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Chapter 4: Organic Compounds:

Cycloalkanes and Their Stereochemistry
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Exam 1
Study tips:

 Finish HW-5 = 48hrs before exam 1

— Review/practice All Lecture worksheets Qs (make ppoint file)

— Review all HW questions and put:
« a) . if got it correct
* b) X if not so sure, (go back >1 hr later ~ review again until - got it)

« 8pm - night before exam
~ Netflix or Amazon prime movie etc. ~ just relax ©

Most important: 1) Pace your self - study every day; 2) do your best NOT to cram ©
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Organic structures ~ STRAIN Energy: Summary

Torsional strain: strain in a molecule caused by .
e- repulsion b/w eclipsed bonds (e.g. H-H)

Steric strain: strain imposed on a molecule when 2 groups
try to occupy same space ® . v

H3C CH3 N
Rotate 60° &
—

H H
NG
4.0 kJ/mol 4.0 kJ/mol

Angle strain: is induced in a molecule when bond angles
are forced to deviate from the ideal 109° (tetrahedral value)

H
/—\\109° (tetrahedral) | 108.70 pm

® \T‘4\ <KH
: H1095°
~H

Cyclopropane


https://en.wikipedia.org/wiki/Methane
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Background

Conformations of Cycloalkanes

» Cyclopropane
— Most strained of all rings b/c angle strain
caused by C-C-C bond angles of 60° “~;f1 \

» Has considerable torsional strain

Cyclopropane

a) Has bent bond
b) C—H bonds are€ eclipsed

HH} Eclipsed

H HH} Eclipsed
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Background

Conformations of Cycloalkanes

Thus ~ a) cyclopropane bonds are
weaker & more reactive vs b) typical alkane bonds

((strained))

=
y _

Typical bent cyclopropane C-C bonds

I c R
| Ve ~
|

Typical alkane C-C bonds

Want to react more to relieve bond strain tension
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https://www.123rf.com/stock-photo/straining.html

Background

Conformations of Cycloalkanes

« Cyclobutane
— Has less than cyclopropane

— More torsional strain b/c of larger number of Hs,
* and their proximity to each other

— Slightly bent out of plane,

« one carbon atom (4) is about 25°above the plane
— Increases but decreases forsional strain

7 (e) Not quite
7 e:::hpse)/ H

H
\\,\Hd
Not quite

eclipsed

(a)

Notes: minimum Energy Balance achieved ©
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Background

Conformations of Cycloalkanes

19

e

\
SN
(Y
(N
\

 Plain cyclopentane: ' -

 to offset this...the molecule puckers (below)

— Non planar conformations strike balance b/w:
* increased angle strain & decreased torsional strain

* 4 carbon atoms are approx in the same plane:
4 Fifth carbon atom (5)

/
H / H .
\y n / is bent out of the plane
Y H (c) H
H H \5
71 H 4 /H C/4
f!H C/ \H
/ H 3
- H
H

Observer H
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Background

RECALL Stability of Cycloalkanes: Ring Strain

« Larger rings have many more possible conformations than smaller rings
— More difficult to analyze (but less )

‘\A109° (tetrahedral)

1

A 1

‘ 1

\\ :

\\ \\ 190 :

\£49% W |

\ v | 90° :
\ \

\ \ \I :

VA S . S \ v | ,

1

Cyclopropane Cyclobutane i Cyclopentane Cyclohexane
120 -28.7
S 100 | -23.9
molecule £ |
2 B0= — 190
N ; i [e)
(((Stra|n E))) > 60 B 143 £
(¢)) 0 ©
3 i g
o= 40 — B B Jd6 =
‘© ! 0 0
bl 20 11— B OE B B l 4.8
0 e p— 0
3 4 616 |7 8 9 1 1N 12 13 14

Ring size

© 2016 Cengage Learning


Presenter
Presentation Notes
Stability of cycloalkanes: Ring strain


https://www.123rf.com/stock-photo/straining.html

Conformations of Cyclohexane L

MOST COMMON ~ occur widely in Nature

— Adopts: “Chair” conformation

— most stable
 Strain-free ©, three-dimensional shape
* Has neither: angle strain or torsional strain

Cyclohexane

(c) H ¢ H
He 2l CHy L4 _H
H
e - CH -
P o
-~ i i
p -

Observer

Chair conformation staggered
(STABLE)
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[:lhen13800 .
ecues - Steps to Draw Chalr conformation of Cyclohexane

Handout 1

Please draw the steps ©

1) Draw two parallel lines, slanted downward and
slightly offset from each other with dots

= 4 of the cyclohexane carbons lie in a plane.

