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COURSE OUTLINE

Isomerism

Electronic & steric effects
Introduction to reaction mechanisms
Alkanes

Alkenes

Alkadienes

Alkynes

Aromatic hydrocarbons
Alkyl halides

Alcohols & phenols
Aldehydes & ketones
Carboxylic acids

Amines & diazoniums
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Chapter 1. ISOMERISM

Isomers: Compounds with the same molecular formula
but different structural formulas

Isomers l

Stereoisomers

Constitutional 1Isomers

Conformational isomersl Configurational isomers
Optical isomers /Enantiomers &
Diastereoisomers

4

Geometric isomers
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CONSTITUTIONAL ISOMERS

Different compounds that have the same molecular
formula — but differ in their connectivity

CH,CH,OH and CH;0OCH;

ethanol dimethyl ether
CH,

CH,CH,CH,CH,CH; and CH;CHCH,CH;

pentane isopentane

{|:‘1

CH;CH,CH-CH-Cl and CH,;CH,CHCH;
1-chlorobutane 2-chlorobutane

| T

CH;CCHj; and CH;CH-,CH

acetone propionaldehyde
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STEREOISOMERS

Isomers that differ in the way their atoms
are arranged In space

Conformational isomers l

WP

2y
AN

Configurational isomersl

Cl, _H Cl_ _H
I i
C C.
c1”” TH H™ Tl
=
Bi1 ' Br
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CONFORMATIONAL ISOMERS

o Different shapes of the same molecule resulting
from rotation around a single C-C bond

e Conformational isomers are not different
compounds

> " - .
3¢ se

Staggered conformation of ethane  Eclipsed conformation of ethane
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staggered conformation for
rotation about the carbon-carbon
bhond in ethane

H‘H H
perspective “ aH
formulas L—=C
| \,
H H
H H
sawhorse
projections H/ H
H H
H
Newman H ;Q;:H
projections H H
H

a0"”

0"

0"

eclipsed conformation for
rotation about the carbon—carbon
bond in ethane

H H

"HC C.r"'

HY d “H
H

\
H
H
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Eclipsed conformation: maximum repulsive interaction between the electron

pairs of the six C—H bonds = has the highest energy — least stable

conformation. eclipsed conformers
HH HH
F H - ]]—]_] H - ]-Iil
=
=n
z
@ 2.9 kecal/mol
m or 12 ki¥maol
1=
g
o H H
H H H H
H H H H
H H
staggered conformers
I I I I

o B0~ 120° 180"
Degrees of rotation

Staggered conformation: allows the maximum separation of the electron pairs

of the six C—H bonds = has the lowest energy = most stable conformation.
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Potential energy

-

Conformations of butane

.rwlII':'
1'[ ,[ H'J. H'I_H: CHj H'I_H':. CHa,
f 1“\ I\. H H H Q;I\\ H,C |
A A ’é}{:ﬂ: A H,C H ALA
g - H T H™ H H H

CHj; H
gauche anti gauche

A B C D E F

4.5 kcal/mol

12 kJ/mol 3.8 kcal/mol
16 k)/mol
e o 4 klimol
I I I I I I
0- (0 1207 180° 240° 300

Degrees of rotation

a
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Conformations of cyclohexane

The most stable conformation of the cyclohexane ring 1s the “chair”

conformation:

The C—C bond angles are all 109.5° = free of angle strain

When viewed along any C—C bond. the atoms are seen to be perfectly

H 1 H
Sy
H cH, Y+ H

H +  H

staggered

11
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Boat conformation of cyclohexane:
& ¢

¢ Q Q ¢«
\
« «

When viewed along the C—C bond on either side, the atoms are

found to be eclipsed

="
I
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energy

5.3 kcal/m
22 kJ/m

6.8 kcal/m
28 kJ/m

12.1 kcal/m
50.6 kJ/m

13
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The cylohexane ring rapidly flips back and forth between two

equivalent chair conformation via partial rotations of C—C bonds

+—A:=s:1al

thuamrial

A '\ 1
A Equatorial

Axial

When the ring flips, all of the bonds that were axial become
equatorial and vice versa

