Pharmaceutical Organic Chemistry-1

Chapter-3: Stereoisomerism
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Chirality & Stereochemistry
oo
An object is achiral (not chiral) if the object and its mirror image are identical

» A cbn‘(a‘

-~ —




A chiral object is one that cannot be superposed on its mirror image
Asgmmehic (e @ lgpbis b
QLo g




— same maleculac Cormula

1. Isomerisom: Constitutional ;... ..

Isomers & Stereoisomers g e,
cach other bult
1A. Constitutional Isomers ( cbecent postions)

Isomers: different compounds that have
the same molecular formula

Constitutional isomers: isomers that have the same molecular formula but
different connectivity —their atoms are connected in a different order

( poshons)
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Examples

Molecular Constitutional
Formula Isomers
C4H10 /\/ and )\
Butane 2-Methylpropane
Cl
C3H7Cl /\/ C | /‘\
and

1-Chloropropane 2-Chloropropane



Examples

Molecular
Formula

C2H60

- Al ¢ohol
- ehher

C4H802

- cmoxg'ic 4cid
- Astel

Constitutional
Isomers

~"S0OH and CH3;—O—CH;

Ethanol Methoxymethane
O
A~ Non and N
O

Butanoic acid Methyl propanoate



easy

Y _ -’U‘l explanakion
B. https://youtu.be/XftIUcLWTEE ?si=yzVOBystyS9KIQzh 30 Tas)

Stereoisomers are NOT constitutional isomers

som? leé’C‘—i\/il'D
Stereoisomers have their atoms connected in the same sequence but they differ in the
arrangement of their atoms in'space? The consideration of such spatial aspects of
molecular structure is called stereochemistry S5 \ee



https://youtu.be/XftIUcLWTEE?si=yzV0BystyS9KlQzh

H C .\\\\CH3

Q9:

The given molecules are
(a) constitutional isomers
(b) conformers

(c) stereoisomers

(d) identical

(e) None of these

Answer: (c) stereocisomers

H.C

CH
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Q1: Compounds with different atomic configurations in space but the same atoms bonded to each other
are said to as having.

a) stereoisomerism

b) functional group isomerism

c) chain isomerism

d) position isomerism

Answer: a) stereoisomerism

Explanation: Stereoisomer varies from structural isomers, which have the same molecular formula but
differ in their bond connections or order. Molecules that are sterecisomers of one other have the same
structural isomer by definition.



1C. Enantiomers & Diastereomers

Stereoisomers can be subdivided into two
general categories:
enantiomers & diasteromers G e

Enantiomers — stereoisomers whose molecules are nonsuperposable mirror
images of each other

Diastereomers — stereoisomers whose molecules are not mirror images of each
other

Enantiomets Diasteieomeés

i cl caxs!  Cl
COOH | HOOC :
N —
H3C/ \H HY, \CH3 O\
OH | On CH,CH, CH,CH,
_ mitrot images of each othet — Ae ok mittol  iMa9ES

- leh g 2



Geometrical 1somers Cis : same side
(cis & trans 1somers) are: hans = o FOS'H? side

Diastereomers

e.g. __
we PR Ph and PR
(cis) (trans)
Cl Cl Cl H
N L
H H H Cl

(cis) (trans)
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Q2: Which of the following terms best describes the following pair of molecules?

iﬁ/\/\/\

a) Isomers
b) Geometrical isomers
c) Configurational isomers

d) Constitutional isomers
Answer: b) Geometrical isomers
Explanation: These molecules are isomers since they have the same chemical formula (C;H.,).

