

Chiral molecule is defined as molecule that contains at least one

Chiral center (it is a SP3 Carbon that'has 4 different atoms (or

group)). 4 segma bonds around the carbon

Exl oH Ex2

pr
#Chiral center has : CH3 , H, OH , Cl *
Br

cl
Chiral center has : H , Br , CH2CH3 , CH2CH2Br
Remember this called 1,5-DiBromo Pentane

Note : Dont look just on adjacent atoms , Look on the whole chain

The molecule is chiral since it had 1 chiral center and we can
called it¢stereogenic center

Chiral molecule can be defined as : molecule that has no plane of
symmetry
U saa3 T gl a Kl ¢ opbiliia cpiia o] U s 01 oK Y
(chiral center) ;e &l A 4 (Chiral)
Achiral molecule : molecule that has no chiral center ( No

SP3 carbon that has 4 different atoms) or its defined as the
molecule that contains plane of symmetry
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A cls

A
| | |
C C C
I YN e | ™
B B

Exercise : which molecule contains a chiral center?

Sul
cl
W H
-ochiral malecule - _ochiral malecule - Y different 9o

- chiral molecule -
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Y different groups No chiral center No chiral center

- chiral wolecule - -ochiral malecule - -ochiral malecule -



in the plane

Note: Drawing of 6 —Bonds o .
in the space of 3 Dimension / I Bac

Front bonel

Assign Chiral center(s) in the following :

(o]
)\( p
BAr NP2 C=N
(0) c\
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x Al o these molecules are chira| molecdles
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5.3 : Configration of a Chiral center

Each chiral center should have a configration either(R-Configration

or S-Configration , no configration is exist if the Carbon is not
Chiral center.

Rules to assign the configration :

1.Give the priority for each atom (group) around the chiral

center according to the atomic number of the atom that is

attached directly to chiral center = ml in the periodic bable
a
Ex oH

Highest atomic number (a)

" Lowest atomic number (d)
" / >Illll//////// Hd

a>b>ce>d
HiN
CcHa
C
b
OH OH
Ex
—
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/ ">lllllll/////// e i Q,F / B’”l//////// I\‘f' cHz
|
J iy db C‘E‘U e

2.If two atoms that attached directly fo a stereogenic center
are identical = observe thellst point of difference

b x4ygen atoms
OH Same OX4J
EXx OH "
4 o-H o-C
U] //
/ IIII///////// H — / >’lll//////// H and. C >H
HaC H3C in atomic number
ocH: QCHz

/.7
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3.The group (d) should be directed away from us (it means

group d is located on. %, Back bond .
But if group (d) is located on[ > front bond then invert

the configration.



4 .Finally look to ’r?e path a - b -

¥ v
If the direction is(Clockwise If the direction is(Counter
then the Chiral center has/R- Clockwise then the Chiral
Configration center has¢S=Configration

These rules are called Cahn-Ingold-Prelog

More examples:

Qa
Br -
) —p iyl d
/ > My C 3 My Y
W W L
o oM
b
clock wise So R - configration
a
Br
Br

e ARy,

/ XI//I///////M_l —» Wl v H)

H d
ClocKwise So R- configration but d i Yocated
on font bond +hen invert +he configrtion
The final answer is S - configrution

w<

Note 8 You can pass from a ko b Hrodgh d but you con’t pass
thiugh €



iy a
b/é Mo
N
CHy
d

ClocKwise So R-Conﬂjmﬁoh but d s locaie.o(
on font bond Hhen invert 4he conFi.jra.i-ion
The final answer is § - configration

—>

o

oH

p NIII’/”/////// (:i

c/)

cH
R) N
b

clocK wise So R - configration
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CounterclocK wise So S- configrytion

N-=

Hl-C- oH which one is a ¢
a H. H.O —> highest is O

C+C s N — highest is N

N

iy O is highe than N
c‘tb/ //////// 1:\ S a s;s cHaolt
C
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v I3 G, Sumy 1 Y

(U el s e 2
Counterclock wise So S- configrgtion



Special case : If group 'd” is located on the plane

a o
Br cha
.IIIII[//l////// IIII[[I//”//
/> CHy /B /{\'HZ
dt‘ o C S @n C
b T
sl
How can we determine the configration ? 4, it 5 d iyu«fﬁ'
Let’s explain this point on this example q_,,x;\ f conczjmﬁa;"d: >
Assign the configration for this molecule
a
Br
\ il
/> //C H3
H
d @ ©
b

a
Br Note: we select
Step 1: exchange between group d

CH3 group since

“*H"” and group ¢ “CH3”, then the c lm//l////////(i it locates on the
new drawing is: HiC > B back bond %,
ol
a b
Br
Step 2 : Find JI\ N
configuration for the < - ’g"’”////// H
new drawing e G
b

