Sub: Organic

‘Lecture: 5 )
)

rB_)l; Yousef sabateen &Johainah Taha :..s'.sc‘l y

I A: I

‘Laiteo: :haas L'VL



Done by :
Yousef Sabateen
Johainah Taha

© R. Spinney 2013



Do the compounds
have the same molecular
formulae ?

NO

Not isomers

YES

Isomers

|

Do the compounds have the atoms
connected in the same order ?
NO | YES

Constitutional

J%EJM
kj-'..:-‘.--)
P —

)\ Ok e = g,‘rucrurd‘ Sterecisomers | @ —
OH

I
Do the compounds

have different... Can the compounds be
| interconverted by rotation
f [ | about single bonds-?
ot ooy tetons
roups
group i l NO YES

Fanciona | |
/L O OH Sy Configurational
- HO )\
on WL

Is the isomerism due to CHs Hip iy
restricted rotation ? i H
XES [ NO H CHy CHy CH,

cis-trans

{geometric) Optical
I ﬁ
\"\ ( Are the compounds

non-superimposable
mirror images ?

O: NO | YES

cug S, ony CH,CHy  CH,CH,

J: = /ku H )\
cI N A
~=H J-.:H CH;  CH,

=
e




Stereochemistry

Stereochemistry is the study of the 3D aspects of
molecules. Stereoisomers are molecules that
differ only in the 3D arrangement of their atoms.



Chirality—
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An achiral object will have a plane of symmetry
in it, i.e. a mirror plane through the object so
that one half is a mirror image of the other.

The coffee cup is achrial ‘

While the hand is chiral

Mirror

Lefthand = Righthand Can be superimposed
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Duir of enanfiomers

Stereoisomers posses one or more chiral centers. Chiral objects are ones
where the mirror image has a different 3D structure, i.e. i.e. the mirror image is

not superimposable on the original object.




For molecules a chiral center is anJD_ hybridized C atom with (Peoro\ ﬂ
four different groups (atoms) attached. If two or more groups re
identical then the molecule will posses a plane of symmetry.
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Compounds with an Asymmetric Center

Cis bonded to H, Cis bonded to H, Cis bonded to H, methyl,
QH, propyl, butyl Br, ethvl, methyl ethyl, isobutyl
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Chirality (cont’d)

Molecules which are non-superimposable mirror
images (because they have a chiral or stereogenic
center) are enantiomers, i.e.
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Enantiomers (cont’d)
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Chemically Equivalent Atoms

Atoms that are related to one another by a

mirror plane are chemically equivalent and have

the same chemical properties, i.e. propane and
butane
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Configuration: R/S Nomenclature

The R/S nomenclature system is used to distinguish
between two enantiomers. The methods relies on
three simple rules for assigning priority to the four
groups attached to assign a configuration of R
(clockwise) orS)(counterclockwise).

The lowest (#4) 1

1
priority group 4), 7
Pointing away £C2% R S N
from us (") N
) 2 2 3



The rules are:

1) Atoms attached to the stereogenic center are
ranked to atomic numbers (the higher the atomic
number the higher the priority

|, Br, F, then H

-
V. —CH,CH,

H,H,C

Higher priority




3) Multiple bonds: open the bond as equivalent atom
types, I.e.

[ 1
—G=CH is treated as —(|3—(|3—H —CH=O0 is treated as —(|Z—C|)
R 5 H
——HCT———CH, $ CH,
¢ ¢
OH
H,
eg |R|OrS ", ‘
C2H5/\CH



Naming Enantiomers

If the lowest priority group is not on a hatched wedge (#4),
switch a pair so it is on a hatched wedge.

Then, name the new compound.

2 s [clockwise)
C|H2CH3 C‘me#v&-’ CHQCI‘N/ arrow
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HO/ \ “CH;) CH; and H
Hy
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//

‘the group with the lowest |
priority is not bonded by a
hatched wedge

"this molecule has the R configuration; )
therefore, the molecule had the S
configuration before the groups were

.interchanged




Configuration: R/S Nomenclature
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Fisher Projections
Joos I

Fisher projections are a stylized way of conveying
3D info in a 2D drawing. They are very common in
biochemistry. The convention is a cross where the
horizontal arms are coming out of the page
towards you and the vertical arms are going back
into the page. For 2 adjacent chiral centers the
middle vertical bond is in the plane of the page,
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Examples:

