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ConformationalAnalysis
r bandsRotations around single

...

gives sixe to
different Conformations . An infenele number of

gemetrical arrangements are possible by virtue of rotations around

the single bands in a module.
Rotations around

He moteule -> only one conformation single bands do3 Not give·

res
↑CHA -> only one conformation to different

geometrical
accangement

-> Analysis of the energy changes that a module

undergoes when different groups rotate about the

single bands is called as conformational analysis.
(Also deals with thereactivity of different conformers)

-> It is important to understand that during rotations
,

a moleule Can adopt defferent shapes , but the
localized arrangement of the atoms remains unchanged
That is in saturated hydrocarbors, each catum i

-

always tetrahedral before , during and after the

rotations.
-> Conformations Configuration-
-

↑ In going from configuration toDifferent Conformations acc
another

,
we have to break bundsamoduleobtaimed

byRotatingendaabo ut

- DifferentConfigurations
z

Sanforme -& Stereoisomers
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Energy barriers to the rotations: Every molecule
can rotate freely about the single-bonds , but it
needs energy to carry

out the process of rotation.

The amount of energy needed to carry out a

rotation varies frommne molecule to another.

O" t - Il
H-c- C-fl
E ↳ "It I

G H-You-As
If

12kj/mol 30kj/mol
dokj/mol kHz↓

partial double partial double
bond Character bond character

/260kjma po(11) (v ⑦ (XiHs
① He

-> Beyond a barrier of about 55kj/mole , the various

Conformers of a molecule Can be distinguished
by NMRepectroscopy

-> Because of huge energy barrier (260kJ/mol)
the E and 2 alkenes Can be easily
separated.
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Ethane Hz2-CHz
staggered It

-

conformationHy

↑ 12 --------

conformation - O-H

angle
=
0%Clihedral

angle
=60% coivedral

more

Relative Stable↓↑
v
-

uFrj/mol *
-> Staggered Conformation is 12kj/me more Stable

than the Eclipsed Conformation .

expulsions edpsit--> More stable for two reasons eve
in unformation

is Repulsion between the filled /
intendentmin

-

orbitals of C-H bonds ni about #barrier c- C
eclipsedConformation (Contributes Hi

/

10 % to
sresy

vii) Stabilizing interaction between the

O-binding (C-H) obital with
-

Orbundes artibonding
the antibonding obital on

⑭ethe carbon; in the I/III/,9 -- I9
~

BinI Y -

stagged conformation. 2-

(more important factor) Hi H
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Propane : CHy-CH2-CH3
-

Repulsions between the two

C-C bonds Causes the
I

H

deviation from the tetrahedral

band angle of 109 . 5:. ·
CH3

&
It

guitX HTIt It O
TXH

staggered Conformation is 14kj/mot more

Stable as compared to the eclipsed conformation
for the same reasons as discussed for
Ethane.
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Butane CHz-CH2-CHz-CHy
Me-me dihedse->

00 Goo angle 1200 180
% 240

: 3000

4H3CHe CH3 CH3 [H3 CH3

H & Hy ↑
It

HG y
-
H+3

, X, &

CyG C GY i 0 Y TH H z
↳ Y & ats atz

I
It It If

syn-peciplanar syn-cline Anti-clina

Eclipsed staggered edipad Anti-periplanar
Anticlined Synclina

↓ · mirror image↳
also known as

gauche
↳Mirror images&

-> Two different eclipsed conformations . One inwhich -CH3 and H

all eclipsed and the other in which -CHy4-CHy are

eclipsed (known as partially eclipseda fully eclipsed respectively) .
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Different types of strains : while discussing
-

the conformational analysis , you will come across

terms like Steric Strain
,
Torsional (or pitzer)

strain and ring strain . All these types of
strains are actually the reasons why some
conformations of molecules are stable as compared
to others.