However, due to a double bond, the molecules' spatial orientations differ. And hence, the molecules can
best be characterised as geometric isomers.
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H C .\\\\CH3

Q9:

The given molecules are
(a) constitutional isomers
(b) conformers

(c) stereoisomers

(d) identical

(e) None of these

Answer: (c) stereocisomers

H.C

CH



2. Enantiomers and Chiral
Asgmmc,—({c d2leso }5
Molecules

Enantiomers occur only with compounds whose molecules are chiral
[A chiral molecule\is one that is NOT superposable on its mirror image

The relationship between a chiral molecule and its mirror image is one that 1s
enantiomeric. A chiral molecule and its mirror image are said to be enantiomers of each
other

——




ng i

s the definition of chiral

(ahdi 1)




5.2.  Chiral molecules that have nonsuperimposable mirror images are called:

*a. enantiomers b. diastereomers ¢. meso compounds
d. stereogenic e. symmetrical



OH

(2-Butanol)
(I) and (II) are
nonsuperposable
H mirror images of

)\/ each other

- enankiomels -




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

The most common type of chiral compounds that we encounter are molecules that
contain a carbon atom bonded to four different groups. Such a carbon atom is called an
asymmetric carbon or a chiral center and 1s usually designated with an asterisk (*)




CI Fou( Aaccc«en‘- Q(OM‘OS

| & chical v
Me—(ID—
H
H, ,Cl CI>§H
Me Me
() SN (YY)
MIrror L nonkiomers

(IIT) and (IV) are nonsuperposable mirror images of each other




Cl A(0 not-  Youl Aitleenl
Me—C—Me 2@4Ps Nob chial
II—I A dnicol ﬂ

Nol enantiomets

o i c H

b X
Me® Me Me~ Me
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Ly, MIrTOr

(V) and (VI) are superposable

= not enantiomers = achiral



M First: what is a stereogenic center?

stereogenic center is any atom where swapping two attached groups creates a
different stereoisomer.

{g"’ Chirality centers are tetrahedral stereogenic centers

7z

(B)

Tetrahedral
(A) & (B) are

Stereogenic mlrror enantiomers _Your dilferent glups
Center (chial) v . |
- hon supelposa e mitol

= chiral no9es v

— )
=




Cis and trans alkene isomers contain trigonal stereogenic centers

Ph H . H
/—\ : > — <
H Ph i PA
Trigonal (C) i (D)
stereogenic mirror
center
(C) & (D) are 1dentical

= achiral

S 9mmc¥((

//\(8 noL ?out A;PCML
not chital  (Achital )

symmekica

cal



4. More about the Biological
Importance of Chirality (Asymmekical)

conkain on€
ebahed! @
chiral calbon ’
)
two enantiome(

(+)-Limonene (-)-Limonene
(imonene enantiomer  (limonene enantiomer
found in eranges) found in lemons)

A




Thalidomid

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

For several years before 1963 thalidomide

R =

was used to alleviate the symptoms of
morning sickness 1n pregnant women




In 1963 1t 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 Q O O
NH NH
N||I|-- O N O
O O
Thalidomide enantiomer of
(cures morning sickness) Thalidomide

(causes birth defects)




5. How to Test for Chirality:
-Planes of Symmetry

A molecule will not be chiral if it possesses a plane of symmetry

A plane of symmetry (mirror plane) 1s an imaginary 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 are
achiral




Plane of symmetry

Cl
Nol 1[\01'“ o(;trcwnl ?
goues  nok chial Me—::_< Me
Ac\/\ila, I-':E:'-_l
: achiral
Fout Affeeat govps (E:I
chical =
0

chiral

No plane of symmetry



1) Is the molecule shown below chiral or achiral?

OH

OH

2) Is the molecule shown below chiral or achiral?

H
c=c=cCHs
N

o CO,OH

3) Is the molecule shown below chiral or achiral?

l’)OS Q planf Oc ngmellﬂ

MOI' H D[ippc(eal 3(ou€s

}Jo\- 4 D‘)N'\ﬁ/m" g louf*

dl Achical



Which of the following compound(s) is/are chiral? *
(1 Point)

Band C

Cinly A

None of thess

!




