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Classification an.! Nomenciature

of Organic Compounds

introduction o
One great advantage of the structural theory is that it enables us to organise

the vast number of organic compounds into structure-based families. The
compounds that fall into a particular family are characterized by the
presence, as a part of their overall structure, of certain arrangement of

atoms called functional groups.

A functional group may be defined as ac atom or gruup of atoms

which determines the chemical behaviour of an organic compound.

Methane, CH,, for example, 3 very simple molecule, belongs to the family
of molecules called alkanes. Molecules of alkanes contain only C-C and C-
H single bonds. Bthane (C;Hs), propane (C;Hs) and butane (CqHy)....ete.

- are aiso alkanes. All of these compounds show the same reactions that -
methane does.

Acetaldehyde (CH3CHO), as another exarple, is a simple member of broad
class of organic compounds known as aldehydes, which contain the
functional group (-CHO). The understanding of the chemistry of

acetaldehyde will give a general understanding of the chemistry of most
aldehydes.

Our study will consider, in limited deiail, representative members from

some of the most important families encountered in a study of organic
chemistry.




TABLE 1

Common Classes of Organic Compounds

and Important Functional Groups

General Formula Name Functional Groups
[RRH Alkanes ‘None
RCH=CH, Alkenes : =C: double bond

R-C=C-H Alkynes - C=C ~ triple bond
R-OH Alcohols -OH  hydroxy group |
R-O-R’ Ethers -O- ether group
R-NH; Amines -NH; amino group-
| R-SH | Thiols -SH sulphdryl group
| 0 | 0
H
R-C-H Aldehydes ~C-H aldehyde group
O 9)

i . i
R-C-R Ketones -C- ketonic group .
0 0 |

i ' ] . B
R-C-OH Carboxylic acids -C-OH carboxyl grp.
O 8
i il )
R-C-OR’ Esters ~-C-O- ester group
(I:IJ O
. H N L
R-C-NH, Amides -C-NH amide group’
ArH Arens _..
¢ .




Naming Compounds Containing One Functional Group
HYDROCARBONS

Hydrocarbons as the name indicates; contain only hydrogen in addition to
carbon. Hydrocarbons are divided into more than one group depending
upon the mode of arrechement between C and H in the internal structure of

the molecule, this can be represented as follows:

Hydrocarbons
Arorfzgate'c . Alipifitttic
© - 1.
Cyclic Noncyclic
Unsaturated Saturated
[  (Alkanes)
Contain t.!foub!e bonds Contain mfale bonds
(Alkenes) (Alkynes)

(1) Non-¢yelic aiiphatic hvdrocarbons ALKANES (Paraffins) -
General formula. R-H
Functional group C-H and C-C bond

The first member of the series is methane which contains one carbon atom

attached to 4 hydrogen atoms, its formula is CHi.

H HH HHH H |
HCH HGCH HCCCH m-gééﬂ
H HH HHH

Methane Ethane Propane Butane




The next member"is ethane (C,Hg), appalrently, carbon is nivalent', but it
maintain the tetravelency of carbon, the two carbon ato:ﬁs are linked
together by a single covalent bond. The followers are propane (C;Hy),
butaﬁe (C.;Hlo), pentahe (CsHy,) ... .ete. '

Any member of the series can be derived by inscftiﬁg ;CH;} mto_the
furmula of the preceding member, In another words, a hydrogen atoms is
removed from the molecule and replaced by a (CH;), methyl group to
odtain the next member. |

eg. H HH H
H-C- + CH; ——-> H-C-CH or H-C-CH;  Ethane
H HH H
HH - HH
H-C-C- + CHj -ee- > H-C-C-CH;  Propane
HH HH

When 2 hydrogen atom from propane is replaced by CH; there are two
possibilities such as: _

HEH HHH o
H-C-C-C- .+ CH; ~—-—> H-C-C-C-CH; n-butane
HHHA ~— HHH
HHH | HH H
H-C-C-C-H + CH; --—> H-C-C C-H  iso-butane

HU HCH; H

In case of butane, as seen above, both n-butane and iso-butane have
the same formula (C4Hye), but they differ in the mode of arrangement of
carbon atoms in the chain. They are said to be isomer (see below). Pentane

could be derived from butane in 3 isomers as follows:



Nomenclature of Alkanes

The oldest names for oiganic compounds are now called “Common or
Trival Names. The formal system of nomenclature that is used today is one
proposed by International Union of Pure and Applied Chemistry (JUPAC).
The TUPAC system for naming alkanes is quite simple and the principals

involved are used in naming compounds in other families as well. The

L, ool

| T |
E—— -?—?-?-(l} CH; n-pentane

1so-pentane
R : N
1 (;H:’ .
e —(;—-—C—-__('Z- neo-pentane

[
-C-

¥

names for several of the unbranched a_lkanes are listed in table 2 :

TABLFE 2

No. of Carbons ~Name Structure
1 Methane [ CH,
2 Ethane CH;.CH;
3 Propane | CH;.CH,.CH3
4 Butane | CHy(CH,),.CH;
5 Pentane CH;(CH;);.CH;
6 Hexane CH3(CH;)s.CH;
7 Heptane CH3(CH:)s.CH;
8 Octane CH3(CH,)s.CH;
0 Nonane CH3(CH2_)7.CH3
10 Decane CH3(CH2)s.CHs
20 Eicosane CH3(Cl2)1.Cls




The ending of ail the nunes of alkanes is - INE, When all the carbon atoms
m the molecule form a _ continuos’ chain (their is no hram_lung) the

hydrocarbon is called 2 normal (1) alkancs. The prefix-iso has been used -

jor lower hydrocarbons, where all the carbon atoms,except onc, form a

straight chain and the one carbon atoms is atiached 1o the carbon atom next

to the terminal. e.g.

C-0~C- -C-C-C-C-C-

-( T-.. R - (‘:‘ -
. i .
tsopentane 1sohexane

The alkyl groups (Radical):
W hen one hydrogen'atom from an alkane is substituted by another cllt)ll'l (or

group ‘of atoms), the remainder part of the molcwi{. is called alkyf rcrd:cals,

which are nanled by _substituting YL for the suflix ANE of the alkane as
tollows: |

Alkane - ' Alkyl Radical
" Name Formue | Name Formula
ThMabane [T T Netly] CHo
Fthane CH;-CH; | Ethyl CH;CH.-
Propane | CH3CHCH; Propyl CH;CHLCH,-
Butane | CHyCH,CHLCH, Butyl CH;CH:CH,CH

anem;!rmu-e of Branched-Clain Alkanes

According to the HUPAC system, the foliumna rulcs are applied for the

no:nencl ature of branched-chain alk: mu



7

1- Locate the longest continuos chain of carbon atoms, this cham
determines the base name of the alkane.

CH,CH,CH, CH;~CH-CH;, CH;-CH;-CH:CHZ-CH CH,
CH | | - CH,
TR éH3

Base name hexane (6 C) Base name heptane (7 C)

2- Number the longest chain beginning with the end of the cha'in nearest the

branching. Applying this rule we number the two alkanes in step (1) in
the following way

6 S 4 3 - 7 6 5 4 13
CH;CH;CH; CHy-CH-CH; ) CH3-CH2-CH2CH2-(;H-CH3
CH:; 2 CHz '
1 éHa

3-Use the numbers obtained by application of rule (2) to designated the
location of the substituent gréups. The base name is placed last, and the
substituent group proceeded by the number designating its location on
the chain, is placed first . Numbers are separated from words by a dash
The above two examples are named as: '

& 5 4 3 2 1 7 6 5 4 3
CH,CH,CH, CH;-»QH-CHa CH;—CHz—'CHzCHz-(lZH-CHg,
' CHq . ZQHz'
ICH3

2-Methyl hexane 3-Methyl heptane
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4-  When two or more substituents are present, give each substituent 3

number corresponding to its location on the longest chain. For examples,

we designate the compound below as 2-methyl-4-ethylhexane.

1 2 3 4 5 ¢
CH3-§3H-CH2-(;H-CH2-CH3 2-Methyl-4-ethythexane
CH; QH;

or
CH, 4-Ethyl-2-methylhexane

5« When two or more substiiuents are present on the same carbon atom, use
that number twice

12 3CHs4 5 &
CH3-CH;~-C—-CH, CH,-CH,

3-Methyl-3-ethylhexane or
CoH;s

3-Ethyl-3-methylhexane
6-  When two or more substituents are identical indicate this by the use

of prefixes di-, tri-, tetra- and so on. Comes () are used to separate
numbers from each other,

| o CHi
CH;-CH---CH-CH, CHs-CH-CH-CH-CH;
CH; CH, - CH; CH,

2,3-dimethylbutane 2,3,4-trim'ethy_lpentane'
7- When two chains of equal length compete for selection as the base chain,
choose the chain with the greater number of substitutions
7 6 5 4 3 2 1
CH;-CH;—(‘JH—--(FH—-(':H--('JH---CH:.,
CH; gHz CH; CH;

CH:
CH,

2,3,5-trimethyl-4-propylheptane NOT 2,3-dimethyl-4-sec.butylpentane
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8- When branching first occurs at an equal distance from either end of the
longest chain, choose the name that gives the lowest number :af the first
point of difference.

{point of difference)

5 S 4 3 2 1
CH3-§H--CH2—CH-—-CH--C& 2,3,5-trimethylhexarie NOT
CHs CH;; ('JH3 2,4, 5-trimethylhexan

Nomenclature of Alkyl Halides

Those are the halogenated derivatives of alkanes. They have th: general
formula (RX), where R= alky! radical, and X= halogen. Accurding to
TUPAC system they are named as Haloalkanes e.g.

CH;CH,CI CH3~(|3H-CH3 2-Bromo}ropans:
Chloroethane (IL/PAC name) Br (ITUPAC name)

Common_names for any simple haloalkanes are still widely used h Iwever,

in this common nomenclature system haloalkanes are named as if th ey were
Akvi halides:

CHsCH,ClI CHg-?H—CHj iso—pl_'qufl brromide

Ethyl chloride (Common name) Br (Commoin name)

Example Provide [UPAC name for the following compound:

CH; CH;
CH;-C-CHy-CH-CH-CH,-CH;
Br F

Solution:

(1) Number of carbons in Iongést chain = 7 carbons, therefor, basic

name of alkane is heptane
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(ii) Numbering the parent chain:

t 2CH,3 4 SCH; 6 7
CHg-(':-CHr(‘JH-CH-CHg-CH_—,
Br F

. TUPAC name of the.compound: 2-bmino-4—fluq.iae—LS-dimet'hylhep_tane

Solved Problems

Example I. Name the foliowing structure. Say why the prefix number is

not needed in this name. CHg

i
CH3-CH-CH,-CH;
Solution:

(i) Longest chain: 4 carbons. . .. Parent alkane (base name): butane

(i) Number the chain near to the branch (CH) -

CH; ' CH;
C-C-C-C or C-C-C-C
1 2 3 4 43 2 1

(i) The prefix ﬁumber is not needed because there is only one
methylbutane as evident from (ii). The only other pléce to attach the CH,
group would be the carbon 1 or 4 but this compound is pentane (5 carbons
in 2 continuous chain) and not methylbutane.

