Qb 7
. ' Sy ] g LK
U%@" e e o O
(@ oo e Ly <@l &

A
s;eew A SXYudua)

< U< YO U'g \ 2\.95—' .
oo S\ /‘> < )\5" ﬁ QU\’\V\QC&\y@
| @6/1(? JeLp e i) | o

Qf _
Gm«q{ ks 7 == |
Fins) 7 <D= N Skibi sémels

Qeforokidna) e{ Mlewwan |
GMHM%’S 'R <— Q\'\.\V“\\
SAME Dy S— WO (Wi

(L)

éﬁm ov\\x <$S AR ‘»N\')\\',ﬂ/



¥\ 3
é‘”%— &L d@dﬂ )\Af Ov\//w(juﬁs 0\5 @
5 R | Gj/7 —
R suld e 19) N (5




C)O\(;\\\Sx*‘



+ Rule 4
e For groups containing double or
triple bonds, assign priorities as if
both atoms were duplicated or

triplicated
|
€.g. \C=O as  —C-0
/ 0 C
|
\CIC/ dsS CI: CI:
C ¢
—C=C— dS (I: (I:
C C
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+ Example

Sh,
@H\\\“‘)\@ (5)
CH =CH2

HO®
Compare —CH; & —CH=CH,:

—CH=CH, equivalent to

O-CH)-L
O-H)-L
I

ThUS, _CH3 — (HI H, H)

_CH:CHZ — (CI CI H)
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« Other examples

)
OH
@ H\\““)\?‘/CHB
Cl

@ O —

@ _OH

H,C

@H\\\\“)\%/CH3
|

@ o (95

@c = (0,0, C)

S = (0, H, H)
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7. Properties of Enantiomers:
Optical Activity

<+ Enantiomers

e Mirror images that are not »
superposable . =S\, e

; Plpze y:
ARUNE B NG
| -
CI\““) - e os,ct,D 207
7/H3CH2C E & CH,CHs5 ﬁtﬁ&/&l»

@ mirlror S - g



++ Enantiomers have identical physical

properties (e.g. malting point, boiling ou:
point, refractive index, solubility etc.)

- Sp) J—fa_,:o s )oY B\ e € ) -j .\;\_‘;,5
Compound bp (°C) mp (°C)
(R)-2-Butanol 99.5
_(5)-2-Butanol ) @99.5
[(+)-(R,R)-Tartaric Acid /W 168 — 170
(-)-(§9)-Tartaric Acid /\) 168 — 170

(+/-)-Tartaric Acid 210 - 212
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< Enantiomers
e Have the same chemical properties

(except reaction/interactions with
chiral substances)

e Show different behavior only when
= they interact with other chiral
substances
Turn plane-polarized light on

opposite direction
Slad W2 S ) GeN\Y syl T & VA ;&
LN 22 R e\ e S Ay

L
St
ST

&
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ozogtical activit@

e The property possessed by chiral
substances of rotating the plane of
polarization of plane-polarized light

bal  adiv
Z} \U /& R and <
% s %L? W (o Tertres
- Same (R Tt
R O/%/@) (/(} g aMme Ly chemcal e;‘l/d\ﬂ\—»
Sl ve7) X i
2\12\)’ C)l# K- KXY M ‘“t‘*""“’

b ;]? G\ ~ ?d,QWZ()
[ight  Volofion- 38



Polarization of plane polarized light




(P£L)




7A. Plane-Polarized Light
% The electric field (Ilke the magnetic

scillnt

~odfield) of light is OW in all
; possible planes

% When this light passes through a
“““polarizer (Polaroid lens), we get plane-
, polarized light (oscillating in only one

*jjj)/\ plane)

asc) (WL Polar0|d
(“ 7 lens
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7B. The Polarimeter /"0 |-\

@ device for measuring the optical

activity of a chiral compound
W%/(J ﬁb@[}\gb 05 88\l ) 3

aChii o =observed
\

T tical rotat
o it 5 op |ca rotation
\l/ <« L QQ
% —» @ > | @ —»[] > . > || >>
@ ordinary polarizer  plane solution of plane analyzer
light b2 polarized optically polarized J(-—QD
m 7l ) 2% light active light A a2

