Stereochemistry

Ref. Books:
% Organic Chemistry - 1. L. Finar Vol. 2

% Stereochemistry of Organic Compounds
(Principles and Application)- D. Nasipuri

% Stereochemistry of Carbon Compounds
- E. L. Eliel

% Stereochemistry Conformation & Mechanism
- P. S. Kalsi

Stereochemistry

s The branch of chemistry that deals with
spatial arrangement of atoms in molecules
and the effects of these arrangements on the

chemical and physical properties of
substances.

s Stereochemistry refers to the 3-dimensional
properties and reactions of molecules.
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Conformations Vs Configurations
% Conformations, different spatial orientations
interchanging through C-C single bond

« Configurations, fixed spatial arrangement, requires
bond breaking to interconvert

« Conformation types, staggered and eclipsed, chair
and boat, gauche and anti

+« Configuration types, enantiomers (R/S),
diastereomers, cis-trans (E/Z)

« Conformers exist in equilibrium, isolable if energy
difference large.

% Configurational isomers exit as distinct, isolable
+ NMR and IR are used to identify

% Diffraction techniques (X-ray or neutron) are use to
identify

Diastereomers Vs Enantiomers

+» Diastereomers are not mirror images of each other

% Enantiomers are non-superimposable mirror images of
each other

+» Diastereomers have different physical properties.
« Enantiomers have identical physical properties.

+» Diastereomers, separable using standard physical
techniques.

« Enantiomers require special techniques for separation

+ Diastereomers may or may not optically active.
+ Enantiomers are always optically active.

5/6/2025



Chirality

% An object which cannot be superimposed on
its mirror-image is said to be chiral [Greek:
Cheir 'Handedness’], and the property of non-
superimposability is called chirality. Thus, our
hands are chiral.

=

Similarly, alphabets R,F,J are chiral and A, M, O
are achiral.

AR J U FA

* (Chiral objects)

AA MM OO
“(Achiral objects)

+ Chiral objects - human hand, gloves, shoes, etc.

% Achiral objects - a sphere, a cube, a button, socks
without thumb, etc.

¢ Chirality or molecular dissymmetry is the necessary
and sufficient condition for a molecule to be
optically active.
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Chirality Vs Optical activity

Chirality and optical activity are closely
related but distinct concepts.

+« Chirality is a geometric property; optical activity is a
physical property.

s All optically active compounds are chiral, but not all
chiral compounds have optical activity. For example,
racemic mixtures are chiral but optically inactive.

¢ Optical activity is determined with a polarimeter, chirality
can be found by symmetry considerations.

Chiral Compound

s Carbons with four different groups attached are
chiral carbon.

CHO
(1)-c=on)

If structure of a compound/molecule is non-
superimposable on its mirror image, then it is
called chiral molecule.

Its mirror image will be a different compound
(enantiomer).
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Achiral compound

A carbon atom bonded to just three different
types of groups is not chiral.

rotate 180
— -
)

same as the

U first strocture

When the mirror images can be superposed the
compound is achiral.

s Any compound that is chiral must have an
enantiomer.

s Any compound that is achiral cannot have an
enantiomer.

Achiral: (“not handed”) identical with its mirror
image; not chiral

same compound different compounds

H H Cl H

Gl ¢l €l €l Cl €l H

cis-1,2-dichlorocyclopentane trans-1,2-dichlorocyclopentane
(achiral) (chiral)
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Planes of Symmetry

|

7

viewed from
this angle o

+ A molecule that has a plane of symmetry is
achiral.

% Any molecule that has an internal mirror plane
of symmetry cannot be chiral, even though it
may contain asymmetric carbon atoms.

o
|
+
s N
H | H \a ! u/ S V/
\Cl | H/ \H Cl/
‘ T ‘
/ \ I I I 1
Cl Cl H ! C Cl H
internal mirror plane fif (f
I T [ differeat Irom
(8] Sy l]]x]k‘ll'_\ (O) ructure at ket




* Mirror image is superimposable on the original
molecule even it has no internal mirror plane

of symmetry.

