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The isomerism of organic compounds

SUBDIVISION OF ISOMERS

ISOMERS
[Different compounds with
same molecular formula)

Constitutional isomers Stereoisomers
{Isomers whose atoms have a {Isomers that have the same connectivity
different connectivity) but that differ in the arrangement of

their atoms in space)

Enantiomers Diastereomers
{Sterecisomers that are nonsuperposable (Sterecisomers that are not
mirror images of each other) mirror images of each other)



Constitutional isomers

MOLECULAR
FORMULA CONSTITUTIONAL ISOMERS
i
C.H;; CH,CH,CH,CH; and CH,CHCH,
Butane Isobutane
C,H,Cl CH,CH,CH,CI and CH_XCIHCH_g
Cl
1-Chloropropane 2-Chloropropane
C,HO CH,CH,OH and CH,OCH,
Ethanol Dimethyl ether
Stereoisomers
ENANTIOMERS DIASTEREOMERS
CH, CH, CI\ /H Cl\ /H
HO‘\E.#H ”‘\..E:,-FGH 'ﬁ ,I“:
| |
) - C i
M i, AN P e
CH, CH, Cl H H Cl
(R)-2-Butanol (§)- 3 Butanol  €15-1,2-Dichloroethene trans-1,2-Dichloroethene

[a]® = —13.52° [ = +13.52° (C,H,Cly) (C,H,Cl,)



Chirality

Left and right hand are not superposable - are chiral

]
Left hand Mirrar Right hand

Chiral and achiral molecules

Mirror

D9

3.8
_3e o2

Opticol isomerism for carboa with four different substituents
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Stereogenic center

tetrahedral stereogenic center
tetrahedral stereogenic carbon
(asymmetric carbon)

(hydrogen)
H
1 al
(methyl) CH3—(|J—CH2CH3 (ethyl)

OH
(hydroxyl)

The pair of enantiomers

CH; CH;
HO, I _H H, ! LOH
il i
CH, CH,
(R)-2-Butanol (S)-2-Butanol
[@x]?5 = —13.52° [x]3® = +13.52°

Test for chirality: plane of symmetry

2-chloropropane vs. 2-chlorobutane

(a) (b)



Nomenclature of enantiomers
The R,S-system |

H
gHa (b or c) | © ,H B
(@ HOL : ,H (@) S S
- (@) HO4_ : ,H ()
CI: \(|:’
B—C-—8
CH, (boro) | ) (C, H, H)
H— | —H
CH 1N
1 I
Nomenclature of enantiomers
The R,S-system |l
(e
CH;
CH,
HOwe_ | .H
& = (41 H
{er) I = /
Viewer CHy CHLCH,
CHyCH, )
(i) Arraws are clockwise
I {R)-2-Butanol

Properties of enantiomers: optical activity

Physical Property (R)-2-Butanol (S)-2-Butanol
Boiling point (1 atm) 99.5°C 99.5°C
Density (g mL~" at 20°C) 0.808 0.808
Index of refraction (20°C) 1,397 1.397

The behavior of enantiomers toward plane-polarized light =
optically active compounds



Passing the plane-polarized light through an optically
active compound

Polarizing
filter

Tube

Unpolarized containing
light sample
el
: X
Polarized \ :
light :
Rotated i
polarized light :
The origin of optical activity
CHjz /, CH, /) [
/ ' \
He—0_ e —H == ‘
\“"OH W HO"/
CsHj ' C,H;
Rotation There is net
(R)-2-butanol (S )}-2-butanol Equal and rotation if
(if present)  opposite rotation  (z)_>_putanol
by the enantiomer g hregent
predominantly
or exclusively.
(a) () ()
Specific rotation [o]
le) = c-{
where [w«] = the specific rotation

« = the observed rotation

¢ = the concentration of the solution in grams per milliliter of solution {or den
sity in g mL™! for neat liquids)

! = the length of the tube in decimeters (1 dm = 10 cm)
CH, CH,
HO, ¢ LH Hy : _.OH
C
Ifl'.'II1 L!'_‘.Hz
'll_'IHL1 CH,

{R)-2-Butanol
[«]3 = —13.52°

(5)-2-Butanol
[@]3® = +13.52°



and the

Correlation between the configurations

of enantiomers
direction %= [a]
(=JI-I = (::H_‘
HOCH, o : _,H H,\é,CHZOH
| |
C.H C,.H_
(R)-(+)-2-Methyl-1-butanol (S)-{ —)-2-Methyl-1-butanol
[x]35 = +5.7567 [x]35 = —5.756°
CH, CH,
CICH, o _: _.H Hao_: _CH,CI
T T
C,H
(R)-(—)-1-Chloro-2-methylbutane
[x]Z5 = —1.64%

