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/7.0 Isomers - Overview

* Isomers are different compounds that have the same formula

 There are two general types of isomers

Isomers

Constitutional isomers
Also called Structural Isomers

Same molecular formula
but different constitution
(order of connectivity of atoms)

both CsHis

/\/\/I\/

pentane 2-methylbutane

both C4HgO
0] 0]
)J\/ /\/U\H

butanone butanal

Stereoisomers

Same molecular formula and
constitution but different spatial
arrangement of atoms

Three stereocisomers of tartaric acid (2,3-dihydroxysuccinic acid)

0 OH 0 (=)H o (;)H
f oH S _OH > _OH
HO™ 7 HO™ 5y HO” g
OH O oH © OH O
(2R,3R)-(+)-Tartaric acid (2S,3S)-(-)-Tartaric acid : (2R,3S)-Tartaric acid

D-Tartaric acid L-Tartaric acid "meso" tartaric acid

r.v



Basic Flowchart for Determining the

Type of Isomerism

MO

Do the compounds

have the same molecular

formulae 7
NO

YES

| Isomers I

Do the compounds have the atoms
connected in the same order ?

Mot isomers

YES

| Caonstitutional I
)\ A
OH

I
Do the compounds
have different...

| I |
functional locations for functional backbone
groups groups or substituents l
functional skeletal

)\ .-fo‘b-..-—"
OH

OH
HO\/’"\ A

A A

YES

NO

Sterecisomers |

Can the compounds be

interconverted by rotation

about single bonds 7

We will be focusing
on configurational
isomers in chapter 7!

YES

Configurational ‘

Is the isomerism due to
restricted rotation 7

NO

cig-trans
{geometric

A K

| Optical |

Ara the compounds
non-superimposable
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l Chapter 6
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7.0 Isomers - Overview: Geometric Isomers

e Although the two molecules below have the “same connectivity”,
they are NOT identical. (Each carbon is attached to the same
groups)

* So they are classified as a type of isomers called stereoisomers

CH; CH, CH; H
H H - CH,
cis-1,2-dimethylcyclohexane trans-1,2-dimethylcyclohexane
(both groups in same side of ring) (Both groups on opposite sides)

* In order to give these compounds unique IUPAC names, we use the

cis and trans prefixes like we did in Chapter 6 for our cyclohexane
rings WILEY
7.0



7.0 Isomers - Overview: Geometric Isomers

Why are these geometric isomers?

— To maintain orbital overlap in the pi bond, C=C double bonds can
not freely rotate.

e Although the two molecules
below have the same
connectivity, they are NOT
identical... they are geometric
stereoisomers

H5C CHj
H H
cis-2-butene trans-2-butene
Groups on same side of pi bond Groups on opposite sides WILEY

Copyright © 2017 John Wiley & Sons, Inc. All rights reserved. 70 Klein, OrganiC ChemIStl’y 39



7.0 Isomers - Overview: Practice #1 Identifying Isomers

* l|dentify if any of the following molecules would require cis, trans, or
neither in their name. (This should be review from previous chapters!)

X

OH

HO

OH

*answers on next slide*

WILEY
7.0



7.0 Isomers - Overview: Practice #1 Identifying Isomers

 I|dentify if any of the following molecules would require cis, trans,
or neither in their name.

OH

\ trans
cis
|
OH
) OH
cis
neither
HO
/\/\
trans
WILEY

7.0



7.0 Isomers - Overview: Practice #2 Identifying Isomers

* ldentify the following pairs as either constitutional isomers,
stereoisomers, or identical structures

OH
o7 S — )~
OH OH P Yy AN
How & /I
OH
CH, CH,
T:> \)7\ H3(:/\l/l\/cH3 HSC\/]Y\CHs
CH, CH,

HC  CH

3

* Answers on the next slide* H.C CH

3 3

7.0



7.0 Isomers - Overview: Practice #2 Identifying Isomers

* |dentify the following pairs as either constitutional isomers,

stereoisomers, or identical structures :

OH
identical - you could flip like a pancake

identical - OH stays “up” and have the same molecule

OH OH NN AN
”Ow & /I
OH

stereoisomers - cis/trans versions

stereoisomers - “up/down” changes

CH, CH,
0]
CH H.C
(@) Hsc/\l/l\/ 3 3 \/H/\CHs
CH, CH,

Constitutional isomers - atoms H.C CH sterecisomers

connected differently ﬁs - single bonds
H.C CH

3 3 can rotate




7.1 Finding Stereocenters

I}lEAII YMIIH MINI]

I3 4
AND S'I'*EIIEI]li:E:; EBSVO“.WI[I

WILEY



/.1 - Locating Stereocenters

cis-trans isomerism is only one type - geometric isomers... there are
other important stereoisomeric relationships

— To identify such stereocisomers, we must be able to identify chiral
centers in molecules. Chiral is Greek for “hand” and we will later
identify the chiral centers as R or S.

A chiral object is asymmetric, which means it is not the same as its
mirror image (i.e. not superimposable on its mirror image)

— You can test whether two objects are identical by seeing if they

are superimposable by building themwith a madel kit

chiral achiral

| S Xﬁ
BRI

— achiral means it is not chiral, because

it does not have a different mirror
image. This means that it will have no
stereocenters OR it does have a line of

symmetry in the molecule. (This can be V \J\\

a little tricky!) 7.1 wior e~ g




A Basic Comparison of Chiral Vs. Achiral

Chiral

mirror mirror

Chiral means
asymmetric in such a
way that the structure

and its mirror image are
not superimposable.

Achiral

Molecules are always
asymmetric at one or
more centers.

Chiral means
asymmetric in such a
way that the structure

and its mirror image
ARE superimposable.

o 0|0
€5 4

The molecule and its
mirror image are two
different compounds.

Molecules are always
symmetric at every
center

es .

The molecule and its
mirror image are non-
superimposable.

The molecule and its
mirror image are the
same compounds.

The molecule and its
mirror image are
superimposable.

Molecules cg
plane-polarized light

G HERE

'to visit a really GREAT website to reac
stereoisomer concepts!

| XS1I1BL can CANNOT
rotate plane-polarized

clockwise (R) or counter-

light in any direction.



https://www.masterorganicchemistry.com/2018/09/10/types-of-isomers/

/.1 - Locating Stereocenters

There is another way to identify chiral compounds...

Chirality most often results from a stereocenter.

— a stereocenter occurs when a carbon is connected for 4

different “groups” (we are not looking at the immediate atoms
attached, but rather the whole group)

— This tetrahedral center with 4 different groups attached to it
can also be called a chirality center

Br
each highlighted carbon -~
is bonded to 4 different
groups, and is a
chirality center (stereocenter)
WILEY

7.1



/.1 - Locating Stereocenters

Examples of chiral centers
and stereocenters

chiral center #1

OH

Tips to help identify stereocenters:

. Wedges and dashes do not necessarily

mean it is a stereocenter. (But they can
help!)

. Don't just look at the atoms directly

attached to the stereocenter, follow out the
group!

. Watch out for hydrogen atoms that are not

shown.

. Double or triple bonds cannot be

stereocenters.

. Carbons attached to 2 hydrogens cannot be

stereocenters

Watch these
videos if you need
extra help! —




/.1 - Locating Stereocenters

How many chirality centers are in each of the following
compounds? Circle or mark the stereocenters (chiral carbons).

OH
HO\%
HO

*answers on next slide*

7.1

WILEY



 How many chirality centers are in each of the following
compounds?

NOT Chiral center bc the “CH2” groups are the

OH
same the whole way around the ring
o o /7

no chirality centers

two chirality centers

NOT Chiral
center bcitis
attached to 2

/

methyl groups)\’/!\/

two chirality centers two chirality centers

WILEY
7.1



7.1 - Locating Stereocenters

* Chirality is important in molecules! Look at the different flavors we
get from just a couple of these stereoisomers

o i @
W E '.'H
(45)-(+)-carvone . (4R)-{-}-carvone

P 2 2 @

(8)(-)-imonene ~ (R)-(+)-limonene

WILEY



e Because two chiral
molecules are mirror
images, they will have
many identical properties,
but because they are not
identical, their
pharmacology may be
very different

* Teratogenic - relating to,
or causing malformations
of an embryo or a fetus.

(R) - enantiomers

() - enantiomers

NH

R - (+) - Thalidomide

(R)-Thalidomide: Effective sedative agent

§ - () - Thalidomide

(S)-Thalidomide: Teratogenic

B.
HaC, H
OH
0

{R) - Ibuprofen: Inactive

B.

{S)- Ibuprofen: painkiller (has a desired
pharmacological activity)

C.
CHs
I I l _OH
HaG ‘e 0
\G

(R) - Naproxen: Used for arthralgia pain

C.