Cl, ~_oBr Br
Br \[/\ Cl C1” >"Br

(identical mirror images)

Centre of symmetry or inversion (i) or (C)

¢ A centre of symmetry (centre of inversion) is defined as a
point within the molecule such that if an atom is
joined to it by a straight line which if extrapolated to
an equal distance beyond it in opposite direction

meets an equivalent atom.

CH, COOH
b ]
\ 7
\ 7
~ D e /
HY~2y 2 H Center of symmetry

H pid \\\\ I/
7 \ ~
// \\
- ‘ 2,4-Dimethylcyclobutane -

GCOOH ' 1,3-dicarboxylic acid has C,
CH,
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Stereochemistry of biphenyl derivatives

C:6H5 - C6H5

s Kaufler (1907) proposed butterfly formula

O
O

« Michler and Zimmermann (1881) had condensed
benzidine with carbonyl chloride and obtained a product.

NH,
© COOH
+ COCl, —Product COOH
NH,
I I

+«» Kaufler proposed butterfly structure II, since the two
amino-group are too far apart to react simultaneously
with carbonyl chloride (co-axial structure I).

+«+ Schultz (1880) prepared dinitrodiphenic acid
«¢+ Structure 11l was given by Schmidt et al. (1903)
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« In 1921, Kenner et al. prepared 6,6’-dinitrodiphenic acid
and found that the compound has stereoisomers.

% In 1922, Christie and Kenner showed that the acid was
resolvable and pointed out the structure to be Ill, or co-
axial structure 1V if the two benzene rings do not lie in one
plane.  no,

<SS COOH O,N
COOH
COOH

Q NO, HOOC

no, I \Y;

+» Re-investigation of these reactions by Turner et al.
(1926) reported that the product obtained from
benzidine and carbonyl chloride was not structured | or
I, but free amino group, i.e., [NH,CzH;CzHsNH],CO

+«» Barber and Smiles(1928) prepared three dimercapto
biphenyls and on oxidation only 2,2'-derivatives gave
intramolecular diphenylene disulphide

SH SH
SH SH S—S§
OO—=C-0

/(Ka:ﬂer‘s formula were correct
HS SH then all the three dithiols must
have been converted into

diphenylene disulphide.

% 4,4’ derivatives shows a center of symmetry
% Dipole moment of 4,4’-dichlorobiphenyl is zero

This is only possible if the two benzene rings are co-axial
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Structure of biphenyl compound

C6HS - C6H5
m’ 0’ 0 m
’ ' 2 3
1’ 1
p’” 4 4 p
5 6’ 6 5
m’ 0’/ 0 m

Biphenyl or diphenyl

Optical activity of biphenyl compounds

Two important conditions for biphenyl

compounds to exhibit optical activity

1. Neither of the two rings must have a vertical
plane of symmetry, i.e., each ring should be

unsymmetrically substituted.

benzene rings.

The ortho-positions (at least two) must be
occupied by large groups or atoms in order to
prevent coplanarity (free rotation) of the two

5/6/2025
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Optical activity of biphenyl compounds

o0 Q0

No plane of symmetry

Has plane of symmetry optically active

optically inactive

F E Cl
F F
Has plane of symmetry
optically inactive

“*When o-position contains two similar groups,
the molecule is optically inactive due to
presence of plane of symmetry.

HO,C CO,H HO,C CO,H
/N 7\

---------------- Plane-of symmetry----{"--------}
\_/

O2N COH HO,C NO,

Optically inactive due to presence of plane of symmetry

5/6/2025
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c  NO, i ON O
HOOC {ng COOH
AO)—5>
HOOC ! COOH
NO, ; ON
Mirror

Ring B is symmetrically substituted. A plane drawn
perpendicular to ring B contains all the atoms and groups
in ring A; exists a plane of symmetry and the compound is
achiral.