2) Place the topmost carbon atom* above and to
the right of the plane of the other 4, and

connect the bonds.

3) Place the bottommost carbon* atom below and
to the left of the plane of the middle four, and
connect the bonds

Note:

The bonds to the bottommost carbon™* atom are
parallel with the bonds to the topmost carbon.
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NOte 3D Please draw top portion here ||
This bond is in back.

\_/This bond is in front.

Top view side view

CH,
= o pTAA
HyC” >CH; I
Chair form of
menthol (-}-Menthnl


https://www.vaporfi.com/vape-juice/mighty-menthol.html
http://www.medicalnewstoday.com/articles/263850.php
https://en.wikipedia.org/wiki/Menthol

. Background
Alternate Conformation of Cyclohexane

twisting “BOAT” conformation

1) Steric strain

—— —

H -
H \r H
H H
H<H ) ] ]
Torsional strain Twist-boat cyclohexane
H<>H 2) (23 kJ/mol strain)
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https://www.yogajournal.com/practice/two-fit-moms-8-best-poses-for-core
https://www.yogajournal.com/poses/everyday-yoga-athletes-9-post-workout-poses-build-balanced-core-strength
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Background

Cyclohexane - axial & equatorial bonds

Cvclohexane C6H1206

®§ €, H . H cH,0H '
ay = H ! H o '
m H H | HO - -
> B — - = | H . HO , OH
\ © H H | H OH |
- H H i H H |
Cyclohexane Glucose
(chair conformation) i (chair conformation)

RECALL: Chair form most stable form in Nature


Presenter
Presentation Notes
Axial and equatorial bonds in cyclohexane


http://www.independent.co.uk/life-style/health-and-families/health-news/children-eat-half-of-daily-sugar-intake-before-9am-a7506676.html

Cyclohexane - Axial & Equatorial bonds L

« Chair conformation positions for substituents on the ring:
— Axial positions (Up/down) Axial
— Equatorial positions ~ equator H H.

equatorial He

Ring axis

Ring equator

You draw please ©
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Cyclohexane - Axial & Equatorial bonds

Each carbon atom in cyclohexane has:
one axial and one equatorial hydrogen

Observer

Each “face” of the ring has 3
axial and three equatorial Hs
In an alternating arrangement

Equatorial

Axial

Background
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@hem 3800
Leeres — Procedure for Drawing Axial and Equatorial bonds in

Handout 2
Chair Cyclohexane

Please annotate your handout
Practice drawing...

Axial bonds: The six axial bonds, one
on each carbon, are parallel and
alternate up—down.

Equatorial bonds: The six equatorial
bonds, one on each carbon, come in three
sets of two parallel lines. Each set is also
parallel to two ring bonds. Equatorial
bonds alternate between sides around the

ring. B [T~ —T —~— T

Completed cyclohexane
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Conformational Mobility of Cyclohexane

“Ring-flip” ~ Interconversion of chair conformations,
resulting in the exchange of axial and equatorial positions

Ring-flip

“Ring-flip”
Move this
| carbon down

c

Move this
carbon up

Ring-flip
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Ring-flip

-—

Br

.

Axial bromocyclohexane Equatorial bromocyclohexane



Chem 3800
Lecture 8

Handout 3 RECALL

“Chair” trans
trans (CH, to Br)

(CH5 to Br)
HSCk H Top
\ face
5 42 ——He down
—= Br
: ! bottom
! d
H down Haown foun Ha face
I down
trans-1-Bromo-3-methylcyclohexane | ,
' equatorial
(trans)
aka: the “planar” structure H, = equatorial H

H, = axial H



@hem 3800 -
oo Challenge Question

Draw the two different chair conformations for

CH;
trans-1-chloro-2-methylcyclohexane?

