
Asymmetricsyntheseas us-> most of the
are generating-chival contess with defined geometry from
scratch or from achisel substrates is of
utmost importance inSynthetic organic Chemistry.

-> Asymmetric Synthesis is defined as a reaction

in which an achid unit in an ensemble of
substrate molecules is converted into a chiral

unit in such a manner that unequal
amounts of the Stereoisoners are produced.

OR

-> A chemical reaction in which one or more new
&

elements of chirally are created in a substrate
molecule and which produces the Stescosso-
mexic products (enantiomeric ordiasteriomenic)
in unequal amounts.

> Traditionally also known as steoselective

synthesis , but only those steaoselective reactions

that lead to the formation of a chical

product with an enantiomeric excess (ee)
Can be called asymmetric .
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Stereoselective reaction
-

A->
B

I Band C are stesoisness
H

- C

If A undergoes a chemical reaction and

produces only B o C (not both)
,
the We

can say that A has undergone a Stesco-
-

O

Selschne reaction .

In stecoselective reactions
,
there is a choice

that more than one product (Stereoisomers
may be formed, but only one is produced
because it is forouced by Kinetic O

thermodynamis control .

Ht
Y-OH ->/ only one product is possible

OH + Ph-5/and/or ph-,I ->
Ph E-95% 2- 5%

Since E-alkene is more stable than Z-alkens and

is the major product. This is an example of the
Stoselective reaction .
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Stereospecific Reaction
A and2 are A-> B Band D as

stacoisoners asStereoioness c-> D well

Reactions where a single eventiones is obtained

as the product and the stereochemistry of
the product is decided by the stereochemistry
ofthe reactant are known as staespecific
reactions. In Stereospecific reactions

,
these is

no choice and a single enantiomeric

product is produced as decided by the
mechanism of the reaction and the

Stereochemistry of the reactant used.
L

-> In Stereo specific reactions different
Stereo Koness products are obtained from
different steoismers' reactants
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ExampleofStespecifi
reaction

a stereosmen
reactants with two chical Centers Can be

Stereospecific
By

me

to me Br

ph Ph
-

ph - ->
Ph

on 1 H
Na i me-ph
H A E-alkeneOff

By

ph I Me

ph BBr
& me Phon- - -o↑ ↑ -
pr - H H

/
H OB Me

z-alkene

A and B are diastersmess and depending upon
which diastercomes is used in thescactim,
we can get the E o Z-alkene. Such
-

reaciens are called Stescospecific reactions
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moreexamples of Steroselective &Stexesspecific Reactions

Cz By Br itsI
I
->
I

c- c yas C3
Be -undoH

-C

H ccly /

cis-alkene
These two stexosomeric products
are produced as Br always
adds in anti fashion.

If Br, could add inSyn fashion , we
will get another stereoisomer that would be

meso due to a place ofSymmetry
CH3 CH3atz

Bra H ICs / xc - 2-H
c
-

2 -

H
--

I
caly Be bu
meso.

Not obtained
-> Starting from the same reactant , only one
set of products (d1-pair) is obtained . The

reaction is stereoselective.
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H
I As H -

..
- C C-e- Hyc-1. .

-CHs

is H Caly

trans-alkene
This is meso as well as it has

a Center of Symmetry
Here only one product (meso Compound) is

produced andhence again steceoselectic.

-> The overall addition of Br, to this alkene

is stereospecific as well as the Stereochemistry
of the product is decided by the Stereochemistry
ofthe reactant.

is alkens-> Al pair

trans alkene-> Meso product
A unique example where the

individual
reactions are streoselective and the

Overall reaction is sterrospecific as

well .True for But-2-ene.
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Principle of Asymmetric Synthesis

-AsymmetricInduction

-e - */
- ->

C
&I -

achiral Center Chisal Center

-> conversion of an achival molecule
into

a chical molecule in such a manner

that one of the eventioner is formed
as the major (or the only) product . Such
a reaction is known as asymmetric
synthesis.

-> In order to understand how to

achive asymmetric induction (introduction
of asymmetric Cente) in a reaction, we

Clwill consider the nueophilic addition
to the Carbonyl group .
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AsymmetricInduction

+3N CheC
" ->
c=0 ③ R ②H

Nut

l&
o CHY

CHs

2H5 ②
-

Can attack
NU ↑ OH

from either side &Y
③# g ①with equal possibility Na
(2)+5

The two eventiomeric products are produced
in equal amounts and hence a racemic
mixtur is obtained . This happens because

the transition states leading to these products
are also enantiomeric and have same

energy.
5-

Nu
CHE ..... ch

,

...