NO, NO,
HOOC % COOH
OO0
cooH NO: . ON gooc

Mirror

No plane of symmetry, chiral molecule

T
s 3
(@) [®]

1
Diphenic acid, has a plane of symmetry
Optically inactive

$
O
N
N
1 AN
Q
@)

Diphenic acid, has a centre of symmetry
Optically inactive

Diphenic acid is not optically active, and (ll) is its most
probable configuration
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Atropisomers of biphenyl

% Optical isomers produced due to restricted rotation
about single bond is called atropisomers.

% Restricted rotation produce when o-position contains
two different bulky groups and hence molecule is
optically active.

“ Required large energy barriers (80-100 kJ/mol) to
produce separable rotational isomers.

a a a b a a
b b b a
(XXvin (XXVI) (XXVIDH

(XXIXa) (XXIXb)
1 1 1

0 €0° 180° 270° 360

Torsion angle

Energy profile diagram of biphenyls

5/6/2025
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N02 CO2H Cl N02
CO,H CiOZH COzH No,

Optically active

Optically active
no plane of symmetry

no plane of symmetry

HO,C
2 NO. Optically active

Optically active F is a small atom so permit
free rotation is possible by free rotation

CO,H CO,H a bi
0\ (CHY——0 (CHJy
n=8 or 10 =1
Optically active Molecule is flat, not resolvable
Me Me
R
H,C—CH, CH,
n=2
Has been resolvable
optically active, but optical stability is low Resolvable biphenyls
(9,10-dihydrophenanthrene) The 2" ring in the naphthalene
When n=3, the molecules are highly optically stable system acts an effective bulky
substituent.

5/6/2025
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Chiral compounds without chiral atoms

*There are some molecules that do not contain
chiral carbons but are chiral.

Biphenyls: Some ortho substituted biphenyls
are locked into one of two chiral, enantiomeric
staggered conformations.

Staggered conformation Staggered conformation
(chiral) (chiral)

Enantiomers with no chiral carbon atoms

*

% Conformers that cannot interconvert (due to steric
hindrance) can be enantiomers

non-coplanar, Optically active

5/6/2025
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«» Itis not always necessary for four large ortho groups to
be present in order for rotation to be prevented.

«» Compounds with three and even two groups, if large
enough, can have hindered rotation and, if suitably
substituted, can be resolved.

cOF

O—0

\,\O ’55

s Diphenyl 2,2'-disulphonic acid, optically active, non-
coplanar due to steric hindrance, readily recemised on
heating

Chiral biphenyls have non-planar configuration

(Chemical proof)
H;C : NH; i) Ac,0 HO,C : NHAc¢ H,SO, OC : NH

H,N @ CH; IOl  AcHN @ CO,H HN @ CoO

Optically Optically Optically
active active inactive
N J Ri
ings planar
Y

Rings can not be coplanar
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Buttressing effect

The steric effect observed by a variable
substituent in the 3 position is called
buttressing effect.

CH3 H3C
NO, NO, Yo NO,

COOH COOH
Less steric hindrance More steric hindrance

Buttressing effect

OCH3 O,N NO,  oCH; O,N
HO,C HO,C
A B

< A racemize 200 times faster than B

Order of buttressing effect of groups:
NO, > Br > Cl > Me

5/6/2025
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180° Rotation

COOH COOH . CH, CH.
: ouste 1807 :
H OH = I'l'—(__'*l()ll Il()"'(:,'—H = HO H
CH, CH, COOH COOH

¢ A rotation of 180 is allowed because it will not change the
configuration.

90° Rotation

COOH COOH 51 H
|~|+ou - H=C=OH - HC (‘ COOH X u}c+coon
CH, CH, OH OH

neorrect

arentshion
% A 90° rotation will change the orientation of the horizontal

and vertical groups.
+ Do not rotate a Fischer projection 90°.

Absolute configuration of biphenyls
(R,S-nomenclature of biphenyls)

5/6/2025
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Absolute configuration of biphenyls
(R,S-nomenclature of biphenyls)

% Since biphenyls do not owe their asymmetry to the
presence of asymmetric carbon atoms, the criterion now
is the presence of a chiral axis.