R Iy O < W

Which of the following molecules is 4hiral?

| CoH COH

H H el OH -
C_s\ 7 : Br H OH HO -l I1Br
och HOIH
> = H = CH;C
CH, OH Cl F CO.H ___H@

11 I IV






5.3. Which of the following molecules has a mirror plane of symmetry?

CH;
Ha = 4Cl
A (le
C
a¥ = YH
CH,

1

a. | *b. 2

CHj;
Cla = 4H
AZas
&
c1¥ = YH
CH,

2

CHj;
Hy = 4Cl
\(IZA

C
c1¥ = Yl
CH,

3

CH3

H,cY = Yl
CH,

e. all of them



6. Naming Enantiomers: R,S-System

OH H, ,OH Ho H

Recall: ~_L_ = A AN

(1) (1)

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

2-Butanol
This 1s undesirable because each compound
must have 1ts own distinct name




How to Assign (R) and (S)
Configurations

Rule 1

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 priority)

Highe! Atomic numbel
Is65c>S>F>0 >N >CH)

Lowel Alomic
numbel



Rule 2

When 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 1s examined. This process is continued until a decision
can be made.

(17) (8) (7) (

(6) (2) (1)
Highest —CH,Cl > —CH,OH > —CH,NH, > —?HZCHa > —CH,D > —CHZE —
PriOfity B - T P(IOFM\/
Low priority _—t ¢— High priority
F CH,CH,OH
\ J 2 2
CcC=C Tie
/ )y .
Cl CH,CH,CHgy
High priority ——T Low priorily




Rule 3

Visualize the molecule so that the lowest priority group 1s directed away from
you, then trace a path from highest to lowest priority. If the path is a clockwise
motion, then the configuration at the asymmetric carbon is (R). If the path is a
counter-clockwise motion, then the configuration is (5)

clockwise countel clociwise
Q COangm(aHOﬂ 5 cOnQigu(aHon
g_g‘w Lefl

N al



Example

)&\/ (2-Butanol)

Step 1 3
C C
@ or 3 @ or 3
®O F@ O 5 COH
S
Step 2 3 _C2.cH,
H3C E"ﬁ C
T o HN A\'O/’UC nwv‘be_!
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(R)-2-Butanol



Other examples

))))))

lc9¥ Lem—
g|> C150>¢ok C] Counter-
@ clockwise
HW 3 j (S)
CH; HO CH;
HO
S @ Qu’g%"
Clockwise
@ OCI‘b G202 C OCH3

@ -~ j @ (R)
HC )\é@wc CH,CH;



Other examples

(’ bhe tole says Hne | owest pu oty gloup musk be POM"BJ away) of You
Rotate @=CWbB6#d such that H 1s pointed to

the back 5
P—— o e
r\\\\\“ j\ H . H\\\\\\ )\ CC;)H
Away @Br
BSCI > > I

Momic oumbe Cl Clockwise

= (@A) .




Other examples

Rotatc G=@HBIEEHA such that H 1s pointed

to the back
y @
H OCH;
\ | Wt 1 j %?\\\“‘)\ @
| ;E "OCH, I
H3(.:/3 H3C@
T>0>CON Counter-clockwise

OCH,

=~ H3C@| v




Assign the following chiral centers as (R) or (S).

a) B\r‘,H o) I'L.Br
A o

CH;



.- 8
Rule 4 bie ns 524y
For groups containing double or triple bonds, assign priorities as if both atoms
were duplicated or triplicated

cafl boxglfc 9 loup Al a\clmgo\e A]wlwl

COM > CR(OCH), > coh > (B0

—C = cH>—((CH;); >— CH=CH, >—CH(CH3),

e.Jg. >@:o as —

\_ /
jeg® as

(N 4~ C=N —c=¢—  as

e
O-(P-O O-QO— O-C'l)—
O-(P-0O O-¢(— O-0O



Example

Compare

Thus,

0> C>H
3cH,

(S)
Y Auiaw) HY %H =CVI-D Lefl
HO o

—CH, & —CH=CH,:

—CH=CH, equivalent to

O-(O-I
O-(p-I

_CI_I3 = (H! H! H)

_CI_I=CI_|2 - (Ca C! H)



Other examples

2 (R)
Gighh OH
clocKuise @ H“““)\Q;)‘/CH};
Cl
O
counter clockuise @D
@ OH Ct>0> A;ﬂe >
H,C~ |
Souble bon
@H\\\N}\@){CI—E @ C= (O, O, C
lcCJ' ( S) -
| (S)
29 0 )" ol onn

C1> dodble bond > € S



Q19) Determine the configuration of the isomer of the amino acid alanine
shown below.

