ORGANIC CHEMISTRY

INTRODUCTION:

Organic chemistry is the study of carbon and its compounds.

However, some compounds such as CQO,, carbonates, hydrogen carbonates, carbides, and
cyanides are traditionally classed as inorganic compounds.

Organic chemistry is better defined as the chemistry of HYDROCARBONS (molecules
containing H and C) and their derivatives.

Carbon can form a very large number of compounds. There are over 3 000 000 known carbon
compounds and 100 000 new ones are isolated and synthesized every year.

The most significant feature of carbon atoms is their ability to form COVALENT bonds with other
carbon atoms. Since it has four valence electrons it can form 4 covalent bonds.
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Unigue nature of carbon:

a) Can from strong repetitive covalent bonds: o
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A CHAIN OF ATOMS A RING OF ATOMS
or ACYCLIC COMPOUNDS or CYCLIC COMPOUNDS

b} Can form multiple bonds with other atoms

eg.1) double bond between carbon, sp? hybridization

H\ _ﬁ(”
L=
H \Sp'lf."

eg.2) double bond between carbon and oxygen, sp? hybridization
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eg.3) triple bond between carbon atoms, sp hybridization
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c¢) can form a variety of geometric shapes:

1) -4 single bonds around a carbon atom
- the 4 covalent bonds are directed toward the corners of a regular tetrahedron

eg. CH4, CCls H . .
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2) -2single bonds and one double b‘ond lie in a plane eg. HCHO
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3) - two double bonds line in a straight line eg. CsHs4
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4) - one single and one triple bond also lie in a straight line eg. Cz2H2
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CLASSIFICATION OF ORGANIC COMPOUNDS

Saturated compounds: - contain single covalent bonds ONLY. (C —C
e.g. H H H

uc——g c,u

i
Unsaturated co?ngound - contain multiple bonds C =C C= ¢
e.g. H r1

it -c". —_— - C=C - > remember vetet rmlf {W C
[
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Aliphatic compounds: - these are compounds in which the carbon atoms join in STRAIGHT or

BRANCHED chains or in a RING s Ry
-L e. M -.?; < - c - Q
“ v £
Acyclic compounds: - these are straight chalned saturated (alkanes/paraffins) or unsaturated
(alkenes/olefins gr alkynes/acetylenes) W i
== -1
eg.  _ J‘_ Ly or  p— C“—.1

Carbocvclichompoﬁhds: - these are compounds in which the carbon atoms are arranged in a
ring structure. This group is divided into Alicyclic and Aromatic compounds

Alicyclic compounds: - these rings can be saturated or unsaturated

eg.
O O A dcu Ib\e boho\

Aromatic compounds: - these are unsaturated compounds in which carbon atoms are
arranged in a ring. They have a certain stability and pleasant smell. They are based on the

b ing.
enzene ring (h Hy, 4\ N
Je ) 0

Heterocyclic compounds - These are ring compounds having one or more atoms in the ring
which are other than carbon.
eg. pyridine furan
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General Classification of Hydrocarbons

Hydrocarbons
l I |
Alipl?atic Aromatic
| I | I
Alkanes Alkenes Alkynes  Alicyclic
Generally

-organic molecules are composed of a skeleton of carbon atoms, covered with hydrogen atoms
and sometimes with groups composed of other atoms attached to the skeleton

-FUNCTIONAL GROUPS - the atom or group of atoms which defines the structure of a
particular "FAMILY" of organic compound and also determines their properties.

eg— —OH Calconor) —X (Q\K?'{ halige) "ﬁ\H (a\dch%M)

-Organic compounds are always classified into different Homologous series (families)

according to their functional group.

-A homologous series is one in which the formula of each member differs from that of the
preceding member in a constant regular way. In such a series one finds:

Vv a) similar chemical properties and

0
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v/ b) a progressive but gradual change in physical properties

Major Organic Chemistry Functional Groups
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ALKANES (or paraffins)

Hydrocarbons

I
l I

A|ipf|1atic Aromatic
| | | |

Alkanes Alkenes Alkynes Alicyclic

- saturated hydrocarbons

- hydrocarbons in which C,C bonds are all single covalent bonds

- homologous series of compounds whose structure differ from each other by a specific
structural unit "-CH"

- general formula CnHzn+2

A list of the first 10 alkanes is given below.

CH, methane
CzHg ethane
CsHs propane
CsHio butane
CsH12 pentane
CsHu4 hexane
CrHis heptane
CsHis octane
CoH2o nonane
CioH22 decane

Note in each case the Greek or Latin prefixes used to indicate the number of carbons in the
particular alkane. Also note that every one ends in -ane. Learn the above list very well as these
root names are the basis of all hydrocarbons.