CH
i OH
H;!C
\G

(5)}-Naproxen: Teratogenic

D.
Q o
F
‘ OH
(\N 5
/N\) 0\)"'-‘
N

(R)-Ofloxacin — is less active

HqlC

D.
o a
F.
| OH
Y Y
CHy
Hﬁ/"\/, "\)‘
%

(5)-Ofloxacin — is 8-128 more active




* l|dentify and label all the stereocenters each molecule

HO
/ /

Vitamin D4

HO O
@)

O
O
simvastatin

(active ingredient in Zocor, for high cholesterol

7.1

For practice with 7.1:

READ pages 134 - 138 and
complete problems 7.1 - 7.15
in the Klein Packet.




7.2 Determining the Configuration
of a Stereocenter

Samuel-L-Jackson

Samuel-D-Jackson

| hope this goes chiral

GHEMISTRY

ANDI/ONLY(CR
RRVERR

|] 'LL HAVE YOU KNOW I TOOK'ORGANIC




7.2 Determining the Configuration of a Stereocenter

* Enantiomer is the name given to the “pair” of mirror images
— they are different compounds, so they must not have identical

names
— every stereocenter must be switched (inverted) if there is more than

one stereocenter
— enantiomers always exist in pairs (like twins! no more or less!)

ig;tljraum at OH OH

/k/ P 5O

* Theyhgyeoppositecon

* We use the Cahn-Ingold-Prelog system to designate each chirality
center as having either the “R” or “S” configuration.

— “R” meaning “Rectus” which is Latin for “Right-handed” and wWotate
light in the clockwise direction _— ILEY

fder~)) @ = ffemne e .y e § e g e £~ L2 £ 1 0V V22 1 c1\1"




/.2 Designating a Stereocenteras Ror S

“R” or “S” is assigned to a stereocenter using a stepwise procedure

1. Using atomic numbers, prioritize the 4 groups attached to the chirality
center (1, 2, 3 and 4)

4 1

* #1 will be the largest, #4 will be the smallest H ¢l

* continue outward from the chiral center until the O IS
found! Do not look at the group as a “whole” a 2

2. Arrange the molecule in space so the #4 priority group faces away from
you (This is sometimes hard to do, see the trick on following slides!)

3. Count the group priorities 1 - 2 - 3 to determine whether the order
progresses in a clockwise or counterclockwise direction

4. Clockwise = R and Counterclockwise = S

READ pages 138-142 and
complete practice problems 7.17
- 7.26 in the Klein Packet to get
practice assigning #1-4 priorities.

B Configuration = Configuration




/.2 Designating a Stereocenteras Ror S

 The Cahn, Ingold and Prelog system

Please fix! | made an oopsie! /

1. Assign the priorities to the atoms (#1 largest - #4 smallest)

2. Arrange the molecule in space so the lowest priority group
faces away from you (#4 has to be on the dash). You can do
this by “spearing” the molecule and rotating it.

- 4
H

- |

“ 1

Cl

§s 4
NOIGRN

2

7t

b
b

3 D)

Rotate

S~

This is the step where it is most helpful to have a handheld model

Example continued on the next slide...

WILEY



/.2 Designating a Stereocenteras Ror S

3. Counting the other group priorities, 1...2...3, determine whether
the order progresses in a clockwise or counterclockwise
direction (ignore #4)

Clockwise=R and Counterclockwise =S5

/_.?\ 3 counterciockwise
)\cmkw!se *
1 = 1 =
4

2

R configuration S configuration

From our example on the previous page...

T 3 Looking back on the original
li“ : model... we just determined
£ this chirality

Center has the (S)
configuration

Counterclockwise = S 3 2
WILEY



/.2 Designating a Stereocenteras Ror S

More Help with Assigning Priorities for Groups
When the groups attached to a chirality center are similar, it can
be tricky to prioritize them

* Analyze the atomic numbers one “layer of atoms” at a time,
branching out from the stereocenter. Stop at the FIRST
difference between the chains.

4 1
H OH

C 2 Tie 3 T
H H breaker H
H

C <

So we have to compare the atomic

The 1 and 4 groups are obvious, but
sroup weights of the atoms bonded to each

there is a tie for priority 2 and 3
P y carbon to break the tie

WILEY



Help with assigning priorities continued...

* Analyze the atomic numbers “one layer of atoms” at a time
4 1
H OH

=
>

* First layer O\

Tie because both are C’s attached to the stereocenter, so now we
look at what THEY are attached to

H OH The prlo.rlty is I?ased
s on the first point of
difference!

HO_

 Second layer

We look at all the 2

atoms each of the O <
C’s is additionally H
attached to.... H

Tie

O is bigger than C’s, so the left
side wins. DO NOT look at total
masses, just “who is attached
to a bigger atom first”

b
e

breaker

OO0



A Solution for Multiple Bonds with respect to assigning priorities

When prioritizing for the Cahn, Ingold and Prelog system,
double bonds count as “two single bonds”
— Think of it as counting that carbon as being attached to “two
oxygens”
— Triple bonds would be handled similarly

N

The list for this (@)

carbon atom is . o)
> H

The oxygen atom
counts twice

WILEY



7.2 CIP Rules Summary

A REVIEW OF CAHN-INGOLD-PRELOG RULES: ASSIGNING THE CONFIGURATION OF A CHIRALITY CENTER

STEP 1 STEP 2

|dentify the four
atoms directly

attached to the
chirality center.

each atom based on
its atomic number.
The highest atomic
number receives
priority 1, and the
lowest atomic
number (often a
hydrogen atom)
receives priority 4.

Assign a priority to

STEP 3

If two atoms have the

same atomic number,
move away from the
chirality center look-
ing for the first point
of difference. When
constructing lists to
compare, remember
that a double bond

is treated as two sepa-
rate single bonds.

STEP 4

Rotate the molecule
so that the fourth
priority is on a dash
(going behind the
plane of the page).

STEP 5

Determine whether

the sequence 1-2-3
follows a clockwise
order (R) ora

counterclockwise
order (S).

OH

Ho\)\ﬂ/H
0

glyceraldehyde

priority#l

priorrb-‘#{ e

fy

(R)-glyceraldehyde

#4 priority group
pointingaway fromus

clockwise = R




TIME FOR THE “HACK"!

 Handheld molecular models can be very helpful when arranging the
molecule in space so the lowest priority group faces away from you,
but that can take a lot of time!

 Here are some other hacks/tricks that can use

— Switching two groups on a chirality ce| (1] 4 @ @
opposite configuration ?_)’\3 > 2>\3
— So “swap” #4 with whatever is on the Gooreoorocrrovr—yoon

numbers rotate. Get your initial answer of R or S, then switch it!

* This will work every time, BUT you have to remember to switch your
answer back at the end!!!!

2] 4 2 &) 5 L3
Need 4 on a dash, so swap #’s Look at rotation of #1-3 to Remember you swapped #’s so
with whatever is on the dash determine if Ror S your configuration isn’t what

This one we would think is “S” you think! Our “S” is actually R!



7.2 Designating R vs S Configuration Practice #1

* Assign the configuration of the chiral center in the following
compounds. Add H’s as needed...

v 7Y 9 Y

NH, o

Video answer

key, if needed! Wl LEY




7.2 Designating R vs S Configuration Practice #2

* Assign the configuration of the stereocenters in the following compounds

OH

“"\JD"*--,

Additional practice videos, if
you need them!

STEREO- =~
ISOMERISM

READ pages 142-146 and
complete practice problems
#7.27 - 7.42 in the Klein Packet
to get practice assigning R and S
to stereocenters.




