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Chapter 2: Structure and Classification of Organic Compounds

1. Functional Groups:
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Chapter 2: Structure and Classification of Organic Compounds

2. Aliphatic Hydrocarbons:

0 Hydrocarbons are compounds that

contain only carbon and hydrogen

atoms. Hydrocarbons
1 Aliphatic hydrocarbons are subdivided into: | | |
o Saturated hydrocarbons Aliphatic Asomatie
* Alkanes; C.H,, ., |
(contain carbon-carbon single bond) | |
.+ Cy cloalkanes: C H,,, Unsaturated Saturated
(contain carbon-carbon single bond in a single ring)
| | |
o Unsaturated hydrocarbons Alkenes Cycloalkenes Dienes Alkynes Alkanes Cycloalkanes
* Alkenes; C,H,, (Olefins) C.H, (Acetylenes) (Paraffin’s)
: CnHZn-Z CnHZH
(contain carbon-carbon double bond) CH, Py ————— CH,., CH,., g
n n nz= . n n+ n n+ n =
« Dienes; C.H,, , G i)

(contain two carbon—carbon double bonds)
* Cycloalkenes; C H,,,

(contain a carbon—carbon double bond in a ring)
« Alkynes; C, Hy,n

(contain carbon-carbon triple bond)




Chapter 2: Structure and Classification of Organic Compounds

2. Aliphatic Hydrocarbons
2.1. Alkanes and Cycloalkanes

[] Alkanes, whose molecules contain only

Number of  Molecular Number of
single bonds, are referred to as saturated Name carbons formula Structural formula  structural isomers
compounds because these compounds methane 1 CH, CH, 1
contain the maximum number of hydrogen ethane 2 CoHs CH5CH3 1
atoms that the carbon compound can propane 3 C3Hsg CH3CH2CH, 1
possess. butane 4 CsH1o CH3CH,CH,CH; 2

1 Alkanes have the general formula C H,, ., pentane 5 CsHi2 CH3(CH2)sCH3 3
[l Cycloalkanes: are alkanes in which all or hexane 6 CeHia CH3(CH2)4CH3 5
some of the carbon atoms are arranged in a LA -/ C7H16 CH3(CH2)sCH; 9
ring. cycloalkanes containing a single ring o 8 CeHig CH3(CH2)6CH; 18
have two fewer hydrogen atoms. nonane 9 CoHao CH5(CH);CH; 35
decane 10 CioH2s CH3(CH,)gCH3 75

[l Cycloalkanes have the general formula

CnHZn



Chapter 2: Structure and Classification of Organic Compounds

2. Aliphatic Hydrocarbons
2.1. Alkanes and Cycloalkanes

2. 1 . 1 . S h a p es o f A l k anes CH4;CH,CH, CH,CH,CH,CH, CH,CH,CH,CH,CH,

Propane Butane Pentane

or or

0 A general tetrahedral orientation of groups and thus sp’

o
hybridization is the rule for the carbon atoms of all
alkanes and cycloalkanes. 2 4 . ) 4 )1 ’ @ )9 ‘
4 J ¥

) i 4 4 4
[ Straight-chain:
Alkanes like butane, as an example, have a zigzag
Isobutane Isopentane Neopentane

structure due to their tetrahedral carbon atoms. A more CHLCHCH, CHLGHCH,CH, (He

| CH,CCH,

. . . CH CH
accurate term is "unbranched,” meaning no carbon is ’ ’ Hy
or or or

bonded to more than two others.

[ Branched-chain alkanes: Y
Isobutane, isopentane, and neopentane are examples of
branched-chain alkanes. In neopentane the central ) 3 o
carbon atom is bonded to four carbon atoms. J




Chapter 2: Structure and Classification of Organic Compounds

2. Aliphatic Hydrocarbons

2.1. Alkanes and Cycloalkanes

2.1.2. Shapes of Cycloalkanes

[

Carbon atoms in cycloalkanes are sp® hybridized, and
their rings can adopt different shapes.

Planar rings:

Cyclopropane has a planar, triangular structure. Its three
carbon atoms lie in the same plane.

Branched-chain alkanes:

Larger cycloalkanes generally adopt non-planar
(puckered) structures. Cyclopentane, for example, adopts

a puckered shape.

