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1.71. WHAT IS ORGANIC CHEMISTRY

@rganic Chemistry is the chemistry of carbon compounds with the exception of

the f?xides of carbon, carbonates, carbides and carbon disulphide, This

classification is mainly one of convenience because of the very large number of carbon

compounds. Organic chemistry is a field of importance to technology. It is the
is fundamental to biology,

chemistry of drugs, dyes, rubber, food. clothes etc. It
medicine and related courses.

-
O

Why Carbon Forms Many Compounds s
~ Carbon forms many compounds because carbon atolns can attach themselves 5
to one another to form chains of thousands of atoms long (a property known as
! catenation) and rings of all sizes. To the chains and rings are attached other atoms
mainly hydrogen, oxygen, the halogens, nitrogen, ‘sulphur, phosphorus etc. Each
d to a different compound, with its own

different arrangement of atoms cOIrespon
characteristic set of chemical and physical properties.

¢

siich as

Characteristics of Organic Compounds |
;8 They do not ionize and do not conduct eleciricity.
2. They are mostly insoluble in water but soluble in non-polar solvents
benzene and diethy! ether. . ——
o Their meiting pomne and boiling poinss Wi generally low. | -
4 They burmn in pienciful supply of a0 give CC, arul H,0 and when the supply o
air is limited CO and H.C ore fermed. -
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Homologous Series

To make the study of organic chemistry easy, the compous
groups or families called homologous serfes. A homologous series 1%

organic compounds with the following characteristics.

The members have the same general malecular formular
ods

s are studes
o family ¥

e
o All members are prepared by chemically stmilar lifrlh = £ g o
- A member varies from a successive member by a pClH, (metiiyieie g &

or a molecular mass of 14. ——
- Members show similar chemical properties although they vary in res a

along the series. v in the saIf 2
- The physical propertics of members change gradually e and

g and boiling points =
§ IS

direction along the series. For example, the melun
density of members increase as the number of cart
# solubility of members decreases as the nuimber of carbon

Functional Group
A funcdonal group is an atom or group of atoms

of homologous series and determines the behaviour of that fam i
- 3 o - 2 Ay . - & f J . 71.'13‘
in «lkanes, C=Cin alkenes, C=Cin alkynes can also be rezidrded as fiinctional gro _

~rhon atoms incresies

AlOMS INCTESSES

which 13 common to a [ames

“a

Bondssuch as CL
i

i

d TOLY

i : . 2k : . le
since rhev determine the Lelaviour of these group: of compounds, Other examp

of runctional g:oups 2re the hydroxyl group, -OH, yrslienok., the alkanotic ac _
N : ’ - ‘= - b'aJ‘“‘l,
-COOH, in alkanuic acids, the amunooereup, -NiL, 10 amines, the carbon)

gn&up, ::L=r~ n alka

H T

1. HONDING IN ORGANIC COMPOUNDS

1.2.1. 1. ¢ Carbon Atom

~als apd™ C=04n Alkanones eic,

Organ(C chemistry, being the chemistry of carbon compounds
Let us look at the wuy car!

therefore, occujie$ a central position in the suhiect

forms bonds with #selfand with other atom:. The wiomic number of carbon 1« 6 T

L
a"l..~'\- T

electronic configeranon of carbon in it's ground state is 1572505 P 9n Y T

only two unpaired ele{rons. This suggests that carbon i« ¢

known to be quadrivalent T%is may be accounted i

‘i which one Zs “lectron i< DIOIIOL ¢

LB B ) vy
'RELE ..."'

'R
"

configurat .
s new arrangement Las tour unpaired electron
AIL-IS'.J ‘

L

15°25’2p,'2p! — 140

P T W Py SS—- —
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<P,

1
<p,

‘nt. But carh
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ted bonds mutually atrigh; i
e, the four C-H bonds a;e a
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on is the comb.-er.'f
i
he same quantum |,/
nd can, overlap m; “‘
Sje to hybridize .48
s to give four valendies T?‘:I
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ed electd
There WO

|

and three 2p orbitas |
d tetrahedrally je. I;

cowards the four corners of a.segular tetrahedron at 109°g!