C_H
(S)-(+)-1-Chloro-2Z-methylbutane
[x]3 = +1.647

Racemic mixture

= an equimolar mixture of two enantiomers
(£)-2 -butanol

o o CHeCH,

CH3CHzm..
CCHL CHy™ .~
1 * 1 1
T I | T
/ F--H / ISl it
HO OF
N o~ CHLCH, CHLCHp e
/I H"CHa CH:sf
H
n
CH,

HO ~— [ _—=IT

CH;
H o~ = O
||:|:H2 CH,
CH, CH,
(R)-(—1-(2)-Butanol

(Si-(+)-(2)-Butanol

The stereochemistry of chlorination at C2 of pentane

£

CH,CH,CH,CH,CH,

lc..

cH, p T H,0
s Cl1, L Cl,
€l + C1—C <« C —_— .C—C1 + CI'
e H (a) £ (b) H*”"/
CH,CH,CH, H CH,CH,CH,
(S)-2-Chloropentane
(50%)

Trigonal planar

CH,CH,CHg
radical

@

(R)-2-Chloropentane
(50%)
(achiral)
Enantiomers G




Chiral drugs |

™
CH3—(‘Z—CH2 CH—(":—OH
H 0

Ibuprofen

Generally the (t)-ibuprofene racemate is used (Brufen, Ibalgin),
but only (S)-enantiomer has the anti-inflammatory action

Chiral drugs i

Stereoselective synthesis of (S)-Naproxene
[ Nalgesin 5]

CH,

(H-BINAP-Ru{OCOCH )
COOH + H, 0.5 mol %)
MeOH
H,CO

H,CO

(8)-Naproxen
(an anti-inflammatory agent)
(92% yield, 97 % ee)

PiPh),
PPh),

(51=-BINAP

(Ph),P
(Phy,P

(R)-BINAP

Absolute configuration vs. biological activity |

*
HZN—(IIH—COOH

. CONH Asparagine ~- sweet
2" 2 S-  bitter
O * 'TJ/J\
OoH H
Propranolol R- contraceptive
S- antihypertensive
OH Hi
™ O
m ;/E Chloramfenikol R,R- antibiotic
OzM HO Cl Cl S.5- inactive



Molecules with more than one stereogenic center

the total number of stereocisomers

2n

where n is equal to the number of tetrahedral stereogenic centers

CH,
H\é_‘lf[‘

|IO

Br\

9!

H>C ~Br

C.H,
1 2

erythro

H3
_‘H

Bre—C ~H
CZHS

= B
CH}(I:H(I:HCH.ZCH_,

Br Br

2,3-Dibromopentane

Bram

Qi)

w

W 'ph
an

e H

H> ¢ ~=Br

0
i

Br=—C g
C,H.

threo

The stereochemistry of chlorination at C3

of (S)-2-chloropentane
= The two diastereomers are not produced in equal amounts

£

CH,

(25,35)-2,3-Dichloropemane
i(chiral)

2z

CH,
Cll

CH,
[S-2-Chloropentane

lcl.

CH,
Ha L cl

e P l,
[s] —_—

H,C H

H,

Trigonal plamar
radical
(chiral)

Diasterecmers

o + ar
u” | ™ol

CHy

CH,

{25.38)-2_3-Dichloropentane
ichiral)

AR

)
-




Meso compounds
The achiral molecules even though they contain stereogenic centers
= they have a plane of symmetry

CH, CH, CH,
| Br l-...(_: s H H "“"C —a BT
*CHBr
*CHBr o™ C~~p, BreC =gy
CH CH, CH,
. 3 A B
2. 3-Dibromobutane
threo
¢Hs ¢t CH,  Br
Ha | «Br FBra | -H This struct h o
C C 1S 51ruc urev.r en C_____-H
turned by 1807 in the 1
plane of the page can / ‘f
H""?H""Br Br'f?ﬁ""H be superposed on G. é----u
CH, CH, 7N Br
c D CH; H
erythro = mMeso
planc dmm\
(o]

Fischer projection formula

(R} + )-glyceraldchyde

Fischer projection formulas |l

CH, CH,
Three- Br."‘“é b Br H Fischer
dimensional = projection
formula - ’_(; ~Br H Br formula