HoN H
X

H;C®™ "COOH

A19) R- configuration

N, COOH, CH3,



he followi rps has the lowest priority according to the Cahn-Ingold-Prelog




7. Properties of Enantiomers:
h

Optical Activity 5 se o
= //,,’

chical i
Enantiomers
Mirror images that are not superposable
Fout di Merent 9 (oup> ( chical)
H H
ch g A
HaCHC i CH,CHs

mirror



Enantiomers have identical physical properties (e.g. melting point, boiling point,
refractive index, solubility etc.)

Compound bp (0C) mp (0C)
(R)-2-Butanol 99.5
(5)-2-Butanol 990.5
(+)-(R,R)-Tartaric Acid 168 — 170
(—)-(S,S)-Tartaric Acid 168 — 170

(+/—)-Tartaric Acid 210-212




Enantiomers (chial)

Have the same chemical properties (except reaction/interactions with chiral
substances)

- Show different behavior only when they interact with other chiral substances
Turn plane-polarized light on opposite direction

_—




5.51. Enantiomers may differ in the following property:

*a. the rate at which they react with a chiral reagent
b. boiling point
¢. melting point
d. number of degrees they rotate plane polarized light
e. solubility in water



Optical activity
The property possessed by chiral substances of rotating the plane of
polarization of plane-polarized light

@ First: what is plane-polarized light?

- Ordinary light vibrates in all directions perpendicular to its path.
- When it passes through a polarizer, only one plane of vibration remains.

« This is called plane-polarized light.

So now we have light vibrating in one fixed plane.

casy

4
W expl;/\al—fo/i


https://youtu.be/duGxp_XZzvw?si=6uiviuncdq2QOKio

7A. Plane-Polarized Light

—n o
The electric field (like the magnetic field) of light 1s oscillating in all possible planes
When this light passes through a polarizer (Polaroid lens), we get plane-polarized light
(oscillating in only one plane)

( polarizel)

Polaroid
lens




78. The Polarimeter

A device for measuring the optical activity of a chiral compound

a= observed
optical rotation

\%'/ N @ S @ > 1> Rdl7 g ;ng

light ordinary polarizer plane solution of plane- analyzer
— light ~ polarized optically polarized
— light active light
S compound rotated
observed




7C.  Specific Rotation - O= TRk -

observed
rotation

temperature —‘

[a] =

C x (—
N

concentration  length of cell
of sample in(dm

solution (1 dm =10 cm)
— infg/mb (1 e B

oL dlegrees

= IO MM)




5.20. The observed rotation for 100 mL of an aqueous solution containing 1 g of sucrose, placed
in a 2-decimeter sample tube, is +1.33% at 25°C. What is the specific rotation of sucrose?

*a. +66.5° b. +266° c. +41.5 d. +133° e. 108°



C= ‘/ m =
5 a/mt {=2dm g- 4+ |3

/ . x lo
2 0 l 0 +“. @

100



A 1.00 g sample of a chiral drug dissolved in 5.00
ml of solvent and placed in a sample tube having
a path length of 1 dm has an observed rotation
?(a) = -16°. Calculate the specific rotation [a]p

CoVogm L=ddmn 4. _y

S

Lal= -6 = -30 :Select one

1
3

O 2. 16"
O b.-16°
O c. 80°
O

d.-80°



oloseu/eal opl'ica‘ (oxa\-ion

/'
The value of a depends on the particular

experiment (since there are different
concentrations with each run)

But specific rotation [a] should be the same regardless of the concentration

Gy V)y»



[a]
Two enantiomers should have the same value of specific rotation, but the signs are
opposite -

(— +)
r'd v
(mLaLe l;am L/ol—alc \‘.'g::-
bo Hhe lel| o khe (ight
- chical e )
- ena.nl—ioma( V@L.» /S # .

