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Passing the plane-polarized light through an optically
active compound

Polarizing
filter

Tube
containing
sample

Unpolarized
light

e!
|

3

Polarized
light

Rotated

I
i
)
I
i
polarized light !

The origin of optical activity

/7 ,
CH,4 , CH,4
/ m \
H > C—H ==

c. ——Af——>---- .
VOH ! HO'/
C,oH; ' C,H;

Rotation There is net
(R)-2-butanol (S }-2-butanol Equal and rotation if

(if present)  opposite rotation  (py_o_putanol
by the enantiomer s hregent

predominantly
or exclusively.
(a) (b) (¢)

4¢\\

J}M)&_\Lﬁ»m]\ ;}AS\ JJ;.Au\A(LGJUt_Iw\ k_u.ui u\SJ\)\:\SJmMJL\.@:\u|JJuM\ salall QulsUu
130 e e guall (o 4meS HSH Labiivee o Liall () 6K 5 ) jim 4y s 1) (uliia oe) 8 () oS5 Ladie Lol () s (U Sy Jlaal)
g,;jj _aju\‘;a_)}_)a Sl alasivl) ;M‘GMUUQSMMDJLA‘_AQMJM\&éPuM\ o
sl S 13 Leuke sl aclid) o e olail Wl Jlaall jgaa py o adde (i g gall (e oeadY) aadl Il duatie
(Dextro-rotatory) & liu¥) 4sie salall 2235 () 4 50 (585 Cla jally ) sall 45 5 4ad b de Ll o jlie olaily
Levo-) 3 )Y ay juy sole it 5 (-) 4l ) 5S5 4y gl 3l 4 (8 deliall o lie olad) e (o sall S 13) L)
.(rotatory



:Specific rotation = s &)

dalzy o gl o ysall 8 iAo gl LIMA e e Al alad) Gl e dae e ading ¢ gl (5 stie g0 S L
=5 sl ) oo BV 5 Aline 4laa€ LS pal wll o3 43 lie A gend s i) sl Jlaall 385 e
da (Sans (Ca/ad) b o3l 3855 0ls (and]) pu10 sl Jsha 5% Leie A salall Cila all daay 4dy ja3 (S
: ) Al Jlanind

Specific rotation [o|

la] = —
| = —
ol
where [a] = the specific rotation
« = the observed rotation
¢ = the concentration of the solution in grams per milliliter of solution (or den
sity in g mL™! for neat liquids)

{ = the length of the tube in decimeters (1 dm = 10 cm)

CH, CH,
HO, : LH H, : LOH
- {Ij,.-* “~ [F#
CH, {|.‘II1
CH, CH,
(R)-2-Butanol {8)-2-Butanol
[a]® = —13.52° [@]® = +13.52°

s)lm 420 (B e sl Oosll [a] Sus

(21 5 o 10) @) Jsla =L

(sl o P/ p) Jslaadl 38 5 =C

Glaalh b galdl e sl ol yall =3

Lﬁj&\&}ﬂ\%é&&b}u\b& t_\.\s.\jem‘ ;M\‘\A}AJJL}SJ\);M‘\AJJ‘_A‘:GG}\”L)\JJJ\JA&_JLQS
Miad Gl ygall aad e

[3]1235= +2.17°

@j%ﬂ@ﬁﬁ)‘)ﬂ\@)&d\jb;\ﬂ\ XY edﬁu\ﬁ(}\,25896A0)eﬁa}~A\ C\.\m‘_g D La ﬁ\&)
(e Ors3) Aeladl i ol 2,17 (IS P/ a1 W 38 i L suim s ol () 5all Caad (5 250



Correlation between the configurations of enantiomers
and the direction £ [«]
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Properties of enantiomers: optical activity

Physical Property (R)-2-Butanol (S)-2-Butanol
Boiling point (1 atm) 99.5°C 99.5°C
Density (g mL " at 20°C) 0.808 0.808
Index of refraction (20°C) 1.397 1.397

The behavior of enantiomers toward plane-polarized light =
optically active compounds
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Nomenclature of enantiomers
The R,S-system |l
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Br, OCOR, OR, OH, NHCOR, NH, COOR, COOH, COR, CHO, CR, OH, CHROH, CH,
OH,0H, C¢Hs, CR3, CHR,, CH2R, CH3, H.
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Ethyl: C(C,H,H)
Methyl: C(,H,H,H)
O = Ethyl > Methyl > H
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Example:

Consider the naturally occurring amino acid, alanine, and its enant
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#aCOH
A 2
/C\
CH3

H
(4) 3)

unnatural
alanine

C*
HsC™ ~COsH
(3) (2)

(R) enantiomer

Mirror
1COOH 1COOH
H-:(’:.-NHa i HaN-:(":.—H
H J(ET‘OH i HOJC!."" H
4CH, : 4CH;
2R 3R 28,38
Enanl;umem

Problems

Are the following R or S?
Br
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(1)
-
A

Solutions

0,

(2) 2
3

3) )

natural
alanine

(S) enantiomer

Mirror

Hol=NH, |

Enantiomers



1. S:1>Br>F>H. The lowest priority substituent, H, is already going towards the back. It
turns left going from I to Brto F, so it'sa S.