14
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GEOMETRIC ISOMERS

H,C CH H.C H
= s SN /
A= A=K
H H H CHs,
cis-2-butene trans-2-butene

Hacr,auﬁﬂa H3C*=.~:~H
C r:;\ /'r: C'\‘.
cis isomer trans isomer

There is no rotation around the C=C bond

15
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cis and trans isomers are not possible for these compounds because
two substituents on an sp? carbon are the same

4
H CH;
Y /
C=C
/ hY
H Cl
H
H
Br
Cl
cis-1-bromo-3-chlorocyclobutane
H H
H.C CH;

cis-1,4-dimethylcyclohexane

g
CH;CH, CH,
\ /
C=C
/ Y
H CH.,

Br

H

Cl
trans-1-bromo-3-chlorocyclobutane

H  CH;

H;C H
trans-1,4-dimethylcyclohexane
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The E,Z system of nomenclature

Br Cl Br CH,
/ \
C=C C=C
/ N / Y
H CH; H Cl

Which isomer is cis and which is trans?

low priority low priority low priority fhigll priority
' N
C=C C=C
. . N . : .S .
high priority high priority  high priority low priority |
/ \
thezimmerhl the E isomer

17
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Cahn-Ingold-Prelog priority rules

Higher Br CH, Higher

\ /

i < | Rulel
yd \

Lower Cl H Lower

the Zisomer | Higher Brxx KCHE(ZHEGH Lower

C=C
r ™
Lower Cl CH(CH;), Higher
the E isomer
Rule 2 | >
Higher Br CH-OH Higher
“xc_cf’
VRN
Lower Cl C(CH3); Lower

the Z isomer
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Rule 3 |

C=Y asif it were

Rule4 |

Higher Br CH,OH Lower
> ™~ V4
C=C
o ™
Lower C| CH=0 Higher
the E isomer
(‘T’) ((P
C ‘T C=vy as if 1t were C—Y
| |
(Y) (C) (Y) (C)
H CHCH —(
> C—=C C—C
/ N\ / N\
D CH=CH, D L|?HCH3
CH,

the Z isomer

the E isomer
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OPTICAL ISOMERS

——
A chiral opbject f\ ]f
W\ \F\
N
Nonsuperlmposable k
mII‘I‘OI‘ Image right hand ﬁa-

@

An achiral object =) |
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OPTICAL ISOMERS

Optical isomers are configurational isomers
which are able to rotate plane-polarized light
clockwise or anticlockwise

plane-polarized light

light waves oscillate light waves oscillate
in all directions in a single plane
\ direction of light propagation /
:-_
II.-"Fi % .-" ‘.—h'.,'l.
i I' i
: ) : I
k k i
" 1 b ¥
light normal pD|aI'IEE'I‘ plane-polarized

SOUrce light light
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Optically inactive(\

direction of light propagation

b A .a"'FJL A A I IR o T

£ i \'ul £ 5 & ,
f K I | ! i
! 1 I L] i 1
y i | L ] |
1 ] | I L] L
] i I i ] [}
5 / L i A i
/ b ¥ . Y O¥Y Y YRy YL

- 2 Y. b 4

light normal polarizer plane-polarized sample tube plane-polarized
source light light containing an light
achiral compound

Optically activer\

direction of light propagation

the plane of polarization
has not been rotated

the plane of polarization
has been rotated

\h
o %
f
i
I
i
]
]
§
* -

\ il 1 )

‘ II’ 11 |:I.
) A ] i/

'_‘e"l L . ;"J W | ﬁ\j

i T ——

i
i
’f

—_

light normal polarizer plane-polarized sample tube plane-polarized
SOurce light light containing a light
chiral compound


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Asymmetric carbon

An asymmetric carbon is a carbon atom that is
bonded to 4 different groups

& B

Optically active
(chiral)

/

an asymmetric carbon

CH;

| +

+ *
CH;CHEEHETHCHECHECHEEHE, EH;THEHEEH:J, -::Hg-:.H-::HE-:l'.H-:.Hg-:Hg

OH Br CH;
d4-octanol 2-bromobutane 2, 4-dimethylhexane
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Isomers with one asymmetric carbon