Example 2. Name the Jollowing branched alkane,

CH;-CH,-CH-CH,-CH»-CH,-CH;
CH,;-CH,-CH;
Solution:
* (1) The longest chain : eight carbons . The parent alkane isooctane

(ii) Number from end closer 1o branch
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4 5 6 78
C-C-C-C-C-C-C- .
] ' ¥
C-C-C '
321
(iti) Alkyl group : ethyl at carbon 4 .. Name of alkyl group 4-ethyl
(iv) Name of branched alkane - 4-ethyloctane

Example 3 Write the structure of the compound whose [UPAC name is

J-ethyl-2-dimethylheptane
Solution:

(1)  Write the parent chain (heptane : 7 carbons)

o : C-C-C-C-C-C-C
fi)  Number the carbons

(L2 34 567
C-C-C-C-C-C-C

(iii)Attach ethyl(CH3CHs) to carbon 5 and wo methyls (CHs) to carbon 2

CH; GH,CHj
C-C-C--C-C-C
CH,

(v} - Add hydrogen so that each carbon has four bonds :

CH;s CH,CH;

1) : ]
H3C-C-CH,-CH;-CH-CH,-CH;

1

CH;
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ALKENES (Olefins)

General Formula RCH=CH,, RCH=CHR, R,C=CH,, R,C=CR,
Functional group C=C

The members of this class of hydrocarbons contain two hydrogen atoms
less than the corresponding members of the alkanss series. The general

formula of this series is then:

CuHapeg 2H  aoeeemee >  CgH,,
alkane alkene

Nomenclature of Alkenes

Many older names of alkenes are still in common used. Ethylene, the
simplest olefin (alkene) has the structure CH,=CH;. In the following Table

we find a series of olefinic compounds according to Common name.

CHi M, C=CH, Ethylene
CHy  H,C=CH-CH, - Propylene
C4H; H;C=CH-CH,-CH; n-Butylene
CsHyq H,C=CH-CH,-CH,-CH; n-Pentylene
CsH\z HyC=CH-CH,-CH,-CH,-CH, " n-Hexylene
C7H 14 H;C=CH-CH,-CH,-CH,-CH,-CH; ‘n-Heptylene

According to /UPAC system the name of _élkene i1s similar to that of alkane
having the same number of carbon atoms by adding the prefix -£ENE instead

of -ANE.e.g. C;H; ethylene or ethgne, C;Hs propylene or proene.

In some cases the alkanes are named as cthylene substituted derivatives as

follows:
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CH=CH,  CHyCH=CH,  CH;-CH=CH-CH,

ethylene methyethylene dimethylethylene |
CH3\ _ _

P C‘=CH2 CHs-CHz-CH—‘-'—'CH-CHg
CH; ' methyl-ethyl-ethylene

dimethylethylene

The IUPAC rules for naming alkenes are similar in many aspects to those
for naming alkanes.. |

1-We determine the base name by selecting the lohggst chain that convains
the double bond and changing the ending at the name of the alkan of
identical length from ANE TO ENE as seen above. Thus, if this longest

chain contains 5 carbon atoms,’ the base name of the alkene is enten e
P

and so on

2-We number the chain so as include both carbons of the double bonds,
and we began numbering at the end nearest the double bond. We
designate the locaﬁon of the double bond by using the number of the
Sirst atom of the double bond as prefix. e.g.

| T3 4 12 3 4 5 ¢
CHy=CH-CH,-CH; CH;3-CH=CH-CH,-CH,-CH;
1-Butene (not 3-butene) 2-Hexene ( not 4-hexene)

3-  We indicate the location of the substituent groups by the number of

carbon atom which they are attached.

CH; CH, CH; CH;
CHs-C=CH-CH;  CHy-G=CH-CH,-CH-CH; CH;-CH~=CH-CH,-C-CH,
P25 I 23 4 5 & r 2 3 5 5CH;

2-methyl-2-butene  2,5-dimethyl-2-hexene  5,5-dimethyl-2-hexene
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4-Two alkene groups are often named as though they were substituents.
These groups are the vinyl group & the allyl group.

H H
:C=C\ or CHy=CH-- The vinyl group

H
H o H
C=C_ or CH,=CH-CH,— Allyl group (Radical)
H CHy--
e.g. CH,=CHBr CH,=CH-CH,Br

Bromoethene o+ vinyl bromide 3-8 ré'mopmpene or allyl bromidé :

5-For alkenes containing two or more double bends, such as :

2 double bonds ------> diene

3 double bonds -----> triene

4 double bonds ---- > tetraene

eg 1 2 3 & 5 4 3 2 1
CH>=CH-CH=CH, 'CH;3-CH=CH-CH=CH,
1,3-butadiene | l,3-pentadienc
6 5 4 31 2 1 7 6 5 4 3 2 1
CH3;-C=CH-CH-C=CH, CH;-CH=CH-CH=CH-CH=CH,
CHs CH, | |
2,5-dimethyl-1,4-hexadiene 1,3,5-heptatriene
Alkenyl groups

The groups derived by removing a hydrogen atom from analkene molecule,
are called alkenyl group. The IUPAC name of an individual such group is
obtained by dropping -¢ of the corresponding alkene and adding the Sttfﬁx -
vi. The numbering of the group-chain starts with the carbon attached
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directly to the parent chain. A few alkenyl groups have trivial names which

are commonly used. The IUPAC and commnion (trivial) names of some

alkenyl groups are listed in the table:

Structure TUPAC Name Common Name
CH2=CH- Ethenyl Vinyl
32 |
CH,=CH-CH;- 2-propenyl Allyt
(l3H3 , |
CHy=C- 1-methylethenyl Isopropenyl
2 !
4 3 2 1 _
CHyCH=CH-CHy | W
43 2
CH,=CH-CH,-CH,- 3-butenyl -

Solved Problems

Example 1. Name the alkene

CH;-C=CH-C‘H-CH2-CH3
r

CH; CH,-CH;
Solution:

(i) Longest chain contamung C=C is 6 carbons
(11) Parent name (base name) : hexene

(ili) Number the chain from the left to right and prefix locator of
double bond.
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1 2 3 4 5 6
CH;-C=CH-CH-CH,-CHs
CH; CH,-CH;
Tﬁs gives the basic name : 2-hexene

(iv) Name the substituent groups : CH; and CH;-CH; with locator

numbers indicated before them.

(v) ... Complete [IUPAC name of the alkene is 4-ethyl-2-methylhexene.

Example 2, Name the compound
CH,=CH-CH=CH-CH~=CH;
Solution:

() The six-carbon chain has three double bonds. The basic nameis

hexatriene.

(i1} Number the carbons of the chain and assign locator numbers to
double bonds.

] 2 3 | 4 ) &
CH;=CH-CH=CH-CH=CH,

As evident, the locator riumbers of double bonds are : 1,3.5.

(i) Prefixing the locator numbers of the basic name, the complete.
IUPAC name is 1,3,5-hexatriene.

Example 3. Write the structure for 5-methyl-1-hexene
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Solution:
M Parent name hexene show the presence of a 6~-carbon ch ain.

(ii) Position of double bond on the chain beingl,we have

1 2 34 56
C=C-C-C-C-C

(i) Attach methy] (CHs) group 1o carbon 5 :

G
C=C-C-C-C-C

(1v} Supply requisite hydrogens to get the complete structure
Gt
HC=CH-CH,-CH,-CH-CH;

ALKYNES (Acetylenes)

General formula R-C=CH, R-C=C-R
Functional group -C=C-

-

This class of hydrecarbons contam ‘two hydrogen atoms less than the _

alkenes. Those two hydrogen arc detected from the two carbons already
joined by the double bond. This deficiency is represented by consisting of 6

electrons (forming a triple bonds) shared between two carbon atoms.
Thus, the general formula of this class 1s:
CoHzpz - 2H > C Hy, -2H —--> CiHznez

alkane alkene alkyne
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The six shared electrons hoid the two carbon atoms more closely than in the

case of the double bond, and the distance between the two carbon atoms

becomes shorter.

C-C- -C=C- -C=C-1.54 A° 1.34 A° 12A°

Nomenclature of 4lyknes

Common names :

acetylene, 1s gsometimes called methylacetylene. The disubstituted

acetylene, 2-butyne, is called dimethyl acetylene. The following examples

itlustrate the older system of nomenclature -

CH: =CH CH3—CECH CH3-—CH2-CEC H

acetylene methyacetylene  ethyl acetylene

. CH;
. o
CH;-C=(CH; CH;-C=C-CH-CH;
dimethvacetylene . methyl-isopropy! acetylene

The name acetylene is not only used for the compound (CH=CH) _ but it
is also used as a general name for all of the alkynes. We could say for
example , that prdpyne . -1-butyne and 2-butyne are alkynes. we could
also say that they.all acetylenes. -

YUPAC system :

(Alkynes are named in such the same way as alkenes. One names

unbranched alkynes , for example , by replacing the -ANE of the name of
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the correspondmg alkane W1th the adding -YNE. The chain is numbered i in
order to give the carbon atoms of the trible bond the lowest possible
numbers The lower number of the carbon of ﬂ1e trible bond lS used to
des1g;1ate the location of the trible bond. The IUPAC name of several g

unbranched alkynes are shown below

CH=CH - ethyne or acetylene

CH;C=CH , " propyne
CH;-CHy-C=CH 1-butyne
CH;-C=C-CH, 2-butyne
CHy-CH,-CH,-C=CHs -pentyne
CH3-CH,-C=C-CH; 2-pentyne ....... etc.

The: ocation of substituent groups of branched alkynes and substituted _

alikkynes are also indicated with numbers as follows:

3 2 4 3 2 1
Ci-CH,-C=CH CH;3-C=C-CH,CI -
3-chloropropyne = | _ l-chlpro-_z-bqtyneh |
6 5 4 3 2 s ¢H3 2 1
CH;-CH-CH,-CH,-C=CH - CH;-C-CH;-C=CH

CH, CHs
5-methyl-1-hexyne - 4,4-dimethyl-1-pentyne .

. ~ Solved Problems | | .
Example 1. Assign [IUPAC name for the following branched alkyne: -

5 4 3 21
CH;-CH-C=C-CH,
CH:
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Solution: |

(1) Longest chain containing triple bond = 5 carbons

. Basic name is pentyne ,

(if) Number the chain; prefix triple-bond locator mumber with basic
name : 2-pentyne

(11) Name the substituent : 4-methyl _

(iv) IUPAC name of the hydrocarbon : 4-methyl-2-pentyne

Example 2. Provide systematic name for :

1 2 34 5678
CH;3-C=C-C=C-C=C-CH;

Solution:

(i) Continuous chain 8 carbons. Number of triple bonds = 3. (octatrlyne} _
(i) Prefix locator number of tnple bonds on the cham mcmbered as above. |

Thus systematic name is : 2,4,6-Octatriyne

CYCLIC ALIPHATIC HYDROC ARBONSI o

Cycloatkanes

Cycloalkanes are alkanes in which the carbon atoms are an‘anged in a ring.

