Pharmaceutical Organic Chemistry-1

Chapter-5: Stereoisomerism
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Chirality & Stereochemistry

% An object Is achiral (not chiral) if the

object and its mirror image are
identical abaisa o 3505l (oS
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% A chiral object is one that cannot be
superposed on its mirror image
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1. Isomerism: Constitutional =
Isomers & Stereoisomers
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1 A. ConStitUtiOnal |SOmerS eg2 Jedu functional group J!

constitutional isomers

% Isomers: different compounds that
have the same molecular formula
e Constitutional isomers: isomers
that have the same molecular
formula but different connectivity
—thelr atoms are connected In a
different order  comers e s o o s i e

different compound egis Jodn izl aacall i g 131




what is the relationship >« Jl3!

between these compounds
V
% Examp eS

Molecular ... ...... Constitutional

8 oty (Slg aiyiadl

Formula  covesaee lIsomers
C4H1O S d and )\
Butane 2-Methylpropane

Cl
C3H7C| /\/Cl and A

1-Chloropropane 2-Chloropropane
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Molecular Constitutional
Formula lIsomers

C.H.O /\OH and CHB;_O_CHB
20 Ethanol Methoxymethane

lus ] (Slg auiyiadl asall yudi 5SS
Jodl ey ad B oll e gamally

O yeu| Q._BL:ZJ‘Q \JL‘MSQJ)SLJQA}

O
Butanoic acid Methyl propanoate
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1B. Stereoisomers 5 0 ol LAl 8 i 5 o il
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% Stereoisomers are NOT constitutional
Isomers

% Stereoisomers have their atoms
connected in the same sequence but
they differ in the arrangement of their
atoms in space. The consideration of
such spatial aspects of molecular
structure is called stereochemistry
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1C. Enantiomers & Diastereomers

% Stereoisomers can be subdivided into
two general categories:

enantiomers & diasteromers
e Enantiomers — stereoisomers

Whose mOIeCUIeS are chiral compounds
nonsuperposable mirror images of
each other

e Diastereomers — stereoisomers
whose molecules are not mirror
images Of eaCh Other Sl el achiral compounds

geometrical isomers
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% Geometrical isomers
(cis & trans isomers) are:

e Diastereomers

e.g.

Ph Ph

(CiS)

Cl Cl

—

H H
(CiS)

and PR
(trans)
Cl H
and Q
H Cl
(trans)



Subdivision of Isomers

-

Isomers

molecular formula)

N

~

(different compounds with same

/

/

b oS> L JS el lia

N O

Constitutional Isomers

Stereoisomers

~

o

(isomers whose atoms have a
different connectivity)

(isomers_that have the same

connectivity but differ in spatial
arrangement of their atoms)

/

/

-

Enantiomers
(stereoisomers that are

nonsuperposable mirror

images of each other)

~

-~

-

Diastereomers
(stereaisomers that are
NOT mirror images of
each other)
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2. Enantiomers and Chiral
Molecules

% Enantiomers occur only with compounds
whose molecules are chiral

% A chiral molecule is one that is NOT
superposable on its mirror image

% The relationship between a chiral
molecule and its mirror image Is one
that is enantiomeric. A chiral molecule
and its mirror Iimage are said to be
enantiomers of each other
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O H enantiomers pge Jo& iod oy bae (8 oy

1. they are mirror images
(2'BUt anOI) 2. nonsuperposable
@99 d..u.kz:-_q Jgﬂl pS_).AJl g..J.A:-gJ g_,.asu)

. ((4xall 4o loSys 7y Lo S
; (1) and (1) are’
Y nonsuperposable
mirror images of
H, ,OH HO, H J
A N each other
(1) A (1) B

>
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3. A Single Chirality Center
Causes a Molecule to Be Chiral

% The most common type of chiral
compounds that we encounter are
molecules that contain a carbon atom
bonded to four different groups. Such
a carbon atom is called an asymmetric
carbon or a chiral center and Is
usually designated with an asterisk (*)

13
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chiral Sl <l
< A
e_ ; enéntiomers
v -
e O
Me”™ “Et i Et7 “Me
() ()

