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Definitions and examples A

Configuration Qv Ring Strain

Comparison with confirmation SQ Stress in cyclic systems
0 Flipping

Interchanging of the structure

DODPD)
DODDY)
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These are all the same compound - all the atoms are attached in the same way. However, they are in
different conformations, which arise from rotating various bonds.
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Conformation Vs Configuration

Free rotation about C-C single
bond produces conformation

Energy difference between
0.8 kCal/mol to 6 kCal/mol

Conformer/rotamer cannot
be seperated

Conformation is only rotatigh
without breaking bond
Eg. Ethane, n-

butane,cyclopentane,
cyclohexane

/

Configuration is due to C=C Or C=C,

arrdngment or asymetric C-atom
Energy difference is 100K

Cal/mol or more

Isomer can be separated by energy

In configuration old bonds break and

new bonds formed.

Eg. Maleic Acid,

Fumeric acid, 1,2-dichloroethene
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J Rotation or bond breaking???

% And now for a different configuration altogether...

Conformation and cc

Some conformations are more
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the two extreme conformations of ethane, staggered and eclipsed, each shown from
three different viewpoints H H

=

SgH
) W
( - H§ :H
staggered:

‘ staggered
! conformation of
: thane
side view end- i i “} :H
I/IH

v HYS

H H

the eciipsed
conformation of
ethane

eclipsed:

staggered H eclipsed

fuitfiar € atoiri far C-H bonds stop at edge of circle

H

nearer C atom H
/ H

near C-H bonds meet at cenire

H I"-I l_l-l
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Newman projections
are subject to a few
Y~ conventions

bonds
« The carbon further away (which can't in fact b

represented by a large

circle. This makes the perspective indicc —but this doesn’t matter

« Bonds aftached to this further carbog join the edge of the circle and do not
meet in the centre

« Eclipsed bonds are drawn slightly displaced for clarity—as though the

AN
bond were rotated by a tiny
fraction R \ -
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« The carbon atom nearer the viewer is at the ju@he front three
e

n in the end-on view) is
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Are rings
< planner?

X

Lets assume a fully saturated corbocyg
e“09.5°.

Each carbon is sp3 hybridized

Then each bond angle would idew
oms don't have the luxury

However, in a planar ring, thegar

of choosing their bond anglesiinternal angle depends only on the
number of atoms in the ring.

If this angle differs from the ideal 109.5°, there will be some sort of

SOON 0D AN
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all internal angles 109.5°



The Trend 4

The ring strain is largest for three-

? . mber  Internal 109.5°—
membered rings but rapidly decreases < .

h h g f bered ri q h of\gtoms angle in internal

through a .ogr-mer? er? ring and reaches Mg planat ring angle?

a minimum for a five-membered ring 60° 49.5°

A planar five-membered ring is predicted to Q 4 90° 19.5°
have the minimum level of ring strain

5 108° 1.5°

The ring strain keeps on increasin 6 120° -10.5°
(although less rapidly) as the rings w

after the mi 5 7 128.5° -19°
8 136° =25.5°

8 A measure of strain per carbon atom.

D -

Dr. Ghanshyam L Jadav



The Trend

Heats of combustion for some straight-chain alkanes

Straight-chain alkane
ethane
propane
butane
pentane
hexane
heptane
octane
nonane
decane
undecane

dodecane

CH3(CHa),CHa: n =

0

© 0 ~N O O b W N

[N
o

—-AHcombustion: kJ m°|_1

1560
2220
2877
3536

4194 V

i &
6171
6829
7487
8148

661

P
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angle strain per carbon in planar ring / degrees

Highest Combust

L

angle strain per carbon
in planar ring / degrees

heat of combustion per
CH, group / kJ mol-1

B
<

698

T 693

T 688

T 683

T 678

T 673

T 668

T 663

4 5 6 7 8 9 10

ring size

Stable

11

Constant

enthalpy of combustion per CH, group / kJ molt

658
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Types of Strain 4

Repulsion due to
electrons i
Steric Strain I \. "" Q R Angle Strain

................... rsional Strain .