Loy Ly pound rotated
U\P\SY] - 5,{}/ ﬂil//{\& d\n} (I)bserved %ng
ot Q s( N Sl) v )
mf/qw\ A ” @Yl adie) X 40



7C. Specific Rotation

_ observed
temperature 1 l rotation
2 L\ b Galg
a@f/(: @\ L (x'\ Bha J
&2 b _? —C x U ‘_l
\c/;;“al\i/ erl]etngth concentration length of cell
(T - DT of sample in dm
(€.. D-line solution (1@ = 10 cm)
of Na lamp, in@/mb> b Ly
589.6 nm) 3{ &Hﬁ)}/ Sd\dr'\@'\J\Lt:‘

41



o
0\&%@\&%

+ The value of@ depends on the
particular experiment (since there are

different concentrations with each run)

e But(specific rotation [o.])should be
the same regardless of the

concentration W Hly
. e oV
N obsel ) Yoleton I_/‘>‘ Yok e

T Chae g
d‘,f??vjwk qii@d\ww

— JocehY Pl/\qge,
Wit Jiffgd CanGenvalion 2

[M} SK\JQC} a Vatation D



« Two enantiomers should have the
same value of@pecific rotation, but the
signs are opposite

CH3 ; CH3
H\\\\) 9 * k,”IH

HO i | OH

25
[oc]25= + 13.5° . [a] = - 13.5°
D mirror D

onabanls 7 Sams qué il 820l
D At < .



8. The Origin of Optical Activity

& b 9) &5& ' )\ Direction of
})f > k§7 \ propagation
= A
Electnc . S . \
flald ]

\

dagnék -
(@) Plane-polarized light — field
NS e [~
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- raGmic
8A. Racemic Forms ([ \ =
< An equimolar mixture of two

enantiomers is called a(racemic mixture )

(or racemate or racemic form)

< A racemic mixture causes no net w}'\);\%
rotation of plane-polarized light

no |
Py 7
equal & opposite’ e
A w1 “ﬁ rotation by the

) il _
A\ i S\ e rotatlon By QLo 4122 enantiomer

CH; H3c-““‘“f [
H—{0oH HOYI—
CyHs CyHs

(R) -2-Butanol (S)-2-Butanol Sam
— o (if present)d/S N




(J" ey 2
e




8B. Raceml_qu:msand Enantiomeric
EXxcess J

+ A sample of an optically active
substance that consists of a single
enantiomer is said to be /
enantiomerically pure’or to have an
enantiomeric excess of 100%

/E@CF/M ' //@q(ewk { 01\g M Jom (/ /@‘\;l ure

mn e 4ol v\ €| Senanfotic ey @ss

‘ 3/7 (\g Jo R\l p2e <563 Sa\b}'”")L”\ﬂé\\Oilr\@
21 47




l
< An enantiomerically pure sample of (5)-(+)-
2-butanol shows a specific rotation of
+13.52

= +13.52 \ }

d SaFpk:
FiC  yomtion Ao (Q)-)-2. bulor

< A sample of (S)-(+)-2-butanol that contains

@ss than an equimolar amount of (R)-(—)-2-
“%Nbutanol will show a specific rotation that is

less than 13.52 but greater than zero o <E°<3<w
< Such a sample is said to have an
enantiomeric excess less than 100%

48



Wl 20

RN ENRA

L
quv??\c

5 B

E%j ~ 126\
SQO%L»YW

.

