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Chapter 4: Stereoisomers of Alkanes and Cycloalkanes
Stereochemistry
Significance of tetrahedral bonds

HC  cH,MsC cH, HsG
H 8 H
H.
\C““"'-H Hl}C
/ H
H H
methane 1,1-dimethylcyclohexane not OK (might as well scratch a blackboard)

Conformation versus Configuration versus Constitutional Isomers
3 types of structural isomers
1.

3.

Conformational isomers: Same formula: Different structures based on rotation around sigma bonds.
Start with ethane. Here are 3 different representations of the the two unique conformations of ethane.
The last one is called a Newman projection and you need to be able to make these.

Some figures from William Reusch, Virtual Textbook
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Energetic Consequences of ethane. Each eclipsed bond is about _kcal/mole.
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Staggered 0 60 120 180 240 300 360

Confarmation H
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How to construct a Newman projection:

/

\
back bonds front bonds staggered

eclipsed
Practice
Draw 2 Newman projection for staggered and eclipsed conformations of Cl;C-CHjs
Group A C; =CI3C

Group B C; = CH % @L
s

Next consider propane: CH;CH,CH; Show the two conformations of propane.

A Eclipsed

B Staggered 4@

What are the relative energies of the eclipsed bonds?
C-H/C-H eclipsed

C-H/C-H eclipsed

C-H/C-CH; eclipsed

0 60 120 180 240 300 360
Degrees of Rotation 6

Construct the case for 2 different substituents like 1,2-dichloroethane. Label A-E. Which are the
same?

1 1 1 1 1
0 60 120 180 240 300 360
Degrees of Rotation 6
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Now consider butane CH3CH.CH,CH; Show the four conformations of butane:

_ H
A Eclipsed H
iy
CH3 CH3 45 _ A A
B Gauche
H T
H
C Eclipsed
CHs 0 60 120 180 240 300 360
D Anti H@—H Degrees of Rotation 6
CH,

3
E Gauche CHS%H
H

Formulaic breakdown of strain energies:

Given E (kcal/mole): All eclipsed (C-H/C-H) = 1; (C-CH3/C-CH3) = 2.6; (C-H/C-CH3) = 1.4.
A = 4.5 kcal/mole = (C-H/C-H) + (C-CHy/C-CH3) =

C = 3.8 kcal/mole = (C-H/C-H) + (C-H/C-CH3) =

The concept of strain: Molecular interactions are a combination of attraction and repulsion
3 new terms: Steric, Angle, and Torsion.
Diatomics. Consider the simple one dimensional correlation of two objects to form a covalent bond:

A + B Describe the situations for the 3 main regions:
I

P Co

Bringing  A-B Distance the atoms too close together is related to what we call steric strain.
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Triatomics are more complicated. Consider what happens to cyclics!

g c:/'\]%mg so| " C<|> :!1 100.5°| "¢
i = p

A normal tetrahedron A small ring will A large ring will
with a bond angle of constrict this angle expand this angle
109.5° to less than 109.5° to more than 109.5°

http://www.sci.kun.nl/chemistry/ onderwijs/oc1-2001/College H 5.ppt

4-tomics: Torsional strain is based on overlapping areas of electron density on a sigma bond.
Let’s use a modified Newman projection to describe the molecule.
H.O,, hydrogen peroxide. We call the /_HOOH angle the torsion angle. H

OTOODHOD

Torsion Angle

Which structure is the highest energy (most strained)?
Which structure is the lowest energy (least strained)?

A
C C
E
B E
D
I I I I I
0 60 120 180 240 300 360

Reconsider butane and ethane in terms of torsional strain:
A A

4.5

0 60 120 180 240 300 360
Degrees of Rotation 0

0 60 120 180 240 300 360
Degrees of Rotation

Torsional Energy diagram of butane Torsional Energy diagram of ethane
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Cycloalkanes Although the customary line drawings of simple cycloalkanes are geometrical polygons,
the actual shape of these compounds in most cases is very different.

cyclopropane  cyclobutane cyclopentane cyclohexane cycloheptane cyclooctane

©

>

Measuring strain.
(a) One way to measure energy of breaking similar bonds.