Alkanes have the general formula C,Hypz, cycloalkanes have two fewcr
hydrogen atoms and the general formula of cycloﬂms 1S C,,H—;,,

They are named as alkanes by the addition of the ward “cyclo” before the
name of the alkane having the same number of carbon atoms thus
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Substituted Cycloalkanes,
These are named according to the following rules: P

1. The name of the alkyl side-chan is prefixed to the name of the parent

cycloalkane.
1

g B
methvlcyc1oh9\ | -
- - isonronyleyclohexane
When more than one side-chain is present we number the ring beginning
with one side-chain so that the next side-chain gets the lower number

posslbl._c._ CH. |

A0 | 12 % g

~CHoCH,CH,CR

Chaner, Dot
1-sthyl- "S-methvfcyoloma ne l-cyclopronyloutane

3. If the alkane chain has 2 ‘greater number of carbons than the Ting, we
designate the ring as substituent, (See above).

Examplel. Give the name of the following substituted cycloalkanes:

O_r:zz (CH.) nCH, | .
2yt ghllg : CH
h3°“ 3

Solution:

"'(a) 'The-side-chain’ has 7 carbons while the nng has 6: Therefore, it
will be named as a substituted atkane. = <~ - - -
(b) There are two methyl substituents in positions ! and 3 on a four-

carbon ring. Therefore, it will be 1,3-dimethylcyclobutane.
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Example 2. Name the following compounds

e CI-I .
CHoCH A -
CH(CH
: ——— o . ; CHICE -
HLCR C HaOHg _ CH( G 3)2'

Solution:

(a) There ére_ three ethyl groups (CyHs) onithe cycichexane ring in
1,3,5 positions. Thus its name is 1,3 S-tﬁethylcyclohexane.

-(b) There are iwo isopropyl, (CH;);CH, substituents in 1,2 posnwns

Thus its full name is 1 2—dus°pr0pylcyclohexane.

Example 3. Write the structure of 5S-isopropyl-1 ,S-dime;thylpyclohexéhe.
Solution: L '

(a) Since it is cyclohexane, 'th_e ring structure may _bc written as :

(b) Attaching isopropyl, (€H3);CH, in poisit‘i.o'n 5 and methy! (CH3) in

positions 1,3 we get the desired structure.

(Ch)CHO\CH

. Cycloalkenes

Cycloalkenes .are. derived from cycloalkanes by the Joss of two atom from

the two adjacent carbon atoms to form.dpup!_c_bond..‘._
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Nomenclature

Simple cycloalkenes are named as the parcﬁlt' alkenies ending with ene

REN

instead_"of ane and the add_.'i_ti'on of the word “cvclo” before the name

/CHZ\ - = CHz,\
CH;—CH CH, CH, CI—_I_Z\ ’?CH
CH; -~ CH CH p— CH ‘ CH,;~ CH
cyclobutene cyclopentene cyclohexene

Substnuted cy LlOd]kenCS are nmnbered in the way that glves the carbon
atoms of the doublc bond the L and 2-pos1tlons and that also gives the

substituent group lowésthumbers at the fi rst point. of deference

CH.?: . : /CHQ
- CIIz CH . .
CH, CH ch CH /CH-C_{-I_e,__
{ S
CH; — CHz o _CHJ:
_-_'_;5:~1-frleﬂ1ylcy¢]ofpentenc- .= . . 3,5-dimethylcyclokiexene
AROMA TIQ;HKPROCARBONS -
Benzene - -

Family : Arens. General jﬁf‘mula sArfl. F uh?ﬁdml group : Aromatic ring.

~

- Kekule formu[a af Benzene ..

P }

Kekule p_r0posed a, structure for benzene in whlch the 6—carbon atoms are in

a rmg, that they bounded to eauh other by altematwe smglc and double

bonds, and that one hydrogen atom is attached to each carbon,
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O-

/
H'C T C-H
W
C

Kekule formula for benzéne

- .

Nomenclature of benzene derivatives

I-Two systems are used in nammg monosubstltuted berlzene those are:

a)In compounds’ of one type, benzene is the base name and the .'

substituent is SImpTy mdlcated by a prefix, c.E

o & o

Chlorobenzene Bromobenzene Nltrobcnzene

For compounds _qf;t;he- other type, the substituent and the .benzeile ring taken

together form a new base name.

* Methylbenzene is always called toluene.

« Hydroxybenzene is always called pheril. . - N
* Aminobenzene is always callgd aniline. _ ,Z'
Toluene Phenol Aniline

2~ When two substituents are present, their relatlvc bosmons are mdlcatcd _

bY the Use of Jﬂr_&w_hemmdm ( 0_ m and p.) Th‘s 15 shown for
dlbromobenzene as examp]e as fﬁllows S .



o @

o—chchlorotunzene m—dmh]orobenzene
CH CH..
3 T A
o-chlorotoluene m-chiorotoluene p-chlorétoluene

3-1f more than two groups ave present on the benzene ring their positions
must .be indicated by the use of numbers, the benzene FAng is numbered

so as to give the lowest possible numbers to-the substituents as foliows:

1 -
..-.-.'.;_ - . CI- _
. "
1,2 4-n'ichlor0bc'eh:r£ne? o I,Z,B-rrichlorobenzeﬁé P

NOT 13 4- tnchlorobenzene -

4 When more than two substxtuents are p):esent,,anﬂthc subsntuents are_ :

dlfferent, they are usually hsted in al habetwal order . g,

mo? .f.:,m_'_,
2,4-dichloro-1-nitrobenzene 2.3-dibromo-1-chlorobenzene e

5- When- a. 'substituent+is one that ‘when: taken togetherwith benzene ring

gives a new base name, that substituent ia assumed to be In position -1 -

and the new base name is used. e.g.




3 4-d|chlor0phenol RS 2 4 ,6~tribromoaniline. .

6- When the benzene ring itself IS a subsntuent it is called ghenvl group.
e.g. 12 3 4 S

CHg_j-pH—CHz-CHs
1
or CsHs- |
2-phenylbutane phenyl group.

7-The name: denzyl- radicalis reserved for the group derived ﬁom ‘toluene

in which one of the hydmgens of the methyl; -Broup-is replaoed

@.ca3—}z -.__._.;._ @,cu'gf__ =

benzyl group. T

@Cchl ,;. __;%‘j :_. -

ben_;_,yl_ Lromide

_ ALCOHOLS, PHENOLS & ETHERS

toluene

ben=zyl ehloride

Structure: .. 1 L et D a0t Te

Those are ;the. compounds -contaming C, H and oxygen in their.internal .
structure.
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General formula: C,Ho,. OH
Are compounds in which ahydyoxyl (-OH) group is attached to the
saturated carbon. If thxs (-OH) group is attached to unsaturated carbon

atom of a doublc bond (C—C) the compound is Sald to be an enal

The saturated carbon may be a carbon of a simple alkyl group:

CH;OH CH;CH,0H CH3-(|3H-CH3
e ... ..OH .
Methanol Ethanol 2-Propanol

The carbon may be a saturated carbon of an alkenyl or alkynyl group

CH2=CH CHQOH - H-C=C-CH,0OH
2-propenol - 2-propynol

The carbon may be a saturated carbon that is attached to an aromatic ring

Alcohols are clasmﬁed., accordmg to the type of the carbon atom to wh.xch
the hydroxyl group is attached to the follomng types | )

e Primary alcohol
In this type of alcohols, the carbon atom that carries the (-OH) group must
at least carry two hydrogen atoms. .. .- - ~ -

L]

| _CH;OH CI—I3CH20H
" Methanol " Ethanok
1ry alcohol lry alcohol
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[ —

» Secondary alcohols L RET

LT

In this case, the carbon atom that carries‘the (<OH) group is attached to one

hydrogen only. I B S
' CH::,—(;H-CH:;{ o t CH3-CH CHg-CH3 N
é-propanol T | -butanol -' _.
© 2ryaleohel 2ry alechol

« Tertiary alcohols .

In this type of alcohols, the carbon atom that carries the (~OH) group has

.-'K'-"- P

no hydrogen atoms.

- N7 B

e U e (':Hs St e

CHs-C-OH - tert-butyl-alcohol
CH; . 3ry aleohol

Nomenclature 61‘ alcohols

i- Simple alcohols are often called by their cammor names. This is shown |

as follows:

CH;CH,0H CH3CH2CH20H CHgCHgCHZCHZOH

ethyl alcohol n—pmpyl alcohol n—butyl alcohol
U (;}da G . h : CH3
CH;CH,CH-CH; CH;-CH-CH,OH CH;-C-OH

H | - CHy

sec-butyl alcohol .. 1so-butyl alcchol tert-buty} alcohol

[Common name of alcohols .(hamc of alkyl radical -+ alcohol)]
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ii- The [UPAC rules for naming alcohols:

1. Select the longest carbon chain to which the hydroxyl (-CH) group is
directly attached. Change the name of the alkane corresponding to this

chain by dropping the final (-e) and addmg( o{,l ‘This gwe the 'bggg

[

2. Number the longcéi contmuous uarb_on éhaiﬁ SO a":-; ';0 give the carbon
caring the hydroxy! group the lowest possible number. Indicate the
positioﬁ oi’ thﬂ ‘hydroxyl group . by using this- number;. indicate the
posmon cf other subsrituents (or multiple bonds} by using the mumbers -

corresmndmg to their position along the carben cham. e.g,

) e

A .".5-4‘3 it
CH3-CH3-CH3:OH Cl-CHz-CH»—C!-};;_OH LH»—CH CH»-CH;_-"‘I-L«OH
s G
l-propanoi 3-cHGro- —propano! 4-methyl- | -pentancl

ii- Alcohols containing two hydrexyl groups are'commonly called glycols.
In the JUPAC system ibey are narced diols.

