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Chapter S Ste_reochemlstry (= &g 2): 'énﬁ hﬁ‘ﬂb%ﬁ
chiral molecules (¥ .4 +)

¢ Ilsomerism
©) constitutional isomers

|
H-C—H
Y Rl H
HC-C-C-CH  H-CCC—
HHHH H\ {1 2H
butane iIsobutane

F AR g 7
© stereoisomers (= 48 £ £4~)

cl. cCl cl. H
= =
H H H Cl

cis-1,2-dichloroethene trans-1,2-dichloroethene

>+ AR SR B ATREY PSR



INITOE YL &
% &5 ¥ 2 (chirality) NTU €hemisty i




I HER
» Enantiomers (4 42 4 5 S E 18 ) NTU & hemistay :_é,

CH3CHCH,CHj 2-butanol A FE G EE

OH (this molecule is chiral)
HsC, i CHs
Home-T 1 PNieoH
| | |
CH, | CH,
CHj | CHs
~N

Two mirror images not superposable
The two mirror images are enantiomers

(4B 1t 1 $E B4 4)



3 1% FOHLTF &

© Chiral molecule NTU & hemistry

A molecule that is not superposable (£ #) on its
mirror image is called a chiral molecule

F 2 P4 % achiral

Enantiomers are differed by the arrangement of the
groups in space

== Enantiomers are stereoisomers



©) Stereoisomers that are not enantiomers

—=  Diastereomers (2543152 #)

C|>:<CI C|>:<H

H H H Cl

cis-1,2-dichloroethene trans-1,2-dichloroethene

SN

diastereomers

_ enantiomers
stereoisomers {

diastereomers



CH3CHCH3 2-propanol Chiral?
OH

HsC, . | ., CHg
HO | ~c=OH
| | \

CH3 | CH3
ey

superposable

= same molecule
= achiral



% In fact, 2-propanol has a plane of symmetry

—> must be achiral
the plane containing H-C-O

.

H -
H3C//,,’.C/ \C“\\\CH3
HsC™ T\ /7 ¥CHjs

OH HO

L
i__



Why is 2-butanol chiral?

The presence of a tetrahedral carbon
with four different groups attached

—> the presence of a stereocenter
or a chiral center (chirality center)
or a stereogenic center

HaC, or an asymmetric center
H
HO&C
| " chiral center, ¥ #* % 5 L3¢
CHz
CHa

Y with one stereocenter > must be chiral
with more than one stereocenter > may not be chiral

with no chiral center - may be chiral



Problem for practice:

H
H/ ‘\\\\ RN //,/'

/,

H3C CH,

|s there any chiral center?
Is it chiral?



3 1% FOHLTF &

% Nomenclature of enantiomers NTU & hemistay

Cahn-Ingold-Prelog system (R,S-system):
<1> Priority of the four groups on chiral center

@ L't % — B Achiral centert ek + B #k
R+ Fog Fpriontys (F =% €% K i L)

HaC, ’
HO~("
| four atoms: O, C, C, H
CH, .
CHs T

lowest

highest



P a%ﬂ B R+ 4pkpF > v 2 1 opriority 3 J‘ﬁ
Fgt ORI E RS R

/ (H,H,H)
H3C

|
(CH,H) ——CH,

H

winner

OH
CH,CH,

—=  priority: 1
2
3 CH,
4



<2> H3C
2 HOS;

B \/C—H «—— priority s i 4
CH, FHBLR A
HsC

ﬂ

3 1

<3> , Me OH priority 1->2->3
@ clockwise:
Et counterclockwise:

c—H  (R)-2-butanol

(R)
(S)



<4> Multiple bonds

|
—C=Y A5

—C=Y A,

7 2
J TC:CHZ
H

U

CCH CC
; $-C—C—H
(CHH) " |

higher priority

-4-CH(CH3),

I

CH:
_§_|C_H

CHa

(C,C,H)

Y
(H,H,H)



Practice:

3 2
CHj Cl
4 HacaCl > | BrawzaCHs 3
5 T
r
1 4

(R) g (R)

must be the same molecule



3 1% FOHLTF &

’% Properties of enantiomers NTU & hemisray

Most properties are the same:
bp, mp, density.......
(unless in a chiral environment)

The most distinct property:
they rotate plane-polarized light (£ & & 1&£) In
opposite direction

—= they are optically active

—= they are optical isomers (% # £ # 4~)



