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History of Uptical Activity and Enapciomerism

The history o: optical activity and stereolsomerism is long, involved
Jnd most interesting.  You can learn about this concept knowing nothing of
its historical backgrotnd. However, it would be analogous to moving into
a4 house without furniture. You can live in ft but you would miss all the
trills that one learns to enjoy and need. Hence, your appreciation of the
subjoect would be incomplete.

The historteal events which led to the discovery of the concepts dis-

cussed in this tape and which will help to elucidate what follows arce
enumerated in chronological order below:

Optical Activity -

1664 - Danish scientist Erasmus Bartholimus found that a single ray of
ordinary light can be divided into two rays by a properly oriented crystal
made of calcite or I[celand spar.

1811 - French physicist Dominique Arago discovered that a quartz plate
cul in a certain manger causes rotation of the plane polarized light.

1815 - French physicist Jean Baptiste Biot added a new dimension to
Arago's discovery. He discovered that plates of the same thickness made from
two kinds of quartz rotate plane polarized light the same amount but in oppo-
site directions.

1828 - Scottish physicist William Nicol invented a prism called a Nicol
prism used to produce a plane polarized light.

Enantiomerism -

1769 - Scheele isolated tartaric acid for the first time.

1819 - Jean Baptiste Biot determined that tartaric acid is optically
active - dextrorotatory.

1828 - Kestner isolat«! from grapes an acid that had the same molecular
formula, the same structur . d the same physical properties as tartaric acid,
but was optically inactive ilself. It was later named RACEMIC acid by Gay
Lussac (Racemes in Latin means grapes)

1830 - Berzelius named these two compounds, namely tartaric acid and
ricemic acid, ISOMERS. The word isomer was finally introduced to the
scientific world.
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ilistory of Optival Actlvity and Enantiomerism (continued)

L848 - Jean Louls Pasteur separated the salt crystals of the optically
inactive racemic acld into two types of crystals which were mirror images
relative to cach other. Each group of crystals was optically active.

1874 - Van't Hloff and Le Bell published their famous paper about the
tetrahedral carbon atom which established the basis for the concept of
mirror image isomerism of organic molecules. It opened the doors to the
exceiting field of stereochemistry.

You can sce the reaction of the chemical world to this paper in the
Introduction in Self Instructional Package No. 2)
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STERFEOTSOMERS | 1
borinitinns -

The student will be able teo define or describe and Lllustrate with appro-
priate examples (where applicable) the tfollowing terms: stereochemistry,
stervoisomers, isomer number, plane-polarized light, optically active sab-
stance, optically inactive substance, polarimeter, dextrorotatory, levoro-
tatory specitic rotation, enantiomers, chiral center, racemic mixture or
racemic modificationyconfiguration, R and § configuration, diastereoisomers,
meso compound, conformers, resolution.

'

Problems -

The student will be able to identify the chiral centers in a given nmolecule.

For a given compound, the studentwill be able to identify all the teoretically
pussible stercoisomers and label them correctly as enantiomers, diastereo-
isomers or meso compounds and as optically active or inactive.

The student will be able to identify the chiral molecules in a given set of
dif ferent compounds,

The student will be able to assign the R or S configuration to a given chiral

molecule.,

The student will be able to draw the correct configuration from the given R
or $ structural formula,

The student will be able to identify the given pairs of molecules an enan-
tiomers, diastereoisomers, meso compounds or racemic mixture.
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STEREQLSOMERS 1

True or False by placing a capital T ov F

in the apace to the Tett.
I The correct detinition for enantiomers Is:  enantiomers are mirror
T fmayge fsomers.

Joo 0 tnantiomers huv; different physical properties.

b Diastereoisomers are nonsuperimposable mirror image isomers.
S.__ Meso compounds are optically inactive.

5. Racoemic mixture is optically inactive.

Ho . An cenantiomer is oprleally active.

7o All diasterecoisomers are optically active.

R ____  Meso compounds contain no chiral centers.

Y. . DbBiastercolsomers have different physical properties.
10, Racemic mixture can be resolved into two enantiomers.

Blacken out the correct answer or answers in the following questions:

11, The c¢hiral center in the compound below is:
. al \‘ .
CliBC;fl((,llB,&llB EHZBr
A B C D
(l) A
h) B
¢y G
dy D

12, Corroct statements about 2-bromo-3-methvl butane are:

a) it contains two chiral centers.

b) it can exist

¢) 1t is a meso

d) it can exist

as «# pair of optically active enantiomers.

compound.

in form of an optically inactive racemic mixture.