CH+CHCH,CH-

|
Br

2-bromobutane

B|1‘ | Br

C-. e
CH.CH; \“H | H" ;~ ~CH,CH;

CH, | CH;

MIrTor

the two isomers of 2-bromobutane
enantiomers

Nonsuperimposable mirror-image molecules are
called enantiomers 24
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Drawing enantiomers

Using perspective formulas:

e 2bonds inthe paper plane

Convention ‘ e 1bond as asolid wedge
« 1bond as a hatched wedge

25
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Drawing enantiomers

Using Fisher Projection formulas:

Bonds out of page
COOH l

| _ Hli—oH

HwC =
H'D/ K\CH_; =

Convention ‘ *

COOH Bonds into page

CH.

COOH
OH

= H

CH;
Fischer projection

Carbon chain is drawn along the
vertical line

Vertical lines: bonds going into

the page

Horizontal lines: bonds coming

out of the page 20
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NAMING ENANTIOMERS
ABSOLUTE CONFIGURATION: R-S SYSTEM

e Using Cahn-Ingold-Prelog
rules

Convention e View the molecule with the
owest priority group

for o
berspective ‘ pointing away
 If the direction from highest

formulas i _
oriority group to the next is
clockwise: R

e |If the direction is
anticlockwise:S

27
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10H 1 g\ 3

/ CH;3 HO, "+ ,CH;
- H—C --meoe- B> N

\ |

» COOH

COOH
(L)-(+)-Lactic acid 2

S’ configuration

3 CH; 3/ 14 !
[ OH1 ,
S ST §>

\
2 COOH

(D)-(—)-Lactic acid

R configuration

28
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e Using Cahn-Ingold-Prelog
rules

« When the lowest priority
group Is on a vertical bond:

_ + If the direction from highest
Convention priority group to the next is

for Fisher mm) clockwise: R

Proj lon . . .
ojectio + If the direction iIs
formulas . .
anticlockwise:S

« When the lowest priority
group Is on a horizontal bond:

+ Opposite answers

29
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| — —,
o [«
CH3QHE+CHEQHECH3 CHBCHECH2+CH39H3
) H ) ) H '

4 4
(R)-3-chlorohexane (S)-3-chlorohexane
CH,4 1 1 CH,4

CH,CHy,~~  ~—CH,CH,

(S)-2-butanol (R)-2-butanol
0 1
~2COH 2COH ™\

@——CHB; _:CH3——Hy
— OH OH
|

(S)-lactic acid (R)-lactic acid
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NAMING ENANTIOMERS
RELATIVE CONFIGURATION: D-L SYSTEM

Glyceraldehyde: the standard compound for
chemical correlation of configuration

Oy, . H ONH
Hoi-OH  ad HO--(?_.-H

|

CH,OH CH,OH

D-Glyceraldehyde L-Glyceraldehyde

31
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D-L system is only useful for naming sugars &

aminoacids
HC=—0 COOH
H——OH — H*}—OH
CH,OH CH,4
p-(+)-glyceraldehyde p-(—)-lactic acid
HC=0 HC=0
H——0OH HO——H
HO——H H—O0OH
HO——H H——0OH
H——0OH HO——H
CH,OH | the OH group CH,OH
p-galactose |is on the right L-galactose

mirror image of p-galactose
32
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Isomers with more than one
asymmetric carbon

; \
HBC\? ::B[‘ 3'[: /BI’ H

Hue C (C—=—H Bl

; H"“W“C +— {_:EIL—-H ::> J‘ 'I.Il ]
HO-/ CH, 1 ré GHa
|

5 R
HC|[ B

Hw J‘C '[::Elll""'H
HO  CH;

(2S,3R)-3-bromo-2-butanol 33
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H,C H