Stevic Strain : Repulsions between groups
that

are not directly bonded to one another /may be
separated by < or more bonds or may not

be boned at all) approach each other too

closely to occupy the same space. This repulsion
is more for the bulky substituents /-Chs , Et
_ <pr

.
-But) -> no steric strain as It's ace

4) , very small

H
-2- c H

I I
1)
->Two -Is groups are close

u enough to experience
Y Steric strain . As a result thisH

Syn-periplanar conformation is

Sokj/mol high in energy as compared
to the anti conforma.
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TorsionalStrain : The origin of torsional
strain is

the electrostatic repulsions between the electron

clouds of two adjacend o-bonding orbitals that are

separated by a single bond. &

It Torsional
I

-

# strain
->Torsional strain in

↓ eclipsed form of

⑰
c-C ethane is in part

H : · responsible for its
·

initabebly.
Torsional strain only ever exists between atoms

separated by three bonds only, like the eclipsed
form of ethane.

-> The staggered form of ethane has the

C-H bonding abitels as far away from each

other as possible at dihedral angles of 60%

120
:

and 180 and torsional Strain is at

a minimum in staggered conformation of
ethane.
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RingStrain : - Fully saluected Cabocyclic sings
have all the C-atons with Spb hybridization and
hence would like to have

an ideal band angle
of 109 . 5: However in planar wings , the internalband
angle is decided by the no- of atoms (size)

in the sing.-

- Any deviation from the ideal 109 . 5' band angle causes

strain in these Carbocycles.
-> planar Carbocycles with all intermel bond angles = 109 .5

&

O

·· L-
&

All internal band angles forced to be 10% go

->Table gives an idea about the

deviation of interne ring angles

from the ideal band angle of 1095
and hence a measure of angle Strain
per carbon atoms If the sings are planar
-> Deviation from the idealangle would

certainly be a measure ofthe
strain if the sings were planar , however asing

fully saturated Gebocycle is rarely planar and
-

m order to get an idea about the sing Strain
in the Carbocycles the way they are &

we have

to compace them with the acyclic counterparts.
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Ring Strain : A good idea about the strain in the
-

Feelings is obtained by looking at their beets of
combustion and also the heats of combustion of
their straight chair analogues.

Inorder to get an idea about thering strain from&

treets of combustion ,we make certain assumptions.
->straight chain alkanes are free from any type of
stain that exists in Cycloalkanes because of their Cyclic natur
-> EverySuccessive-CHa-group Contributes an average of 650115 of
energy to the heats of combustion of alkanes.

-> Since Cydoalkanes are merely a multiple of
-He groups , their heats of combustion should be

In X6501Kilmet , where i= no · of-CH - groupsin the sing
.

g
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-> If cycloalkanes are strained ,they
should be unstable and should

sclear more energy pee-CHe-

group as heet of combustion.

-> Now if we plot best ofCombustion
per-CHe-group in cyclo-alkans and
the sing strain as calculated by
the deviation from the ideal

bend angle of 109 .5: . We get
->Cyclopropane
has the highest
strain

-> strain reaches
a minimum value

at cyclohexanenot

u dopentanc
as predicted
by the band

angle calculations.

-> The strain then increases
,
but not as rapidly as suggested

by the bond-angle Calculations. Reaches a maximum at

9 membered sing and then decreases again
.

- After 14 membered sings , the strain remains

almost unchanged.
-> For cyclohexane & larger than 14 membered rings the

↑

heats of combustion per-eter group metch with the

a cyclic alkames and that is 650kJ per-CH2-group.
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->Why does the actual sing strain not follow
the order perdicted by the bond angle
Calculations ?
->Why is there victually no sing strain

in Cyclohexane ?
-> Despite having a bond angle very close to
the ideal tetrahedral bond angle , Why
is there still some amount of strain
left in cyclopentane ?
The answer to these questions
is that these cycloalkare wings
are not planar.

-

, easy it is to fold itLarger the sing
into a strain fee

&

Conformation like

open chain alkanes.

source : Organic Chemistry
by Clayden , 2nd edn.
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~
Bayer'stheory : The concept of planar sings

cyclopropane & Lyelobitan have large
deviation from tetrahedral band angle
and hence an unstable as Compared
to cyclopentare & cyclohexane .
Even Cyclohexane has a deviation of
10 .9 from tetrahedral bodangle.
1895 E . Sachse proposed that Cyclohexane
exists in stain fee chris and

boat forms . The idea was not accepted
&

immediately as it meant that we can have

two types I Chlorocyclohexane
-

can
->These toi ] interconvert rapidly.ap ↑ N- -
~

In 1916
,

E. Mohe proved
definitively

that there
↓ exist.

forms of
Chemoydotexane

indeed
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Conformationsof Cycloalkanes. :
<is Cyclopropane: It has the highest sing strain
as the c-c-c bond angles are fixed at 604
demite form the tetrahedral bond angle by
19 . 5" .
The C-H bands are all eclipsed

-
itH

as c-c band rotation is
C-H
, Hnot possible. H

Because ofthere two stains
,
the best of

Combustion per-e--group is highest.
(ii) Cyclobutane :
interned angles acFu PlanarCycobra - C
put all the C-H bonds in eclipsed or t
conformation .