©9 R (-)

ZN I H‘)

7% b oLy Cd /“UZ/




2 meric excess |(ee)

e Also known as the optical purity

(mole of one) B < moles of other>
% enantiomeric enantiomer

enantiomer 100
excess ~ total moles of both enantiomers s
e Can be calculated from optical
rotations
% enantiomeric _ (__observed specific rotation < 100
excess'®  specific rotation of the

pure enantiomers

49



KX Examp|e EQS;C? /ig S )~ 2o = 8%
e A mixture of the 2-butanol
enantiomers showed a specific
rotation of +6.76. The

enantiomeric excess of the (S)-(+)-
2-butanol is 50%

% enantiomeric = +6.76 — no
excess ¥ +13.52 x 100-=50%
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9. The Synthesis of Chiral Molecules

9A. Racemic Forms =0 s
KCQ | I ébi\‘%an
CH3CH2CCH3 + H—H g—?ﬁgff > (i)'CH3CH2CHCH3

S Jedvelon o
D S
Butanone Hydrogen (+)-2-Butanol

(achiral (achiral (chiral
molecules)  molecules) @ but

o o i 50:50 mixture
et TRl 7 woles (R) & (9))

Ea\s Fow mto((ﬁ+%> Fd\‘/'w;’@‘\)‘/‘ﬁ\j//’?} Racan >
- 51

(
< et ofH (‘T“E\ Q(}L;llg) - 1= j (Racema




 _CH,CH, CHyCHyw_
‘“Lf\ O=Conq CHa™ 10_?

@“/ﬁ E,M) 1"”“"1* / ol

[
L—J HO @ (7 OH® @
oy N\ ~CH,CH, CHyCHy c/ e
L on 1) Ve \C -
@%C: < A ) @ @3 \ H@ <
2
) Q_)
ol HO\ H HVOH
E \/A P I

R Lnl(-)-(z)-Butano@ (S)(+)>(2)-Butanol @
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B Stereoselective Syntheses

\ AN
ﬁi?reose¥ ctive reactions are reactions
that lead to a preferential formation of one
stereoisomer over other stereoisomers that
could possibly be formed
e enantioselective — if a reaction
produces preferentially one enantiomer
over its mirror iIMage F-I5t oo dhatpurins s
Qo diastereoselective — if a reaction
leads preferentially to one diastereomer
over others that are possible
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Gl (Showsdectie Lol U\ oSy )Sez U,
Aol | 0 Q ) B

N o
250 0 B Sy

H, H,0
/\/\f)J\OEt heat /\/\ﬁ)J\OH + O
F F
racemate (+) racemate (+)
o/ogé /Z : 0/<§v S
O O
NN JL 10 NS
F F
racemate () (-)

MU (> 69% ee)

————

USe & Skt
% G S Vel
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10. Molecules with More than One
Chirality Center .y,

ANV RS CLV\ ‘/ W/Pé f )5 Vguk O)\F(QM\‘
% Diastereomers L T  plyg
] | /A ng 4 jc[«‘ﬂw
° Steremsomers that are not T
enan \A»/u TS " dp S
bV fass /QQ)L NS
/ﬁé)vv\\@/*’ \/03 (N\ES M r::\(i%\vﬁé

e Unlike enantiomers, diastereomers
usually have substantially different
chemical and physical properties
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(O fawd |
' (O fawd
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C&M%W z//w/ C/S <
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=S \ (P\/R enibhes | RyR | <<
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0 Bra, (% @%S\ SBr

b TS,
.~ : H C 1\l

CHy O @ R ~CH3

| 5 \
C H 3//1:...C_ H E H C \\\C H 3
HO” 'S |~ OOH

(1IV)

Note: In compounds with /7 tetrahedral
stereocenters, the maximum number of
stereoisomers is 27. .

s%fh\s rners
N chval @wd 56



Brs, @ ; S Br

HO/II C H C \\\OH
D /
CH3 I& — CH3
Br/, K % \\Br
C H 5
(III) ~ (IV)

C H 3//1 \\\C H 3
Ho’ Wé

< (I) & (II) are|enantiomers/to each other
< (IIT) & (IV) are enan iomers)to each

other
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( ) HO/II C
CH3 @
Br/,,,,
L
I
CH3”I(C H
HO S