- optical ackivity Cl—b Cl_b

H\\\\\- * E * .IIIIIH
HO OH
2 o5
(o] =+ 13.5° (o=~ 13.5°
D — mirror D

O\Cﬂw(o!mb(@ \evoloLaLO(@



nt




8. The Origin of Optical Activity

(@) Plane-polarized light

Magnetic
field

Direction of
propagation







8A. Racemic Forms

r' 0("6 ca“‘ﬂ wnackive

An equimolar mixture of two enantiomers is called a racemic mixture (or racemate or
racemic form)
A racemic mixture causes no net rotation of plane-polarized light

nc" (oFation = O

M First, what does racemic mean?

A racemic form (or racemic mixture) is a mixture that contains equal amounts of two
enantiomers of a chiral compound.

&~ Enantiomers = non-superimposable mirror images (like left and right hands).

So a racemic mixture is:

- 50% one enantiomer

- 50% its mirror image

equal & opposite
rotation by the

rotation enantiomer (g, gl

ch, ¢ HyC (
AT Ffon Y eorH -
CoHs CoHs
(R)-2-Butanol (S)-2-Butanol nel wobabion -0
(if present)




5.5. A 50:50 mixture of enantiomers

a. 1s a meso form. b. 1is a pair of diastereomers.
*c. 1s a racemic mixture. d. rotates plane polarized light.
e. 1s a pair of conformers.



Which of the following compounds is optically

7Inactive

" "

7 ?
u—-c-—cn, M O (. C - OM

n‘-J-t m—!-m
;
| I lll \Y Acl'i;/‘e
inackive : . C\'\'l(
Achvc \AC\‘H/ﬂ
Whifal .

. chital o ‘Selectone

O a. Vv

b. Il

O
] c. |
O

d.



5.28. Which of the following statements about the pair of molecules shown below is not true?

Cl Cl

)J\ and /k
H. W\ I,
H;C CH,CHj; CH;CH, H

CH,

a. They have the same boiling point.
b. One rotates plane polarized light in the opposite direction from the other.
¢. They have the same density.
*d. One rotates plane polarized light a different number of degrees than the other.
e. They are mirror images of each other.



A sample of an optically active substance that consists of a single enantiomer 1s said to
be enantiomerically pure or to have an enantiomeric excess of 100%




An enantiomerically pure sample of (5)-(+)-2-
butanol shows a specific rotation of +13.52

———

25

[oc]D = +13.52

A sample of (S)-(+)-2-butanol that contains less
than an equimolar amount of (R)-(—)-2-butanol
will show a specific rotation that is less than
13.52 but greater than zero

Such a sample 1s said to have an enantiomeric
excess less than 100%




Enantiomeric excess (e¢)

Also known as the optical purity

<mole of one > _ < moles of other >
% enantiomeric _\ enantiomer

enantiomer
_ x 100
eXxcess total moles of both enantiomers
Can be calculated from optical rotations
Aq
%, enantiomeric observed specific rotation 100
— X
excess * specific rotation of the

pure enantiomers




Example

A mixture of the 2-butanol enantiomers showed a specific rotation of +6.76.
The enantiomeric excess of the (S)-(+)-2-butanol 1s 50%

a=+ §+s e = 50/

50 ). - +ﬁé_ x 100 7. )(/—JS,S?
» ~

/o enantloTerlc _ _t+6.76 100 = 50%
excess +13.52




9. The Synthesis of Chiral Molecules

9A. Racemic Forms

)Zf,’)’oﬂ(,o (EOIUC""O/) . 58CanAaug Acohol
CI—bCI—bﬁCI—& + H—H N, (ﬁ-CH3CI-bC|)HCI-§
O OH
Butanone Hydrogen (+)-2-Butanol
(achiral (achiral (chiral
molecules) molecules) molecules; but