4 . r\ﬂ er. 7

each
Structure of a hybrid orbital

2Py

2s

2py  2Px

Fig. 1.1. Formation of jour tetrahedral sp’ hybrid orbitals
Fe 3 ) , 3

% h;’;;:};: oer:LaJs are involved in bonding vhen carbon forms four s‘mgl‘_
Py s’ffr}rﬁ'f The.four hybrid orbitals overlap with a 1s orbita ity
90 are 109°28 our sigma (o) bonds arrangad tetrahedrally. Al H-CF
e axial The combination of two carbon atom
Mﬁ}i? of two sp® atomic orbitals on:
| g bond between them. ‘

1
|
]

s in ethane, for examplé’

From aacky @O

-
oo

- ——

-

- h‘ic organic "Cheﬂlsmy
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Hydrogen s-orbital

. Carbon Sp3 orbital

1
Fig. 1.2. Tetrahedral Structure of Methane

f | -

i ‘ 2. Sp? (Trigonal) Hybridization
: YThis is the mixing or hybridization of one 2s and two 2p atomic orbitals

e to_give three equi 2 hybrid orbitals, which are equilateral and
\ s directed at angles -of 120° to each other. The 2p orbital which is-
unhybridized is directed at right angles to the plane of the three orbitals.

p2 hybrid orbital . : 1 :

_'H JH H\:A\C/H ,

sp- hybrid orbitals
' Ethene

Unhybridised p orbital ,

! sp” Y, N H / NH
__ Three equilateral ; n’ \ &
| .

Fig. 1.3. Sp® Hybrid Orbitals and Bending in Ethene

Etficac, CoHy4, isan example of a compound in which ths carbqn zrorns are in this state

of hvhridization. To form the ethens molecule, two of the sp” orbitals of each carbon atom - |
ct -tlzr with 1= orbitals of twe hydrogen atoms to form the strong C-E bonds, while the ;
thie &% orbitz] of each carbon atomi overlap to form a-swrong &-C .‘::(_md-" The !
: bitals of the two carbon atoms overlap lateraliy to forma p: (=
nd below the plane conrzining the tTwo carbon
that js formed nes the effect ot

Y bond.

ynrUsricised p-or
T..:3 hend o sprezd outin two lobzs above 2
algrog »-+¢ ‘o hydrogen atoms.” The additional wborc_ : fieguor
C=C Jistance in eihens s 0 1340m, Compaie

= eipCTTons IN Wie TWS

= Iz - 3 lam
~aspon aromns closer ana ihe

drawing 7 . |
ghis ik €-C aistance 1 ethane 0.15310.. The dismibuton of s -

. ‘ ‘ ; i j s phar 3 o) s Af N 2adVE CRS 21
lohgs - -ov: and belows the plane of the molecule means tual 4 parisn ofne2anve _

- I - - i L ok - *_“'_I.-___..-::-,I .—‘-','7'

iSCW"d‘CLb%‘u L’f-‘-l-':i..'"-'a‘!»“-:‘rr'ﬁ;‘:ufrc (grectran seerins” recyoioT. L hrserniains
. et a0 oriesic reactior i C=C arz with such reagenis.
A — ey
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3. Sp (Diagonal) Hybridisation
Thls. is the hyl?ridizarion of one 25 and one 2p orbitals 10 form twa
equivalent collinear Sp hybrid orbitals directed at 180" 10 each other

Two 2p orbitals, i.e. 2p, and 2p,, remain unhybridised and are ar right
angles to each other and to the plane of the sp orbitals. '

< O

C
Two collinear “i)
Sp hybrid orbitals

Fig 1.4. - Carbon - Carbon Triple Bond
(a) Formation of 0 bonds
{B) Formation of two Tl bonds -

(b)

Ethyne, C,H,, is an example of a compound in which the carbon atoms are in sp
hybridization. To form the ethvae molecuie (H-C=C-H), one sp hybrid orbirtal of each
carbon atom forms a o bond with one hydrogen atom. The remaining sp hybrid orbicals
overlap with one another to form a C-C bond. The two unhybridised P, orbitals of each
carbon atom overlap to form a = bond perpendicular to a second 7 bond formed by the
overlap of rwo unhybridised P, orbitals from cach carbon atom. The ethyne molecule is
thus effectively sheathed 1 a cylinder of negative charge and is very susceptble to
electrophilic attack. The carbonatoms are drawn closer making the C=C bond distance

0.121nn:. the'C-H boad length is 0.110nm.