HEG\G—/GHE ] v ] M

Cyclopentane

H7G—E\H2

H,C CH, i j#

o ~ 2 Q 4 I
G d

H,

Cyclopropane



Chapter 2: Structure and Classification of Organic Compounds

2. Aliphatic Hydrocarbons
2.1. Alkanes and Cycloalkanes

2.1.3. How to classify carbon and hydrogen atoms

A primary (1°) carbon is one that is bonded to only one other carbon.
A secondary (2°) carbon is one that is bonded to two other carbons.

A tertiary (3°) carbon is one that is bonded to three other carbons.

O O O O

The hydrogen atoms of an alkane are classified based on the carbon
atom to which they are attached.

A hydrogen atom attached to a primary carbon atom is a primary (1°)
hydrogen atom, and so forth.

0 In cycloalkanes, carbon and hydrogen atoms are classified in the same

way based on the number of carbon atoms attached to the carbon atom. ' ¢arbon atoms —=

[ Examples:
2-methylbutane and methylcyclohexane, have (1°), (2°), and (3°) carbon
and hydrogen atoms. 2,2,3-trimethylpentane has (1°), (2°), (3°), and (4°)
carbon atoms, but only (1°), (2°), and (3°) hydrogen atoms.

1° Hydrogen atoms ———-*\“__

3° Hydrogen atom

H,C

H,C

3°Carbon atoms }

Hy

T —

v

CH,

—

N\

J
CHs—CH—CH,—CH,

A
|

%

_ONH

N

Hy

CH,

\
H3C_

C— CHs

A

\

2° Hydrogen atoms
Ho
C CH
A 3
HzC/ ¢

H,C CH
Z\C/ 2

Ho

4°Carbon atoms

"+ CHy—CH—CHy—CH,

‘\2°Carbon atoms



Chapter 2: Structure and Classification of Organic Compounds

2. Aliphatic Hydrocarbons

2.2. Alkenes, Dienes, and Cycloalkenes

] Alkenes are hydrocarbons containing a carbon-carbon double

bond, historically called olefins. \CZC/ \CZC/
/ \ / \
0 General formula is C H,, H & H
Ethene Propene
[J The simplest alkene, ethene (ethylene) (C,H,)
] Dienes are hydrocarbons containing two carbon—carbon double bonds (C=C).
] The general formula of acyclic dienes is C, H,, .,
2.2.1. How to Classify Dienes .
i \ «H \ )
1) Cumulated dienes: The double bonds share a umuiatec ] #,C:CZC;:H C=C=C_
common carbon atom. Allene A cumulated diene
2) Conjugated dienes: The double bonds are P "*G:C*:
. Conjugated / *G_Cf
separated by one single bond. double bonds ;A
. 1,3-Butadiene A conjugated diene
3) Isolated dienes: The double bonds are
\
separated by two or more single bonds. Isolated ;C:Ci :c:c( Z T
double bonds (CHg), :
An isolated diene 1,4-Pentadiene

(== 0)



Chapter 2: Structure and Classification of Organic Compounds

2. Aliphatic Hydrocarbons

2.2. Alkenes, Dienes, and Cycloalkenes

[J Cycloalkenes are cyclic hydrocarbons containing a carbon-

H H
\ / \ /
carbon double bond. C—=C cC—0C
/ \ / \
[ General formula is C H,,, H H H
Ethene Propene

[J The simplest cycloalkenes, Cyclopropene (C;H,)

X O O

Cyclopropene Cyclobutene Cyclopentene Cyclohexene

2.3. Alkynes

0 Hydrocarbons whose molecules contain the carbon-carbon

triple bond and called acetylenes. H—C==C—H

[J The simplest member, acetylene HC=CH.
Ethyne



Chapter 2: Structure and Classification of Organic Compounds

2. Aliphatic Hydrocarbons

2.4. Isomerism

Types of Isomerism

y Y
] Isomers are different compounds with identical (Stereoisomerism )
molecular formulas. i ' !
Conformational [Conﬁguratioual ]
[ Isomers } Isoiners
Rotation about single bond ‘
isomerism isomerism
R-S cis- trans
E-Z- system
2.4.1. Structural or constitutional isomers

[] Structural isomers have the same molecular formula but different in the sequence of atoms bonded to each other.
0 Examples:

Molecular
formula Constitutional isomers
C4Hqo NN and )\
Butane 2-Methylpropane
C,H,,O

\/\/OH and \/O\/
1-Butanol Diethyl ether ?