CHO
H=——OH
CH,OH

J

CHO
H+0H
CH,OH

HO=——H
CH,OH

CHO
HO+H
CH,OH

Fisher Projections




. Naming Enanti rs

Q oY S
ver’n cle hon izoital
J o ¥ ) [clockwise signifies R, because]
Ywar

back H is on a vertical bond
1 / 1
Cl Cl
CH;CH, +CH2CH2CH3 CH3CH2CH2+CH2(;H3
3 2 2 g
(_@)-3-chlorohexane (S)-3-chlorohexane

G S

If the lowest priority group is on a vertical bond, then

clockwise = R
and
counterclockwise = S



Naming Enantiomers

3 3
CH; | CH,

1
+H——oH HO +H 4
clockwise signifies S,
[because H is on a horizontal bont} CHZZCH3 CH22CH3
(S)-2-butanol (R)-2-butanol

If the lowest priority group is on a horizontal bond, then

[ S N N

counterclockwise = R
and J O‘-Q"
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"Record 12

20 Fisher Projections

Assign the following stereochemistry

Hivtar image,
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Fisher Projections

Manipulating Fisher diagrams: —— —
— Entire diagram: Rotation by 180° b&t p_:qtgpjﬂ(90°
dJ= inverts the configuration)
— Three groups: can be rotated by any amount > — 0t

— Two groups: exchange of any two groups inverts
the configuration — <=



5.4: Configuration: E/Z Nomenclature

We have already seen geometric isomers when
we discussed cyclic alkanes, the cis-/trans-
isomers. Generally cis & trans only refer to

hydrocarbons, what happens for other non C &
H systems?

HS By

Cl >=(I _>=<1;
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Configuration: E/Z Nomenclature
Hansg iSemey t-)(‘,is 1Semer

In this case we can use the same rules for chiral
centers to assign a priority to each group on the
double bond. When the two high priority groups
are on the same side of the double bond: Z
(zusammen (together)), on opposite sides: E
(entgegen (opp05|te))
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Definition: non-superimposable mirror images.

— Identical non-chiral properties, i.e. MP or BP,

interaction with other non-chiral objects/molecules
 Enasliomer—os. <ol & Mel\-ivg point /bei ling Point

..*
— Different chiral properties, i.e. optical activity,
interactions with other chiral objects/molecules




e enanfiomers Cp.dy Gy,

Optical Activity

The experiment is performed using a

polarimeter.
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Optical Activity—

Optical activity refers to a molecule’s ability to
interact with plane polarized light (PPL).
Optically active compounds will rotate PPL due
to the electron distribution in the molecule
either clockwise (dextrorotatory (+)) or

counterclockwise (levorotatory (-)). N> 2l B
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Optical Activity

The polarimeter measures the observed rotation

(o, degrees), but since the rotation is dependent
Q . @ (f’)

on the concentration, temperature, wavelength

of light and device it is more common to report

the specific rotation, where [ is the pathlength

through the polarimeter and c is Sthe

concentration. aeialy ol 55¥ e 52 e ol
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If One Enantiomer is (+), the Other is (-)

Yar oF enalismu
f 7

C|H20H (|3H20H
CHy~ " H H = ~~CH;
CH,CH, CH;CH,
(R)-2-methyl-1-butanol ($)-2-methyl-1-butanol
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R and S versus (+) and (-)

[ﬁhere is ri) relationship between (R/S) and (+/ -)

55\
\y; Some R enantiomers are (+) and some are ().
Some S enantiomers are (+) and some are ().
% %
HO/C\CI(/)IE)H chuicd HO/C}:;%— Na*
(S)—(¢+)-Iactic acid@S)—(%)-sodium lactate

d 1
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Biological properties of enantiomers

Record 12

36+ 30 A Receptor is a Protein
Proteins are Chiral Molecules

Because a receptor is chiral, it binds one enantiomer.
A right-handed glove fits only a right hand.

R enantiomer S enantiomer

X_
p—
X

— —— —— —

binding site of the receptor binding site of the receptor
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A Receptor Binds One Enantiomer

CH;
O
AN
CH; CH,
(R)-(-)-garvone (R)-(-)-carvone
smeﬁ!ike
spehArmint 20 C= Eﬁ25

CH;
7N\
CH; CH,
(S)-(+)-carvone (S)-(x)/carvone
smplls like
20 L= \362 5 cara%;y seeds

fwﬁ%r 01055 A L 3

Each enantiomer binds to a different receptor in the nose.



