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Different compounds- different

Trans isomer Melting point/K  Density/gcm™ Cis isomer Melting point/K  Density/gcm™3
HsC CH
H3C\ /H 3 N / 3 _
c=¢C 168 0.604 C=C 134 0.621
/ \ / N
H CHj H H
Br H Br Br
AN / | *
\c=c/ 267 2.23 c=C 220 2.25
AN / N\
H Br H H
HOOC H HOOC COOH
C= C/ \C = C/
N 573 1.64 AN 412 1.59
H COOH H H

Table G Physical properties of some geometric
isomers.
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CONFORMATIONAL ISOMERS
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Propane
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Butane (CH,—CH,—CH,—CH.)
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Cis-Trans Isomerism In

Cycloalkanes

» Cycloalkanes are less flexible than open-
chain alkanes

* Much less conformational freedom In

cycloalkanes
(a) H - = H (b) H N
/(l:\ ; ) /é\ H . C/ 2 - -
S 0RO m, oMy N, AN &t
HY. A ;,T“’ ‘f / ~¢ W J 99
Nl | Vo BT H \ -
e & - H -

® 2007 Thomson Higher Education



« Because of their cyclic structure, cycloalkanes have 2 faces as
viewed edge-on
‘top” face  “bottom” face

- Therefore, isomerism is possible in substituted cycloalkanes
- There are two different 1,2-dimethyl-cyclopropane isomers

cis-1,2-Dimethylcyclopropane trans-1,2-Dimethylcyclopropane
® 2007 Thomson Higher Education



Stereoisomerism

« Compounds which have their atoms

connected in the same order but differ in
3-D orientation

Constitutional isomers CHj

(different connections I

between atoms) CH3_CH—CH3 and CH3—CH2_CH2—CH3
Stereoisomers H3C CHj H3C H

(same connections > < and > <

but different three-

dimensional geometry) H H H CHj

® 2007 Thomson Higher Education



Stablility of Cycloalkanes: Ring
Strain

* Rings larger than 3 atoms are not flat

« Cyclic molecules can assume nonplanar
conformations to minimize angle strain and

torsional strain by ring-puckering

« Larger rings have many more possible
conformations than smaller rings and are more

difficult to analyze

109° (tetrahedral)

; 3 i ' ) g = \\ “w
XN s \ L TS 7\ :
\ e \ / P / \ “
b Y 1 9‘“‘ - FEAY \\\ \
\«49% e
\ ! L} o ‘ ¥ ¢ 0N ket

Cyclopropane Cyclobutane Cyclopentane Cyclohexane
@ 2007 Thomson Hiagher Education



Stabllity of Cycloalkanes: The
Baeyer Strain Theory

« Baeyer (1885): since carbon prefers to have bond angles
of approximately 109, ring sizes other than five and six

may be too strained to exist

* Rings from 3 to 30 C's do exist but are strained due to
bond bending distortions and steric interactions

120 - ~28.7
= 10041 23.9
S
S 80 — 191 _
; (@]
> 604 123 £
5 3
S 4040 <
= 40 9.6
< A
;;,20—*T l4.8
0 . 0
3 "9 10 11 12 13 14

Rlng size
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Summary: Types of Strain

 Angle strain - expansion or compression of
bond angles away from most stable

« Torsional strain - eclipsing of bonds on
neighboring atoms

« Steric strain - repulsive interactions between
nonbonded atoms in close proximity



Conformations of Cycloalkanes
Cyclopropane

« 3-membered ring must have planar structure

« Symmetrical with C—C—C bond angles of 60-

« Requires that sp® based bonds are bent (and

weakened)
* All C-H bonds are eclipsed
(a) ’ /\ (b) H\C HH } Eclipsed

/ _

H HH } Eclipsed




Bent Bonds of Cyclopropane

* In cyclopropane, the C-C bond is
displaced outward from internuclear axis

Typical alkane C-C bonds Typical bent cyclopropane C-C bonds
n Higher Education



Cyclobutane

« Cyclobutane has less angle strain than cyclopropane
but more torsional strain because of its larger number
of ring hydrogens