% To apply the sequence rule to axial chirality, with respect
to an external point on the chiral axis, groups at the near
end of the axis are given precedence over groups at
the far end.

" 3

HOOC ‘ NO, HOOC ‘ NO,
COOH COOH
O,N O,N

a b 1 2 1

1
3 2
2
4
CQOH
1
(] cooH* NO,

.COOH |

0,N- 3

(2 interchanges)

3 2 =

5/6/2025
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S
.COOH
0,N-
T .
. (2 interchanges)
3 2 =
4
R
1
COOH 4 °
0,N 2 3
HOOC NO, 2 1 <
o s
)3
2

W

Correct tetrahedron

3
1
4 1
3 2
S

In correct tetrahedron

5/6/2025
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- )

O COOH N COOH
O,N Rotate 180°
NO,

HOOC O NO, HOOG% O ®

1 1 2

3 @‘ 2
4
4 3

R

o

R,S-nomenclature of biphenyls

+ In biphenyl the two rings are perpendicular along the
axis of the bond joining the rings, projection of four
ortho substitutents on a plane at right angles to this
bond is very similar to a Fisher projection formula.

“ Near groups precede far groups

3
@ NO
®@ COOH 2
O,N ZC- 1
HOOC NO,
HOOC NO, —

@ @® COOH

R

5/6/2025
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HOOC O

OCH; COOH
1 2
N02 Br NO,
3OCH3
R
COOH
3
O Br
Br @ 1 2
Br H
Br @
H
COOH S
T
COOH
OZN 1
m- H\ /OMe-m
MeO
COOH

If there |s a substituent at position 3, the 3,5 substituents
rather than 2,6 substituents determine the sequence

HOOC @

ON NO,
@ COOH
a @

3COOH

éj%OOH

H
R

5/6/2025
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Allenes (1,2-propadiene)

An allene is a compound in which one carbon
atom has double bonds with each of its two

adjacent carbon centres.

General structure

Cab=C=Cde or Cab=—=C=—=Cab

+ The central carbon of allene forms two sigma
bond and two n-bonds. The central carbon is
sp-hybridized and the two terminal carbons are
sp?-hybridized.

Allenes

% The two =n-bonds attached to the central
carbon are perpendicular to each other.

H\ H
C:C:Cf
/
H \|-|

% The geometry of the =n-bonds causes the
groups attached to the end carbon atoms to lie
perpendicular planes.

% The bond angle formed by the three carbons is
180°, indicating linear geometry for the
carbons of allene.

5/6/2025
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Allenes

< The two n-bonds attached to the central

carbon are perpendicular to each other.

central carbon Is sp hybridized

sp® hybridized l sp® hybridized

o J “).) éH
- H QR I,

%

>

N

“4,
C_C_C the n bonds formed as a result
A of the overiap of the p orbials
/ \ must be at right angles to each other

W P\

not only are the two tt honds perpendicislar,
but the two methylene groups are too

Axially chiral systems (chirality of allenes)

L)

Since the geometry of the allenes n-bonds causes the
groups at the terminal carbons to lie in perpendicular
planes, allenes that are unsymmetrically substituted on
both ends are chiral.

H CH H
N ik L
/C—C—C\ 0==C==C

H3C H H CH,

+»+ Different substituents attached to the end carbons form

non-superimposable mirror images; they are optically
active.

5/6/2025
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Cumulated polyene with an odd number of
double bonds:

% The atoms connected to the terminal carbons
lie in the same plane

s They are like an ordinary alkene.

B esddl oA
w H I 4

R! R! R R!