2. R:Br > Cl > CHs; > H. You have to switch the H and Br in order to place the H, the
lowest priority, in the back. Then, going from Br to Cl, CHj is turning to the right, giving
you a R.

3. Neither R or S: This molecule is achiral. Only chiral molecules can be named R or S.

4. R:OH > CN > CH;NH; > H. The H, the lowest priority, has to be switched to the back.
Then, going from OH to CN to CH,;NH,, you are turning right, giving you a R.

5. (5) S:-COOH—COOH >-CH20H-CH20H > C=CHC=CH >HH. Then, going
from —COOH—COOH to -CH20H—CH20H to -C=CH—C=CH you are turning left,
giving you a S configuration.

1Br 1Br
Gosige 8 !
VT~ _ 2 "’H4
I/
2C \H 3 3 F \CI »

1Br 1Br

| : |
_CunF 3) . Swapping two.group.s N Q%,H 4
2CI7 N A inverts the configuration 2Cl F3
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mirror
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CH, : CH,
H C1 ! Cl H
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CHj Hy
H——Cl Cl—1—H
Cl—1—H H—+—Cl
CoHs " Hs

1 1
Not superimposable
Enantiomers
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CH, CH,
Cl H
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CH,
CH; CH;,3

CoHy C;H;
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Not superimposable
Enantiomers
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enantiomers enantiomers

$H3 CH; C|3H3 (le3
|
H—Cl—Cl Cl—C—H H—(|3—01 Cl—C—H
I
Cl_?_H H—C—Cl H—(E—Cl Cl—?—H
|
CoHs C,Hs C,Hs C,H;
1 I III v
diasterecomers
diasterecomers
diasterecomers
diasterecomers
Enantiomers: (I, I1) ; (II, IV)
Diastereomers: (I, I11); (I, 1), (I, IV); (11, IV)
415
COOH COOH ?OOH ?OOH
H—C—OH HO—(‘Z—-H H—(F—OH HO—C—H
I
H—C—Cl Cl—(II—H Cl——?—H H—?——Cl
I
CH; CH;3 CH; CH,4
A B C D
Enantiomers: (A, B) ; (C,D)
Diastereomers: (A, C); (A, D), (B, C); (B, D)
H COOH COOH
COOH COOH COOH ?OOH COOH CcOoO R
—C— —C—H HO-C-H —C—
HO—C—H H—(‘Z—OH HO—C—H H—?—OH H—C—OH HO (lj e
—C— —C—OH H-C—OH —Cc—
HO—(‘Z—H H—C—OH HO—C—H H—(IZ—OH HO—C—H H ? O :
I I — ‘ — H-C—-B H—C—Br H—-C—Br H—-C—Br H—C—Br
g g . (I: N : i I I COOH éOOH
(IZOOH (IIOOH COOH COOH COOH COOH
G H
A B c D E F
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Relationships between four stereoisomeric threonines

Stereoisomer Enantiomeric with Diastereomeric with
2R 3R 28,38 2R3S and 25.3R
28,38 2R3R 2R38 and 25.3R
2R3S 25.3R 2R3R and 25,38

28,3R 2R,38 2R3R and 25,38
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Mirror plane
CH; : CH,

Symmetry Symmetry

-~ plane

Top view plane ~~
H,C CH,

Chair view ~ same as “
H;C ' CH;4
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. CH, : H;C -

Meso cis-1,3-dimethylcyclohexane
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CH; CH;

trans-2-butene . .
trans-2,3-dimethyloxirane
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Reaction in which no bonds to the chiral carbon are broken
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S-(+)-1-chloro-2-methylbutane
(S8)-(—)-2-Methyl-1-butanol is heated with concentrated HCI:

Same configuration

CH; : heat CH;
H.__E,,CHz OH + H—C] —= H..LE,,CHI*(‘] + H—OH
[ |
(ITH-_, (l‘.Hz
CH; CH;
(5)-(—)-2-Methyl-1-butanol (5)-(+)-2-Methyl-1-butanol
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CHZ_IE_BI' CH3
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H—C—OH + Zn H - H—C—OH
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CH,CH; CH,CH;
R-1-bromo-2-butanol S-2-butanol
(R)-1-Bromo-2-butanol is reacted with Zn/H":
Same configuration
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Reaction that involve inversion of configuration
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CH;, CH,
R-(-)-2-bromooctane S-(+)-2-octanol
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S-(+)-2-bromooctane R-(-)-2-octanol
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(S)-3-bromo-3-methylhexane
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H3;CH,CH,C _CH,CH,CHj
wuC—OH + HO—C.,,
H;C™ "ICH,4
H,CH,C CH,CH;

(5)-3-methylhexan-3-ol (R)-3-methylhexan-3-ol



