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Classification and Nomenclature
of Organic Compounds

In the early stages of the development of organic chemistry, relatively small number of
compounds were known. Therefore, their study did not pose any serious problem. With the
passage of time, the number of organic compounds discovered continued to increase. At present
there are known as many as about three million organic compounds and their structural formulas
established. The study of such a large number of compounds would be well nigh impossible
without a systematic classification having ‘structural basis’.

PRINCIPAL SERIES

The organic molecules may be made of carbgn-carbon open chains or cyclic structures.
The cyclic structures may contain only carbon atoms or carbon atoms and another atom
(O,N,S). Broadly speaking, the entire population of organic compounds could be embraced by
the following principal series.

Acyclic Series

The compounds whose molecules contain an open-chain of carbon atoms, are said to
constitute the Acyclic or Noncyclic Series. For example,

CH,
|
H,C—-CH,—CH;, H,C—CH-CH,
propane isobutane

The compounds of this series are also called Aliphatic Compounds and the scries. Aliphatic
Series. The term aliphatic is derived from the Greek word aleipher, meaning “fatty’ since the
earliest known compounds of this type were obtained from fats.



Cyclic Series

The compounds whose molecules contain ring structures constitute this serics. It consists
of two types of compounds :

(11 Carbocylic Compounds which have a ring made of carbon atoms only. The carbo-
cyclic compounds are again divided into two categories.

(a) Alicyclic compounds which contain a cyclic structure made of atoms only joipcd b,
single covalent bonds. They behave like aliphatic compounds and are hence named as alicyclic.

Example are

H,
H:C——CH, Hzc/c\CH
2
H.C CH,
H,C——CH; T
H;
CYCLOBUTANE CYCLOHEXANE

(b) Aromatic Compounds (Greek aroma = fragrant smell) which contain one or more
benzenoid rings. This type of compounds are said to constitute the Aromatic Series. Thus
benzene, toluene and naphthalene are examples of aromatic compounds. -

H CH3

BENZENE TOLUENE NAFHTHALENE

Aromatic comdounds are designated as monocyclic, bicyclic and tricyclic according as
they contain one, two or three rings.

(2) - Heterocyclic Compounds. The cyclic compounds which include one or two atoms
other than carbon (O,N,S) in the ring, are cali d heterocyclic compounds or Heterocycles (hetero,
meaniog different). Thus furan and pyridine are heterocyclic compounds.

H
HC—CH c
7\ HCZ cH
HC /CH } 3o
HCy_ _CH
FURAN PYRIDINE

The heterocyclic compounds with five and six atoms in the ring are referred to as five-
membered and six-membered heterocycles respectively. )

A complete genealogical table given below indicates the broad classification of organic
compounds into the principal series.



ORGANIC COMPOUNDS

Hydrocarbons and their derivatives
|
v
Open Chain or Aliphatic Compounds Cyclic Compounds
Compounds containing straight or branched chains Compounds containing
of carbon atom skeletons with appropriate number closed ring skeletons

of H atoms and functional groups. Some examples
are: Chy, C,H,, C,H,, C,H,

B v
- Homocyclic or Carbocyclic Compounds Heterocyclic Compounds
Ring skeleton of such compounds The ring skeletons of these compounds
contains only carbon atoms contain one or more atoms other than carbons
v v v v
Alicyclic Compounds Aromatic Compounds Alicyclic Type
These compounds show Aromatic hydrocarbons and their derivatives Heterocyclic compounds
resemblance in properties _ They contain (4n + 2)n-electrons delocalised have ring like structure with a
with aliphatic compounds. -over their flat structures. Common examples are heteroatom as a part
Some examples are: = of the ring. Examples are
OH [ —/]
/Y OH s o ~
O £ hee : rg @) ﬁ Tetra  Piperidene
] - 00 OO i
Cyclo Cyclo Cyclo NS o
butane h hexanol Benzene Phenol g furane
e lc—__J | Pyrrole  Pyridine | (THF)
aromatie Heterocyclic

aromatic



The division of organic compounds into aliphatic series and aromatic series is particularly
useful. These embrace the various types of compounds belonging to all the other series stated
above. The basic structural differences between the compounds of the two series are reflected
in their chemical reactions. Hence a separate study of aliphatic and aromatic compounds has
been preferred in this text,

FUNCTIONAL GROUPS

The structural formulas of oraganic compounds are made of a carbon-hydrogen frame-
work which is relatively chemically unreactive. Itis the presence of another atom or groups of
atoms, or carbon-carbon multiple bonds in the molecule that confer on it chemical reactivity.
’l'fhcs:i sites of reactivity in organic molecules are referred to as functional groups or just
‘function’.