1.32. CLASSIFICATION OF oRGANIC COM?OAUNDS | ] |
.~ compounds can be classified according 10 their molecular sucture inte
- " cvelic or polynuclear

alinhatic, alicvclic, aromatic, heterocyclic and poly

compounds.

i 1 ic Compounds B o

: oy 4 hich the carbon atcms are joined together

These are organic compounas inw

hai - be smraight or
in chains. A given carbon chain maj be swraight ¢

coaifunds are: Cl, - CH, = CH-CH,

brzached. Sxamples of aliphatc

..r:‘

] Y o,
CH:-CH:-CI*'._-C}}: - ct'
210 S NRAL LA L
Pentoal?

- L.t Orgenl Chemist™) SNy
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d when

Aliphatj
phatic compounds may be saturated or unsaturated. They are saturate 5
carbon

all the bonds between th :
€ atoms ar ; 5 rween
and another atom. Examples are: e single. The single bond may be be

B I .y
T T T

Fihane Ethasol Fropiie

bonds or when the bond between carbon and another element is double or tiple.

. |
They are unsaturated when carbon atoms are joined together by double or triple |
Examples include: 1

R i,

T H
H, H
A C= Cf i ) ‘ : l /) _
/0 \ H-C=C-H H-C-C _
- " | Su 1
' H
Ethene Ethyne Eincudl
- A Alicyclic Compounds = - .. .. _ -
They are compounds in which thé carbon atoms join to gether to form a ring.
Examples are: _ |
' CH—CH,
and L
. . Hl H:, . .
o Cy-cl'obutane
Cyclopropane N
ic Compounds , - o |
> '?1; Os': :;:a specia]ptypes of alicyclic compounds.-whzch contain rings based on
B i . -
benzene, Cs He> @ 6-carbon nng compound.
.. = Basic @rganic Chemistry 6 \

e
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OH
NO; CHl 3 @

Phenol

i P

|
Nitrobenzene Toluene

Heterocyclic Compounds : ' .
ining elements other than carbon in the ring |

These are cyclic compounds containin :
These elements called heteroatoms could be sulphur, nitrogen, oxXygen, €.g.

Qg0

Thiophene Pyrrole
Pyridine

4.

|
f Furan

5. :}?chyclic or Polynuclear Compounds
ese compounds contain two or more rings linked together
e.g.

Naphthalene
P hénan thre
ne

1.4, ISoLa
TION AND puR
: IFICAT
: iCN @
o so;g;imc €ompounds are normally ¢ Porsormioin o
€s or by synthesis in the labor;t
0

b FPOUNDS
> ?heed by extraction from plant
Y are rarely eyer obtained pt

= B‘_lﬂc o’ﬂ‘m!c Chem‘
’I' ut‘:y {"‘-h.'
\\-.Z .\\_.
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l l Introduction J

urces. To purify them, they are separated fr9m the i.mpurilio-. and rwo
ated if some differences in their physical properties are
fren used are solubility and boiling point. The greater
er it is to separate them.

from these SO
substances can be separ
known. Differences that are o .
the difference between the two substances, the easi

1. Distillation_ —
a) Simple Distillation . _ o o
( This technique is used to separate and purify a mixture of miscible li , One

other non-volatile, It can also be used for

: ile and the
of the compounds must be volati el ‘ . .
nsiderable difference in boiling points between the

effective separation if there is a co erence i :
components. The mixture is gently heated in a distillation flask. At the boiling point
of the more volatile component. it goes into vapour. The vapour passes into the
condenser where it condenses and the pure liquid (distillate) is collected. The less

volatile liquid remains in the flask.
Thermometer

-~

Thermometer

Fractionating
Column

e | Cotton wool
S~ lagging

Fig. 1.7. (a) Simple Distillation (b) Fractional Distillation

(b) Fractional Distillation :
If the simple distillation is used 1o sepurate a mixture of non-volatile or volatile

liquids, only a very partial sepuration o! the liguid components of the mixture is .
Jsually obrained. To-obtain & shurp~r and more complete separaton, fractuonal
distilladgon isused. '