MIrror

(I11) and (V) are nonsuperposable
mirror images of each other

14



il palusin @glS 50
CI achiral oy«

not enantiomers

Me ‘ Me Me Me
(V) W)
MmIrror

(V) and (VI) are superposable
= Nnot enantiomers = achiral

15



3A. Tetrahedral vs. Trigonal
Stereogenic Centers

zokadl el 3550

% Chirality centers are tetrahedral
stereogenic centers

H ,OH | HO H

7 :
< M?/,.{ i >*\IVI o
A E B
Tetrahedral (A : (B)
stereogenic Mirror (A) & (B) are
center enantiomers

= Chiral
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% CIs and frans alkene isomers contain
trigonal stereogenic centers

C_g.!a.dl u))b
°h H i H  Ph
( H Ph i Ph H
Trigonal (C) i (D)

stereogenic mirror
center Diastereomers

= achiral (C) & (D) are identical
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4. More about the Biological
Importance of Chirality

By

i cgll

“Sang cyead! syl U cgall g_9).>uu.gsu

8Ll o 3oy | By ol - Bylaly o Jayug "//

d B> ol + I (small letter of L)

\ti)-Limonene \‘( -)-Limonene

(imonene enantiomer  (limonene enantiomer

found In oranges) found In lemons)
N
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% The activity of drugs containing
chirality centers can vary between
enantiomers, sometimes with serious
or even tragic consequences

% For several years before 1963
thalidomide was used to alleviate the
symptoms of morning sickness in

I g n b aega Pl.&:&;:z.‘.ul 31963 PLC J-c.9 Ol i B2l

Jalgadl clucdl o) Zloall oylize plsel
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% In 1963 It was discovered that thalidomide
(sold as a mixture of both enantiomers) was
the cause of horrible birth defects in many
children born subsequent to the use of the

2388 ¢l e3l) aagadll o Blacsl @3.1963 ple b

drug s Olagas b s oS (sl culilazall S oya

Ig.s.ll alascial sy lgalg (uddl Jlabil o aysell gl 4:,9).40 O

. :* L5 Cp=-

sLall asly o e

Thalidomide 28l 1>l gl enantiomer of
Thalidomide

(causes birth defects)

(cures morning sickness)
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5. How to Test for Chirality:

WLl Olgtae

Planes of Symmetry 5055 0 50 3

B gt clliay 1S

% A molecule will nat be chiral if it
possesses a plane of symmetry

% A plane of symmetry (mirror plane) is an
imaginary plane that bisects a molecule
such that the two halves of the molecule
are mirror images of each other

% All molecules with a plane of symmetry
In their most_symmetric conformation

e3>l iy ety gotwa 9o (lyall ggrua) WLl gorue

are achiral el g snsSin 555550 mginl A 650 o )




Plane of symmetry

u-l-lllf_)- -

zy SWbo plane ! pusy! 54381 25
achiral yss

=
3

achiral

daglicia de gaa dg g_;QLQ 131 Lol
Il sl 5381 25 Lo AL
chiral sa JULs plane

=
D
Illllm-XumlIIIQ
LL

No plane of symmetry chiral
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6. Naming Enantiomers: R,S-System
B

chiralasSall o5 b asases by <o

OH H, ,OH Ho H
Recall: A _ > 2 A

() ()

% Using only the IUPAC naming that we have
learned so far, these two enantiomers will

have the same name:
e 2-Butanol X
% This Is undesirable because each
compound must have its own distinct name
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6A. How to Assign (R) and (S)

Configurations
% Rule 1
e Assign priorities to the four different
groups on the stereocenter from

highest to lowest (priority bases on
atomic number, the higher the

atomic number, the higher the
prlorlty) 3S3all e dalisiall g1y¥1 Oile gamall Sliglgl s

saall Lle dglo¥l aass) sl I LLell o L2l
(dslodl Ol gyl saadl ol LalS3 gyl
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% Rule 2

e \When a priority cannot be assigned
on the basis of the atomic number
of the atoms that are directly
attached to the chirality center, then
the next set of atoms in the
unassigned groups Is examined.
This process is continued until a
decision can be made.