-

, S- 2

2 s

e- O

:
NuS-

Transition state leading to the formation of
two enactioness are also mirror images and
heres have exactlysvel energy.
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TwoTransition States have same
energy.
-> >

& X >

E

~

Ce1.=0! R-isomerL
-

Rxn Coordinate

T For one eventioner to be formed
·

in major quantity , itstransition
state has to have lesser energy
than the transition state leading to
another eventiones

. This happens
when the transition states share a
diastescomesic relation rather than all

enantiomeric One
.
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Asymmetric Induction
g

Lets now consider the nucleophilic addition to
the Casberry group that is already attached to
a chiral Center

xg
⑦ * SAN X-ROHNew

- ·

/

0 -> yo + i
an#CR) /C

↳ IRS -
CR)

↓diasteroness .

->Since the reaction produces a pair of
diastomers

,
the transition stites

must also be dinsteromeric
-

Diastercomeric transition states have different
energies making one ofthe products kinetically more

accessible.

-> Dissonene
P Y On

↑ ↑
States here

E
/i

i different energy
/&1>↓

Rxn Coordinate
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Asymmetric Induction
with diasteromexic transition states loving

↑

different energy, the pathway involving the

loo energy transition state will be

favoured and henes a particular
&

Arasteromes will be formed in

major quantity as compared to the
the other diasterones.

->Now which diastiromeric transition
state will have less energy, is·

⑧decided by looking at the
-
o

conformations ofthe Carbonyl Compa.
withnucleophile attacking the
low energy conformation .,

-> The low energy conformationb

of the Carbonyl group I
the cram's rule Ofdecided by .

·by the Felkin-Anh model
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CRAM'S RULE : According to the cean's rule
-

the most favored Clow energy conformation of
the Caebores Compound is the che schese &

the
-

↳-group is anti to the carbons group and
then

↑

Nucleophile preferentially attacks from the side

ofthe smaller substituent. -

&

No attacking the side Nut attacking from
of the smallest
. L R the side of the mediumsubstituent I- substituent

-

& I -
-NNut⑫ &

s/ 11 M
O

L ↓ -
r

L

I Nu
Nu ↑ R I
&O

-

I
- Qm/'H- M SoH

Major product miner product
->The nucleophile attacks atan angle of
107 to the Carbony group-also known
as the Burgi-Dunitz angle or

Burgi-Dunit trajectory.
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Felkin-Anh model
-

Even though Cram's sule Correctly predicted
the major eventiones formed , but it
turns out that the low energyConformes
ofthe Carbonyl Compound as predicted by
theceam is not correct. The low energy
Conformation of the Carbons Compound
was correctly predicted by Felkin and Anh
to be the one that has the largest
group perpendicular to theCarbonyl group.

small group medium

g
interacting withR

i
M group interacting

, O mitt R
.

- L L-
S

Favoured conformation
for the attack .

The NoF then attacks Sifrom the side that N - L
is opposite to ↳group
from the smaller substituent m
side at 107 angle .

https://goodnotes.com/


~N there are two issues

with this Information
~ ii ( Destabilizing interaction

between Rand M groups

↳ is when N attacks at

Burgi-Dunitz trajectory (107) , it
has Coma closes to medium sized

group .

Nor i - Attack on this conformation
↑O solves both these issues·

M

-> The product obtained from Felkin-Anh
model is the same as that predicted

by the Cam's model . It is just that

the low energy conformation of the Cebony
compound was cossactly predicted by
Felkin and Anh and not by Gam

.
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Problem : Cram's model
&

Es , &Ph <

-CH3-

El

Step-I :Draw the newmanprojection of the Carbonyl.
since we have to keep the Carbons Carbon on the

front, we have to look from that side to make newmann projection.

Es
~

O Look from this
The Ph , -CHz4

II direction
- It acc in

ph e * >-. · clock-wise order
E CH

,

↑

Gi
When looked atH
from Carbon side

Ph = L
,

-CH= M, H=S
Step-II : Of HNutattacks CH3

converting
Newman

from the side - AleOarti
of theSmeller -

pap solate-group. While
-

~

wedse Nade
the

male
whe

to

sing

largest
chain

to X

↑ Ne paperCHH >
fashion -pan

-
& it

in I

CH3 H> & atte =sO/Con
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Solving the same problem using Felkin-And Model

at & NaBH> SE -
Ph

2-CH3 ?

ute Ho& II
8 U-ph
Ph-

↑

&

i · aut
Favoured Conformation Destabilizing Interaction

(Less Stable as compared
(most stable conformation to the other one)

↓
atats

ofa
-H HeteO= & > HO

H
1: tH In

-> we can clearly see that Cam's model
and Folkin Anh model game the

same product, even though they start

from different Conformations of the Castores
compound .
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Catagories of Asymmetric Synthesis

iAferent methods to carry out asymmetric synthesis

Is chical pool
↳-> Chiral Auxillaries

↳ chiral reagents

↳ Asymmetric Catalysis
Synthesis of a chical compound in laboratory from
achir o racemic reactants always produces
products as avacemic mixture of the two

eventioners . Enordes to make enantiomerically
Pue products

,
we have to start with

-

what came first !