Ny
Unstablization due to 0 Distortion of a bond angle

electron Cloud repulsion

b -



Smaller Ring systems

109.5° 997

Ideal bond angle Not all follow the ideal angle
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view along C-C
L > H20
W .
a side-on view of 0 viewing cyclopropane (almost) along a C—C bond
cyclopropane shows that all the C—H bonds are eclipsed
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http://research.cm.utexas.edu/nbauld/teach/cycloprop.htmi

BENT BONDING IN CYCLOPROPANE

bent bonding

NOTE THAT SIG ING INVOLVES "END-ON OVERLAP"

AND PI BONDING LVES "SIDELONG™ OVERLAP. SIGMA BONDING

IS STRONGER THAN Pl BONDING. BENT BONDING IS INTERMEDIATE
BETWEEN SIGMA AND PI BONDING, THE OVERLAP BEING NEITHER

END-ON NOR SIDELONG. THIS MAKES THE OVERLAP LESS EFFICIENT THAN
SIGMA OVERLAP, AND THE CYCLOPROPANE C-C BONDS WEAKER THAN
NORMAL C-C SIGMA BONDS. THIS IS DESCRIBED AS ANGLE STRAIN.




Cyclobutane adoi)ts a puckered or ‘wing-shape-d’ conformation.

view along C-C

side-on view of planar cyclobutane
shows eclipsing C-H bonds

view along C-C

————>

the puckered 'wing' conformation of cyclobutane C-H bonds no longer fully eclipsed
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"open envelope”
conformation of
cyclopentane
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Baeyer Strain \&

Adolf von Baeyer

(1835 - 1917)

Baeyer’s strain theory to explain the relative stability of
cycloalkanes.

In 1885, Adolf von Baeyer a German chemist proposed \
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% [normal angle — reduced angle]

%[109"28’ - (22 900”

n= number of C-atom in a cycle.
Eg. Cyclopentane

109°28" —

) i LB

109°28" —

109°28" —

() o]
()]
BES]

1 N

IR, NI~ N N

109°28" — 108°]

|

[1°28']m(1° = 60")
[60" + 28]

|88

']

0°44']

Baeyer Strain in
cyclopentane
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Advantages Ann
AR
*  Cyclopropane, cyclobutane have AN
higher angle strain. Hence, they
are more reactive.
* Angle strain in cyclopentane is L. .
minimum. Hence, it is most stable. Limttations
> e peliiee silailifies o *  According fo the theory, cyclohexane
cycloalkanes up fo cyclopentane is less stable than cyclopentane.
can be explained satisfactoridy.
However, cyclohexane and other
0 higher cycloalkanes are found to be
more stable than cyclopentane.

*  The theory gives planar model of
cycloalkanes.
*  Carbon-carbon double bond is easily
formed. But according to Baeyer's
strain theory it is difficult to form.

/N
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Six- ered rings G

How is the arrangement of the ring carbon atoms
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If you were to join six tetrahedral carbon atoms toget u would probably find that you ended

up with a shape like this. Q

the carbon skeleton for cyciohexane cyclohexane as a "chair”

Dr. Ghanshyam L Jadav



view along C-C H CHz H
—— H H3 H
H H
A side-on view of the chair conformation of Vof cyclohexane looking along two of the A Newman projection of the
cyclohexane C—C bonds. same view
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__ flagstaff - A

./~ positions

bowsprit | b Q E

position

O}

a side-on view of the boat conformation of a view of the boat conformation looking Newman projection of the
cyclohexane along two of the C-C bonds same view
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pushing these two carbon atoms in the ...gives a slightly different conformation in which an end-on view of the twistboat
direction shown.... the eclipsing interactions have been reduced: the conformation shows how the eclipsing
"twist-boat:" conformation interactions have been reduced
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N Guidelines For

| Q drawing

Q?‘ cyclohexane
- | s st

&
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The carbon skeleton
Trying to draw the chair conformation of cyclohexane in

one continuous line can lead to some dreadful diagrams.
The easiest way to draw a chair conformation is by starting

off with one end. m

Next draw in two parallel lines of equal length.

—

At this stage, the top of the new line should be level with

the top of the original pair. v
Finally, the last two lines should be added. These lines h these lines should be parallel

should be parallel to first parallel lines V
and the lowest points should also be level. :: &

these lines should be parallel
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Adding the hydrogen atoms

This is often the trickiest part. Just remember that you are
trying to make each of the carbon atoms look tetrahedral.
(Note that we don’t normally use wedged and hashed
bonds; otherwise things get really messy.)