In fractional distiiiation. the fractionatng column is inserted verdczallv

-
1<

batween the flask contzining the bojli: 2 licuic and the condenser. The fractonaung
column consists of a vert.cal duma pockad wita inert materials (such as pieces ¢
glass or porcelaii) or having some othr 022 . (such as icentations) to insreass th
swizce on which the risie .\t\p-our Ray Conder s,
the fal, ths vapour RSeSUP 1. fractonating colury, 2ad condenses. U

gl DT L, ! 3
wl€ MINTITE 18 Jdeateld L L

- =

hazic l.-."':._'.'_‘i"__ Chierniis ra ’
£ e e S Y
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down. The condensed liquid meets more vapour going up. When this happens, the
heat from the vapour vapourises the more volatile component in the descending
liquid. The ascending column of the vapour becomes steadily richer in the lower-
boiling component, and the descending column of the condensate becomes steadily
richer in the higher-boiling component. The vapour of the lower boiling component
passes first into the condenser where it is condensed to liquid and is collected. The
vapour of the higher boiling component passes into the condenser after the lower

boiling component has been collected.

(¢) Steam Distillation
This is used to purify compounds both liquid and solid that are insoluble in

water and are steam volatile. The impurities must be non-volatile.

Water out

Fig. 1.8. - Steam Distillation.

The impure mixwure is put in the flask B. Steam generated in the steam can A is
passed into the flask B and the volatile compound vapourises. It’s vapour mixed with
“steam passes into the condenser where it is condensed to liquid and collected at C.
Since the compound is water-insoluble, two layers are formed at C. These layers are
separated using a separating flask. The flask B can also be heated to prevent eXcessive

accumulatic n of water in it

for solids. . Solid organic compounds when
hey are usuaily conteminated with

slonz witiathe

4

)
1
3
i
o
SIR )
1y
"
]
-

Thig 15 2 purification technique
L -1 e reactions are seldom pure. T

155:31=C 0 Organ:ic
ez’ zieencis of o-her compounds (impuritias) which are pron-u:f?d alon: _
Zesis-7 pioioers. The purification of pure crystalline compournis 1§ LSl it
o Besie Orpaaic Sh:amisiry Y == '
fiesic Lrpe P2misIr ] {.. 4
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Introduction

out by recrystallisation. The technique is based u

solids in a given solvent or mixturfe of sg!vents. il 50
A solvent is found by trial in which the comp

i = : inim

“than when cold. The impure compound is dlssol?relsld lt?o: sl::.lluﬁon i

solvent at or near the boiling point of the solvent. © ¢ hich appear ar¢ o il

~nd the hot filterate is allowed to cool. The _CrY§tals’ il ed. A pure

Glteration. They are dried. The melting point 13 demml% erature W
have a shiarp melting point i.e. the difference between the temp

be more t y
starts to melt and when it has completely fnelted shoulg_;‘});ppens the process 15
larger range shows that the compound is Impure. If thi

repeated.

3. Chromatography urify substances. The

Chromatography is a technique used to separate and p :
technique depends on the differential distribution of the ctJII'lp‘C’n'c*'nts'0-f tt];-ie Ill"mr(rtlu;ep
£/ berween mobile and stationary phases. The stationary phase could be in the 0 e
a column packed with alumina or silica gel (column chromatograph)') r:hroug
which a mobile phase is allowed to flow. It can also be in the form of a thin layer
adhering to a suitable form of backing materials (thin-layer chromatography, TLC)
over which the mobile phase is allowed Ito ascend by capillary action.
Classification NV . |
Chromatography is essentially of rwo classes namely, adsorption and partition.

(a) Adsorption Chromatography |
In this class, the mobile phase is usually a liquid and the stationary phasé is
alumina or silica gel (liquid - solid chromatography). Separation depends on the
selective adsorption of the components of a-mixture on the surface of the solid. Example
of adsorption chromatography is column chromatography. In column chromatoera E ’
the components of a mixture are separated by washing them down the column gT‘p i
splv—enf, This is kl_n_own as elution and the solvent used is the eluent. SHoE y
(b) Partition Chromatography = . T ol Lo e S reeag A TR
- ' -Inpartition ‘chromatography, the stationary ph it e
absorbed evenly-on the surface of an_essentially ir?;r?r s?f;fnl;r? :tﬂm?lhqmd e
rfnobi.le phase may be either a liquid (liquid - liguid chromato oh
liquid chromatography, GLC). Separation depends on thegrap'h‘
mol?lle phas.e and the thin liquid film.- The_mobile liquid pha Partdon between the
capillary action. Examples are paper chromatography and _thjnse fises up the plage by
h.l thin layer chromatography and paper chromato el chromatograph,
to establish the identity of an known substance 1 graphy the R;value is oo,
It is also known as rate of flow. - Ry value is the retardation fy c.;-“;