7
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13, Corrvcet statements about 3,4-dibromo hexane are:
@) it contains two chiral centers.
by iU can exist as a palr of optically active enantiomers.,
¢) it can exist as a meso compound.

d)  rthere are four stercoisomers that can be separated and identified
of 3,4=-dibromo hexane.

l4. Correct statements about 2,3-dibromo ventane are:
ay it contu{n; two chiral centers.
b) it can exist as a pair of optically inactive enantiomers.
¢) it can exist as a meso compound.,
Jd)  there are four stereoisomers that can be separated and identified of

2,3=dibromo pentane.

ldentify the pairs of compounds in the next six questions as: a) enantiomers,
h) diastereoisomers, c¢) meso compounds, d) none of the above.

b H EHBC H C H EHBH
G=C H o
on 2?7 250
OH
CH
i3 CHy
16. H—LC——=Br Br == =11
! 1
cH C_H
37 25
17. Gy o $H3
H—?—OH H-C-OH
1-C-OH
o -C-i H ,
C H
C)lis 2"'s

ERIC
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Form B o« Sclt BEvaluation Exerelse

H. (H,
i 'HJ
H-C-Br Br~-C~Hi
He(C-Br Re-C-H
| I
CH i
3 3
" %.u,j ;,1413
H-C-0OH HO-C-H
H-C-Br Br-C-H
| l
CH CH
3 3
C,H C,H
§5 35
20, H-(II-I I-C~H
H-C~0OH H~C~0OH
| I
CHy CH,y

ldentify the compounds in the next five questions as a) optically active,
b) optically iractive, c¢) meso compound, d) enantiomer.

CH

21, 3
H OH

C'ZHS

Br OH

CH3
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26. A dextrorotatory substance has the following characteristic properties:
1) It has an R configuration.
b) It turns the plane-polarized light to the right.
¢) It has an § «configuration.
d) It should be labeled with a prefix (+)

27, The correct statements about an unknown substance that shows an angle of
rotation ol = + 5.6° when nlaced in a polarimeter are:

a) This substance is made up of chiral molecules.
b) This substance may be the positive ecnantiomer.
¢) This substance may be the racemic mixture.

d) This substanea .y be a mixture containing an excess of the dextro-
rotatory enantiomer.

=
[,
& «©
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W B= cont iguration, / \

HO CHl.
an S- contiguration, :

adextrorotatory substanae,

a levoratatory substance,

190
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Ouestion Mo, 2/ Chapter 4, Section 13

For Questions 1, 2, 9, 6, 10, 11, 12, 13, 16, 21, 22, 25, 206, 27, additional
explanations and vxamples can be found in Tape 1 - Optical Activity, Enan-
tiomerism, R, § configurations with the accompanying work sheet and answer

sheet,

For Questions 3, 4, 7, 8, 9, 13, 4, 17, 18, 19, 20, 23, 24, additional
caplanations and cxamples ecan be found in Tape 2 - Diastercojsomerism with
the accompanyinyg work sheet and answer sheet. ‘
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I am not ashamed to confess
Self Instructional Package No. 6 Fh%t I gm tgnorant of what
Tape I - Work Sheet I do not know. )
' ---Cicero

STEREOTSOMERISM I

Optical Activity, Enanteomefism, R, S Configurations

Example No. 1 - optically active substances

An optically active substance is a substance that rotates the plane
polarized light.
optically active
substance

Protates the
// plane polarized
PRISM light
ORDINARY LIGHT —— PLANE POLARIZED LIGHT
(vibrates in an (vibrates in one plane
infinite number only)

of planes)

optically inactive
substance

>no change

Example No, 2 - Polarimeter

RN S — | R

. "
: : !
Analyzer cell for Polarizer .
(Nicol prism) liquid sample (fixed Nicol prism) light source

i3
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Example No. 3

YDEXTROROTATORY or (+) - it rotates
the plane polarized light to the
right

optically active substance (+) or (-)

5> LEVOROTATORY or (~) - it rotates the
plane polarized light to the left

Example No. 4 - van't Hoff and Le Bell, 1874

1. For any atom A only one substance of formula CH3A has ever been found.

ro

For any atoms A and B only one substance of formula CHpAB has ever been
found.

3. For any different atom A, B and D two nonsuperimposable mirror image
isomers of the formula CHABD were found.

van't Hoff and Le Bell in 1874: only if the four atoms or four groups
attached to the carbon atom are directed to the corners of & regular tetra-—
hedron, statements 1, 2 and 3 are fully accounted for.

Ekample No. 5

CH
. 1 3 . 1‘(.:-; ]
L. CH3—$———CH2—LH20H or —9—g—g—§—OH
Br r
CH,~Cl 1o
) v ; ) o—q_?.‘ )
{L. CHB—CHZ-?—W—CHZ"——CH—CH3 or —F—F—g—y 7—9
Br CH Br +¢~
3
QH ) 1 (‘)H' 1 '
[II. CH —(.IH-—CH—CHZ—CH3 or —?—Q—g—C—?-
Br Br' !