The normal structures (n-alkanes) of a few alkanes are shown below.
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methane propane hexane
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Different compounds that have the same molecular formula are called isomers. The three
different isomers of pentane (CsH.2) are shown below. Since they are unique compounds, they
have unique names and properties.

ot 4 el
T BRI - é N
HHHHH H HICS |
| "H “C \
pentane 2-methylbutane 2,2- dlmethylpropane
(bp 36°C) (bp 28°C) (bp 9°C)

Structures can also be shown using condensed or line diagrams.

These diagrams all carbon atoms and the number of hydrogens bonded to each.

CH;
CH; |
CH3CH4»CH,CH»CH; | CH;—-C—CH;
CH;CH,CHCH, i
CH;
pentane 2-methylbutane 2,2-dimethylpropane

These diagrams show only the carbon-carbon bonds themselves.

20 A A

pentane 2-methylbutane 2,2-dimethylpropane

In line diagrams, it is assumed that each carbon has four bonds and that hydrogens are
attached at the appropriate locations. The *number of hydrogens present must be
determined by completing the bonding capacity of carbon (4).

Hydrogens can be replaced or substituted by other elements or groups. For example, a
hydrogen of methane (CH.4) may be replaced by a chlorine atom to form chloromethane
(CHaCI). Branched alkanes contain substitutions derived from smaller alkanes.

These substituted groups are named by dropping the -ane from the name of the
corresponding alkane and replacing it by -yl. They are known coliectively as alkyl groups. The
general formula for an alkyl group is CnHzn+1 since it contains one less hydrogen than the parent
alkane with the formula CnoHzn+2.

To devise a system of nomenclature that could be used for even the most complicated
compounds, the International Union of Pure and Applied Chemists (IUPAC) developed a
system that is used throughout the world today. Since this system follows much the same
pattern for all families of organic compounds, we shall consider it in some detail as applied to
alkanes.




ALKANES AND ALKYL RADICALS

Alkane Formula |Melting Phase at Room |Alkyl Group Formula
Point (°C)  [Temperature
Methane CH, -183 as methyl -FCH3
Ethane C2Hs -172 Eas ethyl ~C2Hs
Propane CsHg -187 gas propy! -CaH7
Butane CaH10o 135 gas butyl -CaHo
Pentane CsHi2 -130 liquid enty! ~CsH14
Hexane CeH14 -94 liquid hexyl -CsH1a
Heptane C7H1e -91 liquid heptyl -CrHu1s
Octane CeHi1s -57 liquid octyl -CsH17
Nonane ColH20 -54 liquid nonyl FCoHig
Decane CioH22 -30 liquid decyl FC10H 21

There are some structural isomers of propyl and butyl groups that require special names.

isopropyl isobutyl
HsC CHj CHsCHCH:
N |
| CHz
sec-butyl t-butyl or tert-butyl
[
y CH;—C—CH _—
CH3CH2CI:HCI-13 T ? 14 c (C HS)B
CH;
Halogen substituent - if the substituent is a halogen then the names used are;
-Cl -chloro -Br -bromo -F  -fluoro -l -iodo
Other common substituents -NO; -nitro NHz-amino
RULES FOR NAMING BRANCHED ALKANE CHAINS ¥ ¥ w
a) find the parent chain, longest chain of carbon atoms and give proper alkane name. /¢ is

not necessary that the longest chain be written in a straight line. Number the carbons on the
parent chain so that the branch or substituent is at the LOWEST C vaiue

5 5 4 3
CH3 CHzCHz CHCHzi~, This is an atkyl group. CHs CHzCHz CHCHs X
wrion
CHz CH: .

\/ 3"ch\ hexane N carbon clf\a.\-n
tho 1 ot

lo Carbon chain
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If there are two chains with the SAME LENGTH, then choose the one with MOST

SUBSTITUENTS. :

BSTIT On‘\j one. sub stituent
)é, . ----- C Hs A~
o« CHs ; i3 475 8

a,;;g\* &H En e ", CHa CHCH CHzCHzCHs
2R

NG

CHzCHa CHz CHs
\/3 -—ﬂﬁ’\lgﬂ -a- mcﬂmjﬁ Nexane
b) Number each carbon atom, starting at the end nearer the first branch point.
-
W GV
2 CHz | "'k_ q } S'
..... | 4 s Ct,
CH3 CHCH C!j_gClj_s ........... Js 4
o 5 6 7 “CHé CHCH QHzCHs_._

CHzCHzCHs |3 ot
CH;CHzCHs

V. H- et -3-methylheptane

¢) Name and assign a number to each substituent along the parent chain.