- i N P

S-,_Watez
glass plate. The
') Or a gas (gas.

ce= “am Basie Organic Chemisztrv —t——
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Distance moved by substance

R, = Distance moved by solvent front

. : e measured under ),
ed if their R, values ar |

bstances can be compar

of coloured solutes is achieved visually, |1

olet illumination or chemical treatment s 1

In TLC, iodine vapour is usually used ¢

Two su

same conditions. .
In chromatography the separauon

colourless substances are involved, ultravi
used to distinguish one solute from another.

- produce coloured spots.

— ————— . ———

4 In synthesis, a desired product may be mixed with by-products, excess

reactants, impurities and other substances at the end of a react:iqn. _ Similarly,
substances in nature are always mixed with other substances. Ex::racnon'ls thg most}
common technique used to separate a desired organic product from a reaction mixturej
or to isolate an organic substance from its natural source.
! Extraction usually involves adding a solvent (in which a desired product is
more soluble) to a solution or mixture containing the product and shaking. The|
solvent added must be immiscible with the solution of the compound. The solvents|
form two layers on standing. Most of the product goes into the added solvent because]
itis more soluble in it. The layers are separated. It is usually necessary to repeat the !
extraction several times to effect complete separation. The extracts are mixed and the
product recovered by distillation. ‘
" A good extraction solvent should dissolve the substance to be extracred wit
ease. It should not react with the substance and should be immiscible with th
§olve1}t from which the desired substance is to be extracted. Examples of commo
brganic solvents which satisfy these requirements include benzene, petroleum ether
tichloromethane, tetrachloromethane, and ethoxyethane. 1
.- Chemical reactions could be used for certain extractions. For example, acids
;ind. phenols-ca.n be exqaaed from neutral water-insoluble substances using dilute]’
;Ziléumn :gbdromde igll:lm_on.- The sodium. salts will dissolve in the water layer while theH
wuiral substance remains in the organic layer. -

i~ RCOOH + NaOH —» RCOONa + H.O
e e Y 2N

ArOH + NaOH —> ArONa + H,0
After the layers have b ara - okt
een separated the sodium salt j i L‘L
: have 1S converte '
] _phenol by acidifying the aqueous layer with strong acids Adigimlade
RCOON2 + HCI —> Rcoop I+ .&a.c]

ArOH + NaoORg %  ArOH + N

- Orgenic Chcmutry - li.
# ~ 7 ———-.

:
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1.5. EI.EMENTM OR Ql.lﬁl.l‘l’ﬁ:l'
| Elemental analysis is carre

_ Carbon, hydrogen, OXygen, ni )
=y ts are carried out to determine the p

tisfactory test is carried out for the d

IVE ANALYSIS

d out to determiné the elements present In 2

trogen, sulphur and the halogens are usually
. L
resence of any of the elements.

comp:
etermination of the presence of

expected. Tes
However, no sa
oxygen.
Carbon and Hydrogen .
A Tgs‘:nf::ganic compound is assumed t0 contain carbon anccll hyc;1 rogene 5 ‘Ic‘ll;;l]r) g::g:r::s
i i i d and eight im
termined by heating a mixture of dry co_mpoun d L
gn t:i-ﬁl) oxide in a hard test-tube. If carbon is present, 115 oxidized to v:arkl;,a.:?;;l n(i:/-')n
oxﬁ?& which turns lime water milky. If hydrogen is present, droplets of water (whi L
whire’anhydrous copper (IT) tetraoxosulphate (VI) blue) is observed at the upper p

the test tube.

2. Test for Nitrogen, Sulphur, and the Halogens

The Sodium Fusion or Lassaignes Test ‘
A small piece of sodium is added to a small amount of the substance in a dry

ignition tube and the mixture is heated gently inidally and then stgongljf upr:il the tube is
dull red hot. It is dropped into a mortar containing about 20cm” of distilled water. It
ruptures and any excess sodium reacts with water. The contents are ground and filtered.

The filtrate is used for the test for nitrogen, sulphur and the halogens.
Na + organic compound L} NaCN, Na,S, NaX .
' (X = halogen)

The ions expected are CN, $* X'. The filtrate is alkaline because of the presence of
sodium hydroxide. .