Step 3 : invert the configuration that observed in step 2 to

get an original configuration of the given molecule then final

configuration is S

i %, aatal Al P Qygasall Arganall 5 d ) (W oL It Jul) dasale
(cra.b) Ly o= L



Example: Draw (S)-2-Clorobutane in 3-Dimension

Step 1 : Draw a molecule c|

Not 3 climensian

Step 2 : Assign a Chiral center in the above drowing €|

Step 3 : Draw it in 3 Dimension and locate the 4 groups (atoms)
around a chiral center in which the configration is (S)

b :
crlacHz Four groups are : H, Cl, CH3, CH3CH2
[ It is easier to put group 'd” on
/k”” the back bond , then put the
C e three groups in which a Final
C configration is S
e 4 e es
a S &7 B dumt GUI A9 @ A, (e s SV 2
Q
cl
Another correct structure
&l
WaC B2 6 d
c

Note : R & S is written before the name , such as Cis & trans



Enantiomers

Pair of molecules which are mirror image to each other but no
superimposable

Examples

1.one person : left-right hands

e Tty Lo oSls agatad STy Igpsing padtll uiil (g yunlly siad!

oH
2 OH ’
\
/ S”””/”//// H H " y\ CHa
|—|3C A cl
Mirror

Relationship between these 2 structures is Enantionmers

Any Chiral molecule with its mirror image are Enantiomers

3.Draw enantiomers of 2-Bromobutane

Br Br
Locate groups as you

want but should be

g 4C.m"\“\ mirror image
H/B My \H g

Ca g

Ca¥g

configrationsJ! allis a3 constitutional Luls isomers <ea 131 STy
identical ¢ aas ) 13 enantiomers g6 jaay uSe 1]



Example : Are they enantiomers?

OH
l CH3 LBl dacuyll guss oLg¥ ] dlagll
3aal 5T can « Aladl sin o4

/ &”l””////// T HO WY ™ JSEUS o configratiom
W<

CH3

S-configration R-configration

If the configration is opposite to each other = we have [enantiomers
relationship.
But if configrations are the same the relationship is'identical

Example B¢ Catls
.lIII[[”// -IIIIIII//////
/B i, /B I,

H 5C2 H B( CH3

They are identical

Notes:

1.Enantiomers should have the same molecular formula
(isomers) and the same arrangments of atoms (not
constitutional isomers).

2.Any achiral molecule wi’r|h its mirror image are identical
Cc c

Identical

/B’””/////////H H WY \ CH3

d
H3 o H



5.5 Properties of Enantiomers

1.They have identical physical properties such as melting point ,
boiling points , ...

They can not separated using physical methods

2.They are differ in two concepts:

A.Reaction with Chiral reagent

B.Direction of rotation for a plane polarized light (section 5.5)

Now, lets take general examples

Q.Are the following structures identical or enantiomers?

cl cl
.m”,,,///// I /XI”””////
H
e /B H e
C2Hy C2H3 a
Sul- o w°. 1
I
® @ /\b IIIIII///////// :{
" " &
L I S
] c H’ CC:H:) S‘mc: cl \ocares at plne
3 C2Hs d g CaHs
b

They are enantiomers

Q:Draw a chiral molecule that has a molecular formula C4H78Br

Br
H—CF- =i
N




Br
Q:Assign the configration

answer 3
<3 S - configration

More examples regarding cyclic molecules
Ex1: Is it Chiral center?

L‘:o ac Sul- o 8
No 4 different groups

is present So this
molecule is achiral

o)
Ex2 : Is it Chiral center? Sul- Ho 8r
L_\:O B No Y differen} grups
IS present So thig
molecile is achiral
g 0 s
Rr cl
F cl
Enantiomers -2 molecules are mirror
. . to each other and Chiral
The relationship
-2 molecules have
opposite configurations
Identical -2 molecules are mirror to

each other and AChiral
-2 molecules have same
configurations



(? kight raclaition in Single plane
5.5: Polarlzed light and optical Activity

Person

‘ Qm@ v @ ‘ %

polarimeter tube

Polarizen has a kength (le)
(@G ol 329) 4 ym = 10em

1.An instrument called “Polarimeter” is consisting of above parts
A.light source emits light into different diirections

B.Polarizen : makes light beam (waves) vibrat in parallel planes t11111
C.Polarimeter tube : has 2 windows @ @&

*Polarized light will enter from the first window and exit from the
second window (both windows are glass & colorless)

*In this tube we have a solution of organic compound , for

example 2-Bromobutane in Ethanol

D.Analyzer person will use analyzer to dekct the polarized light
after it goes out from a second window

Principle of this insrument :

1.When we add certain organic solution into a polarimeter tube,
these molecule may affect on the direction of polarized light and
when they exit from a second windiw , they (polarized lights)
have been rotated.