Enantiomerically pure arcactant ?
OR

Enantiomerically pure product ?
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Catagories of AsymmetricSynthesis

1 . via pool :
Nature provides a wide variety of enantiomerically
pure compounds that can be easily extracted
and then used in a number of ways to
make more of the enantiomerially pure

-

compounds. This collection of of naturally
available pore enantiomeric compounds is known

as the chical pool . Various classes of compounds
that make up the chical pool are;

1 . Amino acids and their decivatives

LCOOH
2 X-coon COOH

↳ Ph ↳
S (H) alanine NH2

SCHValine Sphenylalanine
Amino alcohols and hydroxy aids are
chil amiroacid derivatives.

↳OOH

H Phon >con
S2) proline ↳

NHz

amo alcohol S-hydroxy acid
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2 . Carbohydrates and their decivatives-
A member of Chica and enantiomerically puce Carbohydrates
exist naturally and can be used to prepare a

wide andvaciety of enantiomenically puse useful

compounds. Our such empound is D-mannose

from which evactimecially puse

glyasel delyce can be prepared.
Off

O
Ho NaBHy ot
o -> In to t

L↓ acture
proteine
Steps

For Off
#

·No %OH /g-
->CHO NAT ↑

04

↳ Ot
CHOdeprotection step S-glycealdehyde
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Chira Auxillary : A chical auxillary is an eventionecially

puse compound Usually from chise pool) that is attached

to a produce molecula and assists it to react

in a diastereoselective manner such that only one
diatecomer is allowed to form . The chiral auxillary
is then removed from the diastesomeric product, giving
us the product molecule as a single puse enantioner.

The chied anxillary can in principle be used again.

↑ auxillary ⑩-anxillaryReactant (R)

↑ ↓
diasteroselective
Reaction

· ⑳product+laws - Auxilly
* R

R

schied auxillary is recycled & used again and again,
but the reaction is not catalytic asStoichiometric

amounts of the chiad auxillary are used.

-> The chied auxillary used is generally selected

from the chica pool of the eventiomerically pure
N

amino ands
, Carbohydrates or their desivatives.
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Chical Reagents :Chiral reagents are eventiomerically
pure reagents that can be treated with prochet

reactants to produce unequal amounts of the enantiomeric

products.

-> Reactions involving use of the chical pool or chica anxillary
have stesocochemnity controlled at the reactant/substrate
ride

. using the child reagents gives us theChoice

to choose one reagent as per therequirements of
the enantiomeric product that needs to be prepared.

·n
↳amp
,
#[e

rocko rockto
↓

rocktochicalbase
Racemic Mixture

[
Ro
enantiomerically
pue organolithium
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Chiral Reagent :
- Chies OH

QH NaBHa
O Reducing gent #

E II- R
-
<Cy

R-2 - ctz
-R-

4

che Chiral

lenantiomericallychica
,

but racemic
prees

-> when used in prese

[ph enantiomeric form

HB- Cassies out asymmetric
reduction of a

ActiveReducing
number of functional

Agent groups .

to
known as the CBS reagent after the

names of Coley , Bakshi and Shibata,
the chemists who invented it.

Dr. Irshad Ah. Buet
Department - Chemistry
Amar Single College,Sgr .
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Asymmetric Catalysis :
Apart from chical reagents , it is also possible to
use cortablets that are chied to Casey out
asymmetric synthesis. The example of CBS reagent
for the asymmetric reduction was the only method
used until recently when a Rutherium based

Catalyst containing a chice ligand was used to do

the asymmetric reduction- An example of asymmetric
Catalysis .

S NH ↑
NHTS Off

< -

u-i
-pr

L
- CH

-

IS
S- CsS - O↓ H2 a

/

stenantiomer
farmed with

upto 95% ee .

-> Asymmetric Catalysis can be defined as the method for
asymmetric Synthesis where where a chical Catalyst
implace of a chird regent is used.

-> If the Chie Catalyst is a transition metal Complex , almost

every single time the is due
&

·

-

cidity m the ata
to a drea egand eventioners of
the rigand can As used to produce the different
eventionen of the product.
-> Child pool & Chica Auxilkey -> China Reagent & Asymmetric

↓ ↓
CatalysisDDsubstrate control of the Reagent Cambol

Chialty
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