© Plane-polarized light?
Ordinary light — d =& # i T 5 & #1% =

\ |/
SO > h end on view: @
e ™~

® light
propagation
¥ R ER l_t_@i%e- 5 polarlzerm;}n %‘rpi Y I
{e#* m ‘?"ﬁ 71013_@ ~L ’l“ﬁ}ﬁ‘ﬁ?’-;

i & & (plane- polarlzed Ilght)



o
% g
3
‘@“

6”3* 1;*

iiEd H - ﬁﬁ%ﬁrfﬂ## SRR 0 g B2
% feeg i endp - £ (phase difference)

B .
—_ light _
propagation
end on
view:

—> Rotation occurs

g pF 4+ & — dextrorotatory or d or (+)
i pF 47§ — levorotatory or | or (-)



Polarimeter (i % % )

sample
cell

plane-polarized

light . . |
X |
M polarizer

N7 .
A/~ |
@ polarizer
sodium D line
(5890 A) | /i/ 5 3
S AR

$=
E:EEE

>4
pas}

-,

N+

R
% |rm)-



© Specific rotation (+“ *&5k &)

pZ observed rotation

o
[o], =
[ e
specific rotation I cell length in dm (= 1)
concentration in g/mL
Problem: = B #E 4900

Solution: Bk B X +90° 2> +45° } I
—270° - -135°

—= Usually requires to measure at two different conc.



HiC, 4 CHa
HO~ ~c=OH
| |
CH, CH,
CHa CHg

[0]®=-13520  [0]>=+13.520

(R)-(-)-2-butanol (S)-(+)-2-butanol

3 Ak ER I e AR CERAF

*(R)(S) 4t toikay
CHSEY: EETE + I



FE I HLFR

3% The origin of optical activity NTU @ hemistry =é

For achiral compound:
HsC N CHj ~
) _ nonet
@ g HO\\%H @ H%"OH @ rotation
H5C CHj

\/

Mirror images: must present
Rotate light in opposite direction




For a mixture of 50% d form, 50% | form

—= aracemic mixture (*F " *x)
or a racemate

or a racemic modification
(+)-2-butanol

@ _ Me ’ @‘ 5 Me @‘ _ no net
HO“>“ I'l‘Q”OH rotation

Et Et

(S) \/ (R)

mirror images
must present in this orientation in equal amount by probability

If only (S)-form present:

@ _ Me%H @‘ _net rotation
HO" observed
Et Mirror image does not exist,
rotation can not be cancelled



_ _ _ _ _ NTU & hemistry g
% Optlcal purity or enantiomeric purity ==

Only one enantiomer present: optically pure
or enantiomerically pure
or enantiopure

Estimation of optical purity: enantiomeric excess (ee)
I AAR B

% ee = moles of one enant. — moles of the other « 100

moles of both

| obser_v_ed rotation | « 100
' specific rotation |




3] A sample of 2-butanol: [a] = +6.76°

. . 6.76
optical purity = 1352  —2o0%

This mixture consists of 75% (+)-form,
25% (-)-form

% ee =50



% Fischer projection formulas

FE I HLFR

NTU & hemistry

H

Me=C=OH

Et

(R)

i F P

<1> 7 ¥

L

11X &, wn 'K =
H/ =R T~ e b » SA ™
— Me—{—OH

e,

-1 ﬁéﬁ”f%\ L A

Fischer projection

formula
H H

Me OH =% H0+Me
Et Et

(R) (S)

Ml



<2> % ¥ #90° H Me

Me+OH == Et—’fH

Et OH
(R) (S)
<3> ¥ 11§ 180°

¥ Et
Me+0H = HO—’—Me
Et H
(R) (R)
7 H i ¥

Me+0H 5 HO—’—Me

Et | Et

(R) | S)



FEXFNTFE
: : NTU & hemistry
< With more than one chiral center

* *
CH3(|3H(|3HCH2CH3 2,3-dibromopentane

Br Br
Two chiral centers: in principle 22 = 4 isomers
CH3 CHz 7 y Y CHg
Br-—c'|:<H Br——H Br—+—H
H=—C=Br ~  H—Br Br——H
CH,CHj CH,CHs CH,CHs
% X ]
R enantiomers diastereomers
S
CHg CHg |
(stereoisomers
H——Br H——Br but not
H——Br Br——H enantiomers)
CH,CH, CH,CH,

*Diastereomers exhibit completely different properties



* *
CH3CHCHCH3 2 3-dibromobutane

Br Br _
enantiomers
/ | N
CHs CHs | CHs CHj
Br——H Br——H + H——Br H——Br
H——Br Br——H ' H——Br Br——H
CHs GH o | CHs CHs
same molecule
In fact: CH,
Br——H -
.............................. A plane of symmetry exists
Br——H > Must be achiral
CHs

% A compound with more than one chiral center but is achiral

——= A meso compound (p 5} it & $+)