In order to reduce the C-H eclipsing interaction
cyelobutane adopts a non-planar conformation that
reduces the bond angles even further. The find
shepe is determined by H

a balance between HH
the angle Strain and *-----eclipsing interactions. I ↓
The dihedral angle byw the twocing haves is 25-30
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viii) Cyclopentane : Even though Cyclopentane has almost
no angle strain, but in a planar structure all
the -It bonds would be eclipsed with one-
another. To reduce the C-H eclipsing interactions

cyclopentana adopts an open envelope type shape
minhich one of the-ut-groups is out of
the plane of the eing .

-
-CH2

In
GH2 & envelope

-To·
above the plane-Us-
This deformation of the sing moves throughout the sing
in such a manner that atany given point of

-time
, only one-co-group is out of the plane .

Because of this non-planar structure the

band angle decreases (causing increase in angle
strain)
,
but the minium

decided by a balance
energy shape is

&

of sing stram
and C-I eclipsing interactions.
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(iv) Cyclohexane : The C-C-c bond angle in an

open chain-CHc-CH2-CH=-wit = 112.50

Aplanar cyclohexane has a bond angle of
12004 hence angle Strain (120-112.5 = 7. 5%
It alo has all the C-H bonds eclipsed

Angle Strain = 7 . 50/10 . 30 if we conside the tetrahedral
band and 109 .5.)

H
-

H
-

All C-H bonds eclipsed .
H -

- H
#& 120"XYHowever from the heats of ↓

/-itH -
combustion we see that i H
there is victually no strain in cyclohexane
When we try to make a model of cyclotoxane with

all the band angles equal to the tetrahedral
bond angleof1095; we get

two conformation,is
-

⑪ K ituations is chair conformation
↑

H H#
T

8

-
H(a

+
z
I-It↓ ↓↳ ⑧- -

It I I at
All the bond angles are 109 . 50

All the -H bunds are stagged
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Dis Boat Enformation Eclipsing interaction
# FlagstaffOH teraction H ↓
S In
H1 "Mp-X-f H
-1

I g O
-

H IH I i
Flagstaff interaction /Steric repulsions between

&

the C
, 4 C , hydrogens) and the eclipsing

C-I interactions makes the boat Conformation
about 25kj/o higher in energy as

compared to the chair Conformation.

These is another low energy conformation for

cyclohexane known as the twisted boat conformation

that is achieved when the eclipsing -It
interactions inthe boat form are relieved.

Twist boat is about ↑Rj/mol lower in energy
as compared to the boat conformation.
Also on going from chair to boat form,
a very high energy (43kj/ma from Clair) Conformer
called half Chair is obtained. It is the

least stable Conformation for cyclohexane.
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i
bef char

=I half
chair

-

Boat
El

25Im21 chairI * I
Twist boat Twist boat-

Chaie

Reaction Coordinate->

Ring Flipping of the chair form of the Cyclohexane.

dianial Axial Hare either
It

1 .
3 actionsOwis O-

I + H
vertically up or downL

- O& a
It - L H EquitorialIt as& -I -=-
H

& side-ways up GI I down
H F
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MonosubstitutedCyclohexanes

In mono substituted cyclohexanes , the Substituent
Can cittes be anid or equiterial and those

two forms are in rapid equilibrium with

each other. However the form where the

substituent is equitorial is more stable

as compared to the one where it is axial

X

I

N -> ↑
X

-
- F

Substitment
Substituent arial equitorial

(more Stable)

substitutedCyclohexanes ,4) Off Both
all

Of of I Tequally&

D i stable
X -

1 I -ot Hort
!

-

t
Elf

⑭- Ly
a

-

I FirMose stableY
as both the substituents

· are equitorial.
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of Y
-ja Lif #

-

- - Ho

more Stable as
-The largest substituent is
erritorial

ot of
= F-

11 # HO- more stable as

- both the substituents
as

M ↑ equitorial .