50:50 mixture
(A & (9)



(R )(-)-(2)-Butanol (50%) (S)+(+)-(2)-Butanol (50%)



9B. Stereoselective Syntheses

Stereoselective reactions are reactions that lead
to a preferential formation of one stereoisomer
over other stereoisomers that could possibly be
formed
enantioselective — 1f a reaction produces
preferentially one enantiomer over 1ts mirror
Image
diastereoselective — if a reaction leads
preferentially to one diastereomer over
others that are possible




Ca(boxylfc acio( /”col/m’

Astel
O
H", HZO
OEt heat OH * EtOH
F

ety ety
g(oM‘O 1%
racemate () racemate
C’QM\ amounks of bokh anant ipmets Nol enanl'oselecl«:ve

0
MOEt |,pase /\/\H‘\OH + EtOH
F

racemate (+) Ef’zﬂ mokic hydidysis (—)
(> 69% ee)

% (oa‘mol‘ mosug one manlv‘omaf p

enanltio selective



10. Molecules with More than One
Chirality Center

Diastereomers

Stereoisomers that are not enantiomers

Unlike enantiomers, diastereomers usually have substantially different

chemical and physical properties
JE—




Q7) The relationship between the following two structures is:

CH; CH;
H—+—0OH HO——H
H——OH H—+—OH
CH; CH;
(A) enantiomers (B) diastereomers (C) structural 1somers
(D) 1dentical (E) none of the above

A7) The answer is (B) (by definition)
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Note: In compounds with 7 tetrahedral stereocenters, the maximum number of
stereoisomers 1s 27.
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(I) & (II) are enantiomers to each other
(IIT) & (IV) are enantiomers to each other

(1)

(V)



Diastereomers to each other:
(D) & (III), (I) & (IV), (II) & (I1I), (II) & (IV)



10A. Meso Compounds /Aclmml Com,OOM”A)

Compounds with two stereocenters do not always have four stereoisomers (22 = 4)
since some molecules are achiral (not chiral), even though they contain stereocenters

For example, 2,3-dichlorobutane has two stereocenters, but only has 3 stereoisomers
(not 4) cl
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Q2. Which property is characteristic of meso
compounds?

e They are optically active and rotate plane-
polarized light

e They are optically inactive despite having
stereocenters

e They always exist as racemic mixtures

e They never contain stereocenters

Correct Answer: They are optically inactive
despite having stereocenters



Q7. Which statement is correct about meso
compounds and enantiomers?

e Meso compounds exist as a pair of
enantiomers

e Meso compounds are identical to their
mirror images and are not enantiomers

e Meso compounds are always racemic
mixtures

e Meso compounds cannot have
stereocenters

Correct Answer: Meso compounds are
identical to their mirror images and are not
enantiomers



Q8. For a molecule with two stereocenters,
which configuration pair commonly gives a
meso form?

e R R

e 5,5

e R,S or S,R with internal symmetry
e No combination can give meso

Correct Answer: R,S or S,R with internal
symmetry



Q4. How many stereocenters are present
minimally in a meso compound?

e One stereocenter

e At least two stereocenters

e No stereocenters

e At least three stereocenters
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Note: (IIT) contains a plane of symmetry, is a meso compound, and is achiral ([a] = 00).
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H’”’C Br
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(I) & (II) are enantiomers to each other and chiral

(IIT) & (IV) are identical and achiral
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(D) & (1), (II) & (III) are diastereomers

Only 3 stereoisomers:
(I) & (II) {enantiomers}, (III) {meso} _ ?
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Which of the following compound pairs are
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10B. How to Name Compounds with

v 2.3-Dibromobutane

Look through C2—-Ha bond

C2: (R) configuration

(H, H, H) (Br, C, H)



Look through C3—Hb bond

@

b
Dy, §H
= Do Ne?
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(H, H, H) (Br, C, H)

C3: (R) configuration

Full name:
(2R, 3R)-2,3-Dibromobutane



What is the complete IUPAC name of the following substance?

