Chapter 4

organic chemistry [  based on the relationship between molecular structure and
properties
0
three dimensional structure ; stereochemistry
0
stereoisomer ; different orientation of atoms in space
O
conformational analysis, enantiomer, diastereomer

square planar

the structure of CH, ... = CH3Y ; onlyone compd —( pyramidal
before the direct determination
tetrahedral

CH,XY ; onlyone compd —> tetrahedral

CWXYZ ; two compds —> tetrahedral

N2
enantiomer
optically active substance = rotate the plane of polarized light
N2
+ <— dextrorotatory optically inactive polarimeter
— <— levorotatory optically active Fig 4-2
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optical rotation depends

on the conen = specificrotation [a]=0/lXd — [a ]]2)O
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not superimposible

: L7 mirror image .
X*( = ! £ =  enantiomer
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non superimposable molecules

on their mirror images = chiral =  can exist as enantiomers
achiral v
chiral molecule > < chiral center < carbon atom to have four
achiral molecule (chiral carbon) different groups

N2

have more than one
chiral center

N2

molecules without chiral
centers can be chiral

enantiomers have identical
= chemical properties except
toward optically active reagents

enantiomers have identical physical properties
except for the direction of rotation of the
plane of polarized light

N2
%
CH;CHOHCOOH  the same acid
strength

with optically alkene & cH
active reagents, from the same HBr [
the results wil] & Products with <— ' alkyl bromide <—— CH3CH2(>EHCH20H
be different the same rates CH;COOH

0 ester <————
( transition states are ‘u

not mirror images)  (transition states are mirror images)

a mlxturg of eaqual amounts = racemic modification = optically inactive
of enantiomers 0

(L)

N2

inseparable by

resolution
< usual methods



the material containing = shows optical activity =  configurational

. i i i nantiomer
an excess of one enantiomer ~ if there is no rapid cnantiomers
mterconversion
conformational
enantiomers

b

no interconversion  €asy interconversion

sec-butyl chlorides g
how to assign H C:sz CZH}E & configuration ; the arrangement
configuration? }Cl ' Cl—= of atoms that
H.C : CH characterizes
| 3 : 3 a particular
stereoisomer.
< X-ray analysis> = how to specify configuration
derivatization W to spectly gl
N2
1) assign a sequence of priority
2) R ; clockwise
S ; counterclockwise
ex)
CH, H Pt B
e & | )\
Cl (R) (S) (RS) for racemic
| |
—C=A = —IC—A—C
A
o @é* CH/CH3 *$H3H
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A C NH, CHs . p,c—CH,CH,
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compounds.contalnmg more (not superimposable)  (not superimposible)
than one chiral center enantiomers enantiomers

chm@%¢H{H3% Hf-c  icH  Bta  cn

CH, CH, ' CH

&b ClHH | H—C  HCl |CH
CH,CHy;: CH,CH;  CH,CH;!  CH,CHs
\%(—J %(—J
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diastereomer (not mirror images)

diastereomers ; different chemical & physical properties

N2

can be separated by usual methods

N2

4 possible stereoisomers = for n chiral centers —> 2" possible isomers

CH; | CHs
% %k 1
CH3~$H—$H—CH3 = HCl: C—H
Cl-T—H ' H—ClI
1 ClI .
o ¢ CH; CH;
enantiomers
(not superimposible)
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CH3CH2—|CH—$H—CH3 (2S,38)----
Cl (I
* *
Cl Cl

< conformational isomer (conformer)

configurational isomer (inversional isomer)

CH,

H——Cl

H——Cl
CH,

CH,
Cl—H
Cl—H

CH,

meso compd
(superimposible)

N2

optically inactive

N2

have a plane of summetry

examine superimposability
& interconvertibility



L e A
CH3CH2CH2CH3 hV or A DC@ e R & S
& ) (racemic modification)
Cl, 0
the same chance to
attack each face ) ]
chiral pdts from achiral
reactants are racemic
modification
N2
inseparable by < optically inactive reactants give
usual methods optically inactive products
\ C{{3 - H, ol CH,CI
CH;CH,CHCICH; = ] — s Moo =22, Ng
CHs™ C,Hs™ C,Hs™
(S) A g i
retained
configuration
X-ray diffraction can determine N time-consuming
the configuration of a particular enantiomer applied only to certain compds
NZ

use chemical conversion of
a compd with the known
configuration to the compd
to be examined.

the chemical conversion
should not involve &
the chiral center.



ex)

CH,

\C CH,—OH &
C2H5\\““ 2

H

(S)-(-)

%

pure ( S) - ( —)-2-methyl-1-butanol

\’
( S) -1-chloro-2-methylbutane

CH,
\C—CH —Cl
C2H5\‘\“ ‘ 2

H

(S)-(+)

CH,
\C—COOH
CoHs™ |
H

(S)-(+)

specific rotation

-5.90

+1.67 ——>  dextrorotatory
optically pure

+0.835 have 50% optical purity

75%
25%

(S)-(+)
(R)-(-)



% C12
CH3_CH2_$H_CH3 E——

Cl Cl Cl
H ™M
CH,CH, % a\cn
| Cl, a C=*p
Me“"]C\H “(lj\H — Me H
Cl Me"
Cl H ’ Me
(S) b

(1)

1) the configuration of the orginal chiral center
is retained.

2) attack froma,d —>
attack fromb,¢c —

(S,8)
(R, Sormeso)

3) attacking chances are different

—> b is favored
—— d is favored

conformation (1)
conformation ( II)

4) conformation (1) is favored over (II)

5 (S,S)/(R,S) =29/71

*
CH3—(|3H—(|3H—CH3 three possible isomers

C\Cl
H ’ Me
d

(1)

6) from ( R )-isomer of sec-butyl choride (R,R )/ (R, S)=29/71

7) racemic sec-butyl chloride

= optically inactive pdts



cf)
CH, CH,

Cl,
CH3CH2CH2CH3 H3C M H - H CH3 —

H H H H

racemic
modification

. - g HT
resoluthnof (+)-HA [(+)-A (-)-BH] — (+)-HA
aracemic = HA + (-)-B — _ +
modification ()~ [(-)-A (-)-BH] —> (-)-HA
H
racemic optically diastereomer
active separable

What is the stereochemistry of rxns
in which the bonds to the chiral center
are broken ?

= depends on the mechanism

ex) for halogenation, two possible mechnisms racemization is not likely
with optically active RH
™
X + RH — HX + R- X+ + RH — RX + H-
R + X, — RX + X H- + X, — HX + X
N2

expect racemization
with optically active RH

l\l/Ie

wC— i
CIH,C" [ H —— racemic pdt

Et
(S)-(+)



