FCE XA 1

Chapter 7 Stereochemistry

—_—

ITHA: A K

bailin@Ilzcu.edu.cn

L Lin Bai, Doc. Prof., College of Chemistry and Environmental Science, Lanzhou City University ‘




I Chapter 7 Stereochemistry |

[EE2ERA]

(1) Plane-polarized light and optical activity
(2) Enantiomers and chirality

(3) (R) and (S) Nomenclature

(4) Fischer Projections

(5) Diastereomers

(6) Chirality and molecular dissymmetry
(7) Resolution of a racemic mixture

. (8) Asymmetric synthesis ‘



I Chapter 7 Stereochemistry |

[Ex])

L AR 2 F6FE. FHEERT. AHFEEE.
SRR, ARRTBRIK. SNIE AR fe R T BRAK,

2. Fischer& # X9 $ 5 77 = A2 EF A,

3. R/SHR ay4p 4 7 ik

(=]

1. Fischer B # XA BB F EREZFA,

i 2. R/SHMB by 49 & T5 ik BT SR F 69 2% ‘




I Chapter 7 Stereochemistry |

Same molecular formula >| ISOMERS

Atomic connectivities

Samel J Different

STEREOISOMERS (Z4RF#)4K) | Structural Isomers (#):& F-#4K)

Mirror images Non-mirror images

ENANTIOMERS (xfwt3#14k) | | DIASTEREOMERS (JEx}mk3-#4K)

(related by inversion) eg. Geometric Isomers

| (related by rotation) |




I Chapter 7 Stereochemistry

[5 53 44—

I S —

— BREEF
— B S

T ARH R

— AR -

 BARRH

— M B R R —

— I 574

B

— X BR

N

4



I Chapter 7 Stereochemistry

m Stereochemistry:
® The study of the three-dimensional
structure of molecules

m Structural (constitutional) isomers:
= same molecular formula but different
bonding sequence

m Stereoisomers:
= same molecular formula, same bonding

sequence, different spatial orientation
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7.1 Optical Activity

m Enantiomers have nearly identical physical
properties:
m same BP, MP, density, refractive index

m Polarimetry:
m laboratory technique used to distinguish
between enantiomers
mmeasures the interaction between

enantiomers and plane polarized light

N




7.1 Optical Activity

m "Regular” (unpolarized) light vibrates in all
directions.

m Plane-polarized light:
m light composed of waves that vibrate in only
a single plane
m obtained by passing unpolarized light through
a polarizing filter

G 4



7.1 Optical Activity
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7.1 Optical Activity

® When plane polarized light passes through a
solution containing a single chiral compound,
the chiral compound causes the plane of
vibration to rotate.

m Polarimeter
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sodium monochromator polarizing sample cell analyzing detector
lamp filter filter filter



7.1 Optical Activity
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7.1 Optical Activity

m Compounds that rotate the plane of polarized
light to the right (clockwise) are called
dextrorotatory.

nd
m(+) IUPAC convention

m Compounds that rotate the plane of polarized
light to the left (counterclockwise) are called

levorotatory.

L u(-)

TUPAC convention



7.1 Optical Activity

100 %o, (observed
[]7 = [a]}) =~ LOed

where a = specific rotation
c = concentration in g/mL
| = path length in dm

a (observed) = rotation observed for a

| specific sample |



7.1 Optical Activity

m The angular rotation observed in a polarimeter
depends on:
m the optical activity of the compound
m the concentration of the sample
m the path length of the sample cell

m A compound's specific rotation [a] can be used
as a characteristic physical property of a
compound:

m the rotation observed using a 10-cm sample

cell and a concentration of 1 g/mL.



‘ Stereochemistry l

m Stereochemistry plays an important role in
determining the properties and reactions of
organic compounds:

. Caraway seed spearmint



‘ Stereochemistry l

m The properties of many drugs depends on their
stereochemistry:

(S)-ketamine (R)-ketamine

i anesthetic hallucinogen




Stereochemistry
m Enzymes are
capable of @

distinguishing - e L,
between s
stereoisomers:

(R)-(—)-epinephrine enzyme active site enzyme—substrate complex
natural epinephrine

+
CH,4
(8)-(+)-epinephrine does not fit the enzyme's active site

unnatural epinephrine




‘ Stereochemistry l

m Two types of stereoisomers:
m enantiomers
mpairs of compounds that are
nonsuperimposable mirror images of each
other

m diastereomers

mstereoisomers that are not mirror images
of each other

mGeometric isomers (cis-trans isomers) are
i one type of diastereomer. ‘



Stereochemistry

m Enantiomers are chiral:
m different from its mirror image

® Many natural and man-made objects are chiral:
m hands
m scissors
m screws (left-handed vs. right-handed threads)

Right hand threads
slope up to the right.