The following examples..show the difference-between the . 2-sysiem for

nemenclature of ditiydroxy. compounds:-

Compounds CH;CH, - | - CH,-CH.CH; |- O, :CHLCH, |
OH OH . oo | om  du |
Common name " Ethylene- - |+~ Propyléne-" |~ Trimethylene
glycol glycol - glycol
[LIPAC name 1.2- |2 13-
1" “Ethanediol" - | - ‘Propanediol | Progéﬁe;:liol
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So!_y_ed Problems
Exam pll;a 1. Provide [UPAC name for the following alcohol :
CH20H 4 5 6 7

CH3-CH2—CH CH;-CHz—CH-CHz-CHg
_ : CH3 '

Sohition:
(i) The longest chain bearing OH'= 7 carbons - Basic natme : 'hepmnol
(i) Number the chain as above and write names of substltuent alkyl groups
2-ethyl and S-nzethy] '
(1is) Provide position number of OH to the basic name: 1 heptanol
(iv) Preﬁm the name of subsuments to get complete TUPAC name:
2—ethy!—5—methyl-l-heptanol

Ly

Example 2. Assign systematic name to the following compound;

1 2.3 4 s
~.CH-CH-CH,-CH=CH, -
OH
Solution:

(1) The longest chain bearing ch’= 5'carbons .. Basic tiarme  pentericl

(u) Number the chain and preﬁx posmon number of double. bond 4-pentenol: o

3

. Saf‘h‘ffan:" Mt ——— . e

e P L L R

(1) Since OH has _poSiti.on number 1, the structure of the basic alcohol is -



OH - 3

(i) Providing substituent methyl (-CH;)I at position 3 :

CH

PHENOLS]

Compounds that have z hydroxy! groun attachedidirectly to the benzsne -
iing are cailed phenols. O
:

phangol

Nomenclature of phenols o

1-In maﬂ}’ COmpounds phenol is thebase name: _3““ f’}”th‘ﬂ

i OH
: OH_ AL T
. _ p-chloropheno!
0= nntroobenol

- The methylphenols however, are ca!led c:e.s'ais:

':cﬁit'r:??" i i 3 -

OH
C=presnnl L T I=Qresel
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3- The dihydroxybenzenes have special names: -

catechol resoreinol , hydroguinone

ETHERS

Ethers differ from alcohols and phenols in that the oxygen atom of an ether
is bonded t¢ two carbon atoms. The hydrocarbon groups may be ai.kyl
alkenyl, alkynyl, or aryieg e R

CHiCHyO-CHyCH; | CHp=CH-CHO-CH; (O~ 0~y
diethyl ether ' methyl allyl ether -+ <~  methyl phenyi ether

Nomenclature of ethers -

§- Ethers are frcquently -given. common name and o do SO l.t ts quite -
easy. One smp]y names both g:roups that are attached to the. OXygE.
When two dlfferent alkyt radlca!s are prescnt, the :.maller one is
mentioned first. Mareover a n-areup prccedes the branched group havmg

the same number ur carbons

CH3-O-CH3(3H3 CHacHZ--oiCchm- 'o- -cm”
methyl ethyl ether dlethyl ether '

CHZ:CH;O‘C*CHz S tert-butyi phehg.{l’_ g_ther
diviny] ekt’l'ier : SRR
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2- IUPAC names

In the [UPAC systemn, ethers are named as Alkoxy-Alkanes, Alkokxy
Alkenes, and 4lkokxy-Arenes :

] 2 3 3 2 1
CH3-0-CH;-CH,-0O-CH; CH;-O-CH=CH-CH; CH;-O-CH,CH=CH,

1,2-dimethoxyethane 1-methoxy-1-propene  3-methoxy-1-propene

CHyCH-CHyCH; . . 5_30@0@3

OCH;, p-methoxy toluene
2-methoxypentane - |

Example Assign both [UPAC. and. common names to the following
 ethers:

(@)- (CHj;); COCHj: " (b) (CH:s) CHOO -CH;

Sciution:

(a) The st’ructu_re of ether may be written as-below aﬁd"ihe:.namc assigned

2 CH;
!

CH,-C-OCH;
CH;

-1UPAC name :;"1=methoxy-1,1-dimethylethane = -
" Common name : tert-butyl methyl ether
-+ (b) The structure of the ether may be written as below and name assigned

-CHs

| CI—_I;;-_CH-O- CH; .-




(i) Basic alkane ':' 4-methylcyc!0hexane
(i) ISubstitu_ent alkoxy group :-‘_i'sopmpo;(y.
(iti) Complete I{UPAC Name : -:sopropoxy-4 methylcyclohexane

(iv) Common Name : isopropy! methyl ether..

Thioalcohols(thiols), Thiophenols, Thioethers

RSH, Ar-SH R-S-R

-Sulphur is directly below oxygen in-group VI of the periodic tab]e and, 50

we might expect there are sulphur counterparts of the oxygen compounds
that we have studied.

I-The su.lphur counterpart of the alcohol is called Thiol or mercaptan. Thg
following examples show the nomenclature of thiols-:

. ' 302 1 -
CHg-CH_z-SH CH;;—CH?CH:—SH’. CHy-CH CHQ-CHz-SH
Ethanethijol propanethiol CH3

3~methyi-1- butanethlol

2- Thioghenqlg;‘l are r_:_amed' as phenals but ending with thiophenol:
N H ' SH SH

‘Triovhenol <. .. o-=’hlorothiophkenol ya~lromothiophenal, =
3- Thioethers: are also named like eﬂneﬁ-,_-- but ending with thioether: .
CH»-CHyS-CH; - CHyS-CH,

methyl ethyl thioether dimethy! thioether
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Thioethers, may also be named as substituted hydrogen sulphide;
H,S H-S-H N CH,-8- CH3 CH;-CHg—S;'_CI-IZCH3
hydrogcn sulphmlc d1me1'hyl sulphide  diethy! sulphide

ALDEHYDES & KETONES
. Aldehydes l_(.et_ones
" General formula ‘RCH  RrLR
. Q | '. [3
Functional group -C-H -C-C-C-

Wheri pnmary alcohol are oxxdlsed they gwe compounds wh:oh contain two
‘hydrogen atoms less thau the original compounds ie. they are
" dehydrogenated These products are named A LDEHYDES ( from Alcohol
‘dehy drogenated) They contam the ﬁmctxonal group wntten as (-CHO).

'I‘he general formula is then

- CuHappiOH  2H = C,,'Hg_,,'.o-
lry alcohol ~ aldehyde

On the other hano .- oxidation of secondary alcohols gives the second
members of the carbonyl compounds which are called KETONES. These
also contain two hydrogens less than the correspondmg alcohol and have

the general formula:
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CnHzn-l-loH "'2H — Cnl"lzno

‘2ry aicohol " ketone

It is clear that both aldehydes and ketones have the same molecular
formula. The carbonyl grour.i (. C=0) is then common to both aldehydes
and ketones. In the first class it carries one hydrogen, while in ketones it is

joined to two alkyl groups.

Nomenciature: * Aldehydes

1-In the common names, the :—i-]dehydes are names after the acid they

form on oxidation, by the omiss;on of the term of acidity (-/C) and

“placing the terminal aldehyde.

H.CHO ~----> H.COOH CH;CTH > CH3;COOH
Formaldehvde ~ Fommic acid -Acetal_dehx_dq’__ {%fzctj_g acid.

HCHO =~  Formaldehyde =~ CHgLCHz)g.CHO Valeraldehyde
CH,CHO Acélaldehyde .-‘CH3((.,H2)4CHO Caproaldehyde
CH;CH;CHO ~ Propionaldehyde CH3(CH2)5CHO Heptylaldehyde
CH;3(CHy);CHO Butraldehyde

The positions of substituents and side chain.are indicated by the

Greek letters a, B, v, 3, ... beginning from the carbon atom diréctly
Jinked to the' (-CHO) group.

o CH3 o "5’/.‘33 -

CH3—CH CH-CI-I CHO L L -C-C-GC-CHO
a _ Br Br v -

o, - dlb1omo-]r-melhylvalcra]duhyde
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2- According to the IUPAC system, aldehydes are considered as
alkanes in which one carbon atom is changed o (-CHO) group. This is
indicated By adding the endmg (ﬁl)_ to the name alkane (after dmppmg
the ﬁnal _) The longest cham is taken as the parent hydrocarbon and the
posmons ‘of substituerits are mdlcated by numbers so as the aldehyde |
group takes the first number (No. 1) - N e

Alkane > Slkan +al = Alkanal

c.g. CH3-CH2'(;HO _._-’:‘. CH;-CHO
propanal ethanal
5 4 3. 2 1 6 5 4 3 2
CHg-CHz-t;H -CH-CHO SR QHg-_C_];Iz—CHz-CH—CH-CHO
H BroBr o ~ OH &
2,3- dibromo-s—methylpentanal ‘ 3-hydroxy-2-methylhexanal

3-When the carbon)':l _group: is . attached t6 an aromatic rilig, we name the
compound as benzaldehyde tolualdehyde, naphthaldehyde and so on

O 1By Gym O™

Berzald ehyde 'bolualdehyd p-chlorobenza.‘l.d ehyde ,—_—na.phthal-
S T - % dehyde-
Name of some aldeﬁydes P
Structure IUPAC ™ Commcn name
HCHO | Methanal T [Formaldehyde _
CH;CHO | Etlianal 4 Acétaldehyde
CH; CH;_CHO o Pmpanal - ... . . |propionaldehyde -
|cHy(CHYc0 . | Butanal | nbutyraldehyde
(CH3),CHCHO" | 2:methylpropanal | isopiityaldéhyde
CH;CH=CHCHO 2-butenal crotonaldehyde
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Kétones

1- Ketones a.re namcd accordmg to the allcyl groups attachedtothei -

carbonyl group and endmg wzth the ward kerones (common namﬁ)_ Vﬂlcn |

the two alkyl groups are smular the ketones is s,ald to be mp g, and 1f they‘ .

are different, the Letonc is m:xed

-

R-CR RBRT

simple ketone mixed ketone

CH5-CO- CH; *’Cﬁa;co -CH,-CH; CH;—CHo-CO c1+12-cH3
Acetone(dlmethyl ketone) methyl ethyl ketone dne,thyl ketone

| - o CHs
CH;3~CO-CHa-CH,-CHj. i CH3-CG-CH-CH3
methyl npropyl kétons * Hiéthyl iso-propyl ketone
“The subsutuents are mchcated by Greek letters On one side, t‘ne carbon
atom ad_}acent to the (- C—-O) group is (a) ‘the one nexi to it is B, .. the
chain of the other smle is kettert:d,c;\,[}\,m _:_' e e
ﬁ\ e A T A
CI-Ia-CH-CO-CH CH-CH-.; CH;—CH—CO CHCH; .. ..

. Cl: CHs . Br &

......
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2- 2 According to the IUPAC system, kefones are considered as derivatives
of alkanes in which one carbon, atorﬁjs h‘ansformed 1nto carbonyl group.

This indicated by. adding the ~ending”(-ONE) o™ the ffame of - theaIkane"

(without “the' £). “The “longest contmuous chaia~ with the carbonyl | group is

chosen as the base name -and ‘it is so numbereiso as- to gwe tlJe carbonyl
' group the smallest number possitie.

CH;-CO-CH;  CHy-CO-CHyCH, CH;-CO-(CH;),-CH; |
propanore - .. butanone D 2_:pelntanoh'e'd '

| 1.2 3 4 35
CI-Ig-CH -C-CH-CH-CH, "

CI O Cl CH;

2, 4 dlchloro- —methyl hexan-3-one

- 3-Some aromatic ketones have special names

ﬁ.cetoph enone Benzophen e

: Comm. methyl phenyl ke-bcmp Oomm diphenyl ketone .

4- When the (-CO-R) groups. are namcd as sm:stl’mqe:rrcs= they are called

e S e el

Ml.m_




77 Name of Some ketories -

Struchre - | © -IUPAC- = | Commonname = -} -

CH,CO-CHy- - (Propanone -~ =~ ' | Acetone

CH,CH,-CO-CH, - |Butanorie”™~ ~ | methy! ethyl ketone °
5 4 3 2 1 ' S L
CH3CH,CH,-CO-CHs

12 3 4 5o}

{ 2-pentanone ' methyl n~propyl ketone
CH3CH,-CO-CHCHs

. B-ﬁentanone - 4| diethyl ketone

6 5 4 3 20 1

: T . .
CH3CH2CH2CH2-CCH3 2-hexanone_ -~ _ methyl n'b‘-ltyl ketone

CARBOXYLIC ACIDS & THEIR DEMVA-HVE,sl' .