S Br
H— C\ (I)

|
H_c.n \\OH
S‘CH3

< Br
H—G~

|
H _ ..\\\\\C H 3
é‘o =

(1IV)

2 ﬁastereon@to each other:
(D) & (I11),) (1) & (IV), (I) & (1IT),

- D) &AV)

Y,
R, S >8
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10A. Meso Compounds

« Compounds with two stereocenters do
not always have four stereoisomers
(22 = 4) since some molecules are
achiral (not chiral), even though they
contain stereocenters

« For example, 2,3-dichlorobutane has
two stereocenters, but only has 3
stereoisomers (not 4) Ay

@h,\/ — /L»—\ :® [W?S’:J
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Br—

QS HD

. Br
i@g@

(II)

C‘CH3 (IV)

Br—C;‘EIH3

Note: (III) contains a plane of symmetry,

IS a compound and is gchlra] ([o]

— OO) 2wl s~ 1), < R and <

MW S s oﬁa \,A[)b@
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<
(III) CH3"C % BI‘_C\C

Hu "C—Br Br—C:
CHY” < i ‘CHK

« (I) & (II) are enantiomers to each
other and chiral

« (III) & (IV) are identical and achiral
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< (1) & (III & (III) are diastereomers

% Only 3 stereocisomers:-
o (I) & (II) {enantiomers}, (I1II) {meso}




H, < HoS
( GO PTYCHs
CH n...C_ r i Br_c...\\\\CH3
H, SN
@ CH3V$£BF BI‘_(l:\CH3 (1V)
Hu.~ _ ~.H
MQSG Chy oo BT Sy, T8

. <L_D:) TN <L>§ G skieiomes

<l££> | J( (N < T/Lxﬁ J 1 isonas

(TV) &/U]/H/\ <1\,/> e I

. (1Y, WL (E)} Jihsisns,

k\);s

Vi
4 =9 &R

— _ | = S
s | i E,ﬁ‘ o/ SR



10B. How to Name Compounds with
More than One Chirality Center

% 2,3-Dibromobutane ®f‘> OHa Bro b
N

\/2@,3% 293 C)bfanwb(}w\& O/Z @<&

\
e L ook through C2—Ha bond
®Br Ha@

N
S

@C>2’\C®
C2: (R) configuration / 1 +3

(H, H, H) (Br, C, H)
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e Look through C3-HP bond

@
Br, HP ®BI‘ %Hb
HA. % 3 N 5
4
Br%c'ﬁ — T,
1 AR
CH3 (HI HI H) (Brl CI H)

C3: (R) configuration

e Full name:

|
¢ (2R, 3R)-2,3-Dibromobutane
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Et BDBr QOQH
H0ad EPh LY -
H3C/ \COOH £t ok

oz

Conk i3 (—) = Lf:’;f/
Jash () = =
Solid () = oo



11. Fischer Projection Formulas
11A. How To Draw and Use Fischer

Projections : g /),  Fischer
NG © /e .- = <loly Projection

COOH 6%OOH
= O S @C Q‘\

: —Ph ~—Ph
o | o 2
Ftme——=OH  Et = OH

9

CH3
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Fischer
Projection

. Ph COOH
o
oo COOH
o H H O e
o 1
" H

Ph
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w/@ o (2

(25, 35)-Dichlorobutane

0
CH;
¥
Cl
CH

Cl

o

)/(

enantiomers

mirror

O
CH,
Cl
¥
CH

(2R, 3R)-Dichlorobutane

H
Cl

<+ (I) and (II) are both chiral and they are

enantiomers with each other-

67



D% (1) CH3
(2S, 3R)-Dichlorobutane Plane of
symmetry

+ (III) is achiral (d:meso)compound)
« (III) and (I) are diastereomers to each
other
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Isomers :molecular formulaJ! suis Lt LS50
|