13
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Tape 1 - Work Sheet

Assiznment No. 1

Identify all chiral centers in each of che compounds below:

OH
a CH_ CH_ CHBr CH, OH —CH. ~CH=CH=CH..—
1) y CH, r CH, d) CHy~CH,~CH ?H CH,-CH,
CH
¢Hs ’
b)  CH, CH-—?H—CHE—CHZBr
CHy e) CHy-CH-CH-CH,OH
| S |
OH OH
) CHy
CH3—CH-—?H-—-CH2—CH3 -
CH |3
25 £) CHy-C—CH-CHy
| |
0! Br

Example No. 6

N
(G

-

"Head-on view"

"Head-on view"

I mirror I1

= green ball

]
!

Y = yellow ball
R = red ball
B = blue ball '
COOH ' COOH
|
“' ' H'\.
T C l '._“
/ N N e
Ot mirror HO
Chiy . ' } CH,
L1l te-lllactic acide-tTTTT IV

EMANTIOMERS are nonsuperimposable mirror image isomers (such as I and II
and III and 1V) .

14
ERIC i5
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Example No. 7

In the diagramsAbelow the horizontal lines represent bonds coming toward
us out of the plane of the paper; the vertical lines represent bonds
going away from us behind the plane of the paper.

G G

B———— R R———8B |
! Y Y
I I1
coot COOH
CH3 ———— OH HO ——F—— CH3
H H

111 Iv

Assignment No. 2

Complete the diagrams to the right that will correctly represent the
compounds on the left.

a) COOH

H... l

e

/// \EH3
C7H5

“

15
16
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Assignment No. 2 (continued)

b OH
He.... -l
br C4Hy
¢) Br
o
C H OH
37

Assigoment No. 3

Tdentify each peir of compounds below as superimposable or nonsuperimposable.

a) CHy CHj
5r COOH HOOC .
H H
b) CH3
t Br
Gty

17

16
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Assigoment No. 3 (continued)

) COOH H

Br C2H5 Br C7H5
H COOH
) CH OH H
2
H OH CH CH_OH
3 2
CHy OH

Assignment No. 4

Identify each pair of the compounds below as: superimposable or non-
superimposable; optically active or inactive (when separated); enan-
tiomers; different or identical.

CH, CH,
a) |
H7C H., <
CH3 Br Br/ CH3
b) . I
CoHs
H..
H. e
////}'C O///,//c \\\\
. \\\\ H C,H

L OH v2fs
i8

17
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Assignment No. 4 (continued)

CH.,OH I
¢J H__ H
////;'C \\\\\ T
CH. Br HO///// \\\\
3 C,Hs
CHy; CH,OH
H-
d
) C He-eoo
///’/’ \\\\\ c
I C.H ,////’ \\\\\\
25 Br ci,

Assipnment No. 5

Draw the stereochemical formulas for both enantiomers for each of the
compounds below:

a) 2-bromobutane

b) 2-hexanol (CH3 CH OH CH2 CH2 CH2 CH3)

) l-bromo-2-methyl butane

18
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Assignment No. 6

Compare the dextrorotatory and the levorotatory forms of 2-bromo butane
with respect to:

a) density

b) boiling point

¢) melting point

d) rate of reaction with bromine in light
e) rate of reaction with magnesium in ether
f) 1index of refraction

g) specific rotation

h) solubility in chloroform

Example No. 8

Racemic mixture is a mixture consisting of equal amounts of the two
enantiomers.,

Resolution is the separation of the racemic mixture into the enantiomers.

(+) 2-chloropentane
RESOLUTION
Zz

(+) 2-chloropentane \\&
(-) 2-chloropentane

P
Racemic mixture

Assignment No. 7

Identify the statements below as True cr False.
a) a given mixture of enantiomers is optically inactive.

b) a mixture containing an excess of the levorotatory compound will
be optically active.

c) from the given configurations of tte two enantiomers one can
identify the dextrorotatory and the levorotatory one.

d) Racemic mixture is a mixture of two enantiomers.

: 20

Q : 19
ERIC
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Example No. 9 - Determination of the configuration

Configuration is the arrangement of atoms that characterizes a particular
stereoisomer.

Step 1| - A sequence of priority is assigned to che four atoms or groups
attached to the chiral center by employing the set of sequence
rules.

Step . - The molecule is visualized oriented so that the atom or the
group with lowest priority points away from the viewer or is in
the back. The arrangement of the remaining three groups is then
observed.

Fxample No. 10 - Sequence Rules

Rule No. 1 - Higher atomic number precedes the lower atomic number.