General formula R-CO—OH ..:Functional group -CO-OH

The charactenstmfunctlona]group of this ‘series is ﬁmcarbm xylic group

(CO-OH) which results from the combination of a carbonyl and-hydroxyl~
group. The carboxylic group is univalent; so it is a terminal group. |
Acids are classified into mono-, dl . and pquééérﬁﬁxylic acids, according

to whether they contain one, two, .. ."or-'mbre carboxylic acid groups, in the

molecule, respectively.
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The saturated monocarboxylic aliphatic acids have been named as Faity

acza!s because some of the lighter mcmbers e.g. plammc and stearic acids,

occur m fats

Carboylic acids contain one oXygene in excess than aldehydes, so

their general formula is C,H;,0; and ﬁinctional group C Hzp41.COOH =
R.COOH,

The carboxylic group IS one of the most widely 'occurring functional
groups in chermstry and blOGhemIStry Not only are carboxyhc acids
themselves 1mportant but the carboxyl group is the parent group of large

-farm]y of related compou.nds all of these carboxylicacid denvatwes contain

the acyl group (R~CO-). As result, they are often called Acyl comgounds

* The followmg table shows the carboxyhc ac1d denvatwes:_ )

Nmﬁe . Stl‘ul;_.tm_'e _
Acy! (or actd) chloride. | . R-CO-Q
Acid anhydnde - =+ - TR-CO-O-COR
Eser - 1T RrRcoow
Amides T rcong,
| I RcO4
R-CO-NR,

Nu menclature

° Monocarboxyhc ac:d S




42

1- The TUPAC nan"l.é-'s for 'Tcérbclxyiic acids | ar"e obtained Ey- droppmgthe
final (-E) of the name of the alkane corresponding to the longést chain in
the acid and by adding (-OIC ACID) as follows:

Alkang ----- > Alkan + oic acid ---——> Alkamoic acid

0

H-C-OH CH,-C-OH CH;-CH,-CH,-C-OH -

Methaneic acic Ethanoic¢ acid Butanoic acid

6 S .4 3 2 1. -+ & 5 & 3.2 1 c
CHy-CHyCH-CHy-CHy-C-OH  CHy-CH=CH-CH,-CH,-COOH ___
- CH; o ‘4-hexenoic acid (unsaturation)

4-methythexanoic acid

2-Many carboxyllc acuds have common name that are denved from Latin

or Greek words thqt mdlcatu on theu natural sou:c.es Th15.ls shown in

the following table |
Structure | [UPAC Name ___C_omm-oﬁ Name ~
H.COOH Methanoic acid Formic acid
CH;.COOH i Ethanoic acid Acetic acid
CH;.CH,.COOH | Propanoic acid Propionic acid

CH;(CH5), COOH

CH;.(CH,);.COOH
CHs.(CH,)s.COOH

| Butanoic acid

Pentanoic acid

Hexanoic acid

| Butyric acid

Valeric acid

Caproic acid - - |

3-  Carboxylic acids have aiso been named as derivatives of acetic acid

{notice that formic acid contains no carbon attached to carboxyl group)
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CHaCH,.COOH CH3-CH-COOH CH;CH,-CH-COOH
: CH; CHs;

methyl acetic acid dimethyl aceric acid methyl-ethyl acetic acid

4-in an alternative system to 'IUPA;C; the carboxylic group is considered

as a  subsfituent in the alkane molecule. The acid 's named as an alkane

‘carboxylic_acid. The carboxylic group is not given any number and the

carbon atom which carvies it is given number one

7 G 3 4 3 2 1 5 5 4 3 2 1
CH;-CH-CHy-CH-CH-CH-COOH  CH3-CH-CH,-CH-CH,-CH-COOH
CH3 sz Cl ' CH3 Csz Cl

2-chloro-4-ethyl-6-methylheptanoic acid 1_-ch{oro-3-eihyl-S—methylhexane
(IUPAC _Name) carboxylic acid (Alternative Name)

Carboxylic Salts:

Salts of carboxylic acids are named as:

- ATES in common nomenclature, and as

OATES in [UPAC system. Thus:

CH;,COONa  ~  CH;-CH,COOK

common: - - sodium acetate. - =~ -—potassium propionate
__ IUPAC: sodium ethanoate . potassium propanoate

5 4 3 2 C
CHg-CHz-"?H4CH:‘-C©ONa S

: : CH;’," o S -
sodium-3-meth¥i_ pentanoate (IUPAC) -




¢ Dicarboxylic Acids.
Dicarboxylic acids are named as Alkanedioic acid in the JTUPAC system.

Most dicarboxylic acids have common names as shown below:

—,..;(E0.0H _ (?HZ.CO_OH o o -COOE:
COOH - CH,.COOH o -COOH
Common Osxalicacid . . Suecinic acid Phthalic acid
TUPAC Ethanedioic acid Butanedioic acid
COOH | CH,.COOH
_CH: CHz
AN - N
o | COOH CH;.COOH
Common " Malonic acid Glutari¢ acid
{UPAC Propanedioic acid Pentanedioic acid
IESTERS_ -

General formula ; R-CO-OR’ Functionai group : L0-0-C- -

Esters are the group of organic compounds obtained by the interaction
between carboxylic acids and alcohols by the loss.of one molecule of water
RCOOH + ROH -—-> RCOOR' + H0
Acid Alcohol - Ester
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They have usuaily pleasant odors. The odor of some ester resemble those of

fruits and these esters are used in manufacturing synthetic flavors.
Nomeaclature:

The names of esters are. denved from the. names of alcohol portion (the

alkyl portion) and the acid portion ( with the ending ~ATE or -OATE). The

poriicn of the named derived from the alcohol comes first:

Q < CH;
CH5-C-O-CH,-CH; " CH3-CH,-C- O-C-CH3
' - CH3
Ethyi acetate {common) teri-butyl propicnate (common)

Ethy! ethanoate (IUPAC) tert-butyl propanoate (IUPAC} o

o~

o {L‘l CO—0. o
CH3-C-0-CH=CH, - 3

Vinyl acetate {common) Methyl-p-chlorobenzoate

Vinyl ethanoate GUPAC) .. (common and UPAC) -~ *~
c _ C-O-CH,-CH,
.?-ocm-cm CH;
C-O-CH,-CH, ™ C-0-CHy-CH,
t !
O

Diethy! oxatate (r},ommon) Diethy! malonate (common)

Diethy! ethanedioate (IUPAC)  Diethy! propanedioats (TUPAC)

CH;-C-0~{CH,);-CH-CH; CHg-(CHz)g-C O- (CHZ);_-CH CH;

Isopemty! acetate (banana flavor)  Isopentyl pentanoate (apple flavor)




| CARBOXYLIC ACID ANHYDRIDES

Cieneral formula R-CO-Q-CO-R Functional group -g-O-g-
Monocarboxylic acid (2 mols) Z-—--> arhydride + H,0
Dicarboxylic acid (1 mof) > anhydride "+ H,O~

MNeomenciature

Most anhydrides are named- by dropping the word acig from the name of -

the carboxylic acid and then adding the word ankydride.

G L O
i R ’ -
CHy-C o CHpGe 3 L -
N\ | | \
O O
7 4
CH:-C S @HC
i : - i
S S o -0
Acetic anhydride (common) - - Succinic anhydride (common)

E thanedioic anhydride (IUPAC)  Butanedioic anhydride (¥ UPAC)

O
CH-&
[
CH-C7
o _ﬁ
Maleic anhydride (common) Phthalic anhydride

2-Butenredioic anhydride (IUPAC)
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ACYL CHLORIDES

- Generdl formula R-CO-CY- Functional group -CO-Cl
Those are obtained usually by the intéraction of the correspondmg
carboxylic acids and PCl;.
R-COOH + PCly -—2> R-2OCI + POC! + HO
Nomenclature:

The acyl chlorides are often called acid chlorides. They are named by
dmppmg (—IC) from the name’ of the acid then addmo (-YL CHLORIDE)

CH3‘_ __'Cl CH3:CI{2-C*CI
Acetyl chloride (cbmmon) Propionyl chloride (common)

Ethanoyl chloride(fffi;AC) - Propanoyl chloride (TUPAC)
" ‘-CO—C’l
-Ben=zoyI chloride

AMIDES

General formula R-CQ-]’&H;, ﬁ—CO-NHZR’, R-CO-NR;,’

o |
Functional group -C—l??

Amudes are the acyl or acyl-alkyl derivatives of ammonia,: . . . . -

; i -
Lo - i
[P S
- T “ g -
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Nomenclatuie:

1- Amides that have no substituents on nitrogen . -are named by dropping
(-IC) from the common name of the acid or (-OXC) from the IUPAC
name and adding (-AMIDE) as follows:

CH;-C-NH; . CH;-CHyC-NHy |
Acetg_n_gi_é_l;g (commo‘h) | Propionamide (cemmon)
Ethanamide (IUPAC} Propanzamide (JUPAC) -

2~ Subsntuents on the mtrogen atom ot anudes are. namcd as atkyl groups |
and t'ne named subst;tuent is prefaced by {N-) in case of mono-

substituent and (N,N-) in case of disubstituents :

O CHy O CH;
SRR | IPPI AR L WE e e
. CH3‘C'N ) CH:!,-,C*N\ I _
H .. . CH

N-Methylacetamide (cofmion) . N,N-Dimethylacetamide (commor)
N-Methylethanamide (TUPAC)" "N N-Dimethyiethanamide({UPAC)

o [AMIVES)

General formula R-NH;, R;-NH, R;-N  Functionz! group -(;-;l -

Amines are considered too becthe alkylated derivatives of ammonia (NH;).
When one alkyl substituent is only attached to the nitrogen aiom, the
compound is then called primary amine. When two substituents are

presented  the compounds is said to be secondary amine. When complete
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substitution takes place (j.e. three substituents are present) the compound is

called tertiary amine. . . - g S
R-NH, ~ Ry-NH R3-N |

" iryamine  2ryamine | 3ryamine

Nomenclature;

1-  Common Name: -

Primary Amine C e A |
- In common nomenclature most primary amines are named by

specifying the organic group attached to;itrogen and then adding the
ending (-AMINE). - CHs
CH-NH, CH;-CH»NH,  CHy-CH.CH -NH,

Methylamine. .. .. Ethylamine: - - -Isobitylamine’

CH;
g
CH; - C -NH;
1
CCHyo e

tert-butylamine  © - ©° - Benzylamine 0 ' 0

Most secondary and tertiary amines are named in the same general
way: we either designate the - organic groups individuay if they are

_different__, or use the prefixes di- or td- if théy are the sameé as follows:

L . B o LSRR Ao L

Secondary amines

CHsNH-CH>-CH; - (CHsCHaeN . .
Methylethylamine Diethylamine

- -
e e it o i, a2 [




Chapter2
ISOMERISM IN ORGANIC COMPOUNDS.- - -

Isomerism is z‘he phenomenon o_f exhibiting rwo or more
compounds' wzth same molecular formu!a but different physzcal

and chemical properties.