; A functional group may be precisely defined as an atom or group of atoms which deter-
mines the chemical behaviour of an organic compound.

Examples of functional groups (circled) are :

‘...-\ - --Q‘
.
.

CHi=CH=CiH; CH;—CHz=NH3  CHy—CH.4OH;

...... el

PROPENE ETHYLAMINE ETHANOL

Each functional group gives characteristic reactions which are largely independent of the
rest of the molecule. Evidently the reactions of any number of compounds containing a specific
functional group are similar. Since there are only adozen or so functional groups present in
simple organic compounds, the study of thousands of organic compounds is made simple.
Otherwise, we would have to memorise the chemistry of each individual compound. Table 81
lists the most important functional groups encountered in our study.

CLASSES OF ORGANIC COMPOUNDS

A series of compounds that contain the same functional group are said to constitute a Class
of organic compounds. For example, each of the following series of compounds contain a hydro-
xyl group (—OH). These compounds all belong to the class of compounds called alcohols.

CH,

CHa—CHa—OH CHs—CH—OH O—ou

Compounds in the same class undergo similar reactions. This enables us to study a few
compounds as representatives of a large number of others. In this manner we can learn the
chemical reactions of many thousands of compounds by considering only a few.

Because of the similar reactions among compounds with the same functional group, it ‘is
convenient to use a general formula for a class of compounds. If R— representats an alky!l group
(a group that contains C and H only), we may represent alcohol as R QH: Smilarly, the com-
pounds containing the functional group —NH, constitute a class called amines. These have the
general formula R—NH,. In Table 8.1 are listed the important func ional groups and classes

of compounds with general formula.

HOMOLOGOUS SERIES

When members of a class of compounds having similar structures are arranged in order
of increasing molecular weight, they are said to constitute a Homologous Series. Each member
of such a series is referred to asa Homologue of its immediate neighbour. For example, the
following sequence of straight chain alcohols forms a homologous series.
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Table 8'1. Common Classes of Organic Compounds

General Formula Name Functiosal Group
R—H Alkaoes None
RCH=CH, Alkenes >c=c< double bond
R-CuC-H Alkynes —~CaC— triple bond
\
ArH s Arenes ; ._cfo H aromatic ring
- h
: N\
R-X —F fluoro group
Alkyl halides <Gl chloro group
—Br brofo group
i - iodo group
R-OH Alcohols —OH hydroxy group
R-0-R’ Ethers —0- ether group
R—NH; Amines —NH; amino group
R—SH Thiols ~SH sulphdryl group
R-S-R Sulphides -S—  sulphide group
0 y o ‘ ¢
R—(lz- H Aldehydes —(':—H aldehyde group
0 .0 |
R—(II -R Ketones _ —(|:— ketonic group-
o) (o]
R—(!‘.-QH Carboxylic acids —(!—OH carboxyl group
0 - o
R-(IZ-OR’ Esters -é-o- ester group
0o (o]
R—é—Nﬂu Amides —C'—NH, amide group
R—C=N Nitriles —C=N nitrile group
R~NO; Nitro w: —NO; nitro mup"

R—S0y—0H Sulphonic acids ~S0;—-0OH  sulphonic acid



CH,—OH Methyl alcohol
CH;--CH,—-OH Ethyl alcohol
CH;—CH,—@H,—OH Propyl alcohol
CH;--CH,—CH,—~CH,—OH . Butyl alcohol, etc.

( haracteristics of 8 Homologous Series

(1) Any member of the series differs from the next by the unit —CH,— (methylene
oup).

(2) The series may be represented by a general formula. The general formula for
aleohols is C,H,,,OH which gives the molecular formulas of the members by putting
n=1, 2, 3, etc.

(3) The chemical properties of the members of a homologous series are similar, though
in some ser.es «ae first member shows different behaviour.

(4) The physical properties such as densily, melting point and boiling point show a
gradation in a rather semi-regular fashion.

The organisation of organic compounds into homologous series makes the study of orga-
nic chemistry particularly interesting and useful. This allows to learn about many compounds
while only having to remember the trends applicable to a specific series. The existence of these
series is of great importance on account of their predictive value. As we learn about one homo-
logous series, much of the information would be applicable to the other similar homologous series.