\ F
Br 1&*-}:_{:\':‘01_]
H CH,
(25,3R)-3-bromo-
2-butanol
HB(% 5I—I
H'l.'m' “C - {:J';L-‘ {:}H
Br CHs;
(25,35)-3-bromo-
2-butanol

o,

HO m— F —Ck._,w B,
H,C H

(2R,35)-3-bromo-
2-butanol

H (CHj

T
HO»=C—C(C.,

/ \ H
H,C Br
(2R,3R)-3-bromo-

2-butanol

perspective formulas of the sterecisomers
of 3-bromo-2-butanol

34
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CH, CH,

H—+—OH HO—(——H
H——Br Br———H
CH; CH,
(25,3R)-3-bromo- (2R,35)-3-bromo-
2-butanol 2-butanol
CH, CH,
H—F—OH HO——H
Br—H H——Br
CH, CH,4
(25,35)-3-bromo- (2R,3R)-3-bromo-
2-butanol 2-butanol

Fischer projections of the stereoisomers

of 3-bromo-2-butanol >
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Meso compounds

C ¢
e® o @ .®
O g 08 0 oF ¥ I8

¢80 c@ B¢

C . C@-
o .
CH, CH, :
HO——H H——OH H——OH
H——OH HO——H H——OH
CH; CH- CH,

(2R.3R)-2.3-Butanediol (25.35)-2.3-Butanediol meso-2.3-Butanediol
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Enantiomers vs diastereoisomers

enantiomers enantiomers
I H IIlll Ior H | 0 IIlilI‘I‘DI‘ HO I
HO,C_ < ,OH:! HO coﬁH HO,C_ < | ) CO.H
1 | | | I
4,cmH . HyCL4 4, Cuyg | guCls
MeO,C™ Yo | Ho” COﬁMe MeO,C~ YoH ! HO" COQME

25. 3R 2R.3S 2R. 3R 28.3S

M W ____ diastereoisomers __ A) L

1 T diastereoisomers 1 1

T diastereoisomers __ | i

| diastereoisomers !

 Enantiomers: Nonsuperimposable mirror images

e Diastereoisomers: not mirror images of each other
37
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Enantiomers vs diastereoisomers

Enantiomers normally have identical physical &
chemical properties

Enantiomers normally interact differently with
other chiral molecules

Diastereoisomers can have different physical &
chemical properties

Enantiomers are always chiral

Diastereoisomers can be chiral or achiral (meso
compounds)

38
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Separating enantiomers

Cl+)
C(-) CH | + | Pw |
Midture of enantiomers | |
Resahving agent Diaaociate diastersomer
(zingle snantismar) b single snantiomer;
recover resching agent
2P(+) ‘
——— Cl+}P(+)
l:{-l-}-Fh-} diﬂmere-rélﬂmera
Ci=)-P(+) |
Mixture of diasteraomera — C(—FP{+) ‘
Racemic mixture:
1/1 mixture of 2 Dissociate diasterscmer
i to single enantiomer;
enantiomers recover reaching agent
C-) |+ | P ‘
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CHIRALI

CH;

S

EHE.-"' ":::{:.H:
lemon odor

CH,

‘ g

8
CHy” “CH,

spearmint fragrance

HEI"."_'\-\. T ___.-": [}JH
5 T }i‘?"‘ _
0 H Nm,

bitter taste

Y & BIOLOGICAL AC

IVITY

CH;
A

Limonene L E

"H
.C7 "CH;

orange odor
CH,

0 A

T =

Carvone
\1 H
3 “CH;
caraway seed odor
HO,C. .~ _.NH,
Asparagine K ]]f R
H

NH.O

2 40
SWeel [asie
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CHIRALITY & BIOLOGICAL AC

= ~ {:DEH HD"-E e
5 e NH- Dﬂ[}ﬂ NH- =
HO - -
OH

IVITY

| R
¥~ OH
OH
Anti-Parkms=on's diseass Toxic
T MCHE. L L CH: #

g | Epinephrine . J\ R
HO™ Y N on
OH OH
Toxic hormone

i '+ sedative, hypnofic

il
i O N O
g T wH J\ Thalidomide Tw\»g
) -~ N
H )
0O

I =
H"q_'-"

UETAlOEEMIC aclIvIly causes NO deformuties

41
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