seod any S 3 say 8yila dagyall Ol gyl sall Lle 2ly dyglsl spand yiey lae
138 351 @y > ddasll 03 yanud daasall yi Oleganall 8 SLAUI s &) de ganall
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e \isualize the molecule so that the
lowest priority group Is directed
away from you, then trace a path
from highest to lowest priority. If
the path Is a clockwise motion, then
the configuration at the asymmetric
carbon is (R). If the path is a
counter-clockwise motion, then the
configuration is (S)
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% Example HO>§/ (2-Butanol)
@ H@ |

O Increase Mw
N



@ OH

@ OH [ H / .
®Me Et® N\ ‘&Et >>
Me
OH

OH \\\ / >
Me/®\2 I:e e H_‘$Et %

N Arrows are clockwise Me <

% (R)-2-Butanol
L—



% Other examples

@D
Cl Cl Counter-
@ clockwise
"'“““J\g) = e (S)
3 Hs Hs
@)
Clockwise
®OCI-[3 OCH,

ofs @& w
3 CH,CH; Br CH,CHs

@Br



% Other examples
e Rotate C—CI bond such that H is pointed

to the back

2

Cl CI
b @
Br\\\\\“‘j\ H j H\\\\\‘)\ CC:)BDH
);jdt iqj@m HO @BI’
(
v Clockwise

555l H s L j
sl gasgs 3ol calsdly 0O
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% Other examples

e Rotate C—CH, bond such that H is
pointed to the back

@
H OCH
| \\\\% :> ED\\\\“)\ @®
OCH |
H,C H3C@
Counter-clockwise OCH,

—
H,C |

(S)

31



% Rule 4
e For groups containing double or
triple bonds, assign priorities as if
both atoms were duplicated or
triplicated 5223 A Slesanal il

08 A 5M5 ol 43l bulgy Lle
LdS SIS o) WS ngng;ﬂl R

I N5 ol oy s

e.g. \(J'__O as _Cl:_c|) M gl iy iSa ey A
/ O C
\ / | ]

/G:C\ = c'>—c': o 9009 clay ey
C C
¥ 5
C=C as (|: (|:
C C
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% Example 3

Compare

Thus,

@H\““‘)\@
CH=CH,

HO@
—CH, & —CHCH,:

—CH=CH, equivalent to

—CH=CH, = (C, C, H)

(S)

H H

ot

C C

33



% Other examples

@, (R
@H\““‘)\@(C%
“@ o
I_CZDC _OH
@H\\“ﬂ)\@‘/cw @c- (0 0 0
@ o (S) )

C = (O, H, H)



7. Properties of Enantiomers:
Optical Activity

% Enantiomers i sSinn 50

. . Syl ayls
e Mirror images that are not
superposable

mirror

35



% Enantiomers have identical physical
properties (e.g. melting point, boiling
point, refractive index, solubility etc.)

Compound

bp (°C)

mp (°C)

(R)-2-Butanol
(S)-2-Butanol
(+)-(R,R)-Tartaric Acid
(-)-(S,S)-Tartaric Acid
(+/-)-Tartaric Acid

99.5
99.5

5b3d eilas g ddgall OV lazall
s ylgosdl dhats J2a) ddylaze
(3] sl HLuSSYl Joloa (o LLs]

168 — 170
168 — 170
210 — 212

36



2 Enantiomers oo sl siadl sl s 0.

e Have the same chemical properties
(except reaction/interactions with
chiral substances)

e Show different behavior only when
they interact with other chiral
substances 551 155 s o el s s U sl i

e [urn plane-polarized light on
opposite direction

SSlaall slowidl b Catiiuall e gl L3l
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% Optical activity
e [he property possessed by chiral
substances of rotating the plane of
polarization of plane-polarized light

b dlazall &1y Sl slgall (Sluas Al do 5]
Lot cdazwall o9l Olagiul ggiue 3390
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7A. Plane-Polarized Light

% The electric field (like the magnetic
field) of light is oscillating in all possible
p| anes iSaall Slystuall gaz B egdl) (Lpueablisall Jlawall J20) JlyseSl Jlowall iy