MmNz

ﬂ\\\@ﬁ?



D of L auis Sl g‘*
2.Direction of the polarized light could be

- (Clockwise) = Organic molecules are said to have!D or (+)
Oex ko o Fakoy

-Counterclockwise = Organic molecules are said to have(L or (-)
Le*loro‘\n&ofd

*There is also : (&) Amount of rotation : Observed rotation

3.Specific rotation [ o 7] : physical property of optically active
substance

(] = o< (observecl tation)

hen th ofF concentratbion OF Qryanic
ful:?e " dm> substence (g/mv) & )

4.Some organic molecules have no effect on the direction of
polarized light (it means o< = Zero) . No rotation is observed

Now, lets talk in more details : Assuming the polarimeter
tube is filled with following molecules : Individually
1.(R)-2-Chlorobutane “Chiral molecule”
2.(S)-2-Chlorobutane “Chiral molecule”

3.Butane “Achiral molecule”

4.Mixture of R & S 2-Chlorobutane in ratio at 50:50



wles o0 Lo chiral moleculeSg oks )10
RE= Dy poaw o5 bia ali g
Al> (yads (56 V) SE+ S
‘e
~ Ol eefisl ) eand s ®
J W15 a tis

— Chiral molecules

— (R)-2-Chlorobutane Known by exepefament anly
Example : o< =& 15°

It means this molecule rotates light
conterclockwise by is degree.

L5 (S)-2-Chlorobutane
Example: o =4 15°
It mtaans this molecule rotates light
clockwise by is degree.
Since R and S -Chlorobutane are enantiomers they have
same value of o< But opposite sign
*No relationship between(Configration and D&L
(505Dt SR & S) Sl o Tdke ¥
¢ deladl oyl uSe sl deluddl ylie go csudll (i le Jares U T pas AS
We cant determine unless we do an experiment

—” Achiral

Example : Butane
o< =Zero

—»50:50 : ratio of R & S
o< =Zero

This mixture is called Racemic mixture and its optically inactive

il g OppoSsite Configrations s o)L



General conclusion :

1.Achiral molecule has. (eX =Zero , it is optically(inactive.

2.Chiral molecule has. ( eX #Zero , it is optically active
3.Racemic mixture isf(same ratios of enantiomers

Ex1.Calculate the specific rotation of (S)-2-Chloropentane

knowing yhat 1 g was dissolved in 20 ml ethonol, and polarimeter

tube is 20 cm and observed rotation of (R)-2-Chloripentane is
+20°?
Sul.

[oc] e & ==20  -_20
lp %Con Qo(mx-iLo

S PL LasSE ¢ oy A3 S O catbs R J Lk

Ex2.Which of the following is(optically active ?

Should be chiral
{ N\ </ N\
Rr —Br /\A
Cl oH
X v v
¢
ety A

% V%



Ex3.Which one is a Racemic mixture ?

A.90:10 of R-2-Chlorobutane and S-2-Chlorobutan
B.50:50 of R-3-chlorohexane and hexane

C.50:50 of R-2-Chlorobutane and S-2-bromobutane
D.None of the above

Answer : D

Q.5.29 (page 176) : what happen to the o< AndL<] If -in
measuring the optical activity of a solution of suger in
water- we:

A. Doubled the concentration of the solution ?

B.Doubled the Length of the sample?

Answers:

A. < — 2 B. o< — 2c<
):0<J—>Nc1+hinj ):ocj—>No+hinj



5.4 : E -7 convention for cis-trans isomers

* E: opposite side Z:sameside 00 e e e eeeea-a

1)This type of isomer is only for alkenes— DOUBLE BOND
2)E and Z are included in naming just like cis, trans, R, S.

3)We apply rules of Cahn-Ingold-Prelog to find the higher priority

Trans is the same as E
Cis is the same as 7

bond had a hydrogen atom *

How to figure out whether itis E or Z ??

C\\

'Y

—_—

Br 1)Draw a perpendicular line on the double bond

/ 2)Decide which atom has the priority (higher atomic number) on
\ e left side and right side

3)Since both groups with higher atomic number are on the same side,
this is aZ-isomer

*If each carbon of the double

C This is anE-isomer since the atoms with higher atomic number are

\ on opposite side.