Ho, P oo s
M}C—E—C\/ — - f}c- + -C\/ ‘
H H H,C- -CH i
H H H H : . PR O
Ethane o
Bond dissociation energy about 90 kcal/mol 90 keal/mol 65 keal/mol

Energy

CH,

P " ad m I

CH,

Cyclopropane
Bond dissociation energy about 65 kcal/mol

http://www.sci.kun.nl/chemistry/ onderwijs/oc1-2001/College H 5.ppt
What is the strain in cyclopropane compared to ethane?
(b) Another is to see how much energy you can get out of a molecule (like potential energy).

GRS D R
Octane 4\~/

O, A CgHig + 1250, 2,2,3,3-Tetramethylbutane
Fal- T W W . EY \ 2150, CsHig + 12.5 0,
CO, + H,O B R e O e L e
(0]
—e = This gap is the
2 energy difference
(solid octane) LY between these two T
i isomeric compounds: .
Heat of combustion (A HZ) 4.56 kcal/mol Heat of combustion (AHZ)
CgHyg + 1250, —_— 8 CO, + 9 H,0 1307.60 keal/mol 1303.04 kcal/mol
1307.60
—1303.04
4.56

8C0O, + 9H,0

The difference in energy is attributed to the stability of the compound. Now consider rings in
relationship to a linear “unstrained” alkane. http://www.sci.kun.nl/chemistry/ onderwijs/oc1-
2001/College H 5.ppt

AA

AHZ
—— kcal/mol
CH,
158.6

166.3 163.9 158.7 157.4 157.5 158.3

A A 0




Cyclopropane --planar

H

H i
\ C\e“c_; -"'-',,C/
7N B

H
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H -
y o C/
[— g
2 \H
Hy

The six C—H bonds are all
eclipsed in cyclopropane;
there should be about

6 kcal/mol of torsional strain

http://www.sci.kun.nl/chemistry/ onderwijs/oc1-2001/College H 5.ppt

Steric Strain
Torsional Strain
Angle strain

Cyclobutane — 25° out of plane

_| Puckering the ring involves

keeping three carbons coplanar
and moving the red carbon down

.
%

jim.maxka@nau.edu

S ;
eI

In these Newman projections the
red carbon is hidden

http://www.sci.kun.nl/chemistry/ onderwijs/oc1-2001/College H 5.ppt

Steric Strain
Torsional Strain
Angle strain

Cyclopentane -- puckered
Look down the C-C bond to see how cyclopentane avoids C-H eclipsed.

H
H
H |_||-|
8 fel H
H
H

H H

Angle strain
Steric Strain
Torsional Strain

Cyclohexane -- chair

i

H H ® N
St dady
L b N " 2

H |

H HN H  H

Steric Strain
Torsional Strain
Angle strain

http://www.sci.kun.nl/chemistry/ onderwijs/oc1-2001/College H 5.ppt
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Analysis of the conformations of cyclohexane
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Hod
H//E :'\H
WO
H H
Hoo A

Plainar 5L lure
severe sngle swraln (237
severe echipsing strain Lall bonds)
=zl steric strain

Bural Contllurnaliun
zllcht ancle straln
eclipzing strain at two boncs
steric crowding of two Fydrcgens

Twist Doat Conformiation
slighil angle =lrain

srnall eclipsing straln
srmall stenc strain

H
H

Chair tonformaton
e anyle =lrain

nc ecllpsing straln
=rmall steric stran

Figure William Reusch, Vitual Textbook
The chair cyclohexane — no strain all tetrahederal angles.