Cl
S

Hint: draw the planar structure of the compound above,
then the 2 chair conformations below

ring
—
S
flip
axial
CqUAIR \al
9 (trans)

trans-1-Chloro — 2- methlycyclohexane
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Background

RECALL: conformations

NEWMAN
PROJECTION
Ball & Stick '
PROJECTION
6. 0 kd/mol
CH35 H CH3
H H Rotate 60° Butane—eclipsed
conformation
H H 6.0 kJ/mol CH3 4.0 kJ/mol (16 kJ/mol)
CH3
Butane—anti .
conformation 2) eCIlpsed \ CH
(0 kJ/mol) 3
H3C H
1) ANTI ] ]
H

Gauche butane

3) GaUChe (3.8 kdJ/mol strain



Conformations of Monosubstituted Cyclohexanes L]

H——Y

I

NOTE: Cyclohexane ring rapidly flips b/w chair
conformations at room temperature m—t—>

The Two conformations of monosubstituted cyclohexane
are NOT equally stable:

I A I a i

Axial bromocyclohexane Equatorial bromocyclohexane
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Interconversion: axial & equatorial Methylcyclohexane

Axial conformer is less stable than the Equatorial by 7.6 kd/mol

—

_ Axial
S
Why? b/c intt%rrlgerence L -

Now
Equatorial

|_V.; L] - . . 2
s~z 7' Ring-fli 3
5 P > Hms,ws

space filling model Figure 4.13
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Background

aka: 1,3-Diaxial Interactions ,

Cause: Steric strain | H 1

H atoms of the axial methyl (CH,) group are
too close to the axial H atoms on C3 and C5

Results in: 7.6 kdJ/mol of steric strain
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Background

RECALL: Gauche butane interactions

a) Gauche butane is less stable than b) anti butane by 3.8 kJ/mol due to

steric interference b/w H atoms on the two methyl (CH;) groups

‘:‘t‘ CH3
H H H H
. H H
a) Gauche butane CH3
(3.8 kJ/mol strain)

Butane —anti

b) conformation
(0 kJ/mol)




Background

NOTE:
a) Axial methylcyclohexane and b) Gauche butane have similar
steric interactions steric interactions

. “‘CH3
H H3C H
H H H
H
Axial Gauche butane
a) methylcyclohexane b) (3.8 kJ/mol strain

(7.6 kdJ/mol strain)

However...

Equatorial methylcyclohexane has no such interaction ©
~ More stable




@hem 3800

Lecture 8

vz GONFiIrming Your Knowledge

If given the following data set (Table 4.1), what is the energy
difference (kJ/mol) b/w the axial and equatorial
conformations of Ethylcyclohexane?

4.0 kd/mol/each Hint: draw them both (ring flip) and compare Table 4.1
\, —— - - 1,3-Diaxial strain
// \

v TS Y (kJ/mol)

N
H CH,CH,

/
F 0.5
3)_H, 1 Ringflip 3 A . o
H S CH,CH, ©H 2.1
4 > 6 5 1 CHg 3.8
CH,CH34 4.0
. i CH(CH3), 4.6
axial equatorial CICHa)a 1.4
2 x 4.0 kJ/mol = 8.0 kJ =0kJ e o
CO,H 2.9

CN 0.4
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.

“Conformations” of Disubstituted Cylcohexanes

Background

Steric effects of both substituents (CH3) are taken into account

in both conformations (cis or trans)

e.g. isomers of 1,2-dimethylcyclohexane:

H L (_j|—|3 down
H H
4
5 H 3
1,2-dimethylcyclohexane 1,2-dimethylcyclohexane
CH; same side “face” both in UP position CH,; opposite sides “faces”
cis CH3 = up, CH3 = down position

trans
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Background

Conformations of: €IiS-1,2-dimethylcyclohexane

cis-1,2-Dimethylcyclohexane

One gauche
interaction (3.8 kdJ/mol)
Two CH3 <> H diaxial
interactions (7.6 kJ/mol)

Total strain: 3.8 + 7.6 =11.4 kJ/mol

v

One gauche
interaction (3.8 kJ/mol)
Two CH3 <> H diaxial
interactions (7.6 kJ/mol)

Total strain: 3.8 ¥ 76 = 11.4 kJ/mol

NOTE: Same total strain ~ 11.4 kdJ/mol
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Background

Conformations of: trans-1,2-dimethylcyclohexane

trans-1,2-Dimethylcyclohexane

One gauche
interaction (3.8 kJ/mol)

methyls (CH,) equatorial...
More Stable FORM

Four CH3 <> H diaxial

interactions (15.2 kJ/mol)
[ |

methyls (CH,) axial...
less stable FORM

NOTE: different total strain: 3.8 kJ/mol vs 15.2 kdJ/mol
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@hem 3800 CH,CH,
Lecture 8