L H'JI— leﬂw\&meﬂwl
“CHy 2-methyl j j ht){an&
& 5 4 3 2 1
Chs CHaCH CH:CHCH, 4-ethyl A bo’rh NAMbers Mmust pe
A ST \
CHz | CHs a-ethyl } raved
, ....... "

d) Write the name as one word, with hyphens separating prefixes, and commas separating
numbers. List substituents in alphabetical order. If there are 2 or more of the same side
chain, use prefixes di, tri, tetra, etc., BUT ignore these prefixes alphabetizing. Foriso
groups alphabetize with the letter i, since they are one word. For sec- and tert- the b for
butyl is used alphabetically instead of the s- or t- for sec or tert

e.g.1 4-ethyl-2,4-dimethylhexane
eg. 2 1-isoproply-2-methylcylcohexane
eg 3 2, 2-dibromo-5-t-butyl-4-ethyl-7 8-dimethyldecane
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e) If you are left with the choice of number a chain (e.g. two substituents equal numbers of
carbon atoms from each end of the chain), look for the next substituent number to be as low

as possible. ‘/o? 2 3

) 2

CHs \ |

éHsﬁli?{%jHaHa J 3 3, 9,3"’1"M61"hjﬂ butane
CHs CHs

f) If there is a choice of substituent number, and none of the above guidelines gives a definitive
answer, then the lower is given to the group that comes first in the alphabet.

CHs CHa
7T b ¢ § i 3 4 ¢ & 2
CH30H2CHgH2éHCH2éH3 NOT CHaCHzéHCHzCHCHzCHs
| |
CH2CHs CH2CH,
3-ethyl-5-methylheptane / 3-methyl-5-ethylheptane 3"

From Name to Structural Formula

This is much easier — start with the parent chain, number the carbons from left to right and then
add the appropriate substituents as indicated in the name:

E.g. 22,4 4-tetrachloro-3,5-diethyl-8-methyldecane
H 4
o e o
CHy G GH & &1 CH GH, G 1, CH, G,

cl cl

NOTE - Order of Priority: Lowest to Highest (use once families studied)
Alkyl [-R);

Nitro [-NO2];

Halide [-X];

Alkyne;

Alkene;

Ether [R-O-R];

Amines [-N{R/H):];

Alcohols [-OH];

Ketones [-RCOR];

Aldehydes [-COH];

Amides [-CON(R/H)z];

Esters [-COOR}; : ¢
y Carboxylic acids [-COOH] ¢— carboxlic caroin (AT

be curbon B when nuimbtnna'
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ALKENES

Hydrocarbons
|

1 !
Alip}?atic Aromatic
| | I |

Alkanes Alkenes Alkynes Alicyclic

- sometimes called olefins

- unsaturated hydrocarbon molecules containing double bonds (o + 1)
- general formula: CaHzn

simplest: 2 carbons = ethene

H: :H H

H
C::C :C=C: C2H4
H: :H H H

Nomenclature:

1. Replace "ane" ending of alkane with "ene". If there is more than one double bond change
"ne" ending of alkane to "diene” ending for 2 double bonds, "triene" ending for 3 double bonds

etc. bm"g_‘-',él'-di’ene
el —

2. When numbering the parent hydrocarbon,

L 5 _
e.g. ([3H2=CH-CH23H3 is named ! = bul 'anE v bl»‘l 7“ | -ene
CHo-CH=CH-CHs is named & - butene or bul -2-ené

methyl

&HarC=tHy is named _d - methyl ~1= bytene / A- methy(but-| -ene)

E
bHaé'Hzé=$€Hng3 snamed 3,4 ~diethy] -3- hexene /2 y Y-die f’hyf hey -3-
i L--___

H =,
cri)

- the double bond takes precedence over the other functional groups -- it is given the
lowest carbon number

k]

ne
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Recall - structural isomers — have the same chemical formula, but different structure

eg. CsHs
a) 1-butene b) 2-butene
H H H\ /H
~ / C=C
Cc=C Ve >
H “CH,CH, Ch CH;

The structure of 2-butene can be represented in two ways:

¢} cis-2-butene d) trans-2-butene
L O SR
v N Ve N
CHj CH; CH; H

c) and d) are geometric isomers. Structural isomers that differ only with respect to the
position (geometric arrangement) of their substituent groups are called positional
isomers or geometric isomers.

These result because rotation about the C=C bond cannot occur.

In the previous example of cis-2-butene and trans-2-butene, the shapes are "C" and "zigzag"
respectively. (E-Z nomenclature - involves more complex substituents: Z — the substituents are
on the same side of the double bond, while in E they are on opposite side of the double bond)

ALKYNES

Hydrocarbons

|
| |

Aliphatic Aromatic
]

| 1 | |
Alkanes Alkenes_ Alkynes Cyclic

- unsaturated hydrocarbon molecules containing triple bonds (8’ t 2 IT)
- they are linear
- the general formula is: CaHazn.2

H:C:::C:H H—C=C—H ethyne (acetylene)
NOMENCLATURE:

1. Replace the "ane" ending of the alkane with "yne"

2. Number in the same fashion as alkenes
I 2z 3
e.g. CH,-C=C-CH - bu }.yn e
but -~ "y h e

—
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CYCLOALKANES, CYCLOALKENES AND CYCLOALKYNES

Hydrocarbons

I
| |

Alipl|1atic Aromatic

[ | I o
Alkanes Alkenes Alkynes Cyclic

- compounds that contain a ring structure
CYCLOALKANES

- also known as NAPHTHENES

- to assign names to these compounds, count up the number of C atoms in the ring to obtain a
name as if it were a straight chain alkane, then add the prefix “CYCLO" just before the name
- if there is an alkyl substituent in place of a hydrogen atom, on one of the carbons then the
name of the alkyl group is added before the cycloalkane name

Cyclopropane b.p. -34.4°C Cyclobutane b.p. -13°C
CH, H,C CH,
Hzcé—\CHz HoC CH,

Cyclopentane b.p. 49.5°C Cyclohexane b.p. 81.4°C

- if two hydrogen atoms have been replaced by similar alkyl groups, then the position of these in
indicated by the lowest possible numbers of the carbon atoms of the ring bearing them

1,2-dibromocyclobutane B
v

B

CYCLOALKENES and CYCLOALKYNES
- when numbering carbons, the same rules apply as in the alkenes and alkynes

cyclobutene

t'\u)l“ Y '>




cyclohexene

1,5-cycloctadiene 7 L

Note that the formation of the ring removes two hydrogens from the formula of any cyclic
hydrocarbon. For example, the alkane butane has the formula CsHio whereas cyclobutane has
the formula C4Hs.

AROMATIC HYDROCARBONS (ARENES)

- these are unsaturated with the general formal: CoHan.s

- many arenes and derivatives have pleasant odours
- many are toxic and some are carcinogenic

- they are flammable and burn with a yellow flame

- the simple ones are good solvents but are TOXIC

Simplest - benzene, C¢Hs - colourless, b.p. 80°C, planar molecule, less dense than Hz0O,
insoluble in water

structure: is a resonance of two possibilities
~d , or
X -

In other words, the electrons involved in the “double” bonds or pi bonds are shared equally
among all 6 carbons. These pi electrons are said to be delocalized in this arrangement.  Every
carbon is sp? hybridization state with one electron involved in pi bonding. This means that
benzene has a planar structure as shown in these models:

a) 6 half-filled p orbitals

b) n-bonding (delocalized electrons)

¢) electron density diagram
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this shows that all bonds are the same length and that the electrons are delocalized (e are
evenly spread around the ring and shared between the 6 C)

- as a result of its stability, benzene is an unreactive compound compared to other double
bonded compounds

NOMENCLATURE:

- the benzene ring C's are numbered 1-6 in a clockwise direction
- different groups may replace H and the numbers need to be kept as low as possible

1. Monosubstituted alkyl benzenes:
methylbenzene ethylbenzene propylbenzene isopropyl benzene
(toluene)

5 &g 6

if they are attached by any other C than the carbon, the benzene ring is used as a
branch(substituent). The CgHs is called a PHENYL group.

L-phenylpropane 2-phenylbutane 3-phenylhexane

e.g. .
or 1SoProPt hartne Sec- bulplbentene

~ CH~-CH \ 2
CHgmCREHS L Budu Cuy C, Eu i, O i
< 0 PhChTL
2. Two groups attached:
ORTHO META PARA

ortho =) sgks. a Mmeta =y a carbon
sSiae

'

b" si - Ulas ' arc
e.g. dimethylbenzenes (xylenes) bhun the 2 subs . para =5 § o"’u‘de. u,d-\
o-dimethylbenzene m-dimethylbenzene p-dimethyl?‘enzene Other

GH} s,
cWy

W
3. Poly-substituted - the groups are listed alphabetically or by complexity. 3
e —————

eg. 1-ethyl-?;nethyl-s-propylbenzene or1-methyl-3-ethyl-5-propylbenzene
c“ e
‘/ Clv\i I (4 HLC—HLC H’}

e

CHy @ Chs

UMY CHCH,




FUNCTIONAL GROUPS |

ALCOHOLS

"R-OH", where R is any alkyl group(any carbon chain or ring that is relatively unreactive) and -

General formula:

OH is the reactive part + - D
- homologous series characterized by hydroxyl group C —'9\"‘( E';
H

Physical Properties:

- as size of alkyl radical increases, alcohol's physical characteristics are more like the alkane

- like water, alcohols are capable of intermolecular hydrogen bonding this causes their boiling
points to be higher than alkanes containing comparable numbers of carbon atoms

- alcohols of up to 4 carbons are soluble in water, increases in alkyl group causes a decrease in
solubility in water -- this is because alcohols consist of two parts: the carbon chain which is
non-polar (hydrophobic-water hating) and the hydroxyl group which is polar and hence attracted

to water (hydrophilic - water loving) /\/\/\/\o « Po\a~ - h-,dmph'tlt el
Nomenclature: W -~ |4