AN /

/C=C=C=C\ Cc=C=C C\
1

R cis R R trans R
h WO

C
a
¢ %, Me,C
s ) (2 interchanges) Me
3 1 = (27 0
H |
A 1
S Cl

5/6/2025
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According to Elile  ®

C10H7\ Lot
C
|
C
(Ilj
CioH;  CeHg
@ & @
l
@
® 4‘7 @
@ R
According to Finar
P. S. Kalsi
C10H7\C /C6H6 @
I
C
| ® @
® @ |:
CioH7 ""C()Hﬁ @ R
® @ ®©
C10H7\ /C6H6 ®
C
% ® @=
®_®
CioHY " eH, ® @ R
gy
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Prochiral: There is a special term for molecules
that are achiral but which can be converted to
molecules with chiral centers by a single
chemical substitution or addition reaction is

called prochiral.
Nu Chlral center

COH

( / Y \
“ These two products
are enantiomers.
R
A Y

R '///, 11}

'C—OH
/

In general, both enantiomers are formed in equal amount

% An spd carbon with two same groups is also a
prochiral center

% The two identical groups are distinguished by
considering either and seeing if it was increased in
priority in comparison with the other

¢ If the center becomes R the group is pro-R and pro-S
if the center becomes S

Prochiral
Chiral

5/6/2025
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Enantiotopic atoms or groups:

s Two atoms or groups that upon replacement
with a third group give enantiomers.

HO HO HO
)<Me -+ Me —_— Me
7 H H H H Z

+ Two compounds upon replacement of H by Z
are not identical but enantiomeric, the
hydrogens are not equivalent and are called
enantiotopic hydrogens.

Enantiotopic faces: Flat molecules (trigonal) have two
faces and are not stereochemically equivalent.
Attachment of a ligand to one or the other of them gives
rise to one or other of a pair of enantiomers.

H

I

C"l
A “OH

CH,CH;
(S)-2-butanol

Re face (clockwise) H,C™

|

CH,CH,
H3C \C,_.\\\OH

l
n Y,

(R)-2-butanol

Enantiomer

Si face (counterclockwise)

5/6/2025
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%
2
“,

RL/S:O Cy)/ \(u/ )

re face
Decreasing priority Decreasing priority

RH r\ si face /\\ '/\

re face si face
H H
\c=c Yz HOOC\C_C /COOH
HOOC”  \COOH /7 "\ Maleic acid
si-re H (esi
H COOH HOO
N, S C\ . .
/c—c\ Fumeric acid
HOOC H H/ \COOH
Si-Si re-re

Diastereotopic atoms or groups: Two atoms or
groups in a molecule are in such positions that
replacing each of them with a group Z gives rise
to diastereomers, the atoms or groups are called
diastereotopic.

CLH
/‘5\ _CH;
“bs{\‘““o H;C lC'—,
1 H S T
¢ CH; _
me” ¢ diastereomers
3 z bs
HH,  orpion CLH
: 2 ' cn
2-dichlorobutane PG
C
H Z

5/6/2025
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Diastereotopic face: If a transformation at
opposite faces of a trigonal center generates two

different  diastereomers, the faces are

diastereotopic. H
thm--ﬁ \\Me
Me /C \Nu
O_

H
Phwwee Me i
C*‘\ Diastereomers
Me I
H
Phww \\Me
! Me /C \O_
Nu

Homotopic atoms or groups : Aliphatic protons
which are interconvertible by a rotational axis
are termed homotopic and are chemically and
magnetically equivalent.

'l homotopic
H, _;ﬁb
5 H J_I

Homotopic groups are always equivalent, they give a
single NMR absorption. Homotopic groups are
interchangeable by rotational symmetry. The simplest
way to recognize homotopic groups is by means of a
substitution test.

5/6/2025
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Homotopic face: If a transformation at opposite
faces of a trigonal center generates two Identical
compounds, the faces are homotopic.

v
g
Va

s,
o,’,///

HiC

C=o0
H,c

Stereoselective: Any reaction in which only one
of a set of stereoisomers is formed exclusively
or predominantly is called a stereoselective
synthesis.

Stereoselective reactions give one predominant
product because the reaction pathway has a
choice. Either the pathway of lower activation
energy is preferred (kinetic control) or the more
stable product (thermodynamic control)

CHj; CH,4 CH,
Pt,H,
CH3 CH3 'ulI[/CH3

70-85% 30-15%

5/6/2025
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Stereoconvergence: It can be considered an
opposite of stereoselectivity, when the reaction
of two different stereoisomers yield a single
product stereoisomer.