* Cyclobutane is slightly bent out of plane - one carbon
atom Is about 25- above

— The bend increases angle strain but decreases torsional
strain

(a) - (b) (e) Not quite

eclipsed ~

H H

Not quite ~~
eclipsed

@ 2007 Thomson Hiagher Education



Cyclopentane

* Planar cyclopentane would have no angle strain but
very high torsional strain

« Actual conformations of cyclopentane are nonplanar,
reducing torsional strain

* Four carbon atoms are in a plane

— The fifth carbon atom is above or below the plane — looks
like an envelope

(b) (c) H

/
// H H H
Observer
007 Thomson Higher Education



Conformations of Cyclohexane

« Substituted cyclohexanes occur widely in nature

* The cyclohexane ring Is free of angle strain and
torsional strain

* The conformation is has alternating atoms in a
common plane and tetrahedral angles between
all carbons

e This is called a chair conformation

(a) S (b) H H

(c) H & H
* He 2 CH, 4 _H
. H
2 ) “\\ﬁ H 3CH2 H
~‘“\J§ H H

i N T =
H H

Observer

® 2007 Thomson Higher Education



Step 1

Step 2

Step 3

How to Draw Cyclohexane

Draw two parallel lines, slanted downward and slightly off-
set from each other. This means that four of the cyclohexane
carbons lie in a plane.

Place the topmost carbon atom above and to the right of the
plane of the other four, and connect the bonds.

i

Place the bottommost carbon atom below and to the left of
the plane of the middle four, and connect the bonds. Note Il
that the bonds to the bottommost carbon atom are parallel
to the bonds to the topmost carbon.

R



Axial and Equatorial Bonds In

Cyclohexane

* The chair conformation has two kinds of positions for
substituents on the ring: axial positions and
equatorial positions

 Chair cyclohexane has six axial hydrogens

perpendicular to the ring (parallel to the ring axis) and
six equatorial hydrogens near the plane of the ring

Ring axis




Axial and Equatorial Positions

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

« Each face of the ring has three axial and
three equatorlal hydrogens In an

Axial




Drawing the Axial and Equatorial
Hydrogens

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.

Completed cyclohexane

® 2007 Thomson Higher Education



Conformational Mobillity of Cyclohexane
« Chair conformations readily interconvert,

resulting in the exchange of axial and
equatorial positions by a ring-flip

Q z
Ring-flip ‘/l 5 W
. '

Move this
carbon down
Ring-flip
P E—
| I
Move this
carbon up

® 2007 Thomson Higher Education




Conformations of Monosubstituted
Cyclohexanes

« Cyclohexane ring rapidly flips between chair
conformations at room temp.

« Two conformations of monosubstituted
cyclohexane aren’t equally stable.

« The equatorial conformer of methyl cyclohexane
IS more stable than the axial by 7.6 kJ/mol



1,3-Diaxial Interactions

« Difference between axial and equatorial conformers is due to
steric strain caused by 1,3-diaxial interactions

 Hydrogen atoms of the axial methyl group on C1 are too close
to the axial hydrogens three carbons away on C3 and C5,

resulting in 7.6 kJ/mol of steric strain

Steric

interference
BT
®
/
[




Relationship to Gauche Butane
Interactions

« Gauche butane is less stable than anti butane by 3.8
kJ/mol because of steric interference between
hydrogen atoms on the two methyl groups

« The four-carbon fragment of axial methylcyclohexane
and gauche butane have the same steric interaction

 |n general, equatorial positions give more stable

Gauche butane Axial
(3.8 kJ/mol strain) methylcyclohexane
(7.6 kJ/mol strain)

© 2007 Thomson Higher Education



Conformational Analysis of Disubstituted

Cyclohexanes

In disubstituted cyclohexanes the steric effects of both
substituents must be taken into account in both
conformations

There are two isomers of 1,2-dimethylcyclohexane. cis
and trans

In the cis isomer, both methyl groups are on the same
face of the ring, and compound can exist in two chair
conformations

Consider the sum of all interactions
In cis-1,2, both conformations are equal in energy



cis-1,2-Dimethylcyclohexane

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

Total strain: 3.8 + 7.6 = 11.4 kJ/mol

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

Total strain: 3.8 + 7.6 = 11.4 kJ/mol

© 2007 Thomson Higher Education




Trans-1,2-Dimethylcyclohexane

Methyl groups are on opposite faces of the ring

One trans conformation has both methyl groups equatorial
and only a gauche butane interaction between methyls (3.8
kJ/mol) and no 1,3-diaxial interactions