7.3 R/Sand E/Z in IUPAC
Nomenclature

Quick review of stereochemical’ ideas so far:

WILEY



7.3 R/S and E/Z in IUPAC Nomenclature

Stereoisomerism Substituents Parent Chain Unsaturation Functional Group

* The (R) or (S) configuration is used in the IUPAC name for a

compound to distinguish it from its enantiomer
OH OH

s /W (ZEAE)-3-methylhexa-2 d-diene
/!\/ /\/
(R)-2-Butanol (S)-2-Butanol AH)%‘ (22 46)-3-methylhexa-2 4-diene

OH

H H . CH,
*/\ \'-L f"j \\ ;’/
c—c L
: £ % £ B
= HAC CH3 HaC H
cis-2-butene lrans-2-butene
Things to point out,., 23:38)-3-Nethyl-2-pentanol 2y2-butene ()2 butene

e notice the E/Z and R/S go in parentheses ()’s
e |f more than one stereocenter, the carbon number comes  Great crash Course

Overview Video!

directly in front of the R or S (this would also apply for
E/Z)
e Thereis a comma between multiple stereocenters or E/Z
e Add adash/hyphen - after the ()’s STEREOCMEMISTRH




7.3 R/S and E/Z in IUPAC Nomenclature

Stereoisomerism

Substituents

Parent Chain

Unsaturation

Functional Group

For molecules with different groups attached to the C=C double
bond, the E/Z notation is used instead of cis/trans notation

- H

Cis/trans isn’t adequate to differentiate between these two isomers

* cis and trans only works if there is the same group on each
carbon of the alkene (double bonded carbons)

— Z is for “zussamen”, which means together

* But we think “Zame Zide” for “same side”, like cis

— E is for “entgegen”, which means opposite

* but we this “Epposite Side” for “opposite side” like trans

Video with 2 practice
problems, if needed

IUPAC -
NOMENCLATURE




7.3 Steps for E and Z Designations of Alkenes
1. Prioritize the groups attached to the C=C double bond based on
atomic number just like we did with prioritizing the 4 groups on
stereocenters. However, we only have to compare group “#1” and
“#2” on each side. L

F gets priority N gets priority
over C over H

2. If the top priority groups are on the same side of the C=C double
bond, it is Z. If the top priority groups are on opposite sides of the
C=C double bond, itis E

H

V4 E
“Zame Zide” like cis “Epposite Zide” like trans | WILEY




7.3 Nomenclature Practice Problems

3

oé e

N,

READ pages 146-150 and complete practice
problems #7.44-7.49 in the Klein Packet to get

practice with R/S and E/Z nomenclature.

Functional Group

Parent Chain Unsaturation

Stereoisomerism Substituents




/.4 Enantiomers

Enantiomers be like

when a molecule meet its
enantiomer

Learning about Enantiomers

and found this funny

WILEY



7.4 - Drawing Enantiomers
* Because a stereocenter allows the possibility of a molecule
to have a mirror image of itself, we get two structures.
* These two structures would be considered enantiomers of

each other (like mirror image twins)
S OH R LOH
[y v Q’m
R s

Some “rules” about enantiomers: . y

enonbiomers

— Enantiomers cannot be superimposable

— Only a chiral compound can have an enantiomer
— There is always TWO of them! Like twins! ; I‘

— If there are multiple stereocenters, then

EVERY stereocenter inverts

|
— There are 2 basic methods for OH | OH
. . I
drawing enantiomers Bt | H/%”Et
CHIRALITY‘. I)SJFRE?CHEMISTRV Me : Me

@/‘f@ @'@ Good video for overall ]
stereochemistry practice! Mirror

* SH‘ "

—




7.4 - Drawing Enantiomers - 2 Methods
Method 1: Simply switch ALL wedges & dashes to the

opposite! Bonds will look like they are in exactly the same spaces
(You will NOT draw a mirror plane like in method 2)

Cl

Cl NH, NH,
. 0 vt Oy
enantiomers

enantiomers
\\\\\““.

enantiomers
Practice with the molecules below!

o

i\
CH,

Br
Br /\r
Cl




7.4 - Drawing Enantiomers - 2 Methods

Method 2: Draw the reflection in the mirror. Bonds will
spread out symmetrically from the mirror plane (dotted line).

Keep wedges as wedges and dashes as

dashes.

J A @w

R-(+)-Thalidomide

o 0
HN )
o= N
H )
o

S-(-)-Thalidomide

... the mirror image will be
its enantiomer

Practice with the molecules below!

-

NH;

o

READ pages 151-155 and complete practice problems #7.51-7.63 in
the Klein Packet to get practice with drawing enantiomers.

NOT the same
| L as a chair flip!
o CH3 ’ H,C It is the mirror
image.
] (
|
|
0 |
|
H i
|
|
|
WILEY




/7.5 Diastereomers

Two types of stereoisocats

Enantiocats Diastereocats
*The configuration is the same (same connectivity) o i
-Differ in orientation of limbs in space *The configuration is the same (same connectivity)

Differ in onientation of imbs in space
*NOT mirror images
*We call this relationship “diastereomeric”

*Non-superimposable mirror images
*We call this relationship “enantiomeric”

WILEY
5-41



7.5 Diastereomers
e (Categories of isomers _
* there are two sub-categories

|
of stereoisomers

Stereoisomers

Constitutional isomers -
(Same connectivity)

(Different connectivity)

Nonsuperimposable

Enantiomers Diastereomers

Nonsuperimposable
mirror images

Nonsuperimposable,
and NOT mirror images

 Enantiomers: stereoisomers that are mirror images (EVERY
stereocenter has inverted, appear in pairs, like twins)

* have identical physical properties

* Diastereomers: stereoisomers that are not mirror images (This

occurs because they have 2 or more stereocenters and not eer/LEY
ctereoncenter inverte) like another cihline in the familv biuit not a




/7.5 Diastereomers

How to draw all the Enantiomers and Diastereomers:

1. Draw the first molecule. (Sometimes you are given this)

2. Draw the enantiomer of the molecule (invert ALL centers)

3. Then change ONE stereocenter, draw its enantiomer.

4. Continue this process of changing one stereocenter at a time and
drawing it’s enantiomer until all statistical possibilities of R & S

combinations have occured.

e The max. number of stereocisomers is 2" , where n = # stereocenters
We call these examples the “barn doors”. It works nicely when you have 2 stereocenters!

Example #2

Example #1 [ ¢

Cl CI
\OH Enantiomers \/:\)\
A\
Marfh""w{ B — { ]
A s
EIBV- DQS+U—40M-': O"” \ /
X [Dlastereomers

VR

-

slawoalg)seiq

¥
y
3
E’
P
5
Diastereomers

-

Q

’\"ﬂ‘: £
A N
§
2
(5]
g
(o
T

Cl Enantiomers g -
B~ \/'\/'\ - | SN




7.5 Diastereomers

1. What is the maximum # of possible cholesterol isomers?

Cholesterol

1. Draw and label the “barn doors” and label them for a molecule of 1-ethyl-2-

methylcyclopropane

WILEY



7.5 Diastereomers

 Consider a cyclohexane with three substituents. There are
statistically 8 ways to arrange wedges/dashes for all the
stereocenters. This creates 4 pairs of enantiomers.

— Think of this as a family where there are 4 pairs of twins, for a
total of 8 kids. Each kid has 7 siblings, where one of them is their
twin (i.e. enantiomer) and the other 6 are diastereomers

; :OH : WOH : :OH WOH
M 5 5 "".rf;Me : Me "‘HIM e
Cl Cl Cl Cl

1R, 2R, 3§ 1S, 25, 3R 1R, 2R, 3R 1§, 2§, 3§

READ pages 156-157 and
complete practice
problems #7.65-7.70 in the
Klein Packet to get
practice with enantiomers
and diastereomer
identification.

O:\OH O/OH
Me “"Me

1R, 28, 3S 1S, 2R, 3R 1R, 28, 3R 1S, 2R, 38




7.6 Meso Compounds

IFSATRAP

'AMESOTRAP. “.J



7.6 Meso Compounds

* We have talked about enantiomers which are mirror images BUT we
can have a special case if a molecule with more than one
stereocenter has a plane of symmetry. This is called a meso
compound.

— |t does NOT have a non-superimposable mirror image. (aka it doesn’t
have an enantiomer - a “mirror twin”)
— itis it’s own mirror image - we say it is achiral

e EXAMPLE: The trans isomer is chiral and will have an enant b is
non- CHy ’ CH; CHy  sachiral)H,C | CH;4
CH { |
H | H

The cis isomer has a plane of symmetry, which means it will be
superimposable on its mirror image, and is not a chiral compound

WILEY



A Basic Comparison of Molecules with the Property Brothers!

Voldemort's

Identical twins reagent

superimposable

mirror images (2 equiv)

— 3 Enantiomers

= Non-superimposable mirror images

scar over
right eye

scar over
left eye

Diastereomers Diastereomers

Enantiomers

Plane of symmetry

.l Meso

Cannot have an enantiomer
since there is a mirror plane

Chiral

Has an enantiomer

Molecules That Are Superimposable Are Considered To Be The
Same Molecule

(Including molecules that are superimposable mirror images)

Just as
these two rotated "A" 's
< > are superimposable through
rotation

= the same letter

HO,
also superimposable through
Ho rotation of 180°

= the same molecule

O:OH
OH
Likewise, if these identical twins were molecules, they'd also
be considered to be "the same":




7.6 Meso Compounds
If a compound has a plane of symmetry, it is ACHIRAL

If a compound as at least TWO stereocenters AND a plane of
symmetry it is ACHIRAL, we specifically call it MESO

But... There’s more!