> ar o> o> > @G> E» @G> > @ @ @ o o

C (H,H,H)

\

C==

=/

€ C (¢HH)
s
h‘-gher

C This is a’Z-1somers since the atoms with higher atomic

!

|
kll'_CHs Remember!

cC N o F’

CH’ Atomic number ¢l
. . increase in these 87
N is higher thanC I

directions.

Q: name the following molecules

1)

—/ N\

Notes:

Name the coumpound based on iupac, then take in
consideration the steriochemistry part by determining
whether the chiral center is R or S configuration, and
whether the alkene is cis or trans.

I,

8r

(C_F,R)-G- Bromo-2-heptene

Since each carbon of the double bond has a
hydrogen, we can use cis or Z.



high«s‘

9 lower' E-3-methyl- 2-heyene
ﬁ L\ 2 ¢
I— /_ = In this case we can’t replace E with trans because one of the
\ <lower double bond carbons do not have a hydrogen
higher
high
W
BY Br 3
M — \—=—/ \—( (is-1-Bromo - |,5-hevadiene
This bond is not considered in the
cis trans naming because one of
) the carbons has two hydrogens
W [s this Eor 7?7
high
(ij@ Itis an E-isomer
/\ high
(o ,!|
B draw: E-1,3-pentadiene
Topposite
Wah
This bond is not considered 1 " 3
in the cis trans naming
because one of the carbons
has two hydrogens \ ’ b
high

5.7: Fischer projection formulas

The representation of chiral or achiral molecules in 2 dimensions instead of 3 dimensions.

* [fach intersection point represents a carbon

C]
crbon

/ carbon

4
o \ghori zontal O O
verkical & O

O

N coroon




How to decide whether the compound is or R or S configuration when it is in 2
dimentional shape?

Cl a

-
H CH,

NP

b
OH
Hd
g\ \j‘ CC
sOH

Hjy

1)Determine a,b,c,d
2)If a,b,c were clockwise it is R, if the were counterclockwise it is S.

22 1f d was on the horizontal line we inverse the configuration

Since it is counterclockwise, it should be S-configuration but we inverse
the configuration because d is on the horizontal line

Itis R-configuration

In this example, d is on the vertical line and a,b,c are
counterclockwise so it is S-configuration.

Q: Which has s-configuration.

tH;
Br Y,
é CH3
Br NV,
a b
CCHgC“s

R-configuration

VHy CH3 ”HL
HC H
)%\ CH; 2 N 2 %)‘1 Cz‘{s
Br CHyCHs By Chy o
o 3CH, W
d (5
\ (Y3 HG NHZ C

r b ™ M
Br E“’CH’ . ; \ 2%s

a C“S Br
/N

R-configuration  S-configuration R-configuration



5.8: compounds with more than one chiral center; Diastereoisomers

Notice:
In both carbons, d

is towards the

front, so we invert

the configuration
Both chiral centers
are R-configuration.

Carbon 2: R-configuration.

Carbon 3: S-configuration

3 ) a
H C 8y 2:S-configuration

[ 3 4
Cl = C H® s S-configuration

*Name the previous molecules:
1)(2R,3R)-2-bromo-3-chlorobutane 2)(2R,3S)-2-bromo-3-chlorobutane
3)(2S,3S)-2-bromo-3-chlorobutane 4)(2S,3R)-2-bromo-3-chlorobutane
Notice that we include the configuration of each chiral center in the naming
* Whatis the relationship between the ex 1&2, and 2&4 ??

------------------------------------------------------------------ ?

E 1&2 : 2&4

! Carbon 2:in the firstexitis Rand No E Carbon 2: in the second exitisR  —; Thereis
' the second exitis stll R change * 1 and the fourth exitis S change
» Carbon 3: in the firstexitisRand Thereis ! 1 Carbon 3: in the second ex itis S There is

!

' When one carbon change configuration!
!

vand the other doesn’t, we have
l . .

'diastercoisomers

When both carbons change configurations ,

]
]
]
]
]
]
]
]
| . . ! .. —
1 the second exitis S = change , : and the fourth ex itis R change
]
]
! . .
' we have€nantiomers because they are like a
]
]

e If one of the carbons changed configurations then the two compounds are diastereoisomers
e If both carbons changed configurations then the two compounds are €nantiomers, because
they are like a mirror

Diastereoisomers:

e Are stereoisomers but not mirror image to each other.

e They can’t be superimposable since they are not miror.

e They have different physical properties and can be separated using physical methods such as
distillation.