J J
Constitutional Stereoisomer
.V | \3 \V
) A\ Conformational Configuration
ol g @99, O N o G —
(E’("'M?\‘) chm} . :
y! geomatrical Optical /
<y V3 L0 enantiomeres
L staggend o c\ipsed Cis = I« s
\/[—_ H H ‘(\ \G—CIH "\;\:‘a CQ;Q:.&’ "
- . ez
AC’{LC_¢ \,\._C/— C'— _ﬂ_H CH'L W & @
'é-C"H 151 ! I \""‘\ ‘\)L'.‘{:.\,".\Y, \g\.,\ \
y o e @Y
/Q =< ~ C= C\
‘an\- @ H_ C\‘h y\@/ “
N
chay - = G
Jelt - chaiv C}C\oqu@w ®@
4 (I's H
Hwick @\U(H’ i ? c"’b
£ ahs ais

e Ml ‘V‘ﬂ‘”ﬁ’"
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12. Stereoisomerism of Cyclic

Compounds
no phme
oL cpoms, ho ?\?m a meso compound
mirror Msnmwﬂ/ achiral
l 7 cwiva| (1)
H +~Me H_ 1 Me @Vl,e/:\@le .cuﬁ%\@
| R : S s°r°/@>

enantiomers } P/ane Of
Py Mlertp
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12A. Cyclohexane Derivatives

+ 1,4-Dimethylcyclohexane

' — Plane of —
Ve symmetry Ye

hA 3 Athirs
o
Sl = Tt

o Both cis) &\trans
1,4-dimethylcyclo-

LY hexanes are
el achiral an
e biraland
N ( optically mactl@
- @ N
. \(4
\/\( ~ a ‘Me ) C(\p\\;\k\r
oo Qo\”m o 1T
c)dUJV\ g"7’ﬂ‘/’€ ﬁ\} (‘D\p\%i
@-1,4-dimethyl 1,4-dimethyl 014375@1 ;*;FMW
cyclohexane cyclohexane chd anped B



Plane of

| Ssymmetr, Gl
P@ Qe < i QSZI‘VI“%—(Z%:B\
@ a “cis-1,3-dimethy| %@%%
| cyclohexane ) @aww
c@@;‘? s S 6; j XM@ SMeo aﬁ g/e;dg)( meso)

e c/s-1,3-Dimethylcyclohexane has a
plane of symmetry and is a meso
compound
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« 1,3-Dimethylcyclohexane

@0 plane of symmetry)

/
et S B

oip) TS L, i B e
trans-1,3- dlmethyl

cyclohexane enantlomers

e frans-1,3-Dimethylcyclohexane
exists as a pair of enantiomers
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+ 1,3-Dimethylcyclohexane

.. Has two chirality center@nly
v three stereoisomers 02/)/ — j

\3 R~
C‘M‘(vvﬂ)'\w

c/s-1,3-dimethyl trans-1,3-dimethyl
cyclohexane cyclohexane

Me
ﬁmﬁ 9’ @;ﬁw %

meso) enantiomers
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« 1,2-Dimethylcyclohexane

Mmirror
R
. Me
; Me
i H
Vo g C\MW‘\G\\}Q

e (rans-1,2-Dimethylcyclohexane

eX|sts as a pair of enantlomers
ML) = s = PITL oaivg > 5



+ 1,2-Dimethylcyclohexane
e With ¢is-1,2-dimethylcyclohexane
the situation is@te complicatecD

MmIrror

e (I) and (II) are w each

other



cis )3 s meso

/H/Ql/\g ‘ 5 1} elianyiimes

7”)/&#\5 b2 T e oS

CS L D ehoindamed
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“13. Chiral Molecules That Do Not

Possess a Chiralig/ Center jf?"éf@ O¥le
/

no chival C'\'\JFQ)/__> U\ffﬁ\ :C“"ﬁb ey P
cu

S\
Seut Wee
P(Ph);

(Ph),P
O e
(S)-BINAP (R)-BINAP
g J
Y

enantiomers
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No cva\l Quk > U\g/\

&Q\%\JQL

mirror S, R TR
H H
\ "\\\\\H E H//,,,'. / /
C—C C\CI - /C C C\
Cl Cl

\_ | Y,
Y
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