— a compound that lacks a plane of symmetry may still be an
achiral compound... if it has an reflectional syn =~y *"~ugh

inversion about a central point in the moleculeoﬁ/LN/

* The molecule to the right has two chirality N\/J\
. o)

~
centers, and no plane of symmetry, but it is

still achiral because of inversion

* Pro-tip: If you aren’t sure - draw what you think is the enantiomer
and see if you can twist/rotate to superimpose it on the original

structure, if you can - it’'s meso and achiral. If not, it’s the engptiomer!
ILEY




7.6 Meso Compounds
* Again, compound with chirality centers, but is achiral because of

symmetry is called a meso compound
| Y
Q SN

Me Me

Internal plane of symmetry Internal plane of symmetry

 The molecules below are examples of meso compounds:
SN N
NN
OH Br Br

*Draw the line of symmetry for each!

* meso compounds have less than the predicted number of

Stereoisomers based On tlnn ')(n) foarvranila +thovs ava thaolvr cvarn
“ - READ pages 157-160 and complete practice problems #7.72-7.74
twin and dO not have Al in the Klein Packet to identify the meso compounds.




7.7 Fischer Projections

Fischer Carrie Fisher
projection projection
o

CHs CH;
Hiwe- G~ OH H OH
CH,CH; CH,CH
perspective drawing Fischer projection

WILEY



7.7 Fischer Projections

Fischer projections can also be useful to represent molecules with
multiple consecutive stereocenters, instead of bondline drawings

with wedges and dashes. (The example below only has one

stereocenter) Et Et
HO+H = HO=C—H
Me Me

— Horizontal lines represent attachments on WEDGES

— Vertical lines represent attachments on DA<-=€ —
left ' '
O%/H H.cl BroH CH, \-:‘HJ
: H—t—cI H— i
. e :> 0O H—1—FBr is equal to H st i
HO m—t—=Br L HO——CH,CH, HOm—g=GH,CH,
right left right CHs H,




7.7 Fischer Projections

Fischer projections are most useful when drawing molecules having
multiple chirality centers (like sugars, shown below).

O M

O HO——H

Oxc" H——OH HO——H
H——OH HO——H H—t+—OH

HO——H H——OH HO——H
CH,OH CH,OH CH,OH

Two chirality centers Three chirality centers Four chirality centers

Fischer projections are also useful to quickly assess
stereoisomeric relationships

R1 R1 R R1
H—1—Br Br——H H—t—Br H—1—Br
H—1—Br Br—/—H H—t—Br Br—r—H

R2 R2 R2 R2

18 J N J
Y Y

WILEY

Enantiomers Diastereomers



7.7 Fischer Projections
 So how exactly does it work? Build the molecule and follow the steps!

OH OH OH OH

H'[ H1

OH OH

HO.,

Ry Rz
OH OH

OH OH

'

1. Start with your
bond-line drawing

HOH
OH Ay
“_,OH  Rotate pencil HO H
| -
lZ?:!OH H g OH
'+ OH
| HO" 'H

4. “Spear” the ends of the molecule and imagine
rotating it so that you are looking from the far
side. We can see how the attached groups are

coming off the left and right side.

2. Remember, single bonds can rotate - even without
changing the configuration!

(k(l\ R 130'-'
? HE Ra v
R, OH “n

] OH

OH

3. All the bonds
rotate to “cur
the molecule like

I"

R4 a bracelet
H——OH
HO H
L Horizont-al lines =
HO——H wedges
Ro Vertical lines =
- dashes
5. End result: a Fischer
Projection!
WILEY



7.7 Fischer Projections
How to assign R and S to Fischer Projections

1. Keep one wedge and one dash attached to each stereocenter, assume
the other 2 connections are straight lines. (It doesn’t matter which
ones you choose, you will get the correct answer as long as you follow
the “horizontal = wedge & vertical = dash” rules!)

CHS QHE (I-:Ha ?HB
HO—-’—H = HO-—E)-H =" HO=G=H or HO=C-H ~ etc.
CHCHjs CH,CH, CH5CHs CH,CHj3

2. Use your previously learned skills to assign values of 1-4 based on
molar mass and determine the rotation of the 1-3 values. Use the trick
if #4 isn’t on a dash. Keep in mind that you are looking for the FIRST
difference between the atoms! See example below:

Top chiral center Bottom chiral center

{ ™
[ Osg-OH 123 cw Os.-OH 123 cow Og-OH
4 ; . g
H,N H #4 in front HN—51—H #4 in front H,N—=H
H- 3 OH Therefore S H OH Therefore R H—EOH
4
CH3 CH3 ! CH3

3 Y J




7.7 Fischer Projections
Practice assigning R and S to each stereocenter in the Fischer Projections

a) Oy -OH b)  Ox,-OH
CH,Br H——OH
CH;
Draw the enantiomer D-glucose. e
CHO
Finished Example H OH
—1 o Cl—— HO H
Br—— —g—Br H OH
HEO—— — 1 ©H H OH
CH,OH
Enantiomers D-glucose [.-glucose
It is easiest to just ”flip" each stereocenter! Fnantiomers
Keep top/bottom in the same spot.

READ pages 160-165 and complete practice problems #7.76-7.81
in the Klein Packet to practice more with Fischer Projections.




7.8 Optical Activity

When you first learn about chirality

Haven't you seen my:monociea!!

WILEY
5-57



7.8 Optical Activity

* Because the structures of enantiomers only differ in the same way
your right hand differs from your left, they have the same physical

properties.
(R)-Carvone (S)-Carvone
S /I’ O ite S
FsreRcoccuicaL A
-
Melting point = 25°C Melting point = 25°C
Boiling point = 231°C Boiling point = 231°C

Notice the enantiomers have the same melting and boiling points!

* Enantiomers only differ in (1) how they interact with other chiral
compounds (like in pharmacology), and (2) their optical activity

WILEY



7.8 Optical Activity

Enantiomers have opposite configurations (R vs. S), and rotate

plane-polarized light in opposite directions

Electric
field

Magnetic

field  Mmagnetic
wave Direction of
motion of the

light beam

To get light waves that travel in only one plane, light travels through

B R A &
(a) light (b)  no light

asses

t?\?csnsigi ti:\rough

When plane-polarized light is passed through a sample of chiral
compound, the plane that the light travels on will rotate.

Compounds that can rotate plane-polarized light are optically active.
Only chiral compounds are optically active



7.8 Optical Activity - Polarimeter

Light source

Polarizer (fixed)

The plane of polarization

of the emerging light is Polarimeter tube
not the same as that of

the entering polarized light.

As the arrows indicate, the optically
active substance in solution in the
tube is causing the plane of the
polarized light to rotate.

Analyzer
(can be rotated)

180° (fixed)

WILEY



5.4 Optical Activity
Enantiomers will rotate the plane of the light to equal degrees but
in opposite directions
The degree to which light is rotated depends on the sample concentration
and the pathlength of the light

— Standard optical rotation measurements are taken with 1 gram of compound dissolved
in 1 mL of solution, and with a pathlength of 1 dm for the light

e Consider the enantiomers of 2-bromobutane

o =

(S)-2-Bromobutane

[ ]T temperature (R)-2-Bromobutane
X wavelength
: [a]& = —23.1 (] = +23.1

* (R) and (S) refer to the configuration of the chirality center

* Man-made designation to determine difference of molecules
* (+) and (-) signs refer to the direction the plane of light is rotated
* Physical effect measured in a lab - can flip with temperature!
WILEY
R/S and +/- are NOT dependent upon each other!




7.8 Optical Activity

The magnitude and direction of optical rotation cannot be predicted, and
has to be measured experimentally

However, we can predict the rotation of a racemic mixture to be 0° (the
optical rotation of each enantiomer cancels each other). Racemic mixture:
50/50 mixture of both enantiomers

If one enantiomer is present in excess, relative to the other, then the
mixture will have an optical rotation, but it will be less than the pure

enantiomer. « For unequal amounts of enantiomers, the enantiomeric excess

(% ee) can be determined from the optical rotation
Br Br

[a]B’ = —23.1 [l = +23.1

* Suppose a mixture of (R) and (S) 2-bromobutane has a specific
rotation of -4.6 . This allows us to determine the % ee

lobserved q
% ee = : x 100%
| of pure enantiomer|

* So, (-4.6) /(-23.1) x 100% = 20 % ee




Additional Info: Resolution of Enantiomers

* In 1847, Pasteur performed the first resolution of enantiomers from
a racemic mixture of tartaric acid sal*=

@) O Na O@ @ Na ,(;

N N
(R R)-tartaric acid (S, 5)-tartaric acid
H——OH N HO——H
HO——H H——OH
A O @ i
O/\O NH, O%\Oe @NH4 Louis Pasteur

tartaric acid crystals

* The different enantiomers formed different shaped crystals that
were separated by hand using tweezers

 However, this method doesn’t work for most pairs of enantiomers,

so other methods have been created
WILEY



Additional Info: Resolution of Enantiomers

* Another method is to use a chiral resolving agent

NHa © NH, OH O
e
o)
OH O OH
o L |
OH
O >

EHz NH3 N
A pair of enantiomers Diastereomeric salts

* The differing physical properties of diastereomers allow them to
be more easily separated

— Remember: diastereomers CAN have different MP & BHWILEY



Additional Info: Resolution of Enantiomers

Affinity chromatography is often used to separate compounds

— a glass column (or tube) is packed with a solid substance to act as
an adsorbent, and a mixture is passed through it.