2 methods: non-pola- ‘
. . h‘i drophobtg
- a) use alkyl name followed by alcohol - TR IviaAL
e.g. ethyl alcohol
g V}’QW‘ a_\COhO\ \

is0 proeyl a\coho C
- b) - use suffix "ol" after alkyl name "anol"(alkane), "enol"(alkene), "ynol"(alkyne) \WPAC
e.g. ethanol

- the -OH group is numbered so that it is given the smallest C number

- the longest carbon chain must contain the -OH group

e.g. CHsOH meth an ol ,. m c-l‘h;l al tohe '
CHsCH0H __ethanol } e.-H\;L alcoho |

cyclohexanol or cyclohexyl alcohol Q/OH
CHiEHH, - propane l
| ro

_p___pw-ﬂ-al Q—M&‘w’

- in some instances, the -OH group is attached to complex carbon structures, in this case, the -
OH is considered to be a substituent. A
OH Q.

/ i
§H2 N ?Hf‘ E—HE’42Q\ oH

OH

3-hydrexypendanoic adid |
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Structural Geometry of Alcohols:

Primary alcohol (1°):

- only one alkyl group is attached to the hydroxyl bearing carbon atom

- R-OH, eg. CHsCH:CH,CH,CH,OH ~carbon atached 4o ony 1 cabon

Secondary alcohol {2°):

two alkyl groups are attached to the hydroxyl bearing carbon atom

-R-CH-R e.g. CHngztma(bon attaheol 0 2 other carbdns
(‘)H "CH,

Tertiary alcohol (3°):

- three alkyl groups are attached to the hydroxyl bearing carbon atom
R CH3

o carbons
- R-Cl--OH e.g. ‘6H3£OH avrbon d‘H"LbL-'Ol to _é +htr

R’ 1CH;
ALDEHYDES AND KETONES 0
"ﬁ' v /F T 4\&&]\1& '3
General formula: /C.é'l e /C I
"R-C=0", where R is any alkyl group (any carbon chain or ring that is relatively unreactive) and
C=0 is the reactive part
)
. i 4 kC‘bﬂt
- homologous series characterized by carbonyl group c=0 7C~n
Physical Properties: —
- aldehydes and ketones can form weak hydrogen bonds between the carbonyl oxygen and the
hydrogens of water. Some are therefore soluble in water V2
- solubility decrease when the length of hydrocarbon chain exceeds five carbons
ya——

- aldehydes and ketones are soluble in non-polar solvents

- they cannot form intermolecular hydrogen bonds because they lack hydroxyl (-OH} groups,
consequently they have lower m.p.and b.p. than corresponding alcohols

- aldehydes and ketones can attract one another through polar-polar interactions of their
carbonyl groups, thus their m.p. andb.p. are higher than those of corresponding alkanes
-nearly all are liquids or solids at room temperature
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»

Nomenclature: P

2 st be
ALDEHYDES: ' at the gaol
- the "ane" ending of longest hydrocarbon chain is changed to "al" ~ “H o.‘: cham‘.

Since the carbonyl group of aldehydes is ALWAYS at carbon 1, it is not necessary to identify the
location. Since aldehydes are at the end of a chain, they can not be cyclic.

(i*.H3 o 0,
H—C_ CHa-CHy-CH—CH,-C” H/c CHa-CHz-CH;
H ~'”|-| NH2
methanal 3-methylpentanal 4-aminobutanal
KETONES: wiil be o“ .
. , - ﬁ U A the Y
- the "ane” ending of longest hydrocarbon chain is changed to "one” 3 ' O'F d'\a:" l_
7N

- substituent groups are named as before & -

Ketones may or may not require a number to identify the location of the carbonyl group.

o] O
z I N o ¥
CH3—(|)—CH2—CH3 gHg—gHz-é‘—CHz-CHs (?H3~CH2-CH2-C—CH3
butanone 3-pentanone 2-pentanone

CARBOXYLIC ACIDS

General formula: R-C=0 -C=0 is the carboxyl group—'\ g@
OH  OH written as CO.H or COOH IL/ L

Physical Properties:

- are weak acids - ionize only slightly in solution to give a proton and a carboxylate ion

- low formula mass members of straight chain carboxylic acid series are colourless, volatile
liquids with sharp unpleasant odour

- higher members of series are non-volatile, low-melting waxy solids

- like alcohols, carboxylic acids can form intermolecular hydrogen bonds, therefore they have
higher m.p. and b.p. than compounds of similar formula mass

- carboxyl groups are polar, and forms hydrogen-bonding with water molecules, thus the first 4
members of homologous series are soluble, but the solubility of other members drops off
sharply becoming soluble only in non-polar solvents




20
Nomenclature:

- "ane" ending of alkane changed to "oic" acid -~ Yhe C‘Ifb‘b%( curbon OF the

acid s Lways C#i
0 0 CH,CH
21 J B 7 2 3
C—CH -CHop- y |
agt e CHsCH, %f\OH 3H35H20H2€H5H2<1300H
ethanoic acid propanoic acid 3-ethylhexanoic acid
(acetic acid)
CH;

3H3-(,3H=%—('DOOH
2-methyl-2-butenocic acid

and sometimes 2 groups can appear.