H, CH,
A

= Ol



Nomenclature of enantiomers
The D,L-system

CH=0
H—*('I:—OH
CH,OH

D-(+)-Glyceralde hyde
(R)-(+)-Glyveceraldehyde

COOH

H,N-C-H

CH,OH

L-(-)-Serine

(S)-(-)-Serine

Stereoisomerism of cyclic compounds

Me H H Me

Enantiomers

5 6

v W

Me Me Me | Me

Meso compound  Plane of symmetry

7 7

Relative configuration |
When no bonds to the stereogenic carbon are broken
= the reaction proceed with retention of configuration

[ reaction with retention of R.S- nomenclature ]

[ Same configuration

CHy !
H\C CH,—|OH + H—CI
I l
T
CH,
(S)-(—)-2-Methyl-1-butanol
[@]f = —5.756°

heat

y

CHa

H\C aCH,—Cl + H—OH
|
CHg

(S)-(+)-1-Chloro-2-methylbutane
e = +1.64°



Relative configuration I
When no bonds to the stereogenic carbon are broken
= the reaction proceed with retention of configuration

[ reaction with change of R.S- nomenclature ]

CH,~+Br CH,~+H
Hao | _»OH Zn, H* (—ZnBr,) Ha | _»OH
i = y— — e
| retention of configuration |
T T
(R)-1-Bromo-2-butanol {8)-2-Butanol
Resolution of enantiomers
CO.H COH ) NH,
Ha (. =OH HO\(I:.-H | L-,_;H_.,\(l:,-ﬂ
C,H, C.H. CH,
o ® ®© \ /
¥ This is the
Racemic (R,S)-acid resolving
agent.
(R)-Amine (optically pure)
These salts are CO, NH, | Co,- NH,

diastercomers  Heo t .—~OH C.H, —
and can be [

G—H HO— —~H CH,—  _-H
separated. (J';(H_ I : l

|
CH, ! C.H, CH,
(R) (R) ' (S) (R
(R.R)-Salt | (S,R)-Salt
Sepx;rute
J'HJO‘ J H,0*
CO,H COH
n\ﬂ_...on H()\(l:,-ﬂ
C.H, C.H,

(R)-Acid (S)-Acid



Basics of stereochemistry
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Stereochemistry of Reactions
This is the study of what happens when chiral compounds react. Studies with chiral compounds can reveal a vast
amount of information about a reaction mechanism.

Three general types
1) Reactions that occur at the chiral atom
2) Reactions that do not involve the chiral atom
3) Reactions that generate a new chiral atoms

1) Reactions at a Chiral Atom

If a reaction occurs at a chiral atom, one of three things can happen.
(a) Inversion of Configuration (R—S)
(b) Racemization of configuration(R—R + S)
(c) Retention of Configuration(R—R)

This depends on the mechanism of reaction.

2) Reactions that do not Involve the Chiral Atom
Typically, if bonds directly to the chiral atom are not broken or formed during the reaction, the configuration will
remain unchanged.

CH,CH, H ~ CHCH, H H
H-Q—o:m L - Hp—0—K
H,C

H H4C H

(S)2-butoxide (S)-2-methoxyethane

The four bonds to the chiral C atom are unchanged, and the configuration is the same.

3) Reactions that generate a new Chiral Center
Lots of reactions form new chiral atoms, yet achiral reactants will always produce racemic mixtures, since there is
no chiral control.

Asymmetric Induction
This is the use of an optically active reagent or catalyst to convert an achiral reactant into a chiral product.

Enzymes are especially useful for this type of transformation.
Hydrogen is selectively delivered from one face, to give only one enantiomer.

H
0 CH, Q"
I enzyme \:
NADPH, coenzyme H
pure (R)

Similar results can be achieved in the lab usine chiral catalvsts or reagents (which are usuallv expensive).



Directing Effects of Chiral Carbons
If there is already a chiral atom in the molecule, it is possible that the stereochemistry around that atom can
influence or direct a reagent to have a preferred direction of attack.

The platinum catalyzed hydrogenation of 2-methylcyclopentanone gives two products.

H o P OH _H H__H
@)
H OH
minor major

The major product is cis-2-methylcyclopentanol, the minor is the trans isomer.
The hydrogen attacks from the least hindered side.

The two faces of attack are not the same since the methyl group sterically hinders one face.
The chiral carbon atom communicates its chirality to the new center.