Endo- and exo-trimethylsilyl-3-phenyl-2-
thiabicyclo[2.2.1] hept-5-enes and derivatives
were protiodesilylated with fluoride ion.

S(O), f- j SOw g~ S(O),
Ph ! H SiMe;
SiMe, Ph n=0, 1, 2 Ph

Stereospecific: In a stereospecific reaction, a given
isomer leads to one product while another sterecisomer
leads to the opposite product.

The reaction gives a different diastereoisomer of the
product from each stereoisomer of the starting material.

HOOC

COOH
H\ /H Br2 Br
/C=C —_—
HOOC “coon Br

COOH
dl pair of 2,3-d|bromosuccmlc acid

HOOC
maleic acid

HOOC

H ~ COOH g Br
—_

C=C
J ~
HOOC H H Br

fumaric acid COOH

5/6/2025
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H
Ph\ _ /H Br, Br 5,Ph
RN Ph™"/
H H Br
anti addition
H
NIV £,Ph
ST CH3N02 Ph\““? < H““
Ph Br
90% 10%

loss of stereospecificity

Regioselective: A reaction is described as regioselective
if an unsymmetrical alkene gives a predominance of one
of the two isomeric addition products.
R,C=CHR'+ HX — R2$— CH,R' + R2CH—(|?HR'
X X

major minor

Diastereoselective reactions:

A stereogenic centre is introduced into a molecule
in such a way that diastereoisomers are produced
in unequal amounts

(0]
Me PhMgBr

Ph“““ Me
H

5/6/2025
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Chemoselective: When a functional group is
selectively attacked in the presence of a different
functional group, the reaction is said to be

chemoselective.

secondary
ketone ester alcohol ester

0 o)
NaBH; OH 0
> A/\/”\
OMe then H,O OMe
Selective reduction of the ketone to the secondary alcohol

There are three main types of selectivity

® Chemoselectivity: Which functional group will react
® Regioselectivity: Where it will react
¢ Stereoselectivity: How it will react (stereochemistry of the product)

Types of Representations of Molecules in 3D
4 types of representations of organic molecules

Wedge Dash Representation
Fischer Projection

Sawhorse

Newman Projection

R/ 7
0’0 0’0

3

%

3

%

Dashed line

Solid line ?
\ \CH ,OH

H
OH
Wedged line

Wedge Dash Representation
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Wedge Dash to Fischer

CHO HO

/C\'""’ICHZOH — H—C—OH
OH

-ullllo

H

Fischer projection to Sawhorse to Fischer

CH;
% H, H",, OH
U= "' M rotate .
180°
H CH,
H
CH;
Sawhorse projection Sawhorse projection
Fischer projection (Eclipsed) (staggered)
CH,
H
g OH
CH; %, H——OH
Br\\\“‘ CH3 H_—Br
H
Sawhorse projection CHS
(staggered) Fischer projection

5/6/2025
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Fischer projection to Newman to Sawhorse

rear carbon CH3

\ P%I Ol Br . H% OH
H——OH __ __H, ot =
H—+—Br CH, CHj3

] - CH; CH;
rontear (mCH3 Newman projection Sawhorse projection
Fischer projection (eclipse) (eclipsed)
front l rotate
carbon y 180°
CH H
H ’ oH CH; 4, _pOH
- Br\\\" CH3
Br H H
CH3 Sawhorse projection
(staggered)
Stereoselectivity
HO
H
LiAIH, o HC H
b a o
Ph o Ph
H
* H3C a CH3
H;C H —— |
LiAlH4
C=0 Ph OH
| CH; € H
CHj; >
(R)-3-phenyl-2-butanone b
b |Ph
CH;
H;C Ph
H 3%y, H
H38 Hy HO, ,H ™
“, —— H3;C—1—H
rh HO H
CPh CHy major product
a CHy CH,
OH (I)JﬁC% H Ph
H
Hl ¢ H %, —— H3;C—7—H
= Ph -
» |Ph CH; ) et H——OH
minor produc
CH; P CH,
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CH;Mgl