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

Jos (gydes dwac) Chadrua ye cgall [0 yay lowse »
plane) (hoﬁ»l‘gégw&u_uw DMM 9.;on

Polar0|d
Iens




7B. The Polarimeter e s e

% A device for measuring the optical

activity of a chiral compound

a = observed

o OpIJ_QaLLOIaiI_Qn

W-»@-»L-»@—»:-»@ I

light ordinary polarizer plane solution of plane analyzer

light polanzed optically polarized
light active light
compound rotated

observed

40



7C. Specific Rotation

sgosall el

observed

temperature ml | rotation
{-Cl ]25
D

soall orsall Joball C X E <_I Ay a sl g
wavelength 1 o
of light Concentratlon length of cell
o c of sample iIn dm
(Neéglém-p;ne °" solution (1 dm = 10 cm)
- | in g/mL
A=589.6 nm) e

Ja/alsxl dall

41



% The value of a depends on the
particular experiment (since there are
different concentrations with each run)

e But specific rotation [a] should be
the same regardless of the
concentration B

(Jeras IS go dalisee 38155 59 o) 13155) Boasall &yl Jle g dad sauss
353l e Sl a% awdi 9o 95s ol ceaw (@) ool el oS e

42



% Two enantiomers should have the
same value of specific rotation, but the

signs are opposite o T
Ch | Chy
H\\\‘J* § : k”llH
HO OH
25 23
[a] = + 13.5° [a] = - 13.5°

D mirror D
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SA. Racemic Forms 51 s 1 B el i 2l oblacal

(ol ISl ol Oolagest i

% An equimolar mixture of fwo
enantiomers iIs called a racemic

mixture (or racemate or racemic form)
% A racemic mixture causes no net —=-vxe-

slie (Il sty audly

rotation of plane-polarized light 52«

Gl Gls g0 s yoo

(g il esal Blo lyss (3 Lasslyl bglsdl Copzy ¥ equal &  chiral J
o opposite rotation
optically inactive rotation by the
enaTli er

H3C

i "’OH m
CZH5 CQH5
(R)-2-Butanol (S)-2-Butanol

(If present) s



8. The Origin of Optical Activity - '

Electric 1
field

N
T

(a) Plane-polarized light fiald







8B. Racemic Forms and Enantiomeric
Excess 05Lazall 53l ummnsl IS5 08

“ 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%

a>ly Jeb Plaze o (958 Wb dadld Bala e die ] Jlas *
7100 deucs gd @3lazas 83053 lgadd o] ol Wigs dl3laze &5

observed and specific rotation is zero



% An enantiomerically pure sample of (.5)-

(+)-2-butanol shows a specific rotation of
+13.52 |

Glygs Joiligu-2-
25 393 Joiligw-2-(+)(S)

[a]D _ +13-52 13.52+ 048 13a>a0

o @8 1Sall delgall &Sl o 81 4aS e 5955 Joiligar2-(+)-(S) oo s *
saall o 38T aSlg 13,52 (o a9 49 sladay 18] Liegs Blygs sghain Joiligw-2-)-(R)

“* A sample of (S)-(+)-2-butanol that contains
less than an equimolar amount of (R)-(—)-2-
butanol will show a specific rotation that is
less than 13.52 but greater than zero

* Such a sample is said to have an o o i

enantiomeric excess less than 100% . 7.

%100 o




+« Example
A mixture of the 2-butanol enantiomers showed a specific
rotation of +6.76. The enantiomeric excess of the (S)-(+)-2-
butanol is 50%

8348 13050 Ulygs Joiliga-2 cdlilaze oo ols ygbsl
%50 2 J$Usu2-(+)-(S) J dlazall 330301 .6.76+

% enantiomeric = +6.76 g
— = 1355 X 100 = 50%



9. The Synthesis of Chiral Molecules

2 achiralJelan Ll oo oy

9A- Racemic Forms Ludaoss Ni Jl39>92 achiral

chiral compounds

A Ni
CH3CH2(|ZICH3 + H-H ——— (i)-CH3CH2(IZHCH3
O OH
Butanone Hydrogen ()-2-Butanol
(achiral (achiral (chiral
molecules) molecules) molecules; but