(a) Test for Nitrogen, present as NaCN

Pour 2-3 cm® of the filrate into a test-tube containing 0.1 — 0.2g of powered iron
(IT) tetraoxosulphate (VI) crystals. Heat the mixrure gently with shaking until it boils,
then without cooling add just enough dilute tetraoxosulphate (VI) acid to dissolve the
hydroxide and to acidify the filtrate. A Prussian blue precipitate or colouration appears
and shows the presence of nitrogen. The Prussian blue precipitate could bs made purer
by the addition of 1em® of 5% potassium fluoride soluton. If nc Prussian blue appears -
irnrqediately, leave to stand for 15 minutes, then filter through 2 small filter paD”er and i
wash the paper with water to remove all traces of coloured solution. Any Prussi.an blue
present will be seen at the cone of the filter paper.

Fe™*(aq) + 20H(aq) —— Fel(OH).(s)
FelOMy(s) + 6CN'(ag) —— Fe(CN)i(20) + 20H (aq)
3Fe iz 3 . " ;

el (ag) + 4Fe™ — e, [FelcN)g],(s)

(Tror (II7) hexacvan~ Serrate (11
prussian bluc)

—-— -
= x Brals Ureanic Chemispey orr—
. f =a M
- 14—- " —{
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(b) Test j:or Sulphur, present as Na,5
(i) To about 2cm® of the filtrate add a crystal of disodium
penlacyanonitrosylferrate (sodium nitroprusside), Na AFe (CN) MNOJ.

A purple colouration indicates sulphur, The colouration slowly fades

on standing.

(ii) Acidify 2cm” of the filtrate with dilute ethanoic acid and add a few
rrirops of lead ethanoate solution. A black precipitate of lead sulphide
indicates the presence of sulphur.

(c) Test for the halogens, present as NaCl or NaBr or Nal
If nitrogen or sulphur or both are absent, acidify 2cm? of the filtrate with dilute

trioxonitrate (V) acid and add a few drops of silver tioxonitrate (V) solutdon. A
precipitate indicates the presence of a halogen. Decant the mother liquor and treat the
precipitate with dilute aqueous ammonia. White readily soluble precipitate indicates the
presence of chlo rine. Pale yellow (or cream) slightly soluble precipitate indicates
bromine. Yellow insoluble precipitate indicates iodine. If nitrogen or sulphur or both
are present then add dilute trioxonitrate (V) acid to filrate and boil to expel hydrogen
cyanide and/or hydrogen sulphide. Cool under tap. Add silver trioxonitrate (V) solution
to the mixture and observe the colour of the precipitate and its solubility in aqueous
ammonia. Sodium cyanide or sodium sulphide gives precipitate with silver trioxnitrate

(V) solution.

The presence o acidifying the filtrate with dilute
tetraoxosulphate (VI) acid, adding benzene and chlorine water and shaking. A yellowish
brown colour in the benzene layer indicates bromine, and-a violet colour indicates iodine.

If the layer is colourless then chlorine is present.

f a halogen may be confirmed by

1.6. QUANTITATIUE ANALYSIS ; .
This is the determination of the composition by mass of an organic compound.

The methods used are based on simple principles.

1. Estimation of Carbon and Hydrogen .
A known rnass of the dry substance is heated atabout 700°C in a stream of oxygen

in the presence of copper (11) oxide. Carbonin the compound is copverted tO carbon (IV)

oxide and hydrogen is cont _ The masses of carbon (IV) oxidead
water are estimated by their absorption in weighe

rerted To steam Or Watel. c2 :
d tubes conraining soda- lime and
anhydrous magnesium (II) retraoxochlorate (VII) resp

ectively. From the masses ofcarbon 7
i d are

(IV) oxide and waier formed the masses of carbon and hydrogen 1 the compoun

calculared.