The ring-flipped conformation has both methyl groups axial
with four 1,3-diaxial interactions

Steric strain of 4 x 3.8 kd/mol = 15.2 kJ/mol makes the diaxial
conformation 11.4 kJ/mol less favorable than the diequatorial
conformation

trans-1,2-dimethylcyclohexane will exist almost exclusively
(>99%) In the diequatorial conformation



trans-1,2-Dimethylcyclohexane

One gauche
interaction (3.8 kJ/mol)

Four CH3z <> H diaxial
interactions (15.2 kJ/mol)

@ 2007 Thomson Higher Education



Stereochemistry
 Enantiomers are chiral:

— different from its mirror image

« Many natural and man-made objects are
chiral:
— hands
— SCISSors

screws (left-handed vs. right-handed threads)

Right hand threads
slope up to the right.




« Some molecules are chiral:

Asymmetric
(chiral) carbon



 The most common feature that leads to
chirality in organic compounds is the
presence of an asymmetric (or chiral)
carbon atom.

— A carbon atom that i1s bonded to four different
groups

* In general:
— no asymmetric C =% usually achiral
— 1 asymmetric C =p chiral
— > 2 asymmetric C = may or may not be
chiral



Enantiomer
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Mirror Image
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Chiral Molecule : no plane of symmetry

B
: | NOT
Symmetry symmetry
plane plane
(l‘“:: CH,
H~;—H H \é —=0OH
| |

COOH COOH

OH

|
CH3;CH,COOH  CH,CHCOOH

Propanoic acid Lactic acid
(achiral) (chiral)




Chirality Center

Br
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CHgCHchQCH_zCHZcICIIJC[{JC I“l:(j }"I;J;

H

5-Bromodecane (chiral)

Methylcyclohexane
(achiral)

Substituents on carbon 5
—H
Br

— CH,CH,CH,CH, (butyl)
— CHzCHzCHzCHzCH(g (\pent_\

0
| CH.
; ../( 1 5/ 3
H,C~ cIJ\
|
H,C_ CH,
cu 3

2-Methylcyclohexanone
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Stereochemistry

* Enantiomers are different compounds:

— Same refractive index

— Rotate plane polarized light in opposite
directions (polarimetry)

— Different interaction with other chiral
molecules

— Same boiling point, melting point, density
* Enzymes
 Taste buds, scent
« Each enantiomer must have a unique
Nname.



Optical Activity

T
Polarimeter
Unpolarized Polarized
light light
——
| || |
1
Light source
Polarizer Sample tube containing Analyzer Observer

organic molecules

Optically active molecule

Levorotatory : iyjuszuiaslna I3 B lUnethe (mwdaman)

Dextrorotary : wiusziuuaslwan st lnewan (@adyundini)




Specific Rotation

olp =

Observed rotation (degrees) = a

Pathlength, | (dm) x Concentration, C (g/mL) [IxC

Compound

Penicillin V
Sucrose
Camphor
Monosodium
glutamate

[a]p (degrees)

+233
+66.47
+44.26
+25.5

Compound [e], (degrees)

Cholesterol -31.5
Morphine —132
Acetic acid 0
Benzene 0
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Sequence Rules : cahnngold-Prelog Rules
T

1. Ranging by Atomic Number of atom connected to chiral carbon

Br>CI20”>”N>C~>H
3 17 8 7 6 1

2. Look at 2", 3", or 4™ atom away from db carbon

9 A A A v Y v
D19TADULINNNITITUT LHUDUNDU 1ﬁ@@$@]@ﬂﬂﬂllﬂ



H HIII

—}é—n — IC—C—H
i BB
Lower Higher
CH, H

%—(l",‘—CH?, %(IJ—CH3
H H
Higher Lower

g = —

H

£ 0—H -%O—(IJ—H
—_— i

| Higher
CH, H

3- (lt—NH2 —%é——m
H B
Lower Higher




3. Multiple-bonded atoms are equivalent to the same number of

single-bonded atoms

This carbon is
bonded to

H. I O
H H
\; /
ol =
/ \
H

This carbon is

bonded to

H. H.H. €. C

019“’?]@%%1"!14_%9 ‘ﬂ’if’) a1y ﬂﬂﬂﬂﬂ

18 equlvalent to , g

il o

W‘L!ﬁ”i’)?)ﬂ!!a?‘ﬂfl‘l/‘l‘iﬂﬁﬂﬂ

This carbon 18

bonded to

\
is equivalent to /( s P o

This carbon 18
bonded to

H,H,C,C

1¥iuan
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R, S Configuration

Do

‘ C : > same as
\e Observer
P

@ cC ' } same as

\' Observer

*.\L’.) '

l
5

R configuration

“on

-2°

S configuration

(Right. turn of
steering wheel)

(Left turn of
steering wheel)
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r HO_| ~COOH

| C
e

/
% CHy /

0
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Stereo View R configuration

.