n CHj3
Worksheet 3 Take Home Challenge (THC) Question
a) Draw & circle the more stable chair conformation of: Hint:
Draw the planar structure
Cis-1-Ethyl-2-methylcyclohexane Then draw both chair forms.
b) estimate (using Table 4.1) the amount of strain in each? Table 4.1
H Y
H === CH,CHj M
H A"”r I‘ing 1,3-Diaxial strain
——
; Y ‘/mol)
CHs fhip
A F 0.5
cis-1-Ethyl-2-methylcyclohexane ST Ll
OH 2.1
CHj 3.8
1 X CH, © CH,CH, gauche = 3.8 kd/mol 1 X CH; ¢ CH,CH; gauche = 3.8 kJ/mol | CH,CH; 4.0
2 X 4.0 kJ/mol (H-CH,CH,) = 8.0 kJ/mol 2 X 3.8 kd/mol (H-CH;) = 7.6 kJ/mol =, . | e
TOTAL: =11.8 TOTAL: =11.4 T
C(CH3)3 1.4
CgHs 6.3
CO,H 2.9

NOTE: gauche interaction strain ~ 3.8 kd/mol CN 0.4
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HW- 4: Due 9-25
1,2, 4-7,9, 11, 12-15, 18, 30, 35-39, 42, 45
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®
Figure 4.17 — Representations of cis- and trans-decalin

consists of 2 cyclohexane rings joined

g

cis-Decalin
g H

trans-Decalin

NOTES: NOT interconvertible by ring-flips or other rotations
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Cacospongia mycofijiensis Vol. 11, No. 9
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Small Molecule Discovery Cenier, University of California,

San Francisco, California 94158

15 O © 129R
211
— ([ —
14
13
aignopsanoicacid A () R=H i T. brucea - Trypanosomiasis
methyl aignopsanoate A (2) R = CHj, (African Sleeping sickness)
H
H
H H
! ? H o

| |
trans-Decalin

cis-Decalin


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3762577/
http://allaboutsleepingsickness.blogspot.com/
http://nethealthbook.com/infectious-disease/parasites/trypanosomiasis-african-american/
https://web.stanford.edu/group/parasites/ParaSites2001/trypanosomiasis/trypano.htm

The Aignopsanes, a New Class of ORGANIC
Sesquiterpenes from Selected LETTERS
Chemotypes of the Sponge 2009

. rrs : Vol. 11, No. 9
Cacospongia mycofijiensis 1975-1978

Tyler A. Johnson,' Taro Amagata,! Koneni V. Sashidhara,’ Allen G. Oliver,
Karen Tenney,’ Teatulohi Matainaho,* Kenny Kean-Hooi Ang,’ James
H. McKerrow," and Phillip Crews’*

Department of Chemistry and Biochemistry & Institute for Marine Sciences, University

of California, Santa Cruz, California 95064, University of Papua New Guinea, Usina NMR (M RI)
National Captical District, Papua New Guinea, Sandler Center for Basic Research in g
Parasitic Disease, University of California, San Francisco, California 94143, and Confirms @:

Small Molecule Discovery Center, University of California,
San Francisco, California 94158

aignopsanoic acid A (1) R=H i
methyl aignopsanoate A (2) R = CH;

H
H
_ —> NOESY
= H | --= 1D NOE

- trans-Decalin u

cis-Decalin
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3762577/
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The Aignopsanes, a New Class of ORGANIC
Sesquiterpenes from Selected LETTERS
Chemotypes of the Sponge 2009

. rrs : Vol. 11, No. 9
Cacospongia mycofijiensis 1975-1978

Tyler A. Johnson,' Taro Amagata,! Koneni V. Sashidhara,’ Allen G. Oliver,
Karen Tenney,’ Teatulohi Matainaho,* Kenny Kean-Hooi Ang,’ James
H. McKerrow," and Phillip Crews’*

Department of Chemistry and Biochemistry & Institute for Marine Sciences, University
of California, Santa Cruz, California 95064, University of Papua New Guinea,
National Captical District, Papua New Guinea, Sandler Center for Basic Research in
Parasitic Disease, University of California, San Francisco, California 94143, and
Small Molecule Discovery Center, University of California,
San Francisco, California 94158

Using NMR (MRI)
Confirms ©:

aignopsanoic acid A (1) R=H i
methyl aignopsanoate A (2) R = CH;

H

H The Aignopsanes:
a hopeful therapeutic lead
that can one day serve as a cure

—= NOESY
--= 1D NOE

cis-Decalin
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3762577/
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https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=3762577_nihms108651f3.jpg
https://www.pinterest.co.uk/explore/blood-cells/
http://pharma.bayer.com/en/commitment-responsibility/neglected-diseases/african-sleeping-sickness/
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