Isomers are the compounds showing different physzcal and

chemzcal propemes but same molecular formula |

The isomerism in organic compounds can be classified broadly

into:

Structural:isomerism (constitutional isomerism

o Stereo isomerism

STRUCTURAL ISOMERISM

The structural isofneriSm or constitutional isomerism- arises
when atoms within a molecule are arranged in- different
- orders. The structural isomers have the same molecular
formula but different structural formulae. .

The structural isomers usually show different physical and
chemical properties. e

The structural isomerisn is further divided into: f

o Chain isomerism

. Positional isomerism
. Functional isomerism
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. Metamerism

. Tautomerism
CHAIN ISOMERISM

The chain -isomerism arises due to different arrangements of
carbon atoms leading to linear and branched chains: The chain
isomers have same molecular formula but different types of

chains i.e., linear and branched.

The chain i isomers have almost smular chemical propertles but
different physicai pr0pert1es For example the branched chain
isomers have lower bo111ng pomts “than " that of their lmea:
counterparts. It is because, the linear ones have more surface
area of contact and hence the mterrnolecular forces of

attraction are maxunum

E.g. Two chain i isomers. p0551ble with the molecular formula

CsHia.
e, .o T Temnconorilnile o
n-butane: a linear chain isomer.

isobutane (or 2-methylpropane): a branched isomer

e

| Llinealfl'. ’ : b’ranched
R CH,
Hz: H; ‘ |
HiC—C —C —CH;, Hac"'ﬁ—'CHs
butane isobutane

or 2-methylprpane
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POSITIONAL ISOMERISM

The positional isomerism arises due to differénf‘]":k“)‘?sit—ilons of
side chains,  substituents, functional groups, double -bonds,

triple bonds etc., onthe:parent chain. = -~

E.g.

D Propyl chloride and. 1sopropyl chlorlde are the positional

isomers w1th the molecular formula, C3H7C1 These 1somers BRREE

arise due to dlfference m the posmon of the chloro groupon . ...

the mam cham e B
2l DI T : CI : .
H H: 5 R
HC—C —C —C(l Hsc—ﬁ""" CH,
~propylchloride: - - “isopropylehloride
or 1-chloroprpane or 2-chloroprpane

2) In the following positional isomers i.e., but-1-ene and but-2-
ene the position of double is different but they have the same

molecular formula, C,H;.

Hz T e r oo mmonoly oL '
HL=C-—C —CH Hz;C— C—C'—CH
but-1-ene but-2-ene
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3) The .ﬁjnction_al;_fgroup,_ ~OH is at different positions .on.the
main chain of the following alcohols. They have the same

molecular formula, G;H,OH. @~ = ..
Hz H> ’ i
HC—C —C —Cl Hsc"'"ﬁ_;'.'.'TCHg
propyl alcchol isopropyl alcohol
or propane-1-ol or propane-2-ol

4) In the followmg posmonal 1somers ie., ortho xylene meta
xylene and | para xylene, the relative posmons of methyl groups

on the benzene ring are different

ortho xylene ..o+ . metaxylene - - para xylene
or 1,2-dimethylbenzene - or. 1,3-d1methylbenzene or 1 y4dimethylbenzene

FUNCTIONAL ISOMERISM
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The functional isomerism arises due to presence ‘of different
functional gfoupé-. ‘The functional isomers have the same

molecular formula but possess different furictional groups. - - - -

The functional isomers show different physical as well as

chemical properties.
E.g.

1) The dlmethyl ether is the funct10nal isomer of ethyl alcohol.
Both have the sa:me molecular formula, CgHGO However they__ |

have different functlonal groups

CH,-CH,-OH CH,-O-CH,
ethyl alcohol dimethy] ether

2) Acéi:aldehyde is a functional is_ﬁmer of acetone. They have
| the same molecular formula, CsH;O but different functional
groups. Acetaldehyde contains aldehyde, -CHO - functional

group, whereas acetone has ketone, >C=0 functional group.

X
CH;CHO H;C"© CH;
acetaldehyde o aeetone DT
-or prepanal. . -Or-’propan'-"f-o'h"e e

3) Both Acetic acid and methyl fonnat-e- are é-l-s.o functional

o

isomers. They have the same molecular formula, C,H,0-.
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Acetlc acnd 1s a carboxylic acid with COOH group whereas

methyl formate is an ester with - COOCH3 group.

&) 0O

acetic acid methyl formate
METAMERISM

The metamerism anses when d1fferent alkyl groups are

attached to same ﬁmctlonal group
E.g.

1) The following metamers contain the ether functional group.
However they differ. by the nature of aIky] groups attached to
the oxygen atom. * | |

G
CH;-CH,-O-CHy-CH;  CH3-O-CHz-CHp-CH3- =~ CH,-0-CH
. CH,
diethyl ether e
or ethoiy ethane methylpropyl ether isopropyl methyl ether

or lzfmethggl}f pmpaﬂg__: - or. 2-methoxy propane

2) The metamerism is also possible in‘amines as shown below.. -
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CHy-CH,;-NH-CHy-CH;  CH3-NH-CHz-CHx-CH; ~ CHs-NH-CH

G

"CHa

diethyl amine methyl propyl amine

or N-ethylethane 3 1. isopropyl methyl amine
Yy or N-methylpropan-1- N-methylpropan-2-

amine i
amine
n amine

TAUTOMERISM

Tautomerlsm refers to the dynamic equlhbrlum between two
compounds with same molecular formula It is also called as

desmotropism or kryptotropism or prototropy or allelotroplsm.

It 1s most often a special case of functional group isomerism.

In general, the tautomers have different functional groups and

exist in dynamic equilibrium with each-other: dué to a rapid -

interconversion from one form to another.

It is very important to note that the tautomers are not the

resonance structures of same compound.. .

1) Keto-enol tautomerlsm The carbonyl cdinpomidéi
containing at least one G-hYd:ogen atom exhibit keto-enol

tautomerism. The carbonyl group can be converted to enol

form due to transfer of one of the .a-hydrogen onto the oxygen

atom.
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]‘_:-_—_—___———___-_.__""»———_——-——_———_.__”_.—,.: .

Note: An alcoholic group on C=C is called enol. It is an alkene

alcohol.

The % composition of keto enol tautomeric mixture depends
on the relative stabilities of these two forms. In general the
keto form is the low energy form and is more stable than the
enol form. However the enol form is also stable in certain

cases due to other stability factors.

The dynamic equilibrium between a keto form and an enol
form exhibited by acetone is shown below. The tautomers are
formed due to complete transfer of hydrogen. However the

relatively stable keto form exists in higher percentage (about

99%).
X, = - X
H;C CH; | 3 H,C CHj
acetone prop-1-en-2-ol
keto form - enol form

However enol form is also appreciably stable in case of 1,3-

dicarbonyl compounds like acetoacetic ester (ethyl aceto acetic

ester) as depicted below.




keto-enol form tautomerism in acetic acid ester

OH O

)?\/?L Hy — N

—C-
B,c” ¢ 0~ CcH, H,C G 07 ™CH,

Ha
' \ enol form

The eno! form is more stable than the keto form in -case of

phenols due to resonance stabilization of aromatic ring.

OH

O
enol-form keto-form
mor stable less stable

2) The nitro-aci tautomerism: It is exhibited by nitro
compounds containing atleast one a-hydrogen. In this case
also, the hydrogen atom is transferred completely from one
atom to another during the conversion of nitro form to aci form

and vice versa.

i




e.g. The nitro-aci tautomerism exhibited by nitromethane is

shown below.

0 OH
I
Ny, — |~

nitro form aci form

STEREOISOMERISM IN ORGANIC COMPOUNDS

The isomerism which arises due to different spatial
arrangements of atoms or groups is called stereo isomerism. It

is broadly divided into:

. Geometrical isomerism

The stereo isomers have same structural formula i.e., same
connectivity order between atoms. However the atoms or

groups are arranged differently in space.

GEOMETRICAL ISOMERISM

The geometrical isomerism arises when atoms or groups are
arranged differently in space due to restricted rotation of a

bond or bonds in a molecule.
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E.g.

1) Two different spatial arrangements of methyl groups about a
double bond in 2-butene give rise to the following geometrical

1somers.

1.e., cis-2-butene and trans-2-butene

H H H CHj3
:(;:c: emmvermm— \,,C= Q/
H3C CH; HsC H

¢is 2-butene trans 2-butene

Above two forms are not inter convertible due to restricted
rotation of double bond.

In the cis isomer, the two methyl groups are arranged on the
same side of a double bond. Whereas in the trans isomer, they

are on the opposite side.

2) There are two geometrical isomers (cis & trans) possible in

case of 1,4-dimethylcyclohexane as shown below:
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B - CH; :
H3C CHs I '
O HsC

cis 1,ddimethylcyclohexane

CH, H;C

traps 1,4dimethylcyclohexane

In the above geometrical isomers, the methyl groups are
arranged differently about the plane of the cyclohexane ring.
These isomers are not inter convertible since it is not possible

to rotate the bonds in the cyclohexane ring.

* The geometrical isomers often show different physical and
chemical properties. The difference in their physical properties
is more significant when there is more difference in their

polarity.

* Usually the dipole moment of cis-isomers is greater than that
of trans isomers. Hence the cis isomers usually have more

solubility in polar solvents,

* In general, the trans isomers are more stable than cis isomers.
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ORBITAL PICTURE OF BONDING: ORBITAL COMBINATIONS,
HYBRIDIZATION THEORY, & MOLECULAR ORBITALS

LEARNING OBJECTIVES

To introduce the basic principles of molecular orbital theory and electronic geometry of molecules.

ORBITAL COMBINATIONS

Atomic orbitals can be combined and reshaped —much like dough- to make other orbitals of different shapes
and properties. There are two basic types of orbitals that can result from such processes. They are:

1. HYBRID ORBITALS. They result from combinations of orbitals within a given atom, either prior to or as
bonding with another atom takes place.

2. MOLECULAR ORBITALS. They result from combinations of orbitals between atoms as bonding takes
place to form molecules.

ORBITAL HYBRIDIZATION THEORY

If we look at the valence shell configuration of carbon, we find two paired electrons in the 25 orbital, and
two unpaired electrons in the 2p, and 2p, orbitals, one in each:

F 3

Potential '”, 1_ 1_ _
energy | TO 2p, 2p, 2p,

In order to fulfill the octet rule, carbon must use its 4 valence electrons when bonding to other atoms.
However, anly unpaired electrons can bond. That means that the two paired electrons occupying the 2s
orbital must become unpaired before they can bond. Since the energy gap between the 25 and 2p orbitals
is very small, one of the 2s electrons can be promoted to the empty 2p orbital, [eading to the following

situation:

Potential 1 1

Now the four electrons appear to be ready for bonding, but there is a problem. The 2p orbitals are known
to be at right angles to each other. If bonding occurs in this state, the 3 equivalent p electrons would form
3 equivalent bonds oriented at 90° to each other, and the s electron would form 2 bond of a different type
and orientation from the other three. No such compound exists. The simplest hydrocarbon —methane (CH, -
is known to have tetrahedral geometry, where the four C-H bonds are all equivalent and positioned at 109.5°
angles to each other. In addition, there are some carbon compounds where the bond angles are 120° or
even 180°. The shapes and relative positions of the valence orbitals in atomic carbon do not explain the
shapes and relative positions of the bonds in carbon compounds. -
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HYBRIDIZATION THEORY ATTEMPTS TO EXPLAIN THE.ACTUAL SHAPES OF MOLECULES BY INVOKING
' THE FORMATION OF HYBRID ORBITALS DURING, OR PRIOR TO, THE BONDING PROCESS.