A SURVEY OF ORGANIC NOMENCLATURE

In the middle of the 19th century, many compounds were known and used without any
knowledge of their structures. Since these compounds had to be called something, names were
given to them. These names often reflected the properties or the origins of the compounds. In
some cases, compounds were named after friends or relatives of chemists who first discovered
them. For example, ethane (C;H,) is quite inflammable and its name was derived from the Greek
word aithen, meaning to kindle or blaze. Formic acid (HCOOH) was so named because it was
obtained by the distillation of red ants (Latin formica=ants). Barbituric acid was named after a
lady friend of the German chemist who discovered the compound.

A name assigned to an organic compound by the discoverer as he thought appropriate and
not having any structural bearing, is referred to as the Common name or the Trivial name.

It was not long before that chemists around the world realised the futility of the haphazard
Common Nomenclatare (system of assigning common or trivial names). It was ridiculous to have
different names of the same compound in different countries. And, then to remember such quaint
names of thousands of organic compounds (now about three million) would be a mad man’s job,
Therefore, the chemists felt the need of a Systematic Nomenclature which could assign a logical °
name to each known organic compound on the basis of molecular structure.

The rational name of an organic compound derived from its structure, is called the
Systematic Name.

The systematic nomenclature which has been developed and is used in modern practice, is
the IUPAC Nomencleture, The names assigned according to this system are referred to as the
IUPAC Names. Although the older common names are now obsolete, some of these are still used
as ‘nick names’ because they are so handy.

In our study of organic chemistry, we will be using systematic names in general and
common names that have been adopted on account of long usage. Let vs recapitulate that :

(1) A COMMON NAME is whimsy and has no structural relevance. These names have
been accepted for continued use through years. ‘



(2) A SYSTEMATIC NAME is based on the structural formula of a compound and
Is unambigous. That is each name stands for one compound and one structure.

THE IUPAC SYSTEM OF NOMENCLATURE

In 1892, an assembly of chemists from different countries met in Geneva, Switzerland, to
devise a rational system of naming organic compounds. This international body was eventually
formalised as the International Union of Pure and Applied Chemistry (IUPAC). The primary
nomenclature formulated by TUPAC was adopted unanimously at a meeting in Paris in 1957.
This official system of naming organic compounds is referred to as the [UPAC System of Nomen-
clature or simply IUPAC (“you-pack™, Nomenclature. The ITUPAC organisation is responsible for
further development and constant revision of the systematic organic nomenclature so as to keep it
up to date.

The IUPAC system provides set rules for assigning names to all the known about thrge
million organic compounds and to many morc yet (o be synthesised.  The rules are so simple
that a student of chemistry familiar with them can Write the name of any organic compound
whose structure is given. In the same way, one is also able to derive the structure of a compound

from its [UPAC name.

Now we proceed to discuss the systematic naming of continuous-chain or straight-chair
alkanes and the other classes of compounds derived from them. This will be followed by a study
of the IUPAC rules for assigning names 10 branched-chain hydrocarbons and compounds con-
taining the various common functional groups stated carlier.

A. Alkanes

The compounds composed of carbon and hydrogen only are called hydrocarbons. The
hydrocarbons whose molecules contain carbon atoms joined to each other by single bonds can add
no more hydrogen atoms. These are referred to as Saturated hydrocarbons, meaning saturated
with hydrogen.

The open-chain saturated hydrocarbons as a class are named Alkanes according to the
IUPAC system. The FUPAC name of saturated hvdrocarbons with a cyclic carbon-structure is
Cycloalkanes. ’

The alkanes whose molecules are made of continuous or straight carbon-chains, are-
referred to as Continuous-chain or Straight-chain Alkanes. The foundations of the IUPAC system
are the names of the continuous-chain alkanes. The structures and names of the first ten
continuous-chain alkanes are listed in Table 8:2. ;

Table 8:2. The structural formulas and names of the First Ten Continuous-Chain Alkanes.