e Rapid interconversion between 6 axial and 6 equatorial H’s.
 Difference in energy from substitution in equatorial and axial positions.
e . .
_ — =
- 3 o - _ o
| = ] B - i ] -
E _ | . B . _ = ] B | =
E R EE ER F B - HE e &N E s .
El WS e N e & B W F ool Eh W W
A, e R - . A TR e T SR . W e i G B
TR BB et " . W B B . e ol W W TR W TN MW W
-—s s F e e R E e & B o
E9 % B EF WE ] EY % g F ¥ ¢ &
] ] ] ] - 1] B B B
| v [ | | v hd v 3]
w w -
Cyclohexane Chair Conformations Methyl Cyclohexane Methyl Cyclghexrane
Axial Hydrogens Axial Hydrogens Equatorial Conformer Axigl Conformer
Equatorial Hydrogens Eguatorial Hydrogens Severe Hydrogen Crowding
Figure William Reusch, Vitual Textbook
/&®
-
\ H1
axial -
down equatorial
L]
Equatorial substitution is preferred.
Recognizing cis/trans: Below are chair forms of 1,3-dimethylcyclohexane
/®
= »
NH
HsC CH,3
HsC H
:
" -
Practice Drawing Chair-Cyclohexane
1 O 0]
° o) e ® D 2 0 0
u]
u] 3 @ o) 8 G
® ] ©
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Energetics of Cyclohexane Conformations
Steric and Torsional Strain

H e

Preference for Yeq =

Y E (kcal/mol)
Cl 0.5
CHs 1.7
CH3CHy= 1.8
(CH3),CH= 2.1
(CH,)sC= 5.4
Torsional Strain
Axial One of two gauche § A gauche
hydrogen| | methyl-ring interactions methyl-methyl

Axial hydrogen interaction
H
O | \j CH, \ CH,
CH H HSC_; CHS HSC H
HG /
m— C_C-.. =
H = /o \H H H

Methylcyclohexane (methyl group axial) gauche-Butane

Look down
this bond

This ring carbon and the
methyl group are as far
H apart as possible CH,

H,C H
N L B
N HWI \ H H
/ H CH;, CH,
% The two methyl groups

are as far apart as possible

Methylcyclohexane (methyl group equatorial) anti-Butane
http://www.sci.kun.nl/chemistry/ onderwijs/oc1-2001/College H 5.ppt
CH, H
CHH CH,; / Cits H
H / H 60°
H CH,
H H
i
Two views of trans-1,2-dimethylcyclohexane;
Two views of cis-1,2-dimethylcyclohexane; the dihedral angle between tha
the dihedral angle between the methyl groups is 60° methyl groups is also 60°

http://www.sci.kun.nl/chemistry/ onderwijs/oc1-2001/College H 5.ppt
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Conformational Structures of Disubstituted Cyclohexanes

1,1-dimethylcyclohexane

1-t-butyl-1-methylcyclohexane

cis-1,2-dimethylcyclohexane

trans-1,2-dimethylcyclohexane

cis-1,3-dimethylcyclohexane

trans-1,3-dimethylcyclohexane

cis-1,4-dimethylcyclohexane

trans-1,4-dimethylcyclohexane

Ha CHz
' 1
Cfe + o = =y
ZH=
Ha CHa
e CH
ClCHz)z
1 a=Hz CH= cH
3
O: ) ﬁxjcm = o
CH3 2 2
1..00Hz
" 1 ZH=
= :-." if - CHs —-
CHz £ CH3 t!%l
ZH=
ZH=
CH=
- \‘Q:ZCH — 1
CH =
CHa CHa e et .
o, = — =
CHz "CHz CH3\1&:(Z *_ m
CHz CHz
ZH= CZH= ZH=
CHs I 1 CHs
ZH=

(=

T

(2]
i

CH=
CHz
Figure from William Reusch, Virtual Textbook
Make sure you can identify stable conformations of substituted cyclohexanes.
C(CH;,);
H Substituent E(eg/ax)Keq
Methyl 1.7 20
ring flip Isopropyl 26 90
or — C(CHa)s | tortButyl 5.5 12E3
(CH,)5C AG = -RTInK,q
H
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Naturally occurring chair cyclohexanes — steroids
The majority of naturally occurring steroids contains the 6,6,6,5-trans-fused skeleton

HsC /// HsC
OH H OH

—

desogestrel
http://www.desogestrel.com/

The simplest fused cyclohexane system is decalin.

H
H H H H
H H

trans-decalin

Tl

cis-decalin
How many gauche interactions are there in cis and trans decalin?

