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Isomers

Compounds that have the same molecular formula but

different structures.
isomers |

! |
|
/ /
constitutional isomers I stereoisomers
/
T |
/ /
cis-trans isomers that contain
isomers asymmetric centers
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Constitutional Isomers

constitutional isomers (ljl
CH;CH,OH and CH;0CH; CH;CH,CH,CH,Cl and CH;CH,CHCH;
ethanol dimethyl ether 1-chlorobutane 2-chlorobutane
o i i
CH}CH:CHZCH:CH:Q and CH3CHCH2CH3 /C\ . and A
pentane isopentane CHj; CH; CH;CH, H
acetone propionaldehyde

Constitutional isomers differ in the way the atoms are
connected.
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Stereoisomers: Cis—Trans Isomers

Cis—trans isomers result from restricted rotation.
Cyclic structures have restricted rotation.

Br Br
Cl Cl
cis-1-bromo-3-chlorocyclobutane trans-1-bromo-3-chlorocyclobutane
CH‘><:>‘CH‘ CH‘><:> ‘““CH}
cis-1,4-dimethylcyclohexane trans-1,4-dimethylcyclohexane

Cis: The substituents are on the same side of the ring.

Trans: The substituents are on opposite sides of the ring.
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Cis—Trans Isomers

Double bonds restrict rotation.

7 bond is broken

Qe .Gl

H;C,,
C oy c——cC
“ 00| m-
cis isomer trans isomer
H CH H-C H
3C\C_C/ 3 3 \C—C/
Pl ™ il
H H H CH;4

Cis: The hydrogens are on the same side of the double bond.

Trans: The hydrogens are on opposite sides of the double bond.
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Cis—Trans Isomers

H;C CH; HyC H al

Cl
N, & N,/ . 7 2/
/C=C\ /C=C\ >C=C\ /C=C\

H H W o cH, H H H a
the cis isomer the trans isomer the cis isomer the trans isomer
bp=3.7°C bp = 0.9 °C bp = 60.3 °C bp = 47.5°C

©=0.33D w=0D n=295D u=0D

Cis—trans isomers have different physical properties.
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Some Alkenes do not have
Cis—Trans Isomers

cis and trans isomers are not p055|ble for these compounds because
two substituents on an sp? carbon are the same

A /g
H CH; CH;CH, CH;
\ / LY /
C=C C=C
/ \ £ L
H Cl H CH;
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Different Conformations

Different Conformations

(\%

Stable Unstable

Compounds with different conformations (conformers) cannot
be separated.
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Different Configurations

Different Configurations

Compounds with different configurations can be separated.

Cis—trans isomers have different configurations.
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Cis-Trans Isomerization in Vision

cis-retinal binds to
cis double bond opsin (a protein)
S
=

+ H.N—opsin —

cis double bond
=
=
cis-retinal N rhodopsin

 —
NSl absorption of light
“, l“ght converts cis-retinal
to trans-retinal

0o
trans double bond
o . H . — SN SN opsin
trans-retinal m&m
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The E,Z System for Designating
Geometric Isomers

low priority low priority

low priority high priority
c=C C=C
b priority, ot i /N
high pnon\1\l_\- I};gh priority high priority low priority
the Z isomer has the the E isomer has the high-
high-priority groups on priority groups on opposite
the same side of the sides of the double bond
double bond
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The E,Z System for Designating
Geometric Isomers

high priority

high priority

Br Br Cl Cl Br
\ /
C=C
H H/ \CH C H/ \Cl
Y 3 Y
| the Z isomer | | the E isomer |
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The E,Z System for Designating
Geometric Isomers

iy i
CHH CICHCH, ~CHCHy  CCH CICH, CHCH;
A )
C=C c=C
/ \ / \
CIHH CICH, CH,OH OHH CICH,CH,  CH,OH

If the atoms attached to the sp? carbon are the same, the
atoms attached to the tied atoms are compared; the one with
the greater atomic number belongs to the group with the
higher priority.
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The E,Z System for Designating
Geometric Isomers

HHO HOCH,CH, CH=CH, HCC HOCH,CH,  CH,CHs
\ / \ /
/c=c\ C=cC

ccCc  HC=CCH, CH,CH, CHH HC=CCH, CH=CH,

If an atom is doubly bonded to another atom, treat it as if it were
singly bonded to two of those atoms.