50:50 mixture
(R) & (9))



(R }(=)-(2)-Butanol (50%) (S H(+)-(2)-Butanol (50%)



o &elpall aSEsdl Ovlelasdl *

9B. Stereoselective Syntheses =0

L._,';Ji Lg)_&’:ll aelyall Ole glasall
L2955 oSy

<+ Stereoselective 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 image oo
e diastereoselective — if a reaction

leads preferentially to one diastereomer
over others that are possible

St gasu Jeladl (S 15] - ely8 Slasl
Sle axlg 138 ¢ olats JI Jeaas
dSaall gy Y Oleglazall




O
F

racemate (+)

O
F

racemate (+)

none stereoselective _> Jodl ¢ ol o ggd q'ci}éJl oSyl 195 Lo

ol L,:LJI oyl oo g

N O
heat OH
F

racemate (+)

(=)

O
H,0
|ipase > OH + EtOH
F

(> 69% ee)

25 (D 55509 338l a5y el 55 il gl an 4
F ol o3l Lo 3 2 pal plsall 3

%

enantioselective




10. Molecules with More than One
Chirality Center oy IS $53m 50 551 e goond Sl 10

% Dilastereomers
e Stereoisomers that are not ...
enantiomers

e Unlike enantiomers, diastereomers
usually have substantially different
chemical and physical properties

delyall OMilazall clliad Lo 3ale gl OV lasall wSe ul_c .
S JSiw dalises 40038 ddlaS ilas
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(1 )

Br

N

H—(|3~
H_ C..\\\\O H

Br

H—cls“‘i
H_ C..\\\\\C '_IS

~OH

(1)

(1V)

Note: In compounds with n tetrahedral
stereocenters, the maximum number of

0 18 13550 Lo goimd Al OLSall 3 koMo
2n 90 4yl Olé glosall sae) _aBYl aodl oSy dx oYl

stereoisomers Is 2.
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(1) | | (Il
10 e —H H—COH
CHs Chs
B, Br
(1) | i | (1V)
C |‘|3/Ilh.. C_H i H_ C..\\\\\C "'3
HO” i ~OH

% (1) & (lI) are enantiomers to each other
% (Ill) & (IV) are enantiomers to each other

47



106 —H H—COH
CH CH;
B, § Br
—C—H | H-G~
( I" ) Cl‘bllm..cl: H é H_CI:..\\\\\CHS ( IV )
HO” ~OH

% Dlastereomers to each other:
o ()& (I, (I) & (IV), (II) & (l), () &
(IV)



10A. Meso Compounds  oscaiy inactive

% 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)

, ) . dayyl Lo ils e lyall 38 sall &15 OLSsall ggunes ¥
53530 Lo (el oyalS | S15-2.3 gom (Sl S Ll o U st Sl s o8 (4 = 22) &bl leslons

(4&’-‘]9) e 3&:&69-9" CRNC b duelyd 3Slye e @lgas! o @iyl L,lsz(@‘)ﬁuu@)
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H

CI—b“fC_Br Br—G’;CH3

(1)
Chgimc—pr | Br—CCh
H i

H

7,

(1 ) C%’?_Br Br_cf‘CFb (IV)
G—Br | Br—Cu\
CH; s C

Note: (lll) contains a plane of symmetry,
IS @ meso compound, and is achiral ([a] =

00).

50



H, ‘ J
CI‘b"C Br r_G‘CI'b

: (1)
CFE’;" C—Br g Br—C: “;-l

H, ' Na

(Il )_QHg'C Br BI‘—CI;~CH1 (IV)
"'”','c Br | Br—Cu\
CH; s C

(1)

% (I).& (lI) are enantiomers to each other
and chiral

% (lll) & (I\V) are identical and achiral

51



H

CI—b“fC_Br Br—G’;CH3

(1)
Chgimc—pr | Br—CCh
H E

H,

(1 ) C%’?_Br Br_cf‘CFb (IV)
G—Br | Br—Cu\
CH; s C

% (1) & (Ill), () & (lll) are diastereomers
% Qnly 3 stereoisomers:
o (I) & (lI) {enantiomers}, (lll) {meso}