]

2. Estimztion of Nitrogen

(a) Duma’s Mcethod
Wwhen a knovn mass
piesence of copper (i) oxiae, S |
hyarogen into water OF Steaim ang sulp.iu!
.-"'_"‘ Yuy )

rd 4 ™ =4
= Basic Organic Chem=iTs 380

n a stream of oxygzen in the
rted into cerbon (V) oxide.
en and e

of the compounc s heated i
tha cerbon Dresens is conve |
- ico suiphur (V) oxide. NiiTOg

—e

=
A N
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12 X 0.2531 ! 0.‘073123

— —_—

Suppose that after dividing by the smallest, the numbers got were as follows:

C: 1.52 H: 2,97 0: 1

It would b.e'i_l'iCOl'I'e_Ct to round off to the nearest whole number i.e. for the empiri
fonn}da: to be'C,H;0 because 1.52 is not nearly a whole number. The numbers
_mu]nphed_by a small number until a ratio of nearly whole numbers is got. In
Case, multiplying by two gives .o " | '

. ‘ C: 3.04 T H: B, I A0 AT . 8
Empirical formula C,H,0,. ?4 3 02 ST .2

1.8. MOLECULAR FORMULA

-
e Boeic emees. om

Scanned with CamScanner

: : und -
Mass of hydrogen in the conmelpa(:ive atomic mass of hydrogen X 2 x 0.1090
, = Relative molecular mass of water
- 2 xo0.109 = 00121g k
- e o 007312 x 100 _ 45, |
0.1824 1
0.0121 x 100 | o |
— = 6.6 4 P 1
%M = 0.1824 | |
‘%0 = 100 - (40.1 + 6.6) = 53.3 |
"% composition : ,40.1 5-6 - 333
LAY | bt
40.1 6.6 53.3 LA™
relative atomic proportion . —— = 3. — = §. — = 3.
_. prop 12 3.36 1 5.6 16 3.3
Divide by the smallest 22O\ \oy) 2P _ 19s. 838 _ .
{ _(to get whole number) 3.33 3.33 3.33
: . 5 . ‘
Empirical Formula = CH,0



- . - using 2
1 1 | (8] ern is v en i_’
halogens are evolved in their free state. The volume of mlill't tSh . mount of NitTo8
nitrometer and converted into volume at s.t.p. From the resu -
calculated. Ny s

L T —

- — ———

(b) Kjeldahl’s Method L. s, especiaﬂy '

The method is limited only to a few nitrogen containing compgu; dheated with
foodstuffs. In the method, a known mass of the organic cﬂmpo.‘-’r_’ converted into
concentrated tetraoxosulphate (VI) acid. The nitrogen present IS xcess sodium-
ammonium tetraoxosulphate (VI). The solution is made alkaline by add.mg y stimated by
hydroxide solution. On heating, ammonia is liberated. The ammonia is ethe 2 ss of
titrating it with standard acid. The mass of nitrogen is'c;aigulated from
ammonia.

- ——— A - o g S .

e g, (i -

e

3. Estimation of halogens: Carius method = . . :

" A known mass of the organic compound is heated at about 200°C with a mixture :

of fuming trioxonitrate (V) acid and silver trioxonitrate (V) in a sealed tL!be for a!)out five
hours. The halogen present iri the organic compound is converted into silver ha'llde_- The
silver halide is'washed out of the tube dried and weighed. The mass of the h_ahde in t‘_h’e
silver halide is calculated and this mass is the mass of the halide present in the or, ganic
compound. el o ' -

o b e

4. Estimation of Sulphur

The Carius method is also used to estimate sulphur. Sulphur in the organic
compound is converted into tetraoxosulphate (V1) acid when the compound is heated with
fuming trioxonitrate (V) acid. The acid is washed out of the tube and converted into
barium tetraoxosulphate (V1) by adding excess barium chloride solution. The barium

rerraoxosuiphate (VI) is filtered off, washed, wied and weighed. The amount of sulphur
presentin the barium tetraoxosulphate (V1) is calculated. - -+ - -

Pt i ] B D u..q.-....w..-lu.- P T <
1

5. Estimating Oxygen et i e e s
The amount of oxygen present in an organic compound is difficult to estimate. It
is generally estimated by difference. o I
1-7. EMPIRICAL FORMULA - 30 2 3l il 11 cwmon © wonn
~ The empirical formula shows the relative numbers of each kind of eft'brﬁ;i;é
molecule. 1t is calculated from the percentage composition of the compound. The
following example will illustrate the procedure: ~ © - |
0.1824g of a compound containing carbon, hydiogen ‘and"oxjfgen' gave on ;'compie:e