Chapter 2: Structure and Classification of Organic Compounds

2. Aliphatic Hydrocarbons

2.4. Isomerism

2.4.2. Conformational Isomerism: Conformations of Acyclic Alkanes

] Stereoisomers: compounds with the same connectivity, different

arrangement in space.

JTwo groups bonded by only a single bond can undergo rotation

about that bond with respect to each other.

[IConformations: are different arrangements of atoms that are

interconverted by rotation about single bonds.

[JThe temporary molecular shapes that result from such a rotation

are called conformations of the molecule.

[JEach possible structure is called a conformer.

Isomerism of alkane and

cycloalkane

Conformational Optical

Isomerism Isomerism

rotation
_—

<

Rotation occurs here.

two different conformations T

The location of the indicated atom changes with rotation.

10



Chapter 2: Structure and Classification of Organic Compounds

2. Aliphatic Hydrocarbons

2.4. Isomerism

2.4.2. Conformational Isomerism: Conformations of Acyclic Alkanes(Rotation of C-C Single Bonds)

perspective
formulas

sawhorse
projections

Newman
projections

H H
~c—c~H
HY \
H H
H
H/H
H
H

staggered conformation
for rotation about the carbon-carbon
bond in ethane

60°

eclipsed conformation
for rotation about the carbon-carbon

bond in ethane

H H
\C—C/

H

7
H
H

n
@stas

11



Chapter 2: Structure and Classification of Organic Compounds

2. Aliphatic Hydrocarbons
2.4. Isomerism

2.4.3. Conformational Isomerism: Conformational Analysis Cycloalkanes

| Cyclopropane, with only three carbon atoms, is necessarily planar.

[J The C-C-C angle is only 60° (the carbons form an equilateral triangle), much less than the
usual sp3 tetrahedral angle of 109.5°.

[0 The hydrogens lie above and below the carbon plane, and hydrogens on adjacent carbons are
eclipsed.

[l Angle strain exists in a cyclopropane ring because the sp3 orbitals of the carbon atoms cannot

overlap as effectively as they do in alkanes.

cyclopropane

12



Chapter 2: Structure and Classification of Organic Compounds

2. Aliphatic Hydrocarbons

2.4. Isomerism

2.4.3. Conformational Isomerism: Conformational Analysis Cycloalkanes

[]
[]

Cycloalkanes with more than three carbon atoms are nonplanar and have “puckered” conformations.
In cyclobutane and cyclopentane, puckering allows the molecule to adopt the most stable conformation
(with the least strain energy). Puckering introduces strain by making the C-C-C angles a little smaller
than they would be if the molecules were planar; however, less eclipsing of the adjacent hydrogens.
Therefore, the molecule is flexible and shifts rapidly from one conformation to another. With little ring

strain, cyclopentane is almost as stable as cyclohexane.

H

H H

H
H H

C—C—C angle cyclobutane cyclopentane
for planar molecule 90° 108° 13
observed experimentally 88° 105°



Chapter 2: Structure and Classification of Organic Compounds

2. Aliphatic Hydrocarbons
2.4. Isomerism
2.4.3. Conformational Isomerism: Conformational Analysis Cycloalkanes

] Six-membered rings or Cyclohexane are rather special and have been studied in great detail

because they are very common in nature.

[l Cyclohexane is more stable and it has several conformations that are important for us to
consider :
1. The most stable conformation of cyclohexane is the chair conformation.
2.  Inachair conformation all of the carbon-carbon bond angles are 109.5°, and are
thereby free of ring strain.
3. By partial rotations about the carbon—carbon single bonds of the ring, the chair

conformation can assume another shape called the boat conformation.