I (1) I (D) 1 (1)

! . .
(4) H-C-C1 (3) H ‘ Ha.”'l

A . g
Br >// N\~ /;/, .
(2) ““”“\\ el
o (3) ct Br (2) (2)Br Cl (3)
R Configuiration S Configuration

L

the atoms directly bonded to the carbon atom, it will be deter-

mined by the next atoms in the group and so on, working outward
from the chiral center (this is known as the technique of "out-

ward exploration'.

Rule No. 2 - If the priority sequence cannot be determined on the basis of

 Bri i
H-C~C-C~C~H
oo
Br HH H
?r (1) Br (1)
/ (4) H._
(q) H/C\ /C
CoHy CH Br () () CcH,pBr CoHy ()
. Configuration Configuration
20

21
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Example No. 10 - Sequence Rules (continued)

Rule No. 3 - A double or a triple bonded atom is equivalent to two or
three of the same atom single bonded.

s H
¢=0 Ho ()
H l /
cO
C same as: | 0
/ \ (4)H.
Al o -C
HO CHZ—-CH3 \\\
(1) HO CHZOH ()
Configuration
~C ()
B. . HC=CH, HC
C
H I (4) H._ l

" C
\\\/,O
~

““C
same as.:
/\ /N
(l) Br ) i Q ( )
Br q==0
H

H

Configuration

Assignment No. 8

Identify the priority sequence and assign the correct R or S configuration
to the following compounds:

a) CH3 b) C3H7
.| |
/N e
HO Br /// \\
CH3 Br
21

22
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c) CHZ-CHZ-CH3 e) C=N
| i |
Heo._c /c
/ \ CH c= OH
-
cl - 3
cu
3 ~
) CH_OH
l 2 £) C=N
H. H l
HO CHZ-CH3 H2C=CH NH2

Assignment No. 9

Draw the R and S configuration for the following compounds :

a) 2-bromobutane

b} 3-hexanol (CH3 CH2 CHOH CH2 CH2 CH3)

<) 3-methyl—2-bromo butane

d) 1l,3-dibromo pentane

23

22
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Stereoisomerism [

Optical activity, Enantiomerism R, S Configurations

Assignment No. 1

Br
]

a) CH.—CHZ—C*——CH7OH (one chiral center)
; 2

3
H

CHj ;
!
b) cu3-cu-§*-—CH2-CHZBr (one chiral center)

CH4

¢) No chiral centers

OH H
l* l*
d) CH_-CH_-C —C —CH,.-CH (two chiral .c¢nters)
3 2 1 .2 3
H  Chy
q
; e) CH -C*-——C*—CH OH (two chiral centers)
' oo
OH OH
CHs
f) CHB—C-—-C -—CH3 (one chiral center)
| |
OH Br
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Assignment No. 2

i) COOH

b) OH

| .

C H CH ]

\-2 5 3 Br ——,—C3H7
H

c)

H
Br
C.H -——*———-OH
37
H

Assignment No. 3

a) nonsuperimposable
b) nonsuperimposable
c) ‘nonsuperimposable
d) superimposable

Assignment No. 4

a) identical,
b) superimposable,
¢) nonsuperimposable,

d) nonsuperimposable,

superimposable, optically inactive
identical, optically active
enantiomers, optically active
different, optically active

25
24 .
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Assignment No. 5

a) Br
|
H C.H
¢ 3 275
H
b) OH
CH, C,Hy
H
c) CH3
CH_B CH
2°F 2's
H

Assignment No. 6

a) 1identical
b)- identical .
¢) 1identical
d) identical
e) identical
f) 1identical
g) identical
h) identical

OH

H
C& 9 CH3

CH

C2H5 CHZBr
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Assignment No. 7

a) F
by T
¢) F

d) F (incomplete statement)

‘Assignment No. 8

. C,H, (2)
CH3(3) |
(4) H ' (%) H.
a) T C b) —C
7\ | / AN
(2y HO Br (1) .
; (3) CHj Br (1)
R- - \S-
=N (2
CH, CH, CH; (3) ) ] (2)
(4) Heu s
e) (4) H. l e) ~C
/\ 3 (3) c=C ' oH (1)
(L 6 ey .
: T , sl |
- - - _ o CH3' (3)
H' l
CH,0H  (2) -
NOR N | /\
d) , /‘C : Vi (2) H2C CH NH 9 (l)
1) HO CH,-Clt, (3) \ R-
R~

26

27
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Assignment No. 9

Br Br
a) Heo, , H.. l
-C R
CH, Cyli CyHg CH,
R- S-
OH OH
H.__ l Ho _ I
b) e C ' TeC
C,Hg C4H C3H7 C2H5
R— - -
Br Br
a | o
c) TeC RNy
/" \\ N\
CH
CH3 CH(CH3)2 | (CH3)2CH 3
Br
Br
|
o |
d) ‘-~..C ‘C
/ CH,_~CH, Br C_H
C2H5 2 2 CHZBr CH, 2''s

27
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It 18 better, of coursc, to
know useless things than to

Self [nstructional Package No. 6
know nothing.