2 ) H \ 1
HOOC. | LOH
|\ 5 (‘j/ )

3

l”l 3"—/,/ :

\
\

.
-

Stereo View S configuration



Example: Identify the asymmetric carbon(s)
In each of the following compounds and
determine whether it has the (R) or (S)
configuration.

w
H/ %SH2CH3 \ CH(CH)
H, Br
I|3r
.I'C\
CH3/ CO_H



Fischer Projection

B
Press flat
W\ X |
¢ 7
/ ; i
N e
Fischer
Bonds out COOH projection
T T IS | — Bonds into ‘
H=~-0H/ page CI’OOH COOH
Chy _ H-"F~CH, = H—C—OH
Fischer projection HO (LH

(R)-Lactic acid
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Diastereomers

y
Mirror Mirror

COOH COOH ("()(’)I{ | ("1)()H
He | ,NH, H,N H He | ,NH;, | HN ! ,H
No” o No” : No”

C C C C
H” | NOH HO” | “H HO” | ~H H” | YOH

CH, CH CH., CH.

28,38 2R,38 2S,3R

» v

Enantiomers Enantiomers



Relationships among 4 stereoisomers of
2-amino-3-hydroxybutanoic acid (threonine)

Stereoisomer Enantiomeric with Diastereomeric with
2R 3R 2S,3S 2R .38 and 25 3R
25,385 2R 3R 2R,3S and 2S,3R
2R 38 25.3R 2R ,3R and 28,38

2S5 3R 2R ,3S 2R, 3R and 2S,3S

Chiral diastereomers have opposite configurations at some chirality centers

Enantiomers have opposite configurations at all chirality centers



Properties of Diastereomers

Diastereomers have different physical
properties: m.p., b.p.

They can be separated easily.

Enantiomers differ only in reaction with
other chiral molecules and the direction
In which polarized light is rotated.

Enantiomers are difficult to separate.
=>



Meso Compounds

———
Mirror Mirror
1 COOH ‘ 1 COOH 1 COOH i -{:‘n;?
Het OH 1 HO. ! .H He | .OH HO H
\"(f/ §(|3/ \'“'?/ \(|3/
| |
C | 3 50 3C
HO” | | H” | “OH 17 >ou HO” | “H
1 COOH x 1 CCO0OH ;(rm[ s COOH
2R 3R 25,35 2R 3S 25,3R
Identical
nllir o
= = = -
o LANANNlATAANTUAY UA ZHANUATIULLANS

Fandnansdsznavila (meso compounds)
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| _OH
- o

‘Hf’f\
1COOH
2R,3S

Rotate
—
180°

1QOOH

P |
- ol

HO

HO” | “H
4COOH

2S,3R

n'

Identical



Stereochemistry of Reactions
M

Addition of HBr to Alkene

"
CH,CH,CH—=CH, —. > CH,CH,CHCH,
1-Butene (*+)-2-Bromobutane

(achiral) (chiral)




C-.
I — -
g H.CH \ H
S TR " Top (5)-2-Bromobutane
=+1,C LED * i (504%)
:.CH,CH=CH, — CH,CH,—CZ S
1-Butene \‘ H \ Bottom
':E'.": \\
Carbocation N A g H
intermediate — /
(achiral) H.CH -\C,_‘H
(R)-2-Bromobutane

(50%)




: + o
CH.CH,——C7

o

Carbocation
intermediate
(achiral)

Br
/ ('H.( >C‘~ H
CH
———— = === — Mirro:
CH ;:C/'_H
B

Br
|
CH.( 1:.’0\““}1
CH
(S)-2-Bromobutane
CH
/
(IS | | ~C --'H

(R)-2-Bromobutane




Addition of Br, to Alkene

H

cis-2-Butene
(achiral)