ETHERS

. L !
General formula: R-O-R R —O0— 1L
Nomenclature:

most commonly used method of naming ethers is a trivial one--the word ether is used as a
general descriptive term to denote the type of compound and this is prefaced by the names of
the substituents

IUPAC method - lgngeast chain retains its alkyl

name, the shorter chain (substituent) has its name changed from the "yl" ending to "oxy" ending

CHyO—CHCH, CHyCH,CHLCHS —O-CHQCHzCHngngQCHj é""(':H
3
methoxyethane butoxyhexane 3-methoxyhexane
(ethyt methyl ether) (butyl hexyl ether)
ESTERS
0.

General formula: R-C-OR’

} |
g —C—-0-1

Physical Properties:

- esters are derivatives of carboxylic acids and are polar but cannot form hydrogen bonds with
one another

-they have much lower b.p. than corresponding carboxylic acids

- low formula mass esters are soluble, esters containing more than four carbons have very
limited solubility

- very volatile liquids with pleasant sweet odours
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Nomenciature:

- first part of the name is that of the alkyl group attached to the oxygen; the second part is that of
the acid which has its"-ic acid" ending changed to "-oate"

o] 0

e = thy h & 3
H,C+0—C—CH, H,C—CH0—CH CH0—C—CHy-CH5CH,
methyl ethanoate ethyl methanoate methyl butanoate

AMINES AND AMIDES

- organic compounds containing nitrogen

AMINES

Amines are classified as primary, secondary or tertiary depending on the number of alkyl groups

(R groups) bonded to the nitrogen. . .
H‘”“‘"d “gw‘h“ﬁ o no H 3”\0"*3
H R' «
R—N—H R—N—H R—f—R
Primary Amine (1°) Secondary Amine (2°) Tertiary amine (3°)

Physical properties of amines

— have unpleasant odours
— amines have hydrogen bonding which weaker than that found in the hydroxy! containing
compounds as a result, their melting/boiling point is less than the comparable alcohol

Nomenclature:
Two methods:

1) add the prefix "amino" to the corresponding longest alkane chain (IUPAC system) - the
“amino” represents the NH> group

2) add the suffix "amine" to the longest alkane - the "amine” represents that the amine is a
derivative of ammonia

. if the amine is a secondary or tertiary amine, the letter N is used to show where the other alkyl
substituent is attached using the IUPAC system. For the alternate system, N is used to indicate
that the other alky! substituent is attached to the nitrogen and the longest carbon chain will end
in amine.

’H ;CH ) LCHy
H-_,_C—CHZ—"*CHZ—N‘ HBC—QH.‘\—N\ CHI N,
H H CH3
aminopropane N-methylaminoethane N.N-dimethylaminomethane

(propylamine) (ethylmethylamine) (trimethylamine)
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AMIDES (D)
1
general formula; R-C=0

rx!Rz R

- the -OH group of the carboxylic group is replaced with NR:

Nomenciature: . O
- replace "-oic acid" ending of corresponding carboxylic acid with "-amide" |'
eg. CHCONH:  propanamide  (1°) CHy CHy C NH

- if the H in the NH, group is substituted with an alkyl group, the compound is named by using
the prefix N-, or N,N- followed by the corresponding substituent

O
3 J = |
¢ b
h,C—d—N—H HE—EH—EN—ch, H.E~CHrG-N—CH
H r'i CH,CH,

ethanamide N-methyl propanamide N-ethyl-N-methyl propenamide
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ORGANIC REACTIONS

Combustion Reactions

This is the complete oxidation of a hydrocarbon. gl Kan CS/ al Kchc.!/ a | )%M-S
spark
hydrocarbon + oxygen —_— carbon dioxide + water

spark
CzHe(g) + 7/2 O2(g) ———» 2 COz(g) + 3 H20(v) + heat
Addition Reactions

Addition reactions involve the addition of one or more particles to an organic molecule. These
reactions occur in unsaturated hydrocarbons. There are four main types of addition reactions:

1. Halogenation
This reaction involves the addition of a halogen molecule to an unsaturated hydrocarbon. These
reactions occur at room temperature because of the instability/reactivity of the double and tripfe

bond :
onds W B, Touseoh, then 1t tests for setusation |

Eg. ethene + bromine

~ " Bc 6 1
H H = N T W :
:C= N + Bp —» Ce=C ahbrbm()c:\kane
: 3 antber H/ \H
Colmr colburless (T3 dges not 40\0\.| )
2. Hydrogenation 40 doulic bonds easily

This reaction involves the addition of a hydrogen molecule to an unsaturated hydrocarbon.
These reactions occur under high pressure, temperature, and with a catalyst. _, .
el >(P h’ pA .rN \ )