\ \\\\\\
<

Br
Br

a. (1S.35)-1,3-dibromo-1-methylcyclopentane
b. (1R 3S)-1,3-dibromo-1-methylcyclopentane

Y
B

R)-1.3-dibromo-1-methyicyciopentane

(o)

,—‘
)
o)

(1S.3R)-1,3-dibromo-1-methyicyclopentane




What is the correct IUPAC name of the following structure?
(&

O (IR, 35)1-chioro-3-ethyl3-methylcyclohexane
) (1S, 3R)-1-chioro-3-ethyl-3-methylcyclohexane
) (1S, 3R)-3-chioro-1-ethyl-1-methylcyclohexane
O (IR, 35)-3-chioro-1-ethyl-1-methylcyclohexane



11. Fischer Projection Formulas
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CH,
H Cl
Cl H
Ch;

enantiomers

mirror
(I) and (II) are both chiral and they are enantiomers with each other

H Cl
H,C C
o Hs
(2R 3AR)-Dichlorobutane
b
Ch;
Cl H
H Cl
Ch;



H c
HsC CH;

(111) ChH; §
(25, 3AR)-Dichlorobutane Syanfe;];

(IIT) 1s achiral (a meso compound)
(IIT) and (I) are diastereomers to each other /



5.40. What is correct name for the following structure?

CH;
H——Cl
2
Cl—1—H
3
CH;
a. (R S)-2,3-dichlorobutane b. (2R,35)-2,3-dichlorobutane
*c. (285,395)-2,3-dichlorobutane d. (2R,3R)-2,3-dichlorobutane

e. none of these



5.41. What is the absolute configuration around C-2 and C-3?

CH,
H—+—Br
2
Cl——H
3
CH,

a. R R *h. S, S c. R S d.

S, R

Y A



12. Stereoisomerism of Cyclic
Compounds

a meso compound

achiral
mirror
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symmetry
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12A. Cyclohexane Devivatives

1,4-Dimethylcyclohexane

. Both cis- &
trans-1,4-

Symmetry E |
Achilal dimethylcyclo-
hexanes are achiral
and optically

1nactive

cis-1 ,4-d|methyl trans—1 ,4-dimethyl
cyclohexane cyclohexane

:4_ Plane of _.:



1,3-Dimethylcyclohexane

Plane of

Acl/\i(a(
symmeltry

-9 sheteo centel
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Me : Me Me
cis-1,3-dimethyl %Me

cyclohexane H
(meso)

cis-1,3-Dimethylcyclohexane has a plane of symmetry and is a meso
compound




1,3-Dimethylcyclohexane

(clo'nml)
NO plane of symmetry

Me///,, Me Me Me
%' H H%.
H H
Me Me
trans-1,3-dimethyl —
cyclohexane enantiomers

trans-1,3-Dimethylcyclohexane exists as a pair of enantiomers




1,3-Dimethylcyclohexane

Has two chirality centers but only three stereoisomers

cis-1,3-dimethyl trans-1,3-dimethyl
cyclohexane cyclohexane
Me Me Me
mMe %H H%
H H H
H Me Me
\\§ J
Y

(meso) enantiomers



1,2-Dimethylcyclohexane

MmIrror
H ; H

Me Me
Me : Me

enantiomers

trans-1,2-Dimethylcyclohexane exists as a pair of enantiomers




1,2-Dimethylcyclohexane

With cis-1,2-dimethylcyclohexane the situation is quite complicated

mirror

o H L H o

(I) and (II) are enantiomers to each other



13. Chiral Molecules That Do Not
Possess a Chirality Center
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