Physiological Properties of Enantiomers

Enantiomers can have very different
physiological properties.

H H
Q/VN\ @/\/N\
A

the active ingredient methamphetamine
in Vicks Vapor Inhaler® “meth”
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oounds with Two Asymmetric Centers

® » . .
CH;CHCHCH; maximum # of sterecisomers = 2"
Cl OH (n = # of asymmetric centers)
3-chloro-2-butanol RR, S5, SR RS @GsCl%
rM-‘rf.r im«,,i‘ = enantjgmend _Mirarimage < enantivmers
CH; CH; CH; CH;
(¢ «H—1Cl §«Cl-——H S«Cl—*H H+{~+Cl - R
CH; CH; CH; CH;
1 2 3 4
wptlve enantiomers a0 enantiomers

Fischer projections of the stereocisomers of 3-chloro-2-butanol (eclipsed)

1 and 2 are enantiomers. 3 and 4 are enantiomers.



Diastereomers

CH; CH; CHj; CH;
H——OH HO———H H——OH HO——H
H——CI Cl——H Cl——H H——CI

CH; CH; CH; CH;

1 2 3 4
erythro enantiomers threo enantiomers

Fischer projections of the stereoisomers of 3-chloro-2-butanol (eclipsed)

1 and 2 are enantiomers. 3 and 4 are enantiomers.

> nel mircer im«a,o.
Diastereomers are stereoisomers that are not enantiomers.

1 and 3 are diastereomers. 2 and 3 are diastereomers.
1 and 4 are diastereomers. 2 and 4 are diastereomers.

Diastereomers have different physical and chemical properties.



Diastereomers

Diastereomers are an additional class of
stereoisomers. In cor({ﬁ%st to enantiomers (non-
superimposable mirror images) diastereomers
are non-superimposable non-mirror images.
This means they need to have two or more

chiral centers (and/or geometric (E/Z) isomeric
centers). Mans < LsUs



Diastereomers
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Diastereomers: Meso compounds
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Diastereomers: Meso compounds

Equivalent stereogenic centers: meso compounds, although they contain
multiple chiral centers, there are two configurations that are mirror images
and superimposable, This results from the fact they contain a plane of

symmetry
OH QOH QOH QOH
Oﬁ\\A£> G ly ).WJ 9 He——=CH HO=——=H He——=COH HO=—
H——CH | HO——H HO——H H——CH
Hat #of s}ereo isomers E E z :
- qn COoH GOH GOH GOH
-""“3"*" Cl/b D 2 Jz 2R3S R3S 2R3R 2535
o) Ry G2 meso L
&L‘ [ O —»optical inactive +12 > ",%',"",'3,2,_" «-12
NP 140 - .\'u""'ew'l' — 170— Same 170
QOH
HO=——H
HO——H pane dfymy



Diastereomers

The physical and chemical properties of
diastereomers are different.

For meso compounds two isomers are actually
enantiomeric so they will have the same non-

chiral properties but different chiral properties.
The meso isomers will have different physical
and chemical properties to the other isomers.




Stereochemistry in Chemical Reactions

Stereochemistry is very important in chemistry
as you are normally only interested in one of the
stereoisomers.

There are two possibilities: o
W |
1. Chiral products.achlral reagents — L)

2. Chiral products(frompchiral reagents — s34l
G\« )




Stereochemistry in Chemical Reactions

Chiral products from achiral reagents:

This commonly results from addition type reactions
that go through a carbocation intermediate, equal
chance of reacting with either side of the carbocation.
Usually results in a racemic mixture (50:50) of both

enantiomers, i.e. Pﬂ'“‘ enantiomel® 4 ophical jnactive &x
<’§(’°§"’(“"4 1.50 /.50
= HBr :
/\/ am > ) /\/
addition = !
achiral Feaction B 1 B 1

) Chiral



Stereochemistry in Chemical Reactions

Chiral products from chiral reagents:

Since the chiral reagents react with each other at
different rates this results in the production of
diastereomers in unequal amounts. i.e.

\):R'\Cb\'tf‘n.l,
OCH, OCH, " OCH,
Ch’-rnl/k% HBr el }k/
TR fIYS
Br. \Br

50:50 mixture of two enantiomers
Racemic Mixtures

(optically inactive)