Structural formula No of Carbon JUPAC Name
atoms in chain

CHq 1 methane
CH3--CH; 2 ethane
CHj - CH;—CH; 3 propane
CH, CH,—CH,~CHj, 4 ' butane
CH;- CH;- CHy—CH:~CH, 5 pentane
CH3—CHy—CHy—~CHy—CH; ~CH, 6 hexane
CH3—CHy—CHy—CHy—CHe—CHy—CHa. 7 heptane
CHy—CHy—CHjy —CHy—CHg—CHy—CHy~ CH; B ® octane
CH3-CH,—CH.—CH;—CHg—CH,—CH, CH;—CH;, 9 nonane

CHy—CHg —CHy—CHy—CHy—CHy—CH:—CHy—CHy—CHz 10 decane



The names of alkanes in Table 82, end in -ane, which is the [UPAC ending for a saturated
hydrocarbon. The first part of the name of the first four alkanes (methane to butane) is derived
from the trivial name of the respective alkan=. For higher alkanes (pentane on), the first part of
the alkane name is derived from the Greek word for the number of carbon atoms in the molecule,
For example, the prefix “‘pent”” comes from the Greek word penta, meaning five. Thus the prefix
pent in “pentane’ indicates that the alkane contains 5 carbons and the ending -ane denotes that it

is a saturated hydrocarbon.

Use of prefix n-. The alkanes with a continuous carbon-chain or normal carbon-chain are
referred to as normal ulkanes. For clarity, the prefix n- is sometimes added to the alkane name
to indicate that it contains a continuous carbon-chain. For example, CH;—CH,—CH,—CHj is
named as n-butane. But the prefix n- is not strictly necessary in the I[UPAC system. Thus the
name butane (without prefix n-) denotes C,H,, containing a continuous C-chain.

Branched Alkanes

When an alkane has a shorter side-chain attached to the continuous-chain, it is designated
as a Branched alkane. The conlinuous chain is called the root or parent, while the side-chain the
alkyl group. The carbon of the alkyl group bonded directly to the parent chain is referred to as

the head carbon.
/—\ HEAD CARBON
BRANCH OR ,"‘ﬁ;\ /‘/
SIOE-CHAIN { '} CHy—CH,—
\SHay ALKYL GROUP
P R e .-——————— 1
E CH;~CH——CH,—CH,; —CH, -:
T Aemancreo aane
Nomenclature of Alkyl groups

The hydrocarbon units derived by removal of one H of an alkane, are called Alkyl
“groups. The IUPAC name of an alkyl group is obtained by replacing the ending -ane of the
parc?]t ?lkane with -yl (alkane—ane 4yl =alkyl). Thus CH,CH; is ethane and CH,CH,;— is named
as ethyl group.

. Normal or Continuous-chain Alkyl groups. The alkyl groups obtained by dropping the
terminal H atom of a normal or continuous-chain alkane, are referred to as normal or n-alkyl
groups. However, in the IUPAC system the use of the prefix n- is redundant since the absence
of a prefix implies a continuous chain. The names of the first five continuous-chain alkyl groups
are listed in Table 83, i

Table 83. TUPAC names of the First five Continuous-chain Alkyl groups.

Structure IUPAC Name
CHy— methyl
CH3;—CHg— or C;H;-} ethyl
CHy—CHy—CHy— propyl
CH3—CHy—CHy—CHg— butyl (or n-butyl)
CH3—CHy—CHy—CHy—CHg— pentyl (or n-pentyl)

Branched-chain Alkyl groups. These are derived by dropping a hydrogen .
carbon of alkane chain. The stem name of a branched alkyl group issdctern{ineg byﬂiean'ﬁiﬂgiﬁ
of carbons they contain. Thus propyl has 3 carbons, butyl 4 and pentyl 5. This ¢ of



bn“dnohed-chain is indicated by a specific prefix added to the stem pame. The common prefixes
used are :

(1) iso indicates the presence of a CH, branch at the end of the chain
CH; CH!

CH,~CH— or CH— CH,—C—
isoalky! CH,” é
H,

neoalkyl
(2) meo indicates the presence of two CH; branches at the end of the chain.

(3) secondary or sec- indicates the presence of two carbons attached to the head carbon.
(4) tertiary- or tert- or t- indicates the presence of three carbons attached to the head

carbon.
R O,
HiC\ e
c_ H;C‘—‘ ik . g
H;C/ Hs
sec-ALKYL AR

Table 8+4. Branched-chain Alkyl groups having 3, 4, § cnrbon atoms.

Structure Name
To CH
3
CH;—éH— or >CH— isopropy!
CH,
CH, it
cu,—éu-cn.— or : )cn-cn.— isobutyl
3
CH;
CH;—CH, — sec-butyl (or s-butyl)
. CH,
cn,_é_ tert-butyl (or t-butyl)

éu,

a—-&'l—-CHr-CHt—

CH,—-CH:—CHrJ:H—

CHJ—CHQTCH!_E—'

isopentyl

neopenty!

sec-penty! (or s-pentyl)

tert-pentyl (or f-pentyl)



IUPAC Rules for Naming Branched Alkanes.