— If a chiral adsorbent is used, then enantiomers will interact with it
differently, and travel through the column at different rates,
allowing for their individual collection (thus separation).

— This is a very common way for resolving enantiomers

Loading

(3
()

@
-

/ Analyte
%o

T
1 3

Target

!

L

p

Immobilized
Receptor

Separation Elution

LI
sLLL,

"l]

ole

Here are some
videos regarding
column
chromatography if
you would like to
learn more!




END of chapter 7
Notes
Student Version to
Follow
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7.0 Isomers - Overview

. are different compounds that have the

* There are two general types of isomers

Isomers

Constitutional isomers
Also called Structural Isomers

Same molecular formula
but different constitution
(order of connectivity of atoms)

both CsHis

/\/\/I\/

pentane 2-methylbutane

both C4H 50
0] (0]
)J\/ /\)J\H

butanone butanal 7 - O

Stereoisomers

Same molecular formula and
constitution but different spatial
arrangement of atoms

Three stereoisomers of tartaric acid (2,3-dihydroxysuccinic acid)

0O OH 0 OH : o OH
& oH S OH i S _oH
HO” 3 HO” 5y ! HO”
OH O oH O : OH O

(2R,3R)-(+)-Tartaric acid (2S,3S)-(-)-Tartaric acid ; (2R,3S)-Tartaric acid

D-Tartaric acid L-Tartaric acid "meso" tartaric acid

WILEY




Basic Flowchart for Determining the

Type of Isomerism

MO

Do the compounds

have the same molecular

formulae 7
NO

YES

| Isomers I

Do the compounds have the atoms
connected in the same order ?

Mot isomers

YES

| Caonstitutional I
)\ A
OH

I
Do the compounds
have different...

| I |
functional locations for functional backbone
groups groups or substituents l
functional skeletal

)\ .-fo‘b-..-—"
OH

OH
HO\/’"\ A

A A

YES

NO

Sterecisomers |

Can the compounds be

interconverted by rotation

about single bonds 7

We will be focusing
on configurational
isomers in chapter 7!

YES

Configurational ‘

Is the isomerism due to
restricted rotation 7

NO

cig-trans
{geometric

A K

| Optical |

Ara the compounds
non-superimposable
mirror images ?

l Chapter 6

| Conformational

CHy Hy 1 Iy
H“) :

H CH3 CHa CH3

X
57 =R

: o :: NO | YES
gy 1
IDiastereome:s I
ey, el CH,CHy  CHoCH,
1=, a M
Gty .'Br CH; "'Br - -




7.0 Isomers - Overview: Geometric Isomers

e Although the two molecules below have the “same connectivity”,
they are NOT identical. (Each carbon is attached to the same
groups)

* So they are classified as a type of isomers called

CH; CH, CH; H
H H - CH,
cis-1,2-dimethylcyclohexane trans-1,2-dimethylcyclohexane
(both groups in same side of ring) (Both groups on opposite sides)

* In order to give these compounds unique IUPAC names, we use the

cis and trans prefixes like we did in Chapter 6 for our cyclohexane
rings WILEY
7.0



7.0 Isomers - Overview: Geometric Isomers

 Why are these geometric isomers?
— To maintain orbital overlap in the pi bond, C=C double bonds can
not freely rotate.

e Although the two molecules below
have the same connectivity, they
are NOT identical... they are

stereoisomers

H5C CHj
H H
cis-2-butene trans-2-butene
Groups on same side of pi bond Groups on opposite sides WILEY

Copyright © 2017 John Wiley & Sons, Inc. All rights reserved. 70 Klein, OrganiC ChemIStl’y 39



7.0 Isomers - Overview: Practice #1 Identifying Isomers

* |dentify if any of the following molecules would require cis, trans, or
neither in their name. (This should be review from previous chapters!)

OH
b e
OH
OH
”O\% —
P VN

WILEY
7.0



7.0 Isomers - Overview: Practice #2 Identifying Isomers

* ldentify the following pairs as either constitutional isomers,
stereoisomers, or identical structures

OH
o7 S )
OH OH P Yy AN
How & /I
OH
CH, CH,
T:> \)7\ H3(:/\l/l\/cH3 HSC\/]Y\CHS
CH, CH,

HC  CH

3

H.C CH

3 3

7.0



7.1 - Locating Stereocenters
is only one type - geometric isomers...
there are other important stereocisomeric relationships

— To identify such stereoisomers, we must be able to identify
in molecules. Chiral is Greek for

and we will later identify the chiral centers as R or S.

77

c A object is , Which means it is not the
on its mirror image)

same as its mirror image (i.e.

— You can test whether two objects are identical by seeing if they
with a2 mndel kit

are superimposable by building the b —
- means it is not chiral, because
it does not have a different mirror
image. This means that it will have no
stereocenters OR it does have a line of
symmetry in the molecule. (This can be

MITor image

a little tricky!) 7.1



A Basic Comparison of Chiral Vs. Achiral

Chiral

mirror mirror

Chiral means
asymmetric in such a
way that the structure

and its mirror image are
not superimposable.

Achiral

Molecules are always
asymmetric at one or
more centers.

Chiral means
asymmetric in such a
way that the structure

and its mirror image
ARE superimposable.

o 0|0
€5 4

The molecule and its
mirror image are two
different compounds.

Molecules are always
symmetric at every
center

es .

The molecule and its
mirror image are non-
superimposable.

The molecule and its
mirror image are the
same compounds.

The molecule and its
mirror image are
superimposable.

Molecules cg
plane-polarized light

G HERE

'to visit a really GREAT website to reac
stereoisomer concepts!

| XS1I1BL can CANNOT
rotate plane-polarized

clockwise (R) or counter-

light in any direction.



https://www.masterorganicchemistry.com/2018/09/10/types-of-isomers/

/.1 - Locating Stereocenters

There is another way to identify chiral compounds...

Chirality most often results from a

—a occurs when a carbon is connected for 4

different “groups” (we are not looking at the immediate atoms
attached, but rather the whole group)

— This tetrahedral center with 4 different groups attached to it
can also be called a

Br
each highlighted carbon -~
is bonded to 4 different
groups, and is a
chirality center (stereocenter)
WILEY

7.1



/.1 - Locating Stereocenters

Examples of chiral centers
and stereocenters

chiral center #1

Tips to help identify stereocenters:

1. Wedges and dashes do not necessarily mean
it is a stereocenter. (But they can help!)

2. Don't just look at the atoms directly attached
to the stereocenter, follow out the group!

3. Watch out for hydrogen atoms that are not
shown.

4. Double or triple bonds cannot be
stereocenters.

5. Carbons attached to 2 hydrogens cannot be
stereocenters

Watch these
videos if you need
extra help! —




7.1 - Locating Stereocenters

* How many chirality centers are in each of the following compounds? Circle or
mark the stereocenters (chiral carbons).

* Chirality is important in molecules! Look at the different flavors we
get from just a couple of these stereocisomers

g i 0
biy ; 'rH
(4S)(+)-carvone  (4R}-(-}-carvone

9) % ? m WILEY

(S)-(-)-limonene ~ (R)-(+)-limonene




Because two chiral
molecules are mirror
images, they will have
many identical properties,
but because they are not
identical, their

may be

very different

relating to, or causing
malformations of an
embryo or a fetus.

(R) - enantiomers

() - enantiomers

NH

R - (+) - Thalidomide

(R)-Thalidomide: Effective sedative agent

§ - () - Thalidomide

(S)-Thalidomide: Teratogenic

B.
HaC, H
OH
0

{R) - Ibuprofen: Inactive

B.

{S)- Ibuprofen: painkiller (has a desired
pharmacological activity)

C.
CHs
I I l _OH
HaG ‘e 0
\G

(R) - Naproxen: Used for arthralgia pain

C.