Eg. ethene + hydrogen W §oa
H, . H - Ptcalalyst v (W4
=C + Hp — -—C ethane

4

C
H \H heat. pressure H / N H

3. Hydrohalogenation H-X
This reaction involves the addition of a hydrogen halide to an unsaturated hydrocarbon. These
reactions occur at room temperature. The product must follow Markovnikov's Rule which states:

In general, for the addition reactions of an unsymmetrical reagent to an unsymmetrical alkene
occurs so that the positive end of the reagent, usually H*, adds to the carbon with the most
hydrogens attached to it, that is the least substituted carbon. That is, the H adds to the carbon
of the doubie bond with the most hydrogens directly attached to it. (The rich get richer)

B
Eg. propyne %- - 'f I ',4 h2-di browo propane
CH3-C=CH + Br — B -e —C~c—-H

¢ H
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4. Hydration
This reaction involves the addition of a water to an unsaturated hydrocarbon. These reactions
occur with a catalyst in a strong acid. The product must also follow Markovnikov's Rule.
——————

Eg. propene + HzO _, alcowno) forms !

woph
Hz0* l l -
(_';H3 Q_.CH2 + HQO -—-:—3-—)- uw - : _.(;____c__‘-' Q P"BPOU'\O\
e S ",‘ propan-2-o y
Substitution

Substitution reactions involve replacing a hydrogen atom with another atom or molecule.

Alkane Substitution

This reaction involves the substitution of a halogen atom with a hydrogen in an alkane. These
reactions require high temperatures or UV light because of the low reactivity of alkanes due to
the single bonds.

Eg. ethane + chlorine

u v, light

CHsC‘ﬁXCIz ; —_— HCl + CH:CH:Cl areactive alkyl halide
\-C

in practice a variety of products are obtained in a substitution reaction.

Aromatic Substitution
This reaction involves the substitution of a halogen atom with a hlrdrogen in benzene. These

reactions require the help of FeBrs because of the low reactivity of benzene. This is due to the
stability of benzene because the double bonds are delocalized (shared equally).

Eg. benzene + bromine B
@ + FeBry
e
BrZ o u_v 0 ‘l- H-B(
ﬁﬁ‘"\'

Benzene can also react with nitric acid: 'L./ nitvo

D
+ N‘L'
@ +  HNO; H_, @”--. r H’z_o

ntrebenzene

Benzene can also react with an alkyl halide with the help of AICls:

chichy

AICl3
@ + CH;CH:CI —_— + HC\
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NOTE: when substitution reactions occur on a substituted benzene ring, the substituent
on the ring will direct where the next substituent will go. The following are:
Ortho-para directors:-OH; -N(R)2; -OR; -R; -X: -NHCOR 18 -
Meta Directors are: =NOy; -CN; -SOsH; -COR; -COOH 3 Wil be gwe
Tty
' 4 - e
..’N?p“ M d.l‘ Noj,b’"\bm

J
B

m=bromonifroben zene

+ Bl'z ﬂ
SN o/pdmc:l‘bf

{ ch, M) cH SH
b"-‘/ C/“pz WL}

ANBL

+ HNO; —> , o

+ fo + H,0

Synthesis of Amines
The synthesis of amines involves substitution reactions with an alkyl halide and ammonia.

Eg. chloroethane + ammonia (.\ - d aminocthane
0 I (
ho—gn G T [ e wmEmcow 4 H
' JAY b '
4 g
Elimination

Elimination reactions invoive the removal of a small molecule from the original molecule. These

reactions form alkenes. There are two kinds of elimination reactions that we will look at:

£tod =D cthano|

1. alkyl halide + strong base A W H 1]
O L SR
NaOH +p-c-c~ ¢t ——>» ST C-H
o !

_f -
C‘v\{‘ IC“" H (Cl H j H
2. Dehydration of an alcohol in sulphuric acid with a catalyst

\) Ma\ﬂc.s HJ-
ll l-l
H Cane, l /
| ’-. H2304 - -— C “_ l-l O
egH R T AT TR &

(o] -c—?hi\ riho bentene NOo p- ewht‘hﬂ) benw. r__.
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Oxidation
Oxidation reactions involve the gaining of oxygen or the loss of hydrogen. There are many

oxidizing agents that are frequently used such as KMnQ,, KoCrz07, and Hz02. These reactions
require concentrated sulphuric acid. - T
a P Col=> an oxndtzma d]ﬂ\"’

Oxidation of alcohols
Primary alcohols are oxidized to produce aldehydes.
Eg. 1-ethanol + {O)

q o Y

H O H20 vl

| 202

—C—C —_— H-¢C- 'H'\ n

oGy c-Ciy | etha al
H H c "‘

Secondary alcohols are oxidized to produce ketones.
Eg. 2-propanol + (O)

.

b0
OH H202 ! I / P( opan Oone
&:H — = e —=C— C-H !
CH3-CH+CHs; H30* ] )
- n H

Tertiary alcohols do not oxidize because there is no hydrogen to remove.