If an atom is triply bonded to another atom, treat it as if it were singly
bonded to three of those atoms.

Cancel atoms that are identical in the two groups; use the remaining
atoms to determine the group with the higher priority.
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Chiral and Achiral Objects

Chiral objects

ﬁ?ﬂp\

ALY A

WY

\\ J
o

right hand  left hand

Achiral objects
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Chiral Molecules

Chiral molecules have an asymmetric center.

An asymmetric center is an atom that is attached to four
different groups.

CH3?HCH2CH3

Br
2-bromobutane

/|

| an asymmetric center |
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Compounds with an Asymmetric Center

Cis bonded to H, Cis bonded to H, Cis bonded to H, methyl,
OH, propyl, butyl Br, ethyl, methyl cu ethyl, isobutyl
/4 4 Hs

CH,XCHZCHzclHCHZCHZCHZCH} CH}(l?HCH3CH3 CH_;CHCHz(lfHCHzCH3

OH Br CH;
4-octanol 2-bromobutane 2,4-dimethylhexane
Enantiomers
Br 5 Br
| ; C|
CH,CH,\ “H . H“/ “CH,CH;
> CH,4 | CH,4

mirror
the two stereoisomers of 2-bromobutane

The two isomers are called enantiomers.
Enantiomers are different compounds: they can be separated.

Enantiomers have the same physical and chemical properties.
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Enantiomers

nonsuperimposable
mirror images

Enantiomers are nonsuperimposable mirror images.
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Chiral and Achiral Molecules

l|3r ]|31'
C- C-.
e Iy o "y
CH,CH, \ 'H CH,CH, \ 'H
CH; H
a chiral nonsuperimposable an achiral superimposable
molecule mirror image molecule mirror image
enantiomers identical molecules

Chiral compounds have nonsuperimposable mirror images.

Achiral compounds have superimposable mirror images (they
are identical molecules).
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How to draw Enantiomers

l?r 1]31-
C o

: H™\CH, H,C™'/ ~H
Perspective formulas CH,CH; CH4CH,

perspective formulas of the enantiomers
of 2-bromobutane

Interchanging two atoms or groups attached to an asymmetric center
produces an enantiomer.

Interchanging two atoms or groups a second time brings you back to the
original compound:

HC=CH, H CH,CH;
interchange | interchange
C o — C oy atholard A C ooy
—=."CH, HC=CH; and H - "CH; ethylandH g~ "CH;
CH;CH, » : CH;CH, M : » §
S ¥ =TI HC=CH, HC=CH,
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Naming Enantiomers

1
Br

|
| ik
C., .4 L S
> i ‘hy H\\\‘ N
CH.CH \ { “CH,CHj;
32 2(;1_13 (;H3 2

Assign relative priorities to the four groups.
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Naming Enantiomers

draw an arrow from 1 to 2 to 3

the group with the lowest
priority is bonded by a
hatched wedge

|
z v e T
counterclockwise / Br Br \ clockwise
\
arrow [ ] (lj | <] arrow

| Couyyrd 4 o
Y "H H™ /N
\ {
CH3C253 CH; C,Hﬁ S::HchB
(S)-2-bromobutane (R)-2-bromobutane

If the lowest priority group is on a hatched wedge, then
clockwise = R
and
counterclockwise = S
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Naming Enantiomers

2 B s clockwise
C|TH3CH3 & C[Hz H3; "~ arrow

Gy B interchange }’ /C :
HO  \ “CHj CH; and H \ HO~ N\ H4
1 /H 4 = 5 A
the group with the lowest this molecule has the R configuration;
priority is not bonded by a therefore, the molecule had the S
hatched wedge configuration before the groups were
interchanged

If the lowest priority group is not on a hatched wedge, switch
a pair so it is on a hatched wedge.