CH
i OH
H;!C
\G

(5)}-Naproxen: Teratogenic

D.
Q o
F
‘ OH
(\N 5
/N\) 0\)"'-‘
N

(R)-Ofloxacin — is less active

HqlC

D.
o a
F.
| OH
Y Y
CHy
Hﬁ/"\/, "\)‘
%

(5)-Ofloxacin — is 8-128 more active




* l|dentify and label all the stereocenters each molecule

HO
/ /

Vitamin D4

HO O
@)

O
O
simvastatin

(active ingredient in Zocor, for high cholesterol

7.1

For practice with 7.1:

READ pages 134 - 138 and
complete problems 7.1 - 7.15
in the Klein Packet.




7.2 Determining the Configuration of a Stereocenter

is the name given to the “pair” of mirror images

— they are different compounds, so they must not have identical
names

— every stereocenter must be switched (inverted) if there is more than
one stereocenter

— enantiomers always exist in pairs (like twins! no more or less!)
* Theyhgyeoppositeconfigyratiomat|”

OH

/k/ P cH o5

 We use the to designate each
chirality center as having either the “R” or “S” configuration.

— “R” meaning “Rectus” which is Latin for “Right-handed” and wWotate
light in the clockwise direction ILEY

fder~))
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/.2 Designating a Stereocenteras Ror S

“R” or “S” is assigned to a stereocenter using a stepwise procedure

1. Using atomic numbers, prioritize the 4 groups attached to the chirality
center (1, 2, 3 and 4)

4 1

* #1 will be the largest, #4 will be the smallest H ¢l

* continue outward from the chiral center until the O IS
found! Do not look at the group as a “whole” a 2

2. Arrange the molecule in space so the #4 priority group faces away from
you (This is sometimes hard to do, see the trick on following slides!)

3. Count the group priorities 1 - 2 - 3 to determine whether the order
progresses in a clockwise or counterclockwise direction

4. Clockwise = R and Counterclockwise = S

READ pages 138-142 and
complete practice problems 7.17
- 7.26 in the Klein Packet to get
practice assigning #1-4 priorities.

B Configuration = Configuration




/.2 Designating a Stereocenteras Ror S
 The Cahn, Ingold and Prelog system

1. Assign the priorities to the atoms (#1 largest - #4 smallest)

2. Arrange the molecule in space so the lowest priority group
faces away from you (#4 has to be on the dash). You can do
this by “spearing” the molecule and rotating it.

4 1
H cl

3 2

0¥\

7t

b
b

3 D)

Rotate

S~

2.

This is the step where it is most helpful to have a handheld model

Example continued on the next slide...

Once you learn the “trick” you won’t want to think about it this way!

WILEY



/.2 Designating a Stereocenteras Ror S

3. Counting the other group priorities, 1...2...3, determine whether
the order progresses in a clockwise or counterclockwise
direction (ignore #4)

Clockwise=R and Counterclockwise =S5

/_.?\ 3 counterciockwise
)\cmkw!se *
1 = 1 =
4

2

R configuration S configuration

From our example on the previous page...

T 3 Looking back on the original
li“ : model... we just determined
£ this chirality

Center has the (S)
configuration

Counterclockwise = S 3 2
WILEY



/.2 Designating a Stereocenteras Ror S

More Help with Assigning Priorities for Groups
When the groups attached to a chirality center are similar, it can
be tricky to prioritize them

* Analyze the atomic numbers one “layer of atoms” at a time,
branching out from the stereocenter. Stop at the FIRST
difference between the chains.

4 1
H OH

C 2 Tie 3 T
H H breaker H
H

C <

So we have to compare the atomic

The 1 and 4 groups are obvious, but
sroup weights of the atoms bonded to each

there is a tie for priority 2 and 3
P y carbon to break the tie

WILEY



Help with assigning priorities continued...

* Analyze the atomic numbers “one layer of atoms” at a time
4 1
H OH

=
>

* First layer O\

Tie because both are C’s attached to the stereocenter, so now we
look at what THEY are attached to

H OH The prlo.rlty is I?ased
s on the first point of
difference!

HO_

 Second layer

We look at all the 2

atoms each of the O <
C’s is additionally H
attached to.... H

Tie

O is bigger than C’s, so the left
side wins. DO NOT look at total
masses, just “who is attached
to a bigger atom first”

b
e

breaker

OO0



A Solution for Multiple Bonds with respect to assigning priorities

When prioritizing for the Cahn, Ingold and Prelog system,
double bonds count as “two single bonds”
— Think of it as counting that carbon as being attached to “two
oxygens”
— Triple bonds would be handled similarly

N

The list for this (@)

carbon atom is . o)
> H

The oxygen atom
counts twice

WILEY



7.2 CIP Rules Summary

A REVIEW OF CAHN-INGOLD-PRELOG RULES: ASSIGNING THE CONFIGURATION OF A CHIRALITY CENTER

STEP 1 STEP 2

|dentify the four
atoms directly

attached to the
chirality center.

each atom based on
its atomic number.
The highest atomic
number receives
priority 1, and the
lowest atomic
number (often a
hydrogen atom)
receives priority 4.

Assign a priority to

STEP 3

If two atoms have the

same atomic number,
move away from the
chirality center look-
ing for the first point
of difference. When
constructing lists to
compare, remember
that a double bond

is treated as two sepa-
rate single bonds.

STEP 4

Rotate the molecule
so that the fourth
priority is on a dash
(going behind the
plane of the page).

STEP 5

Determine whether

the sequence 1-2-3
follows a clockwise
order (R) ora

counterclockwise
order (S).

OH

Ho\)\ﬂ/H
0

glyceraldehyde

priority#l

priorrb-‘#{ e

fy

(R)-glyceraldehyde

#4 priority group
pointingaway fromus

clockwise = R




TIME FOR THE “HACK"!

 Handheld molecular models can be very helpful when arranging the
molecule in space so the lowest priority group faces away from you,
but that can take a lot of time!

 Here are some other hacks/tricks that can use

— Switching two groups on a chirality ce| (1] 4 @ @
opposite configuration ?_)’\3 > 2>\3
— So “swap” #4 with whatever is on the Gooreoorocrrovr—yoon

numbers rotate. Get your initial answer of R or S, then switch it!

* This will work every time, BUT you have to remember to switch your
answer back at the end!!!!

2] 4 2 &) 5 L3
Need 4 on a dash, so swap #’s Look at rotation of #1-3 to Remember you swapped #’s so
with whatever is on the dash determine if Ror S your configuration isn’t what

This one we would think is “S” you think! Our “S” is actually R!



7.2 Designating R vs S Configuration Practice #1

Assign the configuration of the chiral center in the following
compounds. Add H’s as needed...

v 7Y 9 Y

NH, o

Br
b) O/K/ a) jﬁ

Video answer

key, if needed! T _ Wl LEY




7.2 Designating R vs S Configuration Practice #2

* Assign the configuration of the stereocenters in the following compounds

OH

“"\JD"*--,

Additional practice videos, if
you need them!

STEREO- =~
ISOMERISM

READ pages 142-146 and
complete practice problems
#7.27 - 7.42 in the Klein Packet
to get practice assigning R and S
to stereocenters.




7.3 R/S and E/Z in IUPAC Nomenclature

Stereoisomerism Substituents Parent Chain Unsaturation Functional Group

* The (R) or (S) configuration is used in the IUPAC name for a
compound to distinguish it from its enantiomer

QR %)H /W (ZEAE)-3-methylhexa-2 d-diene
/k/ /\/
(R)-2-Butanol (S)-2-Butanol AH)%‘ (272 4E5)-3-methylhexa-2 4-diene

OH
H H H CH,
/k/\ A / N\ 4
C—C_ C—C
: v N / A
= HaC CHs HiC H
cis-2-butene trans-2-butene
Things to point out... (2R,3S)-3-Methyl-2-pentanol (Z)2.bulene (E).2-butene

e notice the E/Z and R/S go in parentheses ()’s
e |f more than one stereocenter, the carbon number comes  Great crash Course

Overview Video!

directly in front of the R or S (this would also apply for
E/Z)

e Thereis a comma between multiple stereocenters or E/Z E_A\"'
e Add a dash/hyphen - after the ()’s




7.3 R/S and E/Z in IUPAC Nomenclature

Stereoisomerism Substituents Parent Chain Unsaturation Functional Group

For molecules with different groups attached to the C=C double

bond, the is used instead of cis/trans notation
DR
F NH, F H

Cis/trans isn’t adequate to differentiate between these two isomers

* cis and trans only works if there is the same group on each
carbon of the alkene (double bonded carbons)

-~ is for “zussamen”, which means video with 2 practice

problems, if needed

* But we think “ ” for “same side”, like cis

. “« ” .
— is for “entgegen”, which means weac >
NOMENCLATURE

* but we this “ ” for “opposite side” like trans




7.3 Steps for E and Z Designations of Alkenes
1. Prioritize the groups attached to the C=C double bond based on
atomic number just like we did with prioritizing the 4 groups on
stereocenters. However, we only have to compare group “#1” and
“#2” on each side. L

F gets priority N gets priority
over C over H

2. If the top priority groups are on the same side of the C=C double
bond, it is Z. If the top priority groups are on opposite sides of the
C=C double bond, itis E

H

V4 E
“Zame Zide” like cis “Epposite Zide” like trans | WILEY




7.3 Nomenclature Practice Problems

3

oé e

N,

READ pages 146-150 and complete practice
problems #7.44-7.49 in the Klein Packet to get

practice with R/S and E/Z nomenclature.