I. Select the longest continuous carbon-chain and name the branched alkane as alkyl
derivative of the parent alkane containing this chain. 1t is not necessary that the longest chain be
writlen in a straight line ; it may be siraight or zig-zag. Thus the longest continuous chain in the
{’ollowing molecules contains four carbons and the name of the parent alkane in both cases is

utane,

CH,—CH—CH,—CH, CH,—CH—CH,
~ | : I
CH, CH,—CH,
(straight four-carbon chain) . (zig-zag four-carbon chain)

2. The parent-chain carbon atoms are numbered 1,2, 3, 4, etc., beginning with the end
nearest to the branch (alkyl group). This gives the lowest number to the carbon to which the alkyl

group is attached.

1 2 i 1 4. J 2 1
CH,—CH—CH;—CH, CH;—CH—CH,—CH,
I l
CH, CH,
(RIGHT) (WRONG)

The position of the alkyl group on the parent chain is indicated by the number of the
carbon which carries it. This is referred to as its Position number (or Locator number). The
position number is mentioned before the name of alkyl group from which it is separated by a hyphen
(-). Thus, if a methyl group is on carbon 2, it is written as 2-methyl.

3. The complete name of the branched alkane is written as one word by prefixing the name
of the alkyl group to the name of the parent aikane. For example,

1 2 1 1
CHl—CH—'CHg—C H; Z'M‘bylbutm

|
CH,

] 5 ) i 2 1 .
C H;—CH,—CH,—CH—CH.—CH, J-elhylhcnne
|
CH,—CH,

4. When two or more different alkyl groups are present on the parent chain, assign
position-number to each and list them alphabetically with a hyphen in between.

CH,
1 g 5§ ‘ 5 a 1 I 5 6
CH,—C-H—CH,—(;H—CH,-—CH, CH,-—_CH,—C—CH,—CH,— CH,
' |
(l:H, CH, C,H;
| : '
CH,
4-cthyl-2-methylhexane 3-ethyl-3-methylhexane

5. When two or more identical groups are present, indicate this by the use of the prefixes
di, 1ri, tetra, etc., immediately before the alkyl group. Commas are used (o separate position-
numbers from each other.

CH,
1 s .3 3 I ) 3 le s .
CH;—CH—CH—CH;, CH;—CH—CH,—C—CH;—CH;
' | | | |
CH; CH, CH; CH,

2, 3-dimethylbutane 2, 4, 4-trimethylhexane



While determining the alphabetic order, the prefixes di, tri, etc., are ignored. Thus,
CH,
1 g 3 | [ 5 6 ? X
CH,—CH -CH—CH,- CH—CH,—CH,—CH,
I

|
CH, CH,CH;,
§S-ethyl-2, 3-dimethyloctane

Here the prefix di is disregarded while determining the alphabetic order.

6. When there are two longest chains having equal member of carbons, select the one with
the greater member of branches (alkyl groups) as the parent chain.

1 1 3 4 5 o 7
CH;—CH—CH—-CH—CH-CH,—CH,
Lt 4 I
CH, CH, éH, CH,

I
CH;—CH,

2, 3, S-trimethyl-4-propytheptane (4 alkyl groups)
NOT 4-sec-butyl-2, 3-dimethylheptane (3 alkyl groups)

7. When branching occurs at an equal distance from cither end of the longest chain,
choose the name that gives the lower number at the first point of difference.
1 2 3 4 5 []
CHy;—CH—CH—CH,—CH—CH,

.
CH; CH, !:H,

2, 3, S-trimethylhexane (first point of difference : 3)
NOT 2, 4, S-trimethylhexane (first point of difference : 4)

9. In case the substituent on the parent chain is a complex one (containing more than 4
carbons), name it as a substituted alkyl group whose carbon chain is numbered from the carbon
attached 10 the main chain. The name of the complex substituent is given in brackets to avoid
confusion with the numbers of the parent chain.

*CH,
’(lIH—CH.
|
ICH—CH,
|
CH,—CH,—CH,—CH,—CH—CH‘—CH,—CHr—C H
1 2 3 1 5 (] ? . ’
5-(1, 2-dimethylpropyl) nonane

Naming of Cycloalkanes

. Cycloalkanes are saturated hydrocarbons with a ring of carbon atoms in the molecule.
Their IUPAC names are derived by prefixing cyclo to the names of continuous-chain alkanes
containing the same number of carbon atoms. Thus,

%
v L L-0
H2C H,
: e,

CYCLOPROPANE CYCLOHEXANE
Substituted Cycloalkanes. These are named according to the following rules.
1. The name of the alkyl side-chain is prefixed to the name of the paroni cycloalkane.