14



Chapter 2: Structure and Classification of Organic Compounds

2. Aliphatic Hydrocarbons

2.4. Isomerism
2.4.3. Conformational Isomerism: Conformational Analysis Cycloalkanes

Boat conformation

d
Chair conformation (most stable) ‘% H
. ? ’
j 4

[ In the chair conformation, the hydrogens in cyclohexane fall into two sets, called axial (a) and equatorial (e).

15



Chapter 2: Structure and Classification of Organic Compounds

2. Aliphatic Hydrocarbons

2.4. Isomerism

2.4.4. Configuration Isomers: Optical isomerism and Chirality
"  Chiral and Achiral Molecules

[J Although everything has a mirror image, mirror images

may or may not be superimposable. ~

left hand right hand nonsuperimposable
mirror

*Some molecules are like hands. Left and right hands are

* A molecule (or object) that is not superimposable on its mirror image is said to be chiral.

mirror images, but they are not identical, or superimposable.

[0 Other molecules are like glass. Two glasses are mirror images
that are superimposable. A glass and its mirror image are

identical.

[J A molecule or object that is superimposable on its mirror

The glass and its mirror image are superposable.

image is said to be achiral.

[J A molecule or object that is not superimposable on its mirror .

image is said to be chiral.



Chapter 2: Configuration Isomers: Optical isomerism and Chirality

2. Aliphatic Hydrocarbons

2.4. Isomerism

2.4.4. Configuration Isomers: Optical isomerism and Chirality

Chiral compound and its mirror image are called enantiomers.

Enantiomers: stereoisomers that are nonsuperimposible mirror images; only properties that differ are direction (+ or -) of

optical rotation.

@

)

a) Three-dimensional drawings of the 2-butanol enantiomers I and II.

{c

(b) Models of the 2-butanol enantiomers. (c) An unsuccessful attempt to superpose

models of I and II
ll3r Bir
G, nC,
i 1 W NS
CH,CH,\ H | H" /" "cH.CH;
-

a chiral nonsuperimposable
molecule mirror image

enantiomers

I|3r

Cu,
CH,CH, \ "CH3
CH;

an achiral
molecule

1|3r

L\ C
H;C™  GHICH

H,C

\;

superimposable
mirror image

identical molecules

17



Chapter 2: Configuration Isomers: Optical isomerism and Chirality

2. Aliphatic Hydrocarbons

2.4. Isomerism

2.4.4. Configuration Isomers: Optical isomerism and Chirality

Asymmetric center (Stereogenic Centers): sp> carbon with four different groups attached.

[0 To locate a stereogenic center, examine each
tetrahedral carbon atom in a molecule, and look at the
four groups —not the four atoms bonded to it.

[0 Always omit from consideration all C atoms that

cannot be tetrahedral stereogenic centers. These

include
1 CH, and CH, groups CH3CH2CH2C|3HCH2CH2CH2CH3
OH
[ Any sp or sp? hybridized C 4-octanol

I?r
CI—C|:—I
/F
stereogenic center

/]

an asymmetric center

This C is bonded to: H

H Br
| CH20H3

CH30H2 _(I.;_ CH20H20H3 CHchchs
Br

stereogenic center two different alkyl groups

3-bromohexane

iy
CH3?HCH2CH3 CH3CHCH2(FHCH2CH3
Br CH;
2-bromobutane 2,4-dimethylhexane

18
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Chapter 2: Configuration Isomers: Optical isomerism and Chirality

2. Aliphatic Hydrocarbons

2.4. Isomerism

2.4.4. Configuration Isomers: Optical isomerism and Chirality
0 In general, a molecule with no stereogenic centers will not be chiral.
0 With one stereogenic center, a molecule will always be chiral.

] With two or more stereogenic centers, a molecule may or may not be
chiral.

O Achiral molecules usually contain a plane of symmetry but chiral
molecules do not.

] A plane of symmetry is a mirror plane that cuts the molecule in half, so

that one half of the molecule is a reflection of the other half.

Plane of symmetry
¢l
HiC |:I CH,4
Achiral Chiral
(a) )

a) 2-Chloropropane has a plane of symmetry and is achiral.
(b) 2-Chlorobutane does not possess a plane of symmetry and
is chiral.