Going back to the carbon model with four unpaired electrons in the valence shell, we can take it as a point
of departure for formation of hybrid orbitals. The first step is to take either 2, 3, or all four of those orbitals
and equalize their energies. Let's say that we take all four of them and form 4 equivalent new orbitals. These
orbitals are now of the same energy; which is intermediate between those of the original 2s and 2p orbitals.
At the same time, we cannot name the new orbitals 5 or p, for they're neither. We have to find a new name
that reflects the fact that they were created from one s orbital and three p orbitals. We will call them sp?
orbitals. The process that leads to their formation is called sp* hybridization.

. ‘P
Potential 1 _1__ _1_ 1 s5p3 hybridization . 1 1 1 1

B % 2oy 2p, 2p, 50} 503 sp 5o

" All four sp* orbitals that result from this process are equivalent. That means that they have the same size,

shape, and energy. According to VSEPR (valence shell electron pair repulsion) theory, such orbitals will orient
themselves in 3-D space ta be as far apart from each other as possible. The resulting shape is then a
tetrahedron, where the carbon nucieus is at the center and the orbitals point to the comers of the tetrahedron.
The ideal angle between orbitals is then 109.5 degrees.

When an sp® hybridized carbon bonds to hydrogen, it forms methane, whose geometry is known to be
tetrahedral. '

H A 3-D representation of methane. The singie lines represent -
bonds that are positioned on the plane of the paper. The
ACMiH solid wedge represents a bond coming out of the plane of
H the paper towards the front. The braken wedge represents a
H  bond going behind the plane of the paper towards the back.
HYDROCARBONS

Hydrocarbons are substances containing only carbon and hydrogen. Hydrocarbons are classified into the
following major categories: alkanes, alkenes, alkynes, and aromatic hydrocarbons. In the following pages
we will do an overview of the basic characteristics of the first three, but will postpone the study of aromatics
untii later.
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ALKANES AND sp3 HYBRIDIZATION OF CARBON

Alkanes are hydrocarbans where all the carbon atoms are sp3-hybridized, all bonds are single bonds, and
all carbons are tetrahedral. Methane is the simplest alkane, followed by ethane, propane, butane, etc. The |
carbon chain constitutes the basic skeleton of alkanes. Carbon chains with four or more atoms can be linear
or branched. Some examples are shown below including Lewis, molecular, and condensed formulas. Refer
to chapter 2 of the Wade textbook for additional examples.

Linear alkanes

I "o HOR TR
] [ | |
H—(li—‘H H"?“(%‘H H—C—C—$—H H—f%—?—C—(l:—H
- [ |
H H H H H HHHH
methane ethane propane butane
CH, CyoHg CiHg C4Hrg
CH, CH3CHy CH3CH,CHy CH3CH,CH,CH,
CHy CH3=CH3 CH;~CH,~ CH, CHy~CH,~ CH,~ CH;

Some examples of branched alkanes are shown below. Notice that sometimes Lewis formulas become
cumbersome and difficult to write without cluttering. Condensed formulas are more convenient to use in”
such situations. :

Branched alkanes

CH3 CH3
‘ CH; . ' |
H3C_C_CH3 I H3C_C*CH3
| CH3*CH_CH2'CH3 |
H | CHj
isobutane isopentane neopentane
CsHio CsHiz2 jor P
(CHy)3CH (CHy,CHCH,CH; (CHy),C

As can be seen from the above examples, all alkanes have the general formula CpHy,,,; Where n is the total
number of carbon atoms. This holds regardless of whether the alkane is linear or branched.
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SIGMA BONDING

" When atomic orbitals (pure or hybrid) of different atoms overlap to form covalent bonds, they may approach
each other in two major ways: head to head, or sideways. Only head to head overlap is possible with s-
orbitals because they are spherical. Hybrid orbitals also undergo mostly head to head overlap when forming
covalent bonds. p-orbitals, on the other hand, can approach each other either sideways or head to head.
For now, however, we are concerned only with head to head overlap because that's the only type that occurs
in alkanes. We'll discuss sideways overlap later in connection with alkenes and alkynes, that is, hydrocarbons
that have double and triple bonds respectively.

When orbitals approach each other in a head to head fashion,
the resulting covalent bonds are called sigma bonds.

As illustrations, consider the bonds that have already been studied. The bond between two hydrogen atoms
is 2n example of sigma bonding. The bonds between the 503 orbitals of hybridized carbon and the s orbitals
of hydrogen in methane are also example of sigma bonds.

sigma bond
between s orbitals

sigma bonds
between s and sp” orbitals

’

Two sp3 carbons can also overlap to form a C-C sigma bond where two sp3 orbitals overlap head to head
such as in the formation of the ethane molecule: '

head to head

overlap

- sigma bond
between two sp® orbitals

It can be easily seen that the only type of covalent bonds present in alkanes are sigma bonds, also loosely
known as single honds.
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LINE-ANGLE FORMULAS

In alkanes of 3 carbon atoms or more, the main carbon chain acquires a zig-zag structure due to the 109.5°
angle between C-C bonds, such as in propane: '

Two representations of propane, where the zig-zag
structure of the carbon chain becomes apparent

Writing Lewis formulas, or even condensed formulas, for alkanes of many carbon atoms can quickly become
cumbersome. A short hand notation that uses zig-2ag lines has been developed. The resulting representations
are known as line-angle formulas. The beginning and the end of the zig-zag line, as well as any breaks in

direction represent carbon atoms.

Line angle representation for propane equivalentto  HzC ~cHZ CH3y  or CHyCH,CH,
2

The arrows point to the positions of the carbon atoms.

Every carbon atom has to form 4 bonds. The bonds that are not shown are assumed to be bonds to hydrogen.

Other examples are:
ik
/J\ = cH,
HiC™ CHy

A" == CH;CH,CH,CH,
butane iscbutane
, CHy CHy
)\/ = LCH_ _..CHj ' == H;C—C—CH;
HC™ °C |
Hy CH;
'isopentan'e neopentane
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ALKENES AND sp2 HYBRIDIZATION OF CARBON

We will now reproduce the sp3 hybridization process for carbon, but instead of taking one s and three p
orbitals to make four equivalent sp3 orbitals, this time we'il take only one s and two p orbitals to make three
equivalent sp?2 orbitals, leaving one p orbital untouched. The process is shown below.

&

Potential 1 _1_ _1_ i sp? hybridization . 1 1 1 1_
eergy | % 20y 2, 2, g P

As shown, the three resulting sp2 orbitals are equivalent in energy, but the remaining p orbital has not been
affected. It still retains its original energy and shape. Again, according to VSEPR theory, equivalent orbitals
will arrange themselves in 3-D space to be as far apart from each other as possible. Therefore, the three
equivalent sp? orbitals will arrange themselves in a trigonal planar configuration. That is 10 say, the carbon
nucleus will be at the center of an equilateral triangle, and the three sp? orbitals will point {o the corners

of that triangle. The ideal angle between sp? orbitals is therefore 120°. A top view of this arrangement is
shown below,

in this top view, the unhybridized p orbital cannot be seen because it also arranges itself to be as far apart
from the sp2 arbitals as possible. That is to say, it is positioned at right angles to those orbitals, with one
lobe coming out of the plane of the page and the other going behind the page. To see this arrangement
clearly, we must switch to a side view of the orbital system,

unhybridized p orbital

sp? orbitals

When two sp? hybridized carbon atoms approach each other to bond, two sp2 orbitals approach each other
head to head, and twe p orbitals approach each other sideways. The bond formed by the sp? orbitals is a
sigma bond, and the bond formed by the p orbitals is called a pi bond. The process is shown below.
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sideways overlap

head to head

overlap

sideways overlap

pi bond

sigma bond

The illustration above tries to convey a basic feature of the pi bond as compared to the sigfa bond. The
sigma bond is short and strong. As a rule, head to head overlap is the most efficient way to bond and results
in relatively strong and stable bonds. The pi bond, on the other hand, is relatively long and diffuse. Sideways
overlap is less efficient than head to head overlap and results in formation of weaker bonds.

This has some implications in the properties and chemical reactivity of sigma and pi bonds. The electrons
in the sigma bond (or sigma electrons) are more tightly bound to the nucleus and don't meve too much. In
other words, they are more LOCALIZED. The electrons in the pi bond (or pi electrons} are less tightly bound
by the nucleus, and therefore they are relatively mobile. Under certain conditions, they have the capability
to become DELOCALIZED, that is to say, they can move in the molecular skeleton from one atom to anather,
or even become spread over several atoms, according to principles we’ll study later.

At the same time, in chemical reactions where electrons are to be traded, the pi electrons are more readily
available because they are more exposed and less tightly bound by the nucleus. )t is relatively easy to break
a pi bond compared to the sigma bond. The principles of all this chemistry will be discussed later in the
course.

ALKENES ARE HYDROCARBONS THAT CONTAIN AT LEAST ONE A/ BOND AS PART OF THEIR MOLECULAR
STRUCTURE. By this definition, the simplest possible alkene must contain two carbon atoms. It is called
ethene. Below is a Lewis and a line-angle representation of ethene, which is sometimes informally called
ethylene. Notice that although C-H bonds are not usually shown in line-angle formulas, sometimes they
are included for enhanced clarity. In this case a pure line-angle formula for ethene would look awkward
because it would resemble an equal sign (=),

H H H H

N ,

N CH,™—CH, >'==: <

H H H H
Lewis formula  condensed formula line-angle formula
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Notice that a Lewis representation does not differentiate between the sigma and the pi bonds in the so-
called “double bond.” [t simply shows the two together as two equal dashes. The orbital picture better
represents the actual nature of the two types of bonds. Additional examples are shown below. For a full
discussion of the structure of alkenes refer to chapter 7 of the Wade textbook.

H o CH,
CHy=CH—CH; or >=/ or —/

H
propene
CHy=CH—CH,~CH; or "~ CH;CH=CH,CH; or "~
1-butene 2-hutene
cyclopentene cyclohexene ~ benzene

Observe that the general formula for open chain monoalkenes ~that is, alkenes that do not form cyclic
structures and which contain only one pi bond—is C;H,, where n is the total number of carbon atoms.