The axial bonds are relatively easy to draw in. They should
all be vertically aligned and alternate up and down all
round the ring.

The equatorial bonds require a little more care to draw.

The thing to remember is that each equatorial bond must

be parallel to two C-C bonds. notice the "W’ shape here. . .

H H
H/m’/ H @ — H H
> put in all 6 equatorial H 2
¢ H C-H bonds H
¢ ,' in each diagram, ail.the red bonds &Hei - - - and the "M’ shape here
0, H H
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Common mistakes
If you follow all the guidelines above, you will soon be
drawing good conformational diagrams. However, a few

how not to draw cyclohexanes...

the chair has been drawn with the middle the axial hydrogens have been drawn

bonds horizantal, so the upper points of the  altemnating up and down on the wrong carbons.
chair are not level. This means the axial This structure is impossible because none of

hydrogens can no longer be drawn vertical the carbons can be tetrahedral

the red hydrogens have been drawn at
the wrong angles — look for the parallel
lines and the 'W' and 'M’




The ring inversion “

(Flipping) of cgclohegne
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half-chair

half-chair
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half-chair

In the half-chair conformation of cyclohexane,
four adjacent carbon atoms are in one plane
with the fifth above this plane and the sixth
below it. You will this conformation again
ter—it represents the energy minimum for
clohexene, for example.

5 5
"

2 2 <

4 L 1
4 5

8
the easiest way of drawing an alternative perspective
a ha!f'chair. Cal‘bons 14 Of a half-Cha!r CODfOl’mauon

are all in the same plane

There are also a number of ways of drawing a
twist-boat conformer.

3
3 6 8
w
1
X 2
5 2 2
. . . although it's easier to

the easiest way to draw a see why it's called a twist
twist-boat conformation. . . boat from this viewpoint
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energy / kJ mol?

43

N
o

N
=

conformational changes during the inversion of cyclohexane

oA A

half chair half chair

twist boat twist boat

chair A

chair B -

reaction coordinate
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\/5?‘ Substituted
© Cyclo-hexanes
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Mono Substituted Cyclo-hexanes
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Disubstituted
Cyclohe S e

QO

i. Substituents prefer e rial rather than axial positions in order to minimize the
stericstrain created of 1,3-diaxial interactions.
ii. The more st rmation will place the larger substituent in the equatorial
@ position.
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1,1-Disubstituted
Cyclohexanes

d

”/CH,
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A

Lf the two groups are different,
1-tert-butyl-1-methylcyclohexane

C(CHa)g
C(CH3)3

CHs

l,///
/CH,

CH3 CH3

H-C /
H 3 ///u,,C
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Cis and trans stereoisomers of 1,2-
dimethylcyclohexane

CH,

/ CH

1o e 3
/

CHj
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Cis-1,2-dimethylcyclohexane

CHj;

CHj

B - mw?’
CHs
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Trans-1,2-
dimethylcyclohexane

1

/CH3

N
N~

"/CHs
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CHs

CHs;
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CHj
0,0
)0
4

CH;

Cis and trans
sbereoisomers of 1,3-
dimethylcyclohexane

Dr. Ghanshyam L Jadav



Cis 1,3-dimethylcyclohexane CHg

CH3 CHs

- CH
oA H3Cm/ ]

CHsj
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CH, /

Trans 1,3-dimethylcyclohexane

Ol
T
w

CH,

CHs;
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Summary Pb%@{substltuted
CgcQ/ xane Chair G

A

Conpormations

Dr. Ghanshyam L Jadav



AA/EE
Both axial substitution creates A
strong 1,3 - di axial

Both Equatorial substitution \Q Q One substituent on axial

creating No 1,3 - diaxial
interaction

DODPD)
DODDY)
DODDD)

interaction

One substituent on equatorial

0 Equal 1,3- di axial interaction in

both conformers if same type
substituent
If different substituent — Larger
sub will favor equatorial
position

/N
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Relationship

Substitution Chair conformation
type A relationship
Cis-1,2-disubstituted cyclohexanes ; AE/EA
Trans-1,2-disubstituted cyclohexanes AA/EE

Trans-1,3-disubstituted cyclohexanes AE/EA

Cis-1,4-disubstituted cyclohexanes Q AE/EA

Trans-1,4-disubstituted cyclohexanes AA/EE

Cis-1,3-disubstituted cyclohexanes : E AA/EE
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