19



Chapter 2: Structure and Classification of Organic Compounds

2. Aliphatic Hydrocarbons

2.4. Isomerism
2.4.4. Configuration Isomers: Optical isomerism and Chirality
e
[ Internal Plane of Symmetry(y of symmetry N

. ap
@Cl ﬁj H\if/C] - !

C] C] Cl does not correspond different from the

\ structure at left
internal mirror plane

of symmetry (0)

enantiomers

[ Trans-1,2-dichlorocyclohexane does
not have a plane of symmetry so the

[ Cis-1,2-dichlorocyclohexane . .
. . . images are nonsuperimposable and
0 Contains an internal mirror plane of symmetry .
. the molecule will have two
0 Both structures can be superimposed (they are .
enantiomers.

identical to their mirror images).

[0 Any molecule that has an internal mirror plane of
symmetry is achiral even if it contains
asymmetric carbon atoms.

[ Cis-1,2-dichlorocyclopentane is a meso compound:
- an achiral compound that contains chiral centers

- often contains an internal mirror plane of symmetry 0



Chapter 2: Structure and Classification of Organic Compounds

2. Aliphatic Hydrocarbons

2.4. Isomerism

2.4.6. Configuration Isomers: Optical isomerism and Chirality

Isomerism of alkene and

cycloalkene

Optical Geometric

Isomerism Isomerism

Diastereomers are stereoisomers that are not mirror images of each other they are stereoisomers that are not enantiomers.

H3G  CHj; H;G H
c=C, c=C,
H H H  CHs

Cis and trans 2-butene isomers are diastereomers

EII—| HIEI IEI:D:H H:H:EI
Cl H H Cl H Cl Cl H
cig-1,2-Dichloroethens mirror images trans-1,2-Dichloroethans mirror images

The cis and trans isomers of 1,2-dichloroethene are
both achiral because each isomer is superposable on its
mirror image.

Me__ Me Me H
/ !. I t
H H H Me

cig-1,2-Dimethylcyclopentane  frans-1,2-Dimethylcyclopentana
Cis and trans cycloalkane isomers are diastereomers

Chiral vs. Achiral

[] To determine if a compound is chiral:
[J 0 asymmetric carbons: s Usually achiral
U1 asymmetric carbon:  wmfp Always chiral
[0 2 asymmetric carbons: ss=p-Chiral or achiral
[ Does the compound have an internal plane of symmetry?
O Yes: achiral
0 No: ===
[ If mirror image is non-superimposable, then it’s chiral.
[ If mirror image is superimposable, then it’s achiral.



Chapter 2: Structure and Classification of Organic Compounds

2. Aliphatic Hydrocarbons

2.4. Isomerism

2.4.4. Configuration Isomers: Geometric Isomerism in Alkenes W i
N\
A) The (cis )-(trans) System for Alkene when W differs from X and Y from Z, /C:C\Z
X

Alkenes exist as geometric isomers

X Y

\ /
/C_C\

W z

Geometric 1S0mers

0 In alkenes, geometric isomerism is due to restricted rotation about the carbon - carbon double bond.

* cis isomer; when two similar groups are on the same
side or same side of the double bond.

e trans isomer; when two similar groups are on the
opposite direction or opposite sides of the double bond.

Cl Cl
cis-1,2-dichloroethene
bp 60°C, mp —80°C

/ i}
H Cl
trans-1,2-dichloroethene
bp 47°C, mp —50°C

Ll They have different physical properties and can be separated by fractional crystallization or distillation.

B) If (W =Xor Y =7Z), geometric isomerism is not possible.

H CH
\C—C/ HSC\C C/ 3
H H H3C/ H

Propene 2-Methyl-2-butene

H5C

H;C Cl
>C=C<
H Cl

1.1-Dichloropropene

22



Chapter 2: Structure and Classification of Organic Compounds

2. Aliphatic Hydrocarbons

2.4. Isomerism
2.4.4. Configuration Isomers: Geometric Isomerism in Alkenes

C) The (E )—(Z ) System for Alkene
] How To Use the (E )-(Z) System

1. Examine the two groups attached to one carbon atom of
the double bond.

2. Repeat that operation at the other carbon atom.

3. Compare the group of higher priority on one carbon atom
with the group of higher priority on the other carbon atom.

4. (Z) from the German word zusammen, meaning together;
if the two groups of higher priority are on the same side of
the double bond.