Then, name the new compound.
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Plane-Polarized Light

normal light: light rays plane-polarized light: light rays
oscillate in all directions oscillate in a single direction
\ direction of light propagation /
J it
! \
) | ‘
! 1
| I
\ I
\ 1
// \\ L /’
light polarizer plane-polarized
source light
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An Achiral Compound is
optically Inactive

the plane of polarization
has not been changed

direction of light propagation

11X T ITTAN \

ff A

| I
W\ { \ q \ \ /
A\ i \{/

light normal polarizer plane-polarized sample tube plane-polarized
source light light containing an light
achiral compound

An achiral compound does not rotate the plane of polarization
of plane-polarized light.

© 2016 Pearson Education, Inc.

13



A Chiral Compound is optically Active

the plane of polarization
has been rotated

direction of light propagation

A LA // \ AN / 0\ 4l
| i \ [ \ ! \ / U I \
J ! ' | | ! ' f [ | \
/ ' | | 1 I | I ' i
/,/ \ | “l\ [ \ I \ A J | !
\ ' 2\ | \ ' / \ /
W\ / ‘

light normal polarizer plane-polarized sample tube plane-polarized
source light light containing a light
chiral compound

A chiral compound rotates the plane of polarization of
plane-polarized light.

If it rotates the plane clockwise = (+)

If it rotates the place counterclockwise = (=)
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R and S Versus (+) and (-)

Some R enantiomers are (+) and some are (-).

Some S enantiomers are (+) and some are (-).

X ‘EH3
/C\-:,,,I H /C\":,,/ H

HO  cooH HO oo~ Nat

(S)-(+)-lactic acid (S)-(-)-sodium lactate
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Polarimeter

direction of light propagation

7oA g 7N
e £l e
] \ {f 4 \
' \ o \‘ ' \

) i \ |
/ ' i ‘ ‘ | b
P \ ! \ | \ ;
'S \ ' \\ / \ 1
v v A ) ’

light normal
source light light

T

Wi

polarizer plane-polarized

(43

/’\\

/

) \
| i
i \ S~
1 1 e
\ 1

) 1

/
W

sample tube plane- analyzer viewer
containing a polarized
chiral compound light

[a]/\ ~ Ixc
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If one Enantiomer is (+),
the other is (-)

C|H20H

cHy~"H
CH,CH;
(R)-2-methyl-1-butanol

[@]2°C = 45.75
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C|H20H

Hw ~~~CH;
CH;CH,
(5)-2-methyl-1-butanol

(@] C = —5.75
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Compounds with two Asymmetric Centers

CH,CH—CHCOO™

OH +NH3

threonine

coo; . oo
Hxé,Nm H;N\Ci,H
H= S ~oH HO= S ~H

CH,4 CH,4

1 2

1 and 2 are enantiomers.
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maximum # of stereoisomers = 2"

(n = # of asymmetric centers)

(eelo)y . COoO
H\(%,NHz H;,N\Ci,H
HO'(;‘H H'g‘OH
CH; CH;4
3 4

3 and 4 are enantiomers.

Diastereomers

coo; . oo
I I

H= S ~oH HO’E‘H
CH,4 CH,4

1 and 2 are enantiomers.

COO0; . €00
H\Ci,NH3 H;N\Ci,H
HO'E‘H H'E‘OH
CH; CH;

3 4

3 and 4 are enantiomers.

Diastereomers are stereoisomers that are not enantiomers.

1 and 3 are diastereomers.
1 and 4 are diastereomers.

2 and 3 are diastereomers.
2 and 4 are diastereomers.

Diastereomers have different physical and chemical properties.
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Two Asymmetric Centers,
Four Stereoisomers

SRR O IS,

H; CH; Br Br CH; CH, Br
cis-1-bromo-2-methylcyclopentane trans-1-bromo-2-methylcyclopentane
enantiomers enantiomers

The cis stereoisomers are a pair of enantiomers.