H

.o~ C—C oy

- Patha

Bromonium ion
intermediate

~ Pathb

H B
Gl /
\/C_C\*H
Br CH

(28,35)-Dibromobutane

Mirrar
\ ﬂ H
e
- \
H.( Br

(2R, 3R)-Dibromobutane




#

q..‘:'-. /

S
— “CH
Br H
- _ _ _ Path a
al .@~+/b (25,3R)-Dibromobutane
At (meso)
— | I II -}E!._ .E.;‘:-
.-"[ i:h':-.., —it i 1A “LCH {ir
IT LR ..l'l. L] I
I I a.l. H
rans-2-Butene :|'3'! H - ,
~ Path b i ,-"' H
Bromonium ion H fC B Ex
intermediate .
(2R, 35)-Dibromobutane
(mMeso)

Reaction between 2 optically inactive (achiral) partners always
leads to an optically inactive product : racemic or meso




Addition of HBr to a Chiral Alkene

C‘Hg Br

. | |
N By CH,CH,CHCH,CHCH;

H CH,
2-Bromo-d4-methylhexane
(R)-4-Methyl-1-hexene
2 chiral centers

4 possible sterecisomers

C4 remains R : priorities are not changed




.‘ —B.r
.\,“/ e
HgC Ilt! '
No plane of symmetry \/ P MR Py
fre S 2 \\/ ' .
// 'Top e I_Bottom\
H,C H Br H H.C H H B

’
4

~
~

CH CH

(25,4R)-2-Bromo-4-methylhexane (2R, 4R)-2-Bromo-4-methylhexane

Reaction of a chiral reactant with an achiral reactant leads to
unequal amounts of Diastereomeric products




Chirality in Nature : Biological Properties

\?U \O;/

(+)-Limonene (—)-Limonene
(in oranges) (in lemons)

o8
F,C ¢ >

(S)-Fluoxetine
(prevents migraine)

NHCH, Chiral Drug : Prozac

Racemic : antidepressant

/

S enantiomer : preventing migrane




Resolution of Enantiomers

React a racemic mixture with a chiral compound to
form diastereomers, which can be separated.

)
CH,CH,
no~TH

(‘H}
(5)-2-butanol

CH,Cl l;
H L OH

CH,

(R)-2-butanol

=+

COOH
H——OH
H+
HO——H
COOH

(R, R)-(+)-tartaric acid

L &

-

O C l’l_w(‘ l’l »:'
A separating COOH
\C()‘ H  ihen CH,CH,
H—|—OH CH H, T ", wo—ln
o H0  HO—H |
HO—|—H CH,
COOH

COOH

(5)-2-butyl (R, R)-tartrate

CH,CHj
H—{0—¢”
CH; H——OH
HO——H

COOH
(R)-2-butyl (R, R)-tartrate
diastereomers

(R, R)-(+)-tartaric acid (S§)-2-butanol

separating

COOH
then CH )C1 FI\

i  H——OH ;
— + H *}* OH
H,0 HO—|—H

(\ l_l 2

COOH

(R, R)-(+)-tartaric acid (R)-2-butanol



Chromatographic
esolution of Enantiomers

Beginning of Half-way point Near the end.
chromatography (+) enantiomer
being collected

R = s
N1 N M1
- k2
extra
solvent
_ solution of )
@ (+) and (=) - -
chiral . .
, (=) enantiomer more tightly
“olumn : -
- ki (+) enantiomer So0ss bound
acking kee3d .
POCKIE less tightly
bound (—) enantiomer
N4 NS 20tsd

(+) enantiomer
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Assign R or S

(a) (|3H3 (b) (I)H
C_ _C..
H- / COzH H3C \ \COQH
Br H
(c) NH,
H\ C”/CH3

\
\
\

CN



CHO CHO CHy CHy =
HamCatOH HOMe CamH HaeCw#OH HOMCatH
H— iy

He=C-S0H HOm=C-aH

CHaOH |E| CH.OH
COOH COOH
H —C-- PR

HaN

CHICHs): £

CH(CH;)z

Ha n:lz- H
- (;-ﬂ-l::lH HO = ':_:"'l H

CH, TH,

gUDH :lggx:H
Hh-g-dClH H""C“IIICH
CHy OH

Luanad w-Z Smulelmuesuuuls 1.Enantiomers
2 Diastereomers W38 3.Same molecule

i