2,3-Dibromobutane with 2 chiral centers
has only 3 stereoisomers

—= Compound with n chiral centers
should have =2"possible stereoisomers



3 1% FOHLTF &

NTU & hemistry

(2R,3R)-2,3-dibromobutane

(25,3S)-2,3-dibromobutane

meso-2,3-dibromobutane

;
— 1
— ",



3 1% FOHLTF &

" - NTU & hemistry : 3
% Cyclic compounds =

trans-1,2-Dimethylcyclopentane

TS
| :
Me H i H Me

\\ b 4

enantiomers

(2R,3R) (2S,39)

cis-1,2-Dimethylcyclopentane

- has a plane of symmetry

@ meso
W

HsC | CHj



1,4-Dimethylcyclohexane

—<:>— Has a plane of symmetry

- achiral

trans CIS
iy L’ %

(there is no chiral center: not meso)
Note: ;2 3 chiral center: 2 - #_% achiral

] y

‘\\\\ 1 ///,, ‘\\H

HsC CHg

H,

/I

H3C CH,

enantiomeric
but with no chiral center



1,3-Dimethylcyclohexane

cis ;
Y g/ — achiral and meso

trans

% % a pair of enantiomers



1,2-Dimethylcyclohexane

IS .
L@ <= @& quickly interconverting

! (each conformer is chiral
flipping If fixed)
A simple view:

....... achiral and meso

C



1,2-Dimethylcyclohexane

trans



% Separation of enantiomers: FEFXFNTE

when crystals dissolved (-) (-)-tartaric acid

________________________

resolution (35 4) NTU @henins =
<1> By hands
1848 Pasteur
CO,Na CO,Na CO;,Na CO,H
H——OH HO——H SHI | S OH H——OH
HO——H H——OH two kinds HO——H HO——H
of crystals
CO2NH4 COzNH4 C02NH4 COZH
(+) (+)-tartaric acid
a racemate -
of sodium ammonium salt of . CO,Na ! CO,H 5
(+)-tartaric acid (iF)% f&) " HO——H i HO—LH 5
H——OH H——OH
Rotation exists even CO2NH, | CO.H 5



<2> By conversion to diasteromers

(R,S)-A + (R-B > (R)-A-(R)-B + (S)-A-(R)-B

N J
Y

diastereomers
separable by usual means

resolved ”



3 1% FOHLTF &

% Absolute configuration NTU & hemistry _é
% $HE ;

Q: How do we know the absolute configuration?

Before 1951: only relative configurations are known
1P ¥
Configurations are correlated with each other
through chemical methods (chemical correlation)

e

7 e CH,—OH Me.  ch,—cl
H=C" 2 + HCI H=C"72 ™ + H,0

™ -7
~

-

N _ -
~ _--"
\\ ,’—
~ -
N _-"
~

-
-

~-"

*No bond at the chiral center is broken

*They have the same configuration (retention of configuration)
*The two structures are correlated

Know one absolute structure, the other one will be known



Glyceraldehyde was chosen as a standard for correlation

Oz OsH
H—{—OH HO—’fH
CH,OH CH,OH
arbitrarily ) &)
assigned: (R) (S)

Other compounds are correlated with glyceraldehyde

7] 0L OH O. _OH .
O\\C/H \C \C O\C/OH
H—’fOH — H%OH — H—’fOH — H—’fOH
CHon CHon CH2NH2 CH3
(+)-glyceraldehyde (-)-glyceric acid (+)-isoserine (-)-lactic acid
— v
——

These compounds are correlated
with (+)-glyceraldehyde



1951 Bijvoet

X-ray diffraction: CO,H
. . H——OH
(+)-tartaric acid =
HO——H
CO,H
CO,H Oy -OH Oz H
H——OH correlation
———————————— - H—’fOH -- - H—LOH
HO——H |
CH,OH CH,OH
CO,H

(-)-lactic acid (+)-glyceraldehyde
(+)-tartaric acid

The arbitrary
assignment
was correct!!



¢ Stereoceneters other than carbon

e

.

2‘
R N -
RA
a quaternary

1
R . R3

ammonium salt

(z B4eH)

XS R

NTU & hemistry
R R3
R
:
Invert ﬂ
quickly
N
Rl\\
2 ~. - R
R =g
a sulfoxide



5% X H UG R
s%¢ Biological importance NTU & hemistry

Natural products usually contain multiple chiral centers
and exist as one enantiomer

progesterone
(% Wig%)

substrate

Enzymes (fi#) catalyze many
biological reactions and only
recognize one enantiomeric form
of their substrates through a
three-point binding | enzyme

does not fit
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