OH HoO2
I a
CHyC—CHy ——=»  he r€a chon
3
CHs; )

The reversal of these reactions involve the hydrogenation in high temperature and pressure with

(\}\’\4 A oY bu‘\"o.n © \

o)
Ptcatalyst |
H,c—-—u—ﬂ +/ Hp I H’"‘L —C — (‘O alcol\u\)
heal. pressure ‘

H o
i : s+ Kefone forns 2 27 OH
Oxidation of carbonyl groups

Aldehydes are oxidized to produce carboxylic acids.
Eg. methanal + (O)

L H0 . .
H—C\ G5 lcl mc-"h‘hﬁlc aCld
H H30* H/ NoH

Ketones do not oxidize because there is no hydrogen to remove.
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Condensation
Condensation reactions involve the removal of a water molecule. These reactions require
concentrated sulphuric acid and sometimes high temperatures.

Synthesis of ethers

This reaction involves the condensation of two alcohols. an
methovy pro 4

Eg. 1-propanol + methanol cvhe .‘1 P i

HP-CH AL y
HyC——CH,—CH;—OH  + LR hoso, Y Y T
_ W-C-c-Cc-0-C-H T
A ) 1 ' e i
Synthesis of esters W h W H

This reaction involves the condensation of a carboxylic acid and an alcohol.

Eg. methanol + ethanoic acid

0y
o, H,SO, A | ,

CHyOH+-. "c—CH; —— W-c—0=~¢c - ¢'-u %
HO ) T !

H W
Synthesis of amides rv\c-\hu‘l ethanoa e

This reaction involves the condensation reaction of a carboxylic acid and an amine.

HiC—CH,—CH,—Nf, oo ﬂ“‘c'c,cN ﬂ : H,0
3 2 2 \ —CHs C«C~-L=*N=-C = .y +
[ ) ! &
> H)0

Hydrolysis
The reversal of these condensation reactions are hydrolysis reactions. This reaction involves

the addition of water in the presence of a strong acid or base.

Ethers
® d TR i H"’ ? }f }l
u-c'—i-—'o'-c'-u + HJO ? “"Cf "’c-—DH FHO-C-p
| . | \
]-! H " H H H
(@) Estess
| - r oW 0y
L A He 0 0o
W-¢~c-0—~C~c-u + H0 — BC-c-ob + 0-C-C-H
)fooro J A ! |
H A t M p R
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POLYMERS

Many of organic molecules, such as plastics, and many of the essential molecules in your body,
are polymers. These very long molecules are made by linking many smaller molecules called
monomers. Many polymers are made of just one type of monomer, but they can be made from a

combination of two or more different monomers.

Table 1: Examples of Common Monomers used in Addition Polymerization

Monomer Monomer Name Polymer Uses
Structure
H H ethylene polyethylene films, coating for milk cartons, wire
H>=<H insulation, plastic bags, bottles, toys
cl vinyl chloride polyvinyl raincoats, pipes, credit cards, bags,
3=< chloride (PVC) | floor tiles, shower curtains, garden
HooH hoses, wire insulation, gutters, down
spouts
M styrene polystyrene electrical insulation, packing
H material, combs
0, CH, methyl Plexiglas, glass substitutes, paints
H;=8L © methacrylate Lucite
H CH:,
FoF tetrafluorcethylene | Teflon gaskets, bearings, insulation, non-
F>:<F stick pan coatings, chemical
resistant films

_> alwayy tontnin ALL the atoms o The Of‘&'”“*l MIrOMES |
Addition polymers
These are formed through addition reactions as we previously learned. They require monomers

% P°'fj ethy \ene.

that are unsaturated.
Eg. polyethylene

H H
H H H H C“"“'j"'b ! ,u f :l
n ‘o=¢ + A \CZC,, —_— C—c—cC—¢
H W H W L R B
B B A d/n

Condensation polymers
These are formed through condensation reactions as we previously learned. They require
monomers that contain hydroxyl groups.

NOTE: Condensation polymerization always requires that there are TWO functional groups,
one on each end of the molecule Nylon Ll

74
Eg. P}tamidl r E E ) E " ?l i.l ) A
H. gt + b N, + - C~N —-CC -
CRCIR ™ e,y H / g H,)
U TGz H)_O w0 ¥ W

adipic acid 1,6-draminchexane
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Crosslinking
To increase the strength of polymers, we can choose monomers that are capable of bonding

with other polymer chains through crosslinks. We can think of this as connecting paperclips in
rows with paperclips connecting rows together.

H
rlf'\..’-’ - fi\ -""'- ﬁ%’r‘-‘x_.—ij_

Rnaplrating Unit
Ny 6,85

o"a"ﬂ
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