Summary of relationships

Isomers
nstitutional 1Isomer I
SOl o Stereoisomers
|
|
Conformers Configurational
Diastereoisomers Enantiomers
All configurations
I I are inverted.
Cis-trans When some
In alkenes and or 2-subs In alkenes fzonﬁgur .
in cycloalkenes inverted and others
are kept

What is the relationship between the following compounds?

Diastereoisomers

) H
I-I;C—— d C\ ——CH,4 Carbon1: R —>'8
G H L H Carbon2: § — §
CH4 CH,
D ¥
) %‘”‘ H Ho My ——>  Bothare R configuration Identical
Ho
Br
Br
3') OH OH
B, —+— ¢t 8 ——— CH3
H=—T H H = CH3
CH, H

achiral centers
has no effect

R-configuration ——  S-configuration

Enantomers

Do not forget to invert the
configurations in both
compounds since d is on
the horizontal line.



5.9 : Meso compounds
Are compounds the have at least two chiral centers and a‘plane of symmetry

Co:H Br | Br :
M= pcar ' ;
H =—t—OH symmetry :
oo [\
! CHy CHy
H :
__________ l-- SR Note:no miso molecule has inly one chiral center
H

Important ex: the following compounds are not meso compounds

8r — Br Vel
OO

There is chiral center but

No chiral center there is no plane of
symmetry.

* Although meso compounds have chiral centers, they are Achiral molecules™
2 p y

cl

Question: in which of the following (X =zero, and optically inactive?

G oH
H ——f—Olt Br cl X Br
—— O H K m—
" H —1—8r
COH k £
Meso compound .
Achirgl Chiral molecule Chiral molecule Achiral molecule
X =0 X+ 0 *+ 0 X=0 v



Any molecule that has identical atoms of two chiral centers and one chiral center
has S configuration and other chiral center has Rconfiguration this is a meso

compound "

i HO oL er
R

Bf H
%,
oA

. . . n
To calculate the maximum possible number of stereoisomers use a formula 2

where n=(number of chiral centers)+(number of double bonds).
& Not always used

+wo chiral
Br centers n=2

/\/ /\/ —> Number of stereoisomers = 2* =1

/é /é —— Number of stereoisomers = 2" = |6

\_/__\ [ 1 — 2:
\_/_D— -_ 4o » Number of stereoisomers = 2 =4

er L er
This alkene is cis in this
drawing, but it can also be
drawn as trans, itacts as a
chiral center

cl oH al oH
_—_/_>=)L - =——/_B=)L Number of stereoisomers = 2 =4
Br l Br |

No cis or trans so Acts as chiral center
itdoes not act as

chiral center.




5.10 :Some definitions in stereochemistry

® Conformers: interconvertible by rotation about single bond

® Configurational isomers: not interconvertible by rotation, only by breaking and making
bonds

® Chiral molecules: mirror image, not superimpossable on itself

® Achral molecules: molecules and mirror image are identical

® nantiomers: mirrored image, have opposite configurations at all stereogenic centers.

® Diastercoisomers: they are stereoisomers but not mirror images, have same configuration
at one or more chiral center, but differ at the remaining stereogenic centers.

5.11: Stereo chemistry and chemical reactions
Two concepts:

A)Reactants has no chiral center:
We should include stereochemistry in the product since it contains a chiral center

CHyCHyCH = CHy + HX ———> CHyCHa@H CHs

No ciral center One chiral center 9

Remember the mechanism: 50% will come from above

+ — ~ _
DCHyCH, CH =‘c/uf+u’_2)cn,cu,c”&/x

50% will come from below

CH, CH
Diastereoisomers )V\‘_‘ H J\
“’C& x H X Cl H’

. 50:50
Racemic mixture obtained

B)Reactants has chiral center:
The chiral center in the reactants has no role in this reaction now include stereochemistry and the

e~ _ CHy CH,
CH{CHCH=C(H, + Hx —> CHCHCHCH; + X — ) .
! —* H H—f—8
Cll a R~ X r
(| —E—H o——H
CH; CHy

Diastercoisomers 50 : 50



Specific examples

*
CHs CH, CH,
d H 4+ HBr —— O ——H . O —pR—H
i ’r—f—H H —&—B8r
I
CHa CHy CH,

50:50 diastereoisomers

Not Racemic mixture

UBr B‘r No chiral center is
* CH3 -C=CH, — CH3 ~C —CH;  produced,noneed
| | for 3 dimensional

H H drawing