Tape Il - Work Sheet

~==Seneca
STEREQISOMERISM [I
DIASTEREOISOMERISM
Fxample No. 1 - Stereocisomers of 2,3-dibromopentane
, |
CH, | Cig CH | CHg
H Br '! Br N H H Br | Br H
]
i
/ |
|
| !
B’ o - |
du ! H Br H Br Br
205 ’ Colig CiHg . o
N ' - . s 255
I . LL- III LTIV
Enantiomeric pair Enantiomeric pair
Analogous models to be made:
. 1
R
Y G
5 : c Y Y ¢ ) ¢ ¥
)
}
} ) :
} b ‘
@, | . -
G Yy |
| Y G Y ¢ -G Y
Bl ‘
| Bl B1 } Bl
la ’ Ila | IIIa ! IVa
B ~ black ball (carbon) ' f
) :

G - green ball (brown)
Y -~ yellow ball (hydrogen)
Bl- blue ball (CZHS group)

R -~ red ball (CH3 group)

28
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Fischer rupggiyntations_pf I, [T, tiI and IV

R

Br e——

enantiomeric pair

Are T and I1 superimposable?

CH3

C,H

— Br

——l!

’ CH3 Cll3 | LH3

| |

| Br ———11 fl —=—t+—8r |  Br—t—1
[ x

! He——t——Br H— Br ’ By ———1H
| !

! C,H C.,ll ! C,H

| 25 275 | 2°5
|

i LI I11 | v

enantiomeric pair

Are I and II mirror image isomers?

[ and II relative to each other are

Are

Are

Are

Are

Are

III and IV superimposable?

[Il and IV mirror image isomers?

and IV relative to each other are

I and

I and

I and

I and III

Are

Are

I and

I and

Are I and

[ and
Are II and III superimposable?

Are II and III mirror image isomers?

IV relative to each other are

ITT superimposable?

III mirror image isomers?

111 stereoisomers?

relative to each other are

IV superimposable?

IV mirror image isomers?

1V stereoisomers?

oo
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Tape [L - Work Sheet

Are LL and 111 stereolsomers?

LT and L[l relative to each other are

Are IL and IV superimposable?

Are LI and LV mirror image isomers?

Are [I and IV stereoisomers.

il and LV relative to each other are

DIASTEREOISOMERS are nonsuperimposable stereoisomers that are not mirror
images of each other.

STEREOISOMERIC RELATIONSHIP OF - I, IT, III, and IV

: L i II . ITI ' IV
: ! . . , :
| . enantiomer i diastereoisomer : diastereoisomer
; : = =
. ! [} I3 ! . 0]
[L 'enantiomer : ' diastereoisomer : diastereoisomer
Lo C, . ; .
[Tl diastereoisomer : diastereoisomer enantiomer

IV !diastereoisomer : diastereoisomer f enantiomer

N ]
4L n —

Assignment No. 1

Draw stereochemical formulas for all the possible stereoisomers of l-bromo-
2;3-dimgthyl pentane. Tabulate their stereoisomeric relationship in a table
analogous to the one used in Example No. 1. Identify the ones which will be
optically active when separated.
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Tape [1 - Work Sheet

Assignment No, 2

Using Flscher representations, draw the configurations of all the stereo~
isomers of 2,3,4-tribromo hexane. Tabulate their stereoisomeric relation-
ship in a table analogous to the one given in Example No. 1.

32
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SIP No.o b

Tape 11 - Work Sheet

Asslygoament No. 3

a) The number of chiral centers in 2,3-dibromopentane (Example No. 1)

is

The number of possible stereoisomers of 2,3-dibromopentane (Example

No. 1) is

b) The number of chiral centers in l~bromo-2,3~dimethylpentane (Assignment

No. 1) is .

The number of poséible stereoisomers of l-bromo-2,3-dimethylpentane

(Assignment No. 1) is .

c¢) The number of chiral centers in 2,3,4-tribromohexane (Assignment No. 2)

is .

The number of possible sterenisomers of 2,3,4-tribromohexane (Assignment

No. 2) is .

1f the number of chiral centers in a molecule was 4, the maximum number

of possible stereoisomers would be 16.
What is the relationship between the numbers of the chiral centers in a

molecule and the number of possible stereoisomers?

CH

CH CH CH

3 : 3
II I11

Example No. 2 -~ Sterecoisomers of 2,3-dibromobutane
CH, | CH, CH, | CH,

| I

H—— Br : Br ———H H Br I Br—+t+——H
' '

Bre——H | H—] Br H—t4+— Br | Br——u

. |
|
|
)

IY

.
N
.

enantiomeric pair

32
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Are | and [1 superimposable?