METHYLCYCLOHEXANE ISOPROPYLCYCOLOHEXANE
»

2. 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 possible.

CH,
1 2 3 a
. H2CH,CH,CH,
. CHZCH; :

$+-ETHYL-3-METHYLCYCLOHEXANE 1-CYCLOPROPYLBUTANE

NOT l-ethyl-S-methylcyclohexane NOT butylcyclopropane

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



B. Alkenes

A hydrocarbon with one double bond (C=C) is called an alkene. The IUPAC name of a
particular alkene is derived by changing the ame of the corresponding alkane (same number of
carbons) to eme. That is, !

alkane — ane + tne — alkene -

The functionzgl.group of alkenes is C=C, which is designated by the suffix ene. The
IUPAC names and trivial names of some simple unbranched alkenes are listed in Table §-5.

Table 85, Names of some Unbranched Alkenes

Structure IUPAC Name Trivial Name
CHy=CHj, elhcng | ethylene
CH3CH=CH, propene propylene
CHyCH,CH=CH, . I-butene butylene
CHy;CH=CHCH;,4 2-butene
CHp= CHCH,CH,CH, I-pentene
CH3CHCH=CHCH,CH, 3-hexene

IUPAC Rules for Naming Alkenes. The alkenes containing four or more carbons are
named by the following rules,

1. Select the longest continuous chain that contains both carbons of the double bond and
change the name of the corresponding alkone name from ane ro ene, This gives the parent name

prere——,
LONGEST CHAIN (7.C) CH=CH_CH3

CH3;=—CH;—CH,—CH

of the alkene. The compound has 7-carbon chain containing the double bond. Therefore, the
corresponding alkane is heptane and the parent alkene heptene.

NOTE. It may be noted that the above selected chain may or may not be the longest
continuous chain in the structure. ;

2. Number the parent chain beginning at the end nearer the double bond and indicate the
position of the double bond by using the number of the first carbon of the double bond as prefix.
For example,

e 4 1 ‘
CHy=CH—CH;—CH,§ CHy—CH =CH—CH,—CHy—CH,
|-butene 2-hexene
(not 3-butenc) (not 4:hexene.



© The parent name in the following branched alkene is 2-heptene
k] 2 1
CH=CH—CH;
7 . 5. ik
CH,—CH:—CH;—CH—CH,
3. Name and indicate the position of any substituent group as for the alkanes.

In the above branched alkene, the substituent group is methyl and its position numberis .

4 on the main chain, Thus the complete name of the-alkene is
4-methyl-2-heptene

4. When there are two or more double bonds in a continuous-chain alkene, it is named as
Alkadiene, Alkatriene, and the locator numbers of the double bonds are prefixed. Thus the

" compound
I 2 J 1
CH,=CH—CH=CH,
is named as 1, 3-butadiene. ' ,

5. Ina branched alkene with several double bonds, the parent chain is the longest
continuous chain that contains the maximum number of double bonds. Thus,

CH;—CH,—CH,
CH,=CH—C=CH—CH=CH—CH,
1 2 3 6 7

§

3-propyl-1, 3, S-heptatriene

C. Alkynes
The hydrocarbons with the carbon-carbon triple bond C=C) are called alkynes. . Th
JUPAC name of an individual alkyne is derived by changing(thc n.:e of. the cor'::sepondinz
alkane to -yne. That is, '
alkane — ane + yne —  alkyne
The functional group of alkynes is C=C which is designated by the suffix ‘yne’. The
alkynes are named in much the same way as alkenes.
Table 87. Namesof some unbranched alkynes

Structure I[UPAC Name T:in'cl Name

R HC=CH " cthyne or acetylene acetylene
CHyC=(CH propyne methylacetylene
CH3CH,C=CH 1-butyne ethylacetylene
CH3C=CCH, 2-butyne dimethylacetylene
CH3CH;CH;CmCH I-pentyne propylacetylene
CH;CH;Cu CCH,4 2-pentyne ethyimethylacetylene

Rules for Naming Branched Alkynes. These are the same as for alkenes with modifica-
tions listed below.