‘ Stereochemistry

m Some molecules are chiral:

e
*CH”.
FNE

7 \
Br CH2CH3

Asymmetric
(chiral) carbon



‘ Stereochemistry l

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

® A carbon atom that is bonded to four
different groups

m In general:
mno asymmetric C =p usually achiral
m 1 asymmetric C =» chiral
m > 2 asymmetric C = may or may not be

G g



‘ Stereochemistry

m Many molecules and objects are achiral:
m identical to its mirror image
® not chiral
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‘ Stereochemistry l

m Cis-1,2-dichlorocyclopentane contains two
asymmetric carbons but is achiral.
m contains an internal mirror plane of

symmetry — \

H i H
i
Clicl

m Any molecule that has an internal mirror plane

of symmetry is achiral even if it contains
i asymmetric carbon atoms. ‘



‘ Stereochemistry

m Cis-1,2-dichlorocyclopentane is a meso
compound:
® an achiral compound that contains chiral
centers
m often contains an internal mirror plane of
symmetry

\




‘ Stereochemistry l

Example: Which of the following compounds contain
an internal mirror plane of symmetry?

HO,C CO,H
2 c—c/ 2 CH3CH2\ ;Br
HO/ \OH H"?C—C\
l—? Br CH2CH3




Erer'ochemis'rry 1

Example: Which of the following molecules are
chiral?

i cH
CH3CHCH,CH,CH3 CH3CCHoCHS
Cl
H Br Br Br




‘ Stereochemistry

m Enantiomers are different compounds:
m Same boiling point, melting point, density
m Same refractive index
m Rotate plane polarized light in opposite
directions (polarimetry)
m Different interaction with other chiral
molecules
mEnzymes
mTaste buds, scent

m Each enantiomer must have a unique name.

\




m) and (S) Nomenclature 1

m The Cahn-Ingold-Prelog convention is used to
name the configuration of each asymmetric
carbon atom.

m (R) and (S) configuration

O
\\(lz/OH O\\C/OH
|
Cln |IC
CH, NH, H N/ CH,

Natural alanine Unnatural alanine
(S)-alanine (R)-alanine



(R) and (S) Nomenclature l

m Assigh a numerical priority to each group
bonded to the asymmetric carbon:
mgroup 1 = highest priority
mgroup 4 = lowest priority

m Rules for assigning priorities:

m Compare the first atom in each group (i.e.
the atom directly bonded to the asymmetric
carbon)

mAtoms with higher atomic numbers have

L higher priority J



‘ (R) and (S) Nomenclature

Cllll > CH,
3 "'C M, 4
\ 2
H C/ OCH,CH, . |:/ NHH
5 2

4
Example priorities:

| >Br>CI>S>F>0>N>8BC>12C>3H>2H>1H

)\ 4



(R) and (S) Nomenclature l

m In case of ties, use the next atoms along the
chain as tiebreakers.

- (IZHZCHZBr

Clln.
- H4
\

3 CHCH,
(iH(CHS)Z

) 4



(R) and (S) Nomenclature l

m Treat double and triple bonds as if both atoms
in the bond were duplicated or triplicated:

Y
I
C=Y C—Y C=Y <|: T C
| Y C
@)
| |2
o—clz—H
1
/C'\'“'OH




(R) and (S) Nomenclature l

m Using a 3-D drawing or model, put the 4th
priority group in back.

m Look at the molecule along the bond between
the asymmetric carbon and the 4th priority

group.

m Draw an arrow from the 1s' priority group to

the 2" group to the 3 group.
m Clockwise arrow —_— (R) configuration
m Counterclockwise arrow =—>  (S) configuration

) 4




m) and (S) Nomenclature 1

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

H
|

Cll
\ CH(CH3)2
H, Br
Br




‘ (R) and (S) Nomenclature

Example: Name the following compounds.

CH,CH, - CH

| 3
- Co
BI’/ CHS H>O<

H CHB

\

N




m) and (S) Nomenclature 1

Example: Draw a 3-dimensional formula for (R)-
2-chloropentane.

Step 1: Identify the asymmetric carbon.
C|3I
CH3—(|3*—CH2CH2CH3

H

Step 2: Assign priorities to each group attached to
the asymmetric carbon. 1

Cl
2

|
3 CH;=C —CH,CH,CH,
H 4



m) and (S) Nomenclature 1

Step 3: Draw a "skeleton” with the asymmetric carbon
in the center and the lowest priority group attached to

the "dashed” wedge (i.e. pointing away from you).

H “]'C\

Step 4: Place the highest priority group at the top.

CIZI

L A 4



m) and (S) Nomenclature 1

Step 5: For (R) configuration, place the 2nd and
3rd priority groups around the asymmetric
carbon in a clockwise direction.

CIZI

.l"C
H Y™
&H. CH,CH,CH,

Step 6: Double-check your structure to make
sure that it has the right groups and the right

. configuration. ‘



m) and (S) Nomenclature 1

Example: Given that the condensed structural
formula for alanine is NH,CH(CH;)CO,H, draw
(R)-alanine and (S)-alanine.

G 4
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1. XFBR A4 (enantiomers)
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