/CHZ
e
| CH, o By
X
e Ry -
NS
H 2

To make a cis junction we cis-Decalin H H

must connect one axial and The two bridgehead . . ' .
one equatorial position with a hydrogens occupy one It is easy to connect two equatorial trans-Decalin: two fused chair
four-carbon chain Zial and ofie positions with a chain of four cyclohexanes
equatorial position methylenes; the hydrogens at the
fusion positions (bridgeheads)
must be axial

Trans-decalin style fused cyclohexanes are the basis for steroids. Note all the trans-decalins.

HsC,

-

CH;

HO
Cholesterol
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Anabolic Steroids

cu, OH CH,?
CH; CH;
0] 0]
Testosterone Androstenedione
Responsible for many sex-linked (4-androstene-3,17-dione)
behaviors Popular “stimulant” used in baseball —
Mark McGwire
http://hermes.hhp.ufl.edu/keepingfit/ ARTICLE/andro.htm
CH; OH
CH; OH 3
H
0
Nandrolone Stanozolol

http://www.wada-ama.org/en/ Olympic anti-doping site
“Winning? Formula” for the Sydney Olympics Barcelona Olympic boost
Information from D. Pavia, http:/www.chem.wwu.edu/dept/facstaff/pavia/chap4q.ppt

Sugars

Glucose is one of the forms of energy storage in plants and animals and the building blocks of plant
tissue and structure. Glucose is a 6-carbon molecule with corresponding OH groups.

The straight chain form is not particularly stable and tends to cyclize with loss of water to make either
an alpha (left side link) or Beta (right side link) as shown below.

O\/H

HO H HO—H OH
H OH H—OH o H
HO H HO—H O
H——OH H——OH H% o\ H H
H——OH H OH
CH,OH CH,OH H OHg
Straight chain B -cyclized form planar projection B-chair projection

Practice turning the planar projection into the chair.
Can you make sense out of the cis and trans linkages?



Organic Chemistry Interactive Notes jim.maxka@nau.edu
Sugar Practice
Turn these planar projections into chairs.
Can you see why glucose is the most abundant sugar in nature?
O OH

HO o 0. ,OH
OH HO ,'//OH
OH OH
B-D-Glucopyranose B-D-Galactopyranose

OH
HO

s,

HO™ “OH
OH
B-D-Allopyranose

O. LOH
O. LOH HO
HO
HO OH

HO™" OH OH
OH B-D-Idopyranose
B-D-Mannopyranose
O LOH
HO
HO™ ™" YOH
OH

O._ ,OH
X
HO "OH
OH
B-D-Gulopyranose

B-D-Talopyranose

Naturally occurring in our diet order of abundance are glucose > galactose and fructose. Which other
6-carbon sugar would you predict to be important in metabolic cycles?
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Bicyclics
bridgehead HaC CHa
CHjy
0 | =
/ s
\ CHS
bridgehead
Norbornane camphor

alpha-pinene
Bicyclo[2.2.1]heptane

Name these bicyclics:

CHg Q
/

N (@]

\
CHa

—
")

O

Summaries

1. Make sure that you can draw tetrahedral molecules with dashed and wedged lines in the proper

proportion and position.

What are the three types of isomers?

Be able to draw and interpret a Newman projection.

Recognize and draw staggered and eclipsed conformations.

Recognize and draw gauche and anti conformations.

What are the 3 types of ring strain?

How can you measure strain? Write a common reaction that will demonstrate the ring strain of

comparable molecules.

8. Understand why cyclohexane is the most stable hydrocarbon cyclic.

9. Draw a chair form of cyclohexane.

10. Draw substituents on chair cyclohexane in the equatorial and axial positions.

11. Draw substituents on chair cyclohexane cis/trans.

12. Be able to predict torsional strain in chair cyclohexanes based on 1,3-diaxial interactions and
gauche relationships.

13. Be able to count the number of gauche relationships in a substituted cyclohexane.

14. Understand the high and low energy conformations of chair cyclohexanes.

15. Understand the energy differences between equatorial and axial substitution.

16. See how the cyclohexane chair influences the type of bio-molecules that exist in nature.

Noakwd