H CH; ,
CH;Mgl|
Ph

HP CH3CH3

Ph
a CH;

CH
CH3 CH; HSé'l 3
(S)-3-phenyl-2-butanone b
p |Ph
CH;
H Ph
HO 2, CH;
CH, HO, CH; >
H €H; 7, __  H——CH,
— Ph -
Ph CH; HO—1—CH;
a CH; major product CH,
Ph
CH
e 3 M —  H——CH,
» |Ph H;C—1—OH
CH; minor product CH;

Substrate and reagent control stereoselectivity

Active Substrate:

* If a new chiral center is created in a molecule that
Is already optically active, the two diastereomers

are not formed in equal amounts.

% The reason is that the direction of attack by the
reagent is determined by the groups already there.

¢ For certain additions to the carbon—-oxygen double
bond of ketones containing an asymmetric o-
carbon, it can be predicted which of two

diastereomers will predominate by two rules:

5/6/2025
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Eta o
¢
i\
Y
gt Ve HO CN
N HCN 1
/ N\ . -H
" N
¢ NG
H ¢~
s\
NC OH
2

It can be predicted that 2 will be formed in larger
amounts than 1.

Cram’s rule: The oxygen of the carbonyl
orients itself between the small- and the
medium-sized groups, the largest group was
eclipsed with the other carbonyl substituent.
The rule is that the incoming group
preferentially attacks on the side of the plane
containing the small group.

favored
approach Nu R
1
N R R, R, R OH
iAo —=
: R, R R OH Rm Rs
R, 0 m Nu

C .
)/ N major minor
Ry R
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Ph CH3MgI
CH; CH
HO CIi3
Ph

H HPh

Minor

Ph Ph
H——CH, H—{—CH,

Major Minor

Felkin-Ahn model: The largest substituent places
perpendicular to the carbonyl group. The major
product results from the nucleophile approaching
opposite to the largest substituent.

0 H OH HO, H
EtMgBr 4 3
Ph Ph Ph
O = s 7 ),')\Et
Me H Me H Me H
25% 75%
k Pt
o \\/ ()1
Pth\ 4 — i two substituents (C=0 & Ph)
H Se— /CZD\ are eclipsed - unfavoured
Me H Me” H
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+ Rotate around central bond so that substituents are staggered

+ Two favoured as largest substituent (Ph) furthest from O & H

+ Continue to rotate around central bond and find 6 possible
conformations

MmO r oW

-3

\
H Me
I t
L substituent §
{Ph) furthest § {Ph) furthest
Efrom O &M | from O & H

OH Me O

4
Pf‘l"(.ﬂ's~ close unhindered ép—l’h

approach _.- to Ph

Nu Nu Nu Nu
0 MO M  oOH
L R —> (I Nu%L
M S T s R

Same product is obtained from both
Cram and Felkin-Ahn rules
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Chelation-controlled carbonyl conformations

% a-substituents with lone pairs can coordinate
divalent (or higher valency) metal ions together
with the carbonyl lone pairs.

% The chelation ring becomes the dominant factor in
determining the conformation, and gives very high
selectivity for nucleophilic attack.

% Common chelating metals:
Zn?*, Cu?*, Ce3*, Mg?*

* Non-chelating metals:
Li*, Na*, K*

Chelation-controlled carbonyl conformations
OEt

HO, Nu
/\Hk _RO¢ #RO%NH_/\R\R,
OR

Reaction in absence of
a chelating metal
1'\/‘[2+ .M2+
OEt RO’ O RO O-

2+
= RO M Nu Nu

R’ A N ¢ Et H Et

OR R' H ol R'

OH
of Nu S

Reaction in presence §
a chelation metal X
R'

OR

5/6/2025

42



Chelation control can reverse selectivity

Q NaBH,  H_ OH
Ph)H/OMe s Ph>\rOMe
73%
O Me;Mg  Me, OH

HO_ H

ph:>\\I,CMAe

27%

HO,_ Me

Ph:>\\r,CHWG

99%
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