Functional Group

Parent Chain Unsaturation

Stereoisomerism Substituents




7.4 - Drawing Enantiomers

* Because a stereocenter allows the possibility of a molecule
to have a mirror image of itself, we get two structures.
* These two structures would be considered enantiomers of

each other (like mirror image twins)

Some “rules” about enantiomers:
— Enantiomers cannot be superimposa

ble

S «OH K LOH
[ () ¥ Qtz 2)
- B S

B Br
4 4

enonbiomers

— There is always TWO of them! Like twins!

— Only a chiral compound can have an enantiomer ; ;

If there are multiple stereocenters, then

EVERY stereocenter inverts
— There are 2 basic methods for
drawing enantiomers

CHIRA[JTY STEREOCHEM]STRV

o/‘%/) @'@ Good video for overall

stereochemistry practice!

OH

Et™"/

Me

H

OH

H /k’ Et

Me

Mirror




7.4 - Drawing Enantiomers - 2 Methods
Method 1: Simply switch ALL wedges & dashes to the

opposite! Bonds will look like they are in exactly the same spaces
(You will NOT draw a mirror plane like in method 2)

Cl

Cl NH, NH,
. 0 vt Oy
enantiomers

enantiomers
\\\\\““.

enantiomers
Practice with the molecules below!

o

i\
CH,

Br
Br /\r
Cl




7.4 - Drawing Enantiomers - 2 Methods

Method 2: Draw the reflection in the mirror. Bonds will
spread out symmetrically from the mirror plane (dotted line).

Keep wedges as wedges and dashes as

dashes.

J A @w

R-(+)-Thalidomide

o 0
HN )
o= N
H )
o

S-(-)-Thalidomide

... the mirror image will be
its enantiomer

Practice with the molecules below!

-

NH;

o

READ pages 151-155 and complete practice problems #7.51-7.63 in
the Klein Packet to get practice with drawing enantiomers.

NOT the same
| L as a chair flip!
o CH3 ’ H,C It is the mirror
image.
] (
|
|
0 |
|
H i
|
|
|
WILEY




7.5 Diastereomers

Two types of stereoisocats

Enantiocats Diastereocats

*The configuration is the same (same connectivity) o o
-Differ in orientation of limbs in space *The configuration is the same (same connectivity)
-Non-superimposable mirror images -Differ in orientation of limbs in space

’ : : e 3 _— *NOT mirror images
We call this relationship "enantiomeric “We call this relationship “diastereomeric”

WILEY
5-101




7.5 Diastereomers
e (Categories of isomers _
* there are two sub-categories

|
of stereoisomers

Stereoisomers

Constitutional isomers -
(Same connectivity)

(Different connectivity)

Nonsuperimposable

Enantiomers Diastereomers

Nonsuperimposable
mirror images

Nonsuperimposable,
and NOT mirror images

 Enantiomers: stereoisomers that are mirror images (EVERY
stereocenter has inverted, appear in pairs, like twins)

* have physical properties

* Diastereomers: stereoisomers that are not mirror images (This

occurs because they have 2 or more stereocenters and not eer/LEY
ctereoncenter inverte) like another cihline in the familv biuit not a




/7.5 Diastereomers

How to draw all the Enantiomers and Diastereomers:

1. Draw the first molecule. (Sometimes you are given this)

2. Draw the enantiomer of the molecule (invert ALL centers)

3. Then change ONE stereocenter, draw its enantiomer.

4. Continue this process of changing one stereocenter at a time and
drawing it’s enantiomer until all statistical possibilities of R & S

combinations have occured.

e The max. number of stereocisomers is 2" , where n = # stereocenters
We call these examples the “barn doors”. It works nicely when you have 2 stereocenters!

Example #2

Example #1 [ ¢

Cl CI
\OH Enantiomers \/:\)\
A\
Marfh""w{ B — { ]
A s
EIBV- DQS+U—40M-': O"” \ /
X [Dlastereomers

VR

-

slawoalg)seiq

¥
y
3
E’
P
5
Diastereomers

-

Q

’\"ﬂ‘: £
A N
§
2
(5]
g
(o
T

Cl Enantiomers g -
B~ \/'\/'\ - | SN




7.5 Diastereomers

1. What is the maximum # of possible cholesterol isomers?

Cholesterol

1. Draw and label the “barn doors” and label them for a molecule of 1-ethyl-2-

methylcyclopropane

WILEY



7.5 Diastereomers

 Consider a cyclohexane with three substituents. There are
statistically 8 ways to arrange wedges/dashes for all the
stereocenters. This creates 4 pairs of enantiomers.

— Think of this as a family where there are 4 pairs of twins, for a
total of 8 kids. Each kid has 7 siblings, where one of them is their
twin (i.e. enantiomer) and the other 6 are diastereomers

; :OH : WOH : :OH WOH
M 5 5 "".rf;Me : Me "‘HIM e
Cl Cl Cl Cl

1R, 2R, 3§ 1S, 25, 3R 1R, 2R, 3R 1§, 2§, 3§

READ pages 156-157 and
complete practice
problems #7.65-7.70 in the
Klein Packet to get
practice with enantiomers
and diastereomer
identification.

O:\OH O/OH
Me “"Me

1R, 28, 3S 1S, 2R, 3R 1R, 28, 3R 1S, 2R, 38




7.6 Meso Compounds

* We have talked about enantiomers which are mirror images BUT we
can have a special case if a molecule with more than one
stereocenter has a . This is called a

compound.

— It does NOT have a non-superimposable mirror image. (aka it doesn’t
have an enantiomer - a “mirror twin”)

— itis it’s own mirror image - we say it is achiral

* EXAMPLE: The trans isomer is chiral and will have an enant b, is
non- CHy ’ CH; CHy  sachiral)H,C | |CH;
CH; |
H | H

The cis isomer has a plane of symmetry, which means it will be
superimposable on its mirror image, and is not a chiral compound

WILEY




A Basic Comparison of Molecules with the Property Brothers!

Voldemort's

Identical twins reagent

superimposable

mirror images (2 equiv)

— 3 Enantiomers

= Non-superimposable mirror images

scar over
right eye

scar over
left eye

Diastereomers Diastereomers

Enantiomers

Plane of symmetry

.l Meso

Cannot have an enantiomer
since there is a mirror plane

Chiral

Has an enantiomer

Molecules That Are Superimposable Are Considered To Be The
Same Molecule

(Including molecules that are superimposable mirror images)

Just as
these two rotated "A" 's
< > are superimposable through
rotation

= the same letter

HO,
also superimposable through
Ho rotation of 180°

= the same molecule

O:OH
OH
Likewise, if these identical twins were molecules, they'd also
be considered to be "the same":




7.6 Meso Compounds
If a compound has a plane of symmetry, it is ACHIRAL

If a compound as at least one stereocenter AND a plane of
symmetry it is ACHIRAL, we specifically call it MESO

But... There’s more!

— a compound that lacks a plane of symmetry may still be an
achiral compound... if it has an reflectional syn =~y *"~ugh

inversion about a central point in the moleculeoﬁ/LN/

* The molecule to the right has two chirality N\/J\
. o)

~
centers, and no plane of symmetry, but it is

still achiral because of inversion

* Pro-tip: If you aren’t sure - draw what you think is the enantiomer
and see if you can twist/rotate to superimpose it on the original

structure, if you can - it’'s meso and achiral. If not, it’s the engptiomer!
ILEY




7.6 Meso Compounds
* Again, compound with chirality centers, but is achiral because of

symmetry is called a meso compound
| Y
Q SN

Me Me

Internal plane of symmetry Internal plane of symmetry

 The molecules below are examples of meso compounds:
SN N
NN
OH Br Br

*Draw the line of symmetry for each!

* meso compounds have less than the predicted number of

Stereoisomers based On tlnn ')(n) foarvranila +thovs ava thaolvr cvarn
“ - READ pages 157-160 and complete practice problems #7.72-7.74
twin and dO not have Al in the Klein Packet to identify the meso compounds.