Both
are
early Y

X- stude
=

# ↑ S
F

X-

F locked in

&
-

twis red
S

S -
boat y - & boat as

&

I T ] -
-

bothTwist L - in thisStable -
chair the

substituents
~morethe

as
erritorial .-

form
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Assignment : predict the most stable
conformation for the following 1

,
2-disubstituted :

cyclohexanes . (use models in the tutorials)to do it
Che

-
H2) , CH>!. I

G

S -e-Utz I- - I
& I lat

,

o

11 L -
- predominant

I
,
1-disubstituted

unformes Has
Che -10-&↑

-/ & - CH,
I I - &

O

↓IY -

1
,
-disubstituted predominant

because phenyl is planar
and adopts an orientation

in which it is able to avoid
the 1

,
3-diaxial interactions

.
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(v) Cycloheptanc : The chair form has eclipsed

Hydrogens at Ca and Eg . This is relieved by
rotation about Cy-Cs bond to give the

twisted chaie form as shown.

wis Cyclooctane : The most favoured conformation
for cyclooctane is boat-chair which is in

equilibrium with the brown form.

Bort-chair sown
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cyclohexane with one Spr Carber :

Introduction of an Spr Cebm atom cause many
changes in a cyclohexame system ;
(i) flattening of the sing in the viscinity of the

Spr Gebon
(ii) Increase in one angle
(iii) Decrease in a torsional angle causing an

increase inthe torsional strain.

over all there is an increase in the energy.
Example: Cyclohexanone
The Combined effect of all the three
factors for cyclohexanone makes it to

exist exclusively as the chair Conformation

Fr -
- O

-> -
116

% ( C-
-

-o- inversion d
Because Cyclohexanons is highes in energy

tan
N

cyclohexane , the activation bassies for the

singinversion is considerably lower in cyclohexanoe
as compared to cyclohexane.
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Cyclohexane with two Spt Carbon atoms : Cyclohexene
-

Kyclohexene by X-ray crystallography and
↑

deck offraction data has been shown

to predominantly exist as half chair as shown
below

Y

I I #- 6 ---s

I &
- I

6-

I Ring
&

2

5

Inversion

-> Cyclohescen sing is Considerably flattened
near the C- c=c - C system.

->The interconversion of the two half Chair

forms occus through the boat Conformation
shown below

E
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Feedingsystems : Decaling & Decalones

Beclo[4,
4
,
07decame (Decisis the fused

2x~
is sing system of two-skY cyclohexanes10

Y 5

->There are two ways to join two Cyclohexane
chairs.

& 1 --

--
~
1 L-
-↑
Trans-decalin cis-dealin

The two sing junctions are
-The two sing junctions

on the opposite Brides of are on the sance side

the molecule of the molecule

->Two sings are joined -> The two sings use

through the equitorial joined at two points
bonds

one arcialIn one equitorials
&

↑ eviton
own Famed up-

-

↓- equatorial-up

Ringinversion y possiblemym declina
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Trans-declin is achival as it has a

O-plane of symmetry passing through the
Common bond
= trans decalinT
E1--1
i -> O-plane ofSymmetry

cis-declin on the other hand is chival
but due to rapid interconversion
Cannot be resolved into the (+) & ()

enantioness .

E cis-declin is chind

but non-resolvable .
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Decalones- Trans desaling without a

Substituent as activel.

his-decating ass chi
,
but cannot be resolved.

-> Introduction of a single
-1 substituent creates 3 chird

--# -X Centers : Two at the

bridgeheads and one at the

C-Centre where the Substituent
is attached.

-> Introduction of a carbond group makes the two

bridgeheads chical I makes it possible to

resolve (+/ & (-) somers in both the is and

trans decalin

i
T T The two

-

- E eventioners of
I-decalone trans-1-decalone

Tirs-l-decolore
,
the
-------------

can be resolved

It 47) eventioners are as they have

resolvable as the Ev
-

a fixedConformationConversion is notas L-
rapid as the normal - and do not undego
cis-declin
I --

sing mversion .
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Conformationand Reactivity
when we look at how the

energy of a
molent changes with rotations around

-

bonds
,

we all concerned with conformations
that correspond to energy minimum

evergy maximum.-This stereochemistry
is called static

In static /Stereochemistry
E

stereschemistry 3 we don't
Consider the interaction of the
molecule with external factors
and hence static .