Are I and (I mirror image isomers?

[ and II relative to each other are

Are IIl and IV superimposable?

Are III and IV mirror image isomers?

1[I and 1V relative to each other are

I and III relative to each other are

[l and III relative to each other are

A MESO compound is one whose molecules

are su

perimposable on their mirror

images even though they contain chiral centers.

[II = IV = optically inactive MESO compound
CHy

Br

- ——— -
.

- emg e .oy

H——

CH3

Br

plane of symmetry

Stereoisomeric relationship of I, II, and III.

I II II1
I : ! enantiomer ! diastereoisomer
II f enantiomer : diastereoisomer
IIT diastereoisomer : diastereoisomer
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Assignment No. 4

Draw the stereochemical formulas for all the possible stereoisomers of the
follow'ng compounds. Label pairs of enantiomers and meso compounds. Tell
which isomers, if separated from all other stereoisomers, will be optically
actlve.

a)  3,4-dimethyl hexane
bh) 1,2,3,4-tetrachlorobutane
¢) 2,3-dimethyl pentane

d) 2-iodo-3-bromo butane

39
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Tape L1 - Work Sheet

Asslgnment No. 5

a) In a study of chlorination of butane, seven products of formula CA”SCl°

were isolated, What are their structures?

b) Three of them can be resolved into two enantiomers. Whieh ones are

these? Draw the stereochemical formulas of these six enantiomers.

Assignment No. 6

State the différence between a meso compound and racemic mixture. What is
the feature that they have in common?

36
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Tape 1 - Work Sheet

Examp L No, 3

The sterceolsomers from Example No. 1 have the following configurations:

! ist 8, S=2,3-dibromopentane (or 25, 38 ==—-
L fs: R, R=2,3~dibromopentanc (or 2R, 3R ----
111 1s: 8, R=2,3-dibromopentane (or 28, 3R =----
[y is: R, S$-2,3-dibromopentane ‘hr 2R, 3§ ———-

The stereoisomers from Example No. 2 have the following configurations:
1 is: R, R-2,3~dibromobutane
Ii is: S, S-2,3-dibromobutane

Lrr is: R, S- or S8, R-2,3~dibromobutane

Assignment No. 7

Assign the R/S specification to the stereoisomers in Assignment No. 1 and
Assignment No. 4, Part b,

s
-3
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STERFOTSOMER SN 1

Diastereolsomer inm

Assignment No. 1 - Stereochemical forms of 1-bromo=2,3=dimethyl pentan.

|
|
Gl e G, Br CH, Br | Clt, By
| |
T P
o — LH3 LH3 e ll——————————(Ai3 LHB b {]

| |

TP ST g : o, | cyA—
LllJ H ‘ i LHB i CH} | LHJ H
I l
CyHy Cylig Cylg | Collg
" ‘ . ' .
Lo S T S
enuntiomeric.pair enantiomeric pair
I 11 111 1v
L ) i enant {omer ' diastercoisomer | diastercoisomer
[1 enantiomer : » diastereoisomer é diastereoisomer
LET diastereoisomer | diastereoisomer . enantiomer
Iv diastereoisomer f diastereoisomerf enantiomer 5
i ! i

All of them (I, TI, TII and IV) will be opticall active when separated.
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Ansodgument o,

(..‘”'5 (:“'5 CH'} C”:j
i Br Hr H H e RB1 L L
B e} H ———peeee— B 1 H ——4————Br [ e R B
Br ——t——ouHl H — Br H — Br Br——fe——H
Colg Colg C21i5 C2H5
{ 11 VIl VIII
CH. CH
3 3
H ———g—— B Brem——ouH
H ———dir Br . H
Br —t———1Ii{ H o=t Br
> 1 C._H
CZ {5 25
Irl v
39
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S No, b

Tape 1L = Answer Slheet
i §
st B2

Br ceefmeamne 1

TR —

CH.