5. (E) from the German word entgegen, meaning opposite; If
the two groups of higher priority are on opposite sides of

the double bond.

Higher e _F

priority (”:
C
TN
Higher —> Br H
priority

(£)-2-Bromo-1-chloro-1-
fluoroethene

H.C CH
3 \ / 3
c=C
/ \
H H

(£)-2-Butene or (£)-but-2-ene
(cis-2-butene)

Cl>F

\C/CI “™ Higher

I priority

H Br > H

(E)-2-Bromo-1-chloro-1-
fluoroethene

HsC H
\ /
c=C
/ \

i CH,

(E)-2-Butene or (E)-but-2-ene
(trans-2-butene)

23



Chapter 2: Structure and Classification of Organic Compounds

2. Aliphatic Hydrocarbons

2.4. Isomerism
2.4.4. Configuration Isomers: Geometric Isomerism in Alkenes

C) The (E )—(Z ) System for Alkene

[J Practice Problem: Using the (E )-(Z ) designation for the following:

B H
@ ) (c) HSC>—(‘<
Cl o

Cl Br Cl CH,
(b) — (d) —
|>_<— |

24



Chapter 2: Structure and Classification of Organic Compounds

2. Aliphatic Hydrocarbons

2.4. Isomerism

2.4.5. Configuration Isomers: Geometric Isomerism in Cycloalkenes

] For very small rings (5 carbons or fewer), only the cis cycloalkene isomer is possible and a trans double bond cannot fit
into these small rings.

0 While trans double bonds are too strained to exist in small cycloalkenes, they become possible in larger rings.

<o 900 O 4

Cyclopropene Cyclobutene Cyclopentene Cyclohexene
cis-Cyclooctene  trans-Cyclooctene

O cis-trans Isomerism in Cycloalkanes

cis—trans isomerism (sometimes called geometric isomerism) is one kind of stereoisomerism.

& 0 e =

1,2-Dimethvleyclopentane cis-1,.2-Dimethyleyclopentane trans-1,2-Dimethyleyclopentane 25

'.\"-'"\"



Chapter 2: Structure and Classification of Organic Compounds

. Aromatic Hydrocarbons

The term "aromatic" referred to pleasant-smelling compounds from plants, many of which contained a benzene ring.

3

[]

0 Today, aromaticity is defined by electronic structure not odor.

0 Aromatic compounds, are classified based on special stability from a delocalized ring of m-electrons, even if they have no scent
[

Aromatic compounds are a major class of unsaturated cyclic hydrocarbons, with benzene being the fundamental example.

3.1 Benzene: A Representative Aromatic Hydrocarbon

[ Its structure is a six-membered ring with delocalized electrons, often depicted by the Kekule structure with alternating
single and double bonds.

[0 The molecule of benzene is Planar and that all of its carbon—carbon bonds are of equal length.

[0 Each carbon is sp? hybridized and the bond angles is 120°.

[0 The carbon-carbon bond lengths in benzene are 1.39 A, a value in between that for a carbon—carbon single bond between

sp? hybridized atoms (1.47 A) and that for a carbon—carbon double bond (1.34 A).

H H

| N /

H\C¢ \C/H , E_C 1909
| | or
— 120

Ho X Ny Hier® H

| C ¢ 1w

H s 138A 7 26
Kekulé structure Bond-line representation

Benzene for benzene of Kekulé structure H H



Chapter 2: Structure and Classification of Organic Compounds

3. Aromatic Hydrocarbons

3.2. Aromatic Character (Aromaticity)

[J To be classified as aromatic, a compound must have:

1. Cyclic structure.

Cyclic structure contains what looks like a continuous system of alternating double and single bonds.

2
3. Aromatic compounds must be planar.
4

Fulfill Huckel rule:

The number of  electrons in the compound = (4n + 2)

Where (n=0,1, 2, 3, and so on).

OODOD O@AAA

Benzene Pyridine P‘m"ole FHI"EII Thmphene

4nt+2= 6 6 6 6 6
n= 1 1 1 1 1

2

SR

0.5 0.5 1

0.5
27
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