When we take into account
,
how

theConformation of a moleule affects
its reactivity towards a pesticular

electionprocess, weanomaracra
known as the dynamic stecochemistry.
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Conformation and Reactivity
-

Odd Hassel while studying the acidity of
the 4-etbutz Cyclohexane Carboselia acids

noted that the PKa values were dependent
-an the orientation of -cool group ,

The cis isonce had a larger pra value
as compared to the trans somee

COOH Coo Since the "Bu group locks
I
- /

the conformation with it-

11
- 7 being equatorial,we willW

T a
have-cook group either

accially up or equatorially
down

cool

I I-cooti 21
n -
&

trans isomes
is somer

weaker acd because Stronger and because

-

400 Cannot be -coo can be

g I easily hydried
+
[1 easily hydrated# because of
-

& hence stabilized
& 1

, 3-diarie interaction
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Oxidation of cis/trans 4.Buncyclohexanol
-

Barton studied the Oxidation of 4-+Bu-cyclohexanols
and found that the is isonce is more exactive

towards the oxidation reaction as compared to
the trans somer

OH Of

⑭ I 20
3

-

1 /o -
-

- &

is
+ F
1

20s 9- test. bitylcyclohexanone

% +

+
E

I

↓
-OH

transa
In order to understand how the reactivity is

affected by the Conformations of this molecule, it is
important to look at the mechanism of alcohol
onidation using chromic acid

O
Rate Determining

· all Step

R-CH-o-c-OR-CHR- CH2-OH - &

I
Ho:2

chromate
+ HCOX

JEster
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when we look at the chromete ester intermediate

for cis and trans alcohols
,
Barton proposed

that Ho picks up the equitorial Heasily from
M

chromate ester intermediate of the cis-isomer

as compared to the ani-H of the trans

some ocros Hi
It

I
4

:OHz
() O

-

⑦ &↳-11 ↓ I
-

0GS
L easily picked up L& &becauseit is equetoniel &

and no steric hindrance for picNotelaas
-the incoming H2O molecule. the off
,
molcule faces

the other axie -Is at
234C5.

However after studying many similar examples, the
real reason was found to be Steric Acceleration.

⑧

Il
·

is Chranate ester y the cisbomer
H -40

⑪ ! Cutbeeasilysoluated
becau

-r
I⑰
--How 17 with the aria 34C hydrosens . As a-

L !
G L

-
- & result the este intermediate has

chromate ester of the a lower sapir with the product.
frams isoner can be easily This is an example where presence
stabilized by solvation as of streic hindranc increase the

thes-ocos group is away from rate of a exection- Steeic
avid enyerogens Acceleration.
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O

->
o

Il-

OH II I- G= 0
As & I

al ⑪⑰o--x
o

+

=
- Step - I

I H :

Step-It↓CRDS)

Step-It being the

Rats determining step E
is facilitated by the fact
that the chromate estes is sterically very
stressed because its solation is hindered

by the diaxie hydrogen atoms. In-orde
to scleine this stress

,
the chromate

ester gos to
the before product faster

than it would if it was exentonit
and not asia.
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TCOCH3 / coo -n

-

⑭
·

pocha
a saponification
# -

↓ on Reaction, She
↑

sorce

↑
+
E -

more
reactivetrans

B
8 because

now
icoclz H ofi I formation

-

⑰ j Ihe
- ↑ 11 -COO

-

- ally/ -cocts-> ofIn
stai

1 or -
↓

-

-

+ stered specie& -

En RDS.- is the

, O

& , RDS R-COR-R- +R +RooR-1-OR T bu -Rost .&Gol
·

O

-OcHy H H I
WHO I

-C-OCH3El
&

.

EI of #NoSteriSteis> I

& -=
O
Gl

ySterically streaC-OCHy
HToot O
#T

and hence not
-1 -> L formed so easily⑪V- - &

&
-

Anomeric effect and · Conformations
of sugars : ASSIGNMENT

#gunit-I.

Unit Test on 29/04/24
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