7.7 Fischer Projections
Fischer Carrie Fisher

projection projection
o O

CHs CHs
Hime G~ OH H+OH
CH,CH; CH,CH
perspective drawing Fischer projection

WILEY




7.7 Fischer Projections

Fischer projections can also be useful to represent molecules with
multiple consecutive stereocenters, instead of bondline drawings

with wedges and dashes. (The example below only has one

stereocenter) Et Et
HO+H = HO=C—H
Me Me

— Horizontal lines represent attachments on WEDGES

— Vertical lines represent attachments on DA<-=€ —
left ' '
O%/H H.cl BroH CH, \-:‘HJ
: H—t—cI H— i
. e :> 0O H—1—FBr is equal to H st i
HO m—t—=Br L HO——CH,CH, HOm—g=GH,CH,
right left right CHs H,




7.7 Fischer Projections

Fischer projections are most useful when drawing molecules having
multiple chirality centers (like sugars, shown below).

O M

O HO——H

Oxc" H——OH HO——H
H——OH HO——H H—t+—OH

HO——H H——OH HO——H
CH,OH CH,OH CH,OH

Two chirality centers Three chirality centers Four chirality centers

Fischer projections are also useful to quickly assess
stereoisomeric relationships

R1 R1 R R1
H—1—Br Br——H H—t—Br H—1—Br
H—1—Br Br—/—H H—t—Br Br—r—H

R2 R2 R2 R2

18 J N J
Y Y

WILEY

Enantiomers Diastereomers



7.7 Fischer Projections
 So how exactly does it work? Build the molecule and follow the steps!

OH OH OH OH

H'[ H1

OH OH

HO.,

Ry Rz
OH OH

OH OH

'

1. Start with your
bond-line drawing

HOH
OH Ay
“_,OH  Rotate pencil HO H
| -
lZ?:!OH H g OH
'+ OH
| HO" 'H

4. “Spear” the ends of the molecule and imagine
rotating it so that you are looking from the far
side. We can see how the attached groups are

coming off the left and right side.

2. Remember, single bonds can rotate - even without
changing the configuration!

(k(l\ R 130'-'
? HE Ra v
R, OH “n

] OH

OH

3. All the bonds
rotate to “cur
the molecule like

I"

R4 a bracelet
H——OH
HO H
L Horizont-al lines =
HO——H wedges
Ro Vertical lines =
- dashes
5. End result: a Fischer
Projection!
WILEY



7.7 Fischer Projections
How to assign R and S to Fischer Projections

1. Keep one wedge and one dash attached to each stereocenter, assume
the other 2 connections are straight lines. (It doesn’t matter which
ones you choose, you will get the correct answer as long as you follow
the “horizontal = wedge & vertical = dash” rules!)

CHS QHE (I-:Ha ?HB
HO—-’—H = HO-—E)-H =" HO=G=H or HO=C-H ~ etc.
CHCHjs CH,CH, CH5CHs CH,CHj3

2. Use your previously learned skills to assign values of 1-4 based on
molar mass and determine the rotation of the 1-3 values. Use the trick
if #4 isn’t on a dash. Keep in mind that you are looking for the FIRST
difference between the atoms! See example below:

Top chiral center Bottom chiral center

{ ™
[ Osg-OH 123 cw Os.-OH 123 cow Og-OH
4 ; . g
H,N H #4 in front HN—51—H #4 in front H,N—=H
H- 3 OH Therefore S H OH Therefore R H—EOH
4
CH3 CH3 ! CH3

3 Y J




7.7 Fischer Projections
Practice assigning R and S to each stereocenter in the Fischer Projections

a) Oy -OH b)  Ox,-OH
CH,Br H——OH
CH;
Draw the enantiomer D-glucose. e
CHO
Finished Example H OH
—1 o Cl—— HO H
Br—— —g—Br H OH
HEO—— — 1 ©H H OH
CH,OH
Enantiomers D-glucose [.-glucose
It is easiest to just ”flip" each stereocenter! Fnantiomers
Keep top/bottom in the same spot.

READ pages 160-165 and complete practice problems #7.76-7.81
in the Klein Packet to practice more with Fischer Projections.




7.8 Optical Activity

* Because the structures of enantiomers only differ in the same way
your right hand differs from your left, they have the same physical

properties.
(R)-Carvone (S)-Carvone
O /I’/;’n,“ O Lf’\' ' % 9 f'
FsreRcoccuicaL A
Melting point = 25°C Melting point = 25°C
Boiling point = 231°C Boiling point = 231°C

Notice the enantiomers have the same melting and boiling points!

* Enantiomers only differ in (1) how they interact with other chiral
compounds (like in pharmacology), and (2) their optical activity

WILEY



7.8 Optical Activity

* Enantiomers have opposite configurations (R vs. S), and rotate plane-polarized
light in opposite directions

Electric
field
- I l % I -
pa Qe —9F
e i (a) light (b)  no light
0" aghote o hraugh
T through through
wave Direction of
motion of the
light beam
* To get light waves that .
st e Polarimeter "
travel in only one plane, ight saurce
light travels through a Polarizer (fixed)

filter
- H : H The plane of polarization
* When plane-polarized light is e = s —

passed through a sample of not the same as that of
. the entering polarized light.
chiral compound, the plane
that the light travels on will
Analyzer
rotate. (can be rotated)

As the arrows indicate, the optically
active substance in solution in the
tube is causing the plane of the

polarized light to rotate.
* Compounds that can rotate

plane-polarized light are Observer
optically active. Only chiral
compounds are optically

180° (fixed)



7.8 Optical Activity
Enantiomers will rotate the plane of the light to equal degrees but
in opposite directions
The degree to which light is rotated depends on the sample concentration
and the pathlength of the light

— Standard optical rotation measurements are taken with 1 gram of compound dissolved
in 1 mL of solution, and with a pathlength of 1 dm for the light

e Consider the enantiomers of 2-bromobutane

o =

(S)-2-Bromobutane

[ ]T temperature (R)-2-Bromobutane
X wavelength
: [a]& = —23.1 (] = +23.1

* (R) and (S) refer to the configuration of the chirality center

* Man-made designation to determine difference of molecules
* (+) and (-) signs refer to the direction the plane of light is rotated
* Physical effect measured in a lab - can flip with temperature!
WILEY
R/S and +/- are NOT dependent upon each other!




7.8 Optical Activity

The magnitude and direction of optical rotation cannot be predicted, and
has to be measured experimentally

However, we can predict the rotation of a racemic mixture to be 0° (the
optical rotation of each enantiomer cancels each other). Racemic mixture:

50/50 mixture of both enantiomers

If one enantiomer is present in excess, relative to the other, then the
mixture will have an optical rotation, but it will be less than the pure

enantiomer. « For unequal amounts of enantiomers, the enantiomeric excess

(% ee) can be determined from the optical rotation
Br Br

[a]B’ = —23.1 [l = +23.1

* Suppose a mixture of (R) and (S) 2-bromobutane has a specific
rotation of -4.6 . This allows us to determine the % ee

lobserved q
% ee = : x 100%
| of pure enantiomer|

* So, (-4.6) /(-23.1) x 100% = 20 % ee




Additional Info: Resolution of Enantiomers

. In 1847, Pasteur performed the first resolution of enantiomers from a racemic mixture of

tartaric acid salts

o @ © @
o%/o Na O§/O
H——OH . HO——H
HO——H H——OH
= o @
O/\O NH, o¢\o@ B

Na

NH,

. The different enantiomers formed different shaped crystals that were se

. However, this method doesn’t work for most pairs of enantiomers, so ot

Louis Pasteur

(R, R)-tartaric acid

(S, 5)-tartaric acid

tartaric acid crystals

. The differing physical properties of diastereomers allow them to be more easily separated

— Remember: diastereomers CAN have different MP & BPs!

. Affinity chromatography is often used to separate compounds: a glass column (or tube) is packed with a solid

substance to act as an adsorbent, and a mixture is passed through it. lIf a chiral adsorbent is used, then enantiomers

will interact with it differently, and travel through the column at different rates, allowing for their individual
collection (thus separation). This is a very common way for resolving enantiomers

o ***\/ideos are an slide 65 on soosgle classroom if vou would like

talearn morel***

NH» = NH;3 OH 0]
@O ‘
OH (0] OH
o LA L |
CH V
[©)

Ha

o8

A pair of enantiomers

il Z

© NHa OH O
)
i o
OH
o]
\ J

Diastereomeric salts

Loading

Target

/ Analyte

Separation

Elution

LD,

noonon
ITI

Immobilized .
Receptor .'q ..