B oo 1

H —— i

] e S—

Vzﬂs CZ“S
v v
1 e [11] Lv v Vi VIT VIIL
[{ o ! h] D D D D )]
M E L D D) D D D D
]
It n D E D D D D
v D D E D D D D
v D D D D E D D
Vi D D )] D E D D
VIl D D D D D E
VIIIT D D D D D E
L' = e¢nantiomer
D = diastereoisomer
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Assipnment No. 3

No. of chiral centers ‘ Max. No. of possible stereoisomers
a) 2 4
b) 2 _ 4
c) 3 8
4 16

The max. No. of stereoisomers for a given molecule 1is:

(n = No. of chiral centers)

Assignment No. 4

a) 3,4-dimethyl hexane

|
C,He | C,He CoHg
1
H CH, ! CHy — H — CH,
|
|
CHy — H l H —}——CH, H CH,
|
CyHg ' CoHs C,Hs
. I .’
!
I n 11 111
enantiomeric pair

(optically active when separated) Meso compound

41

40



SIP No. 6 _
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Assignment No. 4 (continued)

b) 1,2,3,4~-tetrachlorobutane

CH,Br I CH,Br CH,,Br
2 : 2
!
H—4———Br [ Br — H H — Br
l
Br —+———H ; H——rtp————Br H ——t———— Br
I
CH,Br : CH,Br CH,,Br
N ' . '
I . II III

o

(optically active'when separated)
Enantiomeric pair Meso compound

#

¢) 2,3-dimethyl pentane
H H
C|H(C 3)2 C (CH3)2
H
CZ 5, _.CZHS

enantiomeric pair (optically active when separated)

d) 2-iodo-3-bromo butane

I
| !
CH CH CH CH
33 , 3 3 ! 3
[
! !
H—f—1I1 | I—}—H H—fp—I1 |, I—f—H
| [
. | !
Br—f+—H | Br—f—H H— —Br | Br— H
| f
I I
CH CH CH C
3 | 23 3, | s H3
I I , IIT S
enantiomeric pair 41 enantiomeric pair
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Assignment No. 5

a) i . 9
() CH -C—CH _-CH + CH -C—CH -CH
y 2 2 3 (2
Cl cC1l Ci H
(2) & Cl1
CH_-CH -C—CH + CH_-~CH_~-C——CH
| ! 3 } B 3
cl cl cl H
e (3)
EJHZ—CHZ—CHZ—C'IH2 (no chiral centers)
cl cl
(4)
Cl—CH—CHz-CHZ—CH3 (no chiral centers)
!
Cl
cl
|
(5) CHB—?——CHZ-CH3 (no chiral centers)
cl
(6)
CH3~-CH—CH-CH3 (meso compound)
[
Cl c1
. H Cl Cl H
(7) ] 1oy
CH3-—C|I-—-$I~CH3 + CH3—?-—9——CH3
Cl H H C1l
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Assignment No. 6

Both MESO compound and Racemic mixture are optically inactive.

MESO compound is one single compound which cannot be further separated or
resolved.

Racemic mixture is a MIXTURE of two enantiomers and can be further resolved
into these constituents.

Assignment No. 7

Stereochemical formulas from the Assignment No. 1:

I R, S - 2,3~dimethyl pentane
II S, R- 2,3-dimethyl pentane
IrI R, R- 2,3-dimethyl pentane

v S, S- 2,3-dimethyl pentane
Stereochemical formulas from the Assignment No. 4 (c)

1 S, S- 1,2,3,4~tetrabromobutane
11 R,R- 1,2,3,4~tetrabromobutane

III R.S or S,R 1,2,3,4-tetrabromobutane
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Self Instructional Package No. 6
Form D - Progress Check Evaluation

STEREOSICMERS I

Identify the statements below as True or False by placing a capital T or F
in the space to the leﬁt. :

1. Racemic mixture is a mixture of two enantiomers.

853

A (4) mixture is optically inactive.

3. Resolution is separation of racemic mixture.

4., The correct definition for enantiomers is: enantiomers are non-
superimposable stereoisomers.

5. ___ An R configuration also indicates that it is a.dextrorotatory sub-
stance.

6.  An oppically active molecule is always a chiral molecule.

7. A chiral molecule is always optically active.

8. Diastereoisomers are not mirror image isomers.

9. The correct definition for diastereoisomers is: diastereoisomers

are nonsuperimposable stereoisomers.
10. A meso compound possesses two chiral centers and consequently is
optically active.

Circle the appropriate answer or answers in the following questions:

11. A prefix (-) indicates the following:
a) That a molecule possesses S configuration.
b) That a molecule is levorotatory.
c) That a moleCuie possesses R configuration.

d) That a molecule turns the plane-polarized light to the right.

44
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SIP No.
Form D - Progress Check Evaluation

12,

The correct statements about enantiomers are:

a)
b)
c)

d)

They are nonsuperimposable mirror image isomers.

They are optically active when separated.

They have identical physical properties (B.P, M.P, D, etc.)

When mixed together they are optically inactive.

The following three questions are related to the configurations below.
The correct statements about these configurations are:

13.

14.

HO —

a)
b)
c)

d)

a)
b)
c)

d)

CH, CH3 CHy
OH H —t—— OH HO H
H H —F—— OH H —] OH

CH, CH, ~ CHy

I 11 111

I and II are diastereoisomers relative to each other.
IT and III are diastereoisomers relative to each other.