ALKYNES AND sp HYBRIDIZATION OF CARBON

The process for understanding the sp hybridization process for carbon is basically an extension of the other
two types (sp3 and sp?). You should try to work out this scheme on your own and see if your predictions
agree with those presented in the textbook. sp hybridization gives sise to the formation of hydrocarbons
known as alkynes. Alkynes contain at least one triple bond, and have linear geometry around the carbons
comprising the triple bond. Therefore, the ideal angle between the sp hybrid orbitals is 180°. Some examples
of alkynies are shown below, For additional information refer to chapter 9 of the Wade textbook.

s
H—C=C—H H—C=C—CH, H—C=C—CH,~CH; H;C—C=C—CH,

Ethyne, or acetylene propyne 1-butyne 2-butyne

Observe that the general formula for open chain menoalkynes is C,H,,, » where n is the total number of
carbon atoms.
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ORBITAL HYBRIDIZATION IN NITROGEN AND OXYGEN

The hybridization schemes for nitrogen and oxygen follow the same guidelines as for carbon. For example,
sp3 hybridization for nitrogen results in formation of four equivalent sp3 orbitals, except that this time only .
three of them contain unpaired electrons, and one of them contains paired electrons. A similar situation
holds true for oxygen, which ends up with two of the sp3 orbitals occupied with unpaired electrons, and
the ather two with paired electrons.

1 11 sprhybridizaion | 1 1 1

2 2Px 2p, 2p, sp3 spd sp? sp?
Nitrogen: 5 valence electrons

The four s5p3 orbitals again orient themselves in 3-D space to be as far apart from each other as possible,
but the ideal 109.5° angle becomes distorted because the orbital with two electrons repels the others more
strongly than they repel themselves. However the geometry of this arrangement is stil! fundamentally
tetrahedral. When this sp3 hybridized nitrogen bonds to hydrogen, the three unpaired electrons are used
for bonding, and the remaining pair remains as nonbonding electrons.

N el
AN
H H
3-D representation of
the ammonia molecule

A similar analysis for oxygen should lead to formation of two sp3 orbitals with unpaired electrons, and two
with paired electrons. Thus, when sp3 oxygen bands with hydrogen it forms water, which has a distarted
tetrahedral angle, and two pairs of nonbonding electrons in the structure.

._O Yy
H

3-D representation of
the water molecule

Now, what happens when nitrogen or oxygen become sp2 hybridized? The exact same thing that happened
with carbon, with some minor changes. Let’s go through the process with oxygen to illustrate how it bonds
to carbon to make a class of substances known as carbonyl compounds.

'u ﬂ 1 __1_ sp? hybridization jk 1_L _1_1?

25 2Px 2Py 2P, sp2 sp2 sp?
Oxygen: 6 valence electrons
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Three equivalent sp2 orbitals have formed, two of them containing paired electrons, and one containing a
single unpaired electron. The unhybridized p orbital remains, with an unpaired electron in it. Again, VSEPR
theory dictates that the three equivalent 5p2 orbitals will acquire a trigonal planar arrangernent, while the
unhybridized p orbital will remain at right angles to the sp2 orbitals.

$p2 oxygen, fop view sp2 oxygen, side view

When an sp2 oxygen approaches an sp2 carbon for bonding, the process is analogous to that followed by
two 5p2 carbons that bond to form a “double bond.” Only those orbitals containing unpaired electrons can
bond. In this case, the sp2 orbitals from oxygen and carbon that contain unpaired electrons will overlap

head to head to form a sigma bond. At the same time, the p orbitals will overlap sideways to form a pi bond.
Thus, we have the effective formation of a C=0 “double bond.”

+

s,o2 oxygen + sp2 carbon ::o =cC C=0 double bond

Notice that the pi bond in the C=0 “double bond” appears distorted, indicating higher electron density
around the oxygen than around the carbon. This is because the C=0 bond is polar. The more electronegative
OXygen atom attracts bonding electrons towards itself more strongly than carbon.

./ The C=0 deublebond

.0=C L
* is polar

A similar analysis for nitrogen leads to the picture and geometry of a C=N double bond:

Ty

N=C
/
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Some examples of compounds containing sp2 carbon, nitrogen, and oxygen are shown below. Notice that
Lewis and line-angle formulas frequently neglect showing the lone pairs of electrons. Unless there is a
specific purpose for showing nonbonding electrons, they are usually omitted and assumed to be present.

"0

:N’H NH
/\/l'L © < >
HAH H3C)-LCH3 H

By going through an analogous process for sp hybridization of nitrogen and oxygen we can arrive at the
molecular structure of species containing carbon-nitrogen and carbon-oxygen triple bonds. Notice that an
oxygen containing a triple bond must also carry a positive charge in observance of the rules of covalent
bonding.

. _®

Also notice that when two sp or sp2 atoms are bonded together to form a double or triple bond, they both
must be of the same hybridization. There are some exceptions, but this is true in most common situations.

SUMMARY

The preceding discussion cavers the most common cases of atom hybridization encountered in this course.
The following summarizes the concepts associated with each type of hybridization.

sp3 hybridization 4 orbitals tetrahedral geometry ideal angle: 109.5°  single bonds
sp? hybridization 3 orbitals trigonal planar geometry ideal angle: 120° double bonds

sp hybridization 2 orbitals linear geometry ideal angle: 180° triple bonds
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An asymmetric carbon in formuta is usually indicated by an asterisk
(*) placed near it. All ‘organﬁc-'éompomc.!s containing one asymmetric

carbon atom (lactic acid. amyl alcohol, ete.) are optically active

_OH | GHs
H:C*C-COOH HsC"C-CH,0H
2 b
lactic acid amyl alcohol
(optically active) (optically active)

Questions
1. Explain whar is ment by isomerism. Describe and illustrate the different

- types of isomerism known to you.

2. "Dimethyll ether and ethyl alcohol; n-butane and isobutane are isomeric
with one another. What type of isomerism do they exhibit ? Explain.

3. Explain the necessary conditions for a molecule to show geometrical

isomerism with example.

4. What -is optical activity 7 Discuss briefly the isomeric structures of
tartaric and lactic acid.

5. Indicate the ﬁlpes of isomerism exhibited by the following cdmpounds.
HD)YC=C(D)H C.;HsCH(OH}COOH
CH3-CH(OH)-cO,H HOOC-C=C-COOH

6. Which of the following, compounds can éxhibit cis-trans isomerism ?

. }-pentene 2-pentene 2-methyl-1-pentene
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4 32 1

C=C-C=C " 1,3-Butadiene
5.4 3 21
C-C=C-C=C 1,3-Pentadiyne
12 3 45
C-CO-CO-C-C 2,3-Petadione
23 21
HO-C-C=C-C-OH 2-Butyn-1,4-dio
C=C- @ -C=C Divinylbenzene
OH
1
<:>0H _ 1,3-Cyclohexanediol -
QUESTIONS
. Indicate the functional groups in the following compounds:-
OH NO;

CH,=CH,  CH;CH,0H CH5-CH-CH-CH;-COOH

2. What do you understand by a family or class ? Write the general formula
and functional groups of the following classes of organic compounds:
ethers, thiols, aldehydes, ketones, amides, alcohols.

3. Define the terms: Aikanes, Cyclaalkanes and Alkynes. Name a normal
hydrocarbon of each type containing six carbons.

s



4. What are branched alkanes ? Give the TUPAC name of the following
structures :

CH;CH,- c:Hngm3 CH30H2CHzCHz-'

5. Name the following compounds by IUPAC nomenclature
(a) CH3-CH2~CH2— H- CH;—CH CH3
H,C-C-CH;, CH;_-CH3
CH,

(b) CH3-CH—~CH-CH,-CH,-CH,
H; CH;-CH;—CH-

(c) CH; QH-CHZ-CHZ—CH CH;

CH; C}-Tg
6. Draw the structure .l.:.)f the compounds:
(8) 3-ethyl-4-propyloctane. (b) 4-ethyl-2-methylhexane.
{¢) 2,2-dimethylpentane. (d) 3-ethyl-2,5-dimethylhexane.

7. What is ment by a Principal function ? Give the priority of the following
functions ;

-COOH, -CHO, -CO-, -NH,, -O-

8. Write the formulas of the following compounds -
(a) 3-chloro-2-propene. . (b) 1-bromo-3-pentanone.
{¢) 3,4-dimethylpentancl. (d) 4-methyl-3-pentyne.

9. Write the [UPAC names for the following - -
' Bl’ . CH; -

* CHy=CH-CH,-CHOH-CH; * CH3-CH-CFiz-CH-CH,-CH,
* CH,-CH-COOH . * CICH;-C~-CH,-CH,-CHs
Hs ' QCH3 o
* CH;-CH-CH=CH-COOH * CHy-C=C-CHO
OH
* CHyCO-CH;COOH =~ *CH,-CH=CLLCOOH

*

H;C-CH-CH-CH,-CH,-CH;  * CH- CH;-(;H-CHZ—CHTCH;
HC(CHj;), HC=CH,
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* CHy-O-GH- CH;

CHj
CH,
r‘Hg CH3
* CHs- CH.z-CHZ-CH—N
CH;*CH_:,

0
* CHy-C-NH(CHs)

* HOH,C-C=C-CH,OH

CH;
* (CHa)-CH-CHp-C-CH;
CH,-CH;

* CH3-NH-QH-CH2-CH2-CH3
L CHs

R o
* CH;3-CH,-CH,-C-NH,

CI-I3 0
* CH;-C‘H—&-N(CH;.);

. CHO QHz'CH-a
* CH3-CH CH;—CH CH3

CH3 :
* CH3-C--—CH-CH2-CH2-CH0
CH3 CH3

10. Write the structural formula of the following:

*2,2-dimethy}- 1 4-diethylheptane.

* 2,2-dimethyl-1-propanol.
¥ Pent-2 4-dione.
* Butane-2-sulphonic acid.

* Pentane-2,4-dione.’

* 4-methyl-1-pentene-2.

* 3-methyl-2-chlorobutanoic acid
*2,5 S-mmethyl-3-hexynom acid

* 2,4, 4-trimethyl-3-isopropyl-1-pentene.
* Methyl- 2—chloro—3-cyano-B-hydmxypenta:mate

* I-hexene-3-yn-5-ol.

* l-amino-4-methylpentan-2-one
* Hepta-1,5-dien-3-ol.

* Hex-1-en-4-yne.

* Glycerol.

* 2-nitro-1,3-propenediol.

* Pent-3-en-1-oic acid.

* Isopropyldimethylamine.
* 2-methyl-pent-2-en-1-ol.
* Acetyl chloride.

* 4-cyano-3-methoxy-butanoic acid * 3,5-octadiene.
* 4-chloro-2-isopropyl-3-methyl-cyclopentanone.

* 4-amino-2-ethyl-2-pentanal.
* But-2-yne-1,4-diol.

* trans-2-pentene.

* cis-1,2-diphenylethene.

* 3-methylcyclopentanone.

* 2-methyl-3-pentynoic acid

* Ethyl-3-methoxy-4-nitrobutanoate

* cis-2-chlorobutene-2. '

* cis-1,2-dibromocyclopropane.
** 3-methylcyclohexene,

* 3-methyl-1-cyclohexyl-4-pentanol * Cyclohexanecarboxyamide.
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