1. Select the longest chain containing both carbons of the triple bond as the parent
chain. This may not be necessarily the longest continuous chain in the molecule.

2. Number the chain at the end nearer the triple bond. Indicate the position of the
triple bond by prefixing number of the first carbon of the triple bond.



3. The names of substituents with locator numbers are given as for branched alkanes.
Thus, .

L] 5- 4 3 ] 1 5 41 3 é—ClH
CH,—CH—CH,—CH,-C=CH CH;—C—CH,-C=
(]:H, ClH,
S-methyl-1-hexyne 4, 4-dimethyl-1-pentyne 7
4. When there are two or more triple bonds in a molecule, it is named as Alkadiyne,

Alkatriyne, etc. The Chain containing the maximum number of triple bonds is selected ax?d
numbered so as to give lowest possible numbers to the triple bonds.

I.  Carboxylic Acids

The TUPAC name of aliphatic carboxylic acids (RCOOH) s Alkanoic acids, while the
functional group COOH is referred to as carboxyl group. The name of a particular, carboxy-
lic acid is obtained by replacing the final e with oic acid,

alkane — e 4 oic acid — alkanoic acid
For naming higher carboxylic acids

(1) The longest chain containing COOH is selected and the basic name is derived by
changing ane of the corresponding alkane to oic aci -

(2) The chain is pumbered starting with carboxyl carbon as 1. Thus it is unnecessary
to give the nnmber of COOH. For example, '
0 0
) 5 : 3 1 vl s 5 ‘ 3 1 1
CH,-—CH.—(IIH-—CH,—CH.—C—OH CH,—CH:-CH—CH.—CH,—C—OH
CH, '

4-methylhexanoic acid 4-hexenoic acid

(3) A dicarboxylic acid is named as Alkanedioic acid with position numbers of COOH
groups pretixed with it.

COOH CooH
5 e 3 té
CH;—CH—CH,—CH,
1, 4-pentanedioic acid

# &;ﬂ the COOH group is attached to 2 yciic structure, —carboxylic acid becomes
appropriate suffix.

CHs
l>-coou OOH
&%O%(P:L?::E‘IED- 2.METHYLCYCLOMEXANE -

CARBOXYLIC ACID



The IUPAC and trivial names of some carboxylic acids are listed in Table 8:10
Table 8:10. Names of some Carboxylic acids

Structure IUPAC Name Trivial Name
—;60}‘ - methanoic acid . ; formic ackd
CH,COOH ethanoic acid acalleadd
CH3CHyCOOH propeoolc acid propionic acid
CH;3CHyCH;COOH’ butanow, 4¢id butyric acld
CHy=CHCOOH propeiicic acid acrylic acid

The trivial names for the first fe,* carboxylic acids are accepteq &V the IUPAC.

Nomenclature Priority for Citation as Principal Function (IUPAC)
(Highest Priority is at the top)

Denoted by

Class Name Functional Group Prefix Suffix
Carboxylicacid” —COOH - * -oic acid
Sulphonic acid ~ —SO;H e -sulphonic acid
Acid halide COX — -oyl chloride
Amide # -~ CONH, Amido- -amide
Nitrile » CN Cyano- -nitrile

0
Aldehyde = —é-—ﬂ or —CHO Alkanoyl- -al

?
Ketone « -C- Oxo- -one
Thiol —SH Mercapto- -thiol
Amine ¢ —NH, Amino -amine
Alkene~ >C-Q< - -ene
Alkyne;«- —(i‘s(|1~ - -yne_
Alkane~ —(ll—(li - -ane
Etber . —OR ‘Alkoxy =
Halides —~F, =Cl, —Br, -1 Halo- -
Nitro ~ —NO, Nitro- B,

Alkyl —R Alkyl -



ISOMERISM AND STRUCTURAL ISOMERISM

In the study of Organic chemistry we come across many cases when two or more com-
pounds are made of equal number of like atoms. These compounds possess the same molecular
Sormula but differ from each other in physical or chemical properties, and are called Isomers and
the phenomenon 1s termed Isomerism (Gresk, isos=equal ; meros=parts). Since isomers have
the same molecular formula, the difference in their properties must be due to different modes of
combination or arrangement of atoms within the molecule. ' Broadly speaking, isomerism is of
two types : '

(i) Structural Isomerism ; and (if) Stereoisomerism.