III and IV are diastereosiomers relative to each other.

IT and IV are diastereoisomers relative to each other.

I and II are enantiomers relative to each other.
I and III are enantiomers relative to each other.
III and IV are enantiomers relative to each other.

IT and IV are enantiomers relative to each other.

46
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SIP No. 6

Form D - Progress Check Evaluation

15. a) I would exhibit optical activity.
b) II would exhibit optical activity.
c) IIT would exhibit optical activity. -

d) IV would exhibit optical activity.

16. In 1,3~dibromobutane the chiral centers are:
a) Carbon No. 1
b) Carbon No. 2
c¢) Carbon No. 3
d) Carbon No. 4
17. Identify the pairs of compounds in thé following questions as:

a) enantiomers, b) meso compound, c) diastereoisomers,
d) structural isomers.

CH, C ks
H OH HO H
C3Hy , C2Hs
18. CH, CH, -'
HO I‘z.sﬂr‘ Br OH
CoHg CoHg

47
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Form D - Progress Check Evaluation

;9. R CH,
CH3—+—— OH
H—p+——— Br
C2H5
20. C3H7
H e— Br
H — Br
€4ty
21. CH,
He—e—4 _  Br
HO ~———+—H
CZHS

48

47

CH3
CHy = OH
Br — H
C2H5
C3H7
Br ce——o H
Br H
€3ty
CH3
Br — H
HO — H
CZHS
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Form D - Progress Check Evaluation

22. CH CH
2 3 3
H o— Br Br — H
H— Br Bre——J{ ___ __H
C.H C_H
25 25

fdentify the compounds in the next questions as: a) optically active,
b} optically inactive, c¢) meso compound, d) enantiomer.

23. C2H5
H CH3
CH3 N
24 ICH3
H OH
' CH3
25. CH3
H —— OH
H — Br
CH3




SIP Nc. 6

Form D - Progress Check Evaluation

26.

CH

3
H——+———OH
H—14 —  OH

C2H5
Colls
H = Br
H—4—  _Br
C2H5

28. The correct statements about the configuration below are:

a)
b)
o

d)

It

It

It

It

3

H-.
~
Y

is an R configuration. ////,.
: HO

is an S configuration. Br

is a dextrorotatory substance.

is a levorotatory substance.
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Self Instructional Package No. 6
Form 8l- Self Evaluation Exercise - Answers

STEREOISOMERS I

L. P 11. c

2. F 12. b, d

3. F 13, a, b, ¢
4. T 14, a, b, d
5. T 15. a

6. T 16. d

7. F 17. b

8, F 18. c

9. T 19. a

10. T

50

20.

21.

22,

23.

25.

26.

27.

28.
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S
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Form DI - Progress Check Evaluati.: - Answer Sheet

STEREOISOMERS 1
1. F 1. b 20.
2. T 12. a, b, ¢ 21.
3. T 13. a, b, ¢ 22,
4. F l4. b 23,
5. F 15. a, 24,
6. T 16. c 25,
7. F 17. d 26.
8. T 18‘. a 27.
9. T 19. a 28.
10. 3
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STERERL

(Lot

r":"n Croorear
1S D SNV L

DEFTIITIZNS

with the same molecular fornuia but
difforent scructure.  They have diffeverns physic
properties. {Consecauentiy can be separated by
erploving simrie laboraiory techniques suca as
disciilation and recrystailizaticn.)

Ccmcunds

-

!

Compounds with the seme molrcular formla, the
sawe slruciurd but different arrangeseiit of atems
in spaoce.

C > 5
RN et e R Y b

5 which cen be iatzrocnverted into
rzoe obher duz to U Tirce roichion around the
~fn - carion single boad., Yooy hauwe the same
S10S, Ccu=“qacn~./ cannot be

-2 ,,\ »-

Aocarbon atom to which foue diiferent groups ave
attacned.

tolecules that arz notl sugorimposable on their
mirrer images.

Ave noh supzctinmzable mirror dimsge 1:'f9ra. Thay
hse 1comioh Tont o pvilaiiies ererst or the
sign of ths gngie of roletisn e.  (Conssauentiy
cwy canmed he crpave.nd by siinle laboratory

tacunigus, )
Szeracisc~ar: that ar2 not r*r.c~ imaczs of each
other. {Itoy have different physical procertics,)

A mixiure mad? up of equal parts of enantirars.
It is cotically inactive.

A cempound trhat is optically inmactive (supar-
.Apgauble on its mirrer image) evain though it
cortains cairel centers.

It is the arraraznent of atomns that chavacterizes
a particular suocesisomer

Diastzrecisomavs vhich oxis e e e ritdaraed
rotation arauesd £ho CitLod - Cardul GouGie ucnﬁ.

(7 and & el enl)
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