The trans stereoisomers are a pair of enantiomers.
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ldentifying an Asymmetric Center

these two groups are different

| asymmetric center <‘ asymmetric center |

CH;

An asymmetric center is attached to four different groups.

Br,Q Q_B,. Br,<:> <:>_B

CH; CH; CH, CH,

cis-1-bromo-3-methylcyclohexane trans-1-bromo-3-methylcyclohexane
enantiomers enantiomers

two asymmetric centers, four stereoisomers

© 2016 Pearson Education, Inc.
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No Asymmetric Centers

the two groups
are the same

‘ol ~CH;
m) N
\ )
/ 7
Br — Br
cis-1-bromo-3-methylcyclobutane trans-1-bromo-3-methylcyclobutane

There are only two stereoisomers: cis and trans.
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No Asymmetric Centers

BI‘><:>< CH; Br—<:>----"CH3

cis-1-bromo-4-methylcyclohexane trans-1-bromo-4-methylcyclohexane

There are only two stereoisomers: cis and trans.
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Two Asymmetric Centers: Three Stereoisomers
(a meso compound and a pair of enantiomers)

CH3(|ZHC|HCH3 CH; CH; CHj;
Bi Bi H-..(|:ABr H-\(leBr Bl'i-.cle‘H
2,3-dibromobutane He C~Br Br—C~H H= C~Br
C_‘H;, CH] CH,‘:
1 2 3

A compound with two asymmetric centers that has the same
four groups bonded to each asymmetric center will have three
stereoisomers:

a meso compound (1) and a
pair of enantiomers (2 and 3)
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A Meso Compound has a
Superimposable Mirror Image

cH, i ¢Hs
H\C?,Br { Br\é,H plane of symmetry | H \C?)Br
| | e
&

H’?‘Br ‘ Bz H C

= H v
CH, CH, He 7 ~Br
stereoisomer 1 CH;

superimposable mirror image

Meso compounds are optically inactive even though they have
asymmetric centers.
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Cyclic Meso Compounds

(e O™
/{

{
CH; CHj; CH3
cis-1,3-dimethylcyclopentane trans-1,3-dimethylcyclopentane
a meso (ompound enantiomers
{4\ ; N
Br Br Br Br Br Br
cis-1,2-dibromocyclohexane trans-1,2-dibromocyclohexane
a meso (ompound enantiomers

For cyclic compounds with the same substituent bonded to
two asymmetric centers,

cis = a meso compound
and
trans = a pair of enantiomers.
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Physical Properties of Stereoisomers

EOOH gOOH gOOH
H\C;)OH H\C;/OH HO\C|/H
H= ¢ ~oH HO» C~H H~ ¢ ~oH

COOH COOH COOH

meso compound enantiomers

Table 4.2 Physical Properties of the Stereoisomers of Tartaric Acid

Melting point, °C Specific rotation Solubility, g/100 g H,O at 15°C
(2R,3R)-(+)-Tartaric acid 171 +11.98 139
(28.35)-(—)-Tartaric acid 171 —11.98 139
(2R,35)-Tartaric acid (meso) 146 0 125
( £ )-Tartaric acid 206 0 139
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Separating Enantiomers

COO™Na* COO Na* @
Hao (Ij 0OH HO aC (‘j H
H()-r’(;‘w-[-[ Hr’@w()[—] (=,
A+ vy +
COO™ "NH, COO™ "NH, =
sodium ammonium sodium ammonium )
tartrate tartrate oy
left-handed crystals right-handed crystals

separating by hand
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Physiological Properties of

Enantiomers
H
N\
A
the active ingredient methamphetamine
in Vicks Vapor Inhaler® “speed”

Enantiomers can have very different physiological properties.

© 2016 Pearson Education, Inc.

separating by chromatography
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Oranges and Lemons

(+)-limonene (-)-limonene

found in oranges found in spruce trees
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