Structural Isomerism. When the isomerism is simply due to difference in the arrangement
of atoms within the molecule without any reference to space, the phenomenon is termed Stractural
Isomerism. In other words, the structural isomers while they have the same molecular formulas,
possess different structural formulas. This type of isomerism which arises from difference i the
structure of molecules, includes :

(@) Chain or Nuclear *Isomerism ;

(b) Positional Isomerism ;

(¢) Functional Isomerism; and

(d) Metamerism,

(e) Tautomerism



CHAIN OR NUCLEAR ISOMERISM

This type of isomerism arises from the difference in the siructure of carbon chain which
forms the nucleus of the molecule. It is, therefore, named as Chain or Nuclear Isomerism. For
example, there are known two butanes which have the same molecular formula (CH,q but differ
in the structure of the carbon chains io their molecules.

n-butanc |
CH,
isobutane

While n butane has a continuous chain of four carbon atoms, isobutane has a branched chain.
These chain isomers have somewhat different physical and chemical properties, n-butane boiling at
_ 05" and isobutane at —10-2°. This kind of isomerism is also shown by other classes of com-
pounds. Thus n-butyl alcohol and isobutyl alcohol having the same molecular formula CHOH
are chain isomers.

CH,—CH,—CH,—CH,0OH CHy—CH~CH,0H
n-butyl akcobol
Hy
isobutyl aleohol

It may be understood clearly that the molecules of chain isomers differ only n respect of
the linking of the carbon atoms in the alkanes or in the alkyl radicals present in other compounds.

POSITIONAL ISOMERISM

When two or mare compounds have structural formulas which differ only in the position
of the substituent atom or group on the carbon chain, these are called Position isomers and (he
phenomenon is termed Positional isomerism. Thus n-propy! alcohol and isopropyl alcohol offer
an example of positional isomerism. They possess the same molecular formula (C,H,0H) and
their molecules are made of a chain of three carbon atoms. In n-propyl alcobol, the OH group
is on the end carbon atom while in isopropyl alcohol it is on the middle carbon atom.

OH OH
CH,—CH,—-AH. CH,—-AH—CH.
o-propyl alcohol isopropyl alcobol

The positional isomerism may also be extended (o alkanes and alkynes which differ only
in the position of the double or triple bond in their molecules. Thus the molecular formula CiH,
stands for two bulenes, :

‘CHy=CH—CH,—CH, CHy—CH=CH—CH,

1-butene 2-butene
in which the position of the double bond is different. :

In the aromatic series, the disubstitution products of benzene also exhibit positional 1s0-
merism due to different relative positions occupied by the two substituents on the benzene ring.
Thus xylene, CyHy(CHj),, exists in the following three forms which are positional isomers

tHy (M c
g O. ©
H

CH’

-
0-XYLENE m-XYLENE p=XYLENE
{orthe) (meto) (para)

FUNCTIONAL ISOMERISM
‘When any two compounds have the same molecular formula but possess different func-
tional groups, they are called Functional isomers and the phenomenon is termed Functional iso-
merism. In other words substances with the same molecular formula but belonging to different
classes of compounds exhibit functional isomerism. Thus,
(1) Diethyl cther and butyl alcohol both have the molecular formula CgH,,0, but contain
different functional groups.
CH—0—-CH, CH,—OH
diethy! ether butyl alcohol



The functional group in diethyl ether is (—0—), while in butyl alcohol it is (—OH).
(2) Acetone and Propionaldehyde both with the molecular formula GH,O are functional

IS0 .llers.
CH,—CO—CH CH;—CH,—~CHO
acetone ? :oamde.hm
In acetone the functional group is (—CO—), while in acetaldehyde it is (—CHO).

METAMERISM

This type of isomerism is due to the unequal distribution of carbon atoms on either side
of the functional group in the molecule of compounds belonging to the same class. For example,
methyl propy! ether and diethyl ether both have the molecular formula C(H,,0. The number of
carbon atoms attached to the ethereal group —O—,

CH—0—GCH;, GH,—0—-GH,
methyl propyl ether diethyl ether

in methyl propy! ether is | and 3, while in diethyl ether it is 2and 2. This isomerism koown
as Metamerism is shown by members of classes such as ethers, ketones and amines where the
central functional group is flanked by two chains. The individual isomers are known as Metamers.

(E) TAUTOMERISM

Tautomers are isomers of a compound which differ only in the position of the protons and
electrons. The carbon skeleton of the compound is unchanged. A reaction which involves
simple proton transfer in an intramolecular fashion is called a tautomerism

Enol form Keto form

CH 8]
/J%C/ - ,)J\G,f

H H-