2



10B. How to Name Compounds with
More than One Chirality Center
% 2,3-Dibromobutane

Jd i IS sas

4
e Look through C2-Ha bé)nd

@
®BI' §Ha
@ . @
C2: (R) configuration /01 ?3

(H, H, H) (Br, C, H)



e Look thrOugh C3—HP bond H 1 5l 5505 by o0

@
b
BI'% Hb ®BI' §H
H* L — © 3 @
3 5l
Br ° M . % '
| AR
Chs (H, H, H) (Br, C, H)

C3: (R) configuration

e Full name:
¢ (2R, 3R)-2,3-Dibromobutane
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11. Fischer Projection Formulas =». .

11A. How To Draw and Use Fischer
Projections

sl . gl Fischer
seadl e edia ISy I _ .

/AQ\C[ ey 9 duslall bghsdl Projectlon

v COOH COOH
Et :

HOa = = 4Ph — e P Ph

S el o®

H,;C COOF =

<§3H.3 CH,

55



5
Vie OH
HoaF 3§ H
o 7 :
Ph COOF
5
COOF COOF
Fischer - I
Projection H : H
Ph Bh

56



Cl H H Cl
/N s /0N
H,C CH, ~ 7= 77" H.C CH;
(1) (1)

(2S, 35)-Dichlorobutane (2R, 3R)-Dichlorobutane
O 5 %

CH, § CHy
H Cl Cl H
enantiomers
Ci H : 1 C|
CHs - Chs
mirror

% (I).and (Il) are both chiral and they are
enantiomers with each other

57



Cl

(111) CHs
(2S, 3R)-Dichlorobutane Plane of

symmetry
% (Il) is achiral (a meso compound)

% (Il1) and (l) are diastereomers to each
other

Cl I
H.C CH;




12. Stereoisomerism of Cyclic

Com pOU“dS 8550 s Slaplally L dzadl

a_meso compound
.
H ~Me | H -+ Me Me+—Me
Me | H i Me | H H |, H
_ )
Y
enantiomers Plane of

symmetry

59



12A. Cyclohexane Derivatives
% 1,4-Dimethylcyclohexane

' Plane of _,! « Both cis- & trans-

Me symmetry Me 1,4-dimethylcyclo-
"' hexanes are

achiral and
opncaHylnachve

I ‘ ‘ meso compound

cis-1 ,4 dimethyl trans—1 4-dimethyl
cyclohexane cyclohexane

60



% 1,3-Dimethylcyclohexane

Plane of
symmetry

Me Me Me
. %Me

cis-1,3-dimethyl
 cyclohexane

(meso)

e cis-1,3-Dimethylcyclohexane has a
plane of symmetry and is a meso

compound

61



% 1,3-Dimethylcyclohexane

NO plane of symmetry

/
o™ %

z‘rans-/ dlmethyl Y

cyclohexane enantlomers

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

62




% 1,3-Dimethylcyclohexane

e Has two chirality centers but only
three stereoisomers

cis-1,3-dimethyl trans-1,3-dimethy!
cyclohexane - cyclohexane
Me Me
%Me % %
H
H

Y

jmeso) ) enantiomers
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% 1,2-Dimethylcyclohexane

mirror
H H
Me ; Me
Voo
N\ Y J

enantiomers

e frans-1,2-Dimethylcyclohexane
exists as a pair of enantiomers
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% 1,2-Dimethylcyclohexane
e With cis-1,2-dimethylcyclohexane
the situation is quite complicated

mIrror

1y H H (1)

e (I) and (ll) are enantiomers to each
other




13. Chiral Molecules That Do Not
Possess a Chirality Center

chirality centerg s

~ AN

| |
N"OPPhy,  (Ph)” Y

P(Ph), (Ph),R_~
-

(S)-BINAP (R)-BINAP

%/—/

enantiomers




Ol Ly ol

cumulated double bond

mIrror
H H
\ .‘\\\\\H E H///, /
G:G:C\ E /C:C:C
CI ; CI
CI 5 CI
enantiomers
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