¥
W T £ Pt o PR N e ey iy o

combustion 0.2681g of carbon (IV) oxide and 0.1090g of water. Whar is the E
empirical formula of the compound? T “/“ i 5
Mass of carbon in the compound : *
. Relative atomic mass of carbon x 0.2681 I I
Relative molecular mass of carbon (IV) oxide t K
= ‘= Basic Organic Chem!;try 1 4 5 ' : "
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g =
HHH
HHHH | 1
NN H.G-C-Con
H-C-C-C-C-H anid \ ]
| 1] e s
H HH H H=7-H
|
Butane 2- methylpropane (isobutane)

1.11. STEREOISOMERISM

This is another type of isomerism in which although, the structures of two
compounds are the same, the orientations of some atoms in space in the structures are
different. Two types of steroisomerism are geometrical isomerism and optical

- siomerism.

1. Geometrical (or cis - trans) Isomerism
This is the existence of two compounds with the same structures but different

orientations in space. The different orientations are caused by the presence of carbon -
carbon double bond link or a ring of atoms in a molecule. These “lock” the molecule in

position by preventing free rotation.

Examples:

H.C -
D, =c/ Ne=c
H/C \H H/ \CH3 -

Cis but - 2- ene Trans but -2 -ene . =,
|

H

C

e g
| '
| // H \ P 5 H3C~\: / }'_ C<C1‘l:a

o
"' 3""\ _ / H
e € o

O

a.dimerhyvicyveionropane

irons 1, 2-dimethyicyclopropant

e peste Ovpngle Qoo ¢
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1. What properties are desirable in a reérystal]ization solvent?

2. Describe how you would separate a m.i.x—til_:é of 4-méth§léjﬁliné (a base with
mp. 45°C), 2-naphthol (a weak acid with mp. 123°C), and 1, 4-dichloro-
benzene (a neutral substance with mp.133°C).— - .. -

3. With a mﬁtab_ie example illustrate sp? hybridisation. _Givé_-pyp reactions that
are characteristics of this type of hybridization. . |
4T~ "= Busic Organic Chezzisby (:1_§ :::: i °

Imtroduction
-
H
HOOC COoo0 C
N c/ H HOO N e
C = N C=0C
l'l'/ H H/ \COOH

Cis butenedioic acid Trans butenedioic acid

The isomers have different configurations.

The chemical properties of cis - trans isomers are the same but thei_: physical
properties differ. The melting point and stability of the trans-isomers are higher than
those of the cis-isomers. This is due to steric effects. In the cis-isomers, the groups
are on the same side. They are closer together than in the trans-isomer arfd
experience greater steric repulsion. Consequently, the cis form is under greater strain
than the trans and the molecule is destabilized. Therefore, the melting points, and

stability of the cis isomers are lower, while the boiling point, density, refractive ?.FidEX,
solubility, dipole moment, heat of combustion, and dissociation constant (if an aeid)
of the cis are greater than those of the trans isomer. N

2. Optical Isomerism

Optical isomers have identical chemical and physiﬁa] proberﬁe;‘."_':}'hey

however, rotate the plane of polarization of plane polarized light to the same extent
but in opposite directions. One rotates to the right and is dextro — rotatory while the

other rotates to the left and is laevo-rotatory for example dextro and laevo lactic
acids. > . -

)
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' s . d O weighing 1
: und containing G, H an g 1.50
A sample of Orsﬂf;:c ;?;llpf 738g of CO, and 0.711g of H,0. If j rg
s " cular formula, write a Structyy,

it le
76, calculate-1ts MO s
[UPAC name. (H = 1,_,,‘..7(3 = 1_2, 0 = 1¢),

on complete com
molecular mass was /9, {
the compound and give 1t
An organic compound ccntaiﬁing carbon, hydrogen and CFﬂOﬁne has- avay
density of 59.5 1g of the compound gives 3.6023-01’: rgﬂver-_ chloride
treated by the Carius method.. If the c_ompoq;}d com:ams 1005% of car
what is its structui'a]'formula? | e | ey ¥

Name three methods used for the pmiﬁcaﬁon of organic compgunds_. Exply

the principles involved in the methods you have named.
|

How would you attempt to find out whether a given organic solid was pf
or not? If impure, describe how you will purify it. ;

How can the presence of nitrogen sulphur and bromine in an%ig‘il

“compound be determined?

5 i
= 4 1
)=
|
il

(i

\

N X

1 - - :H |

i o e |

I‘I

- i

Wl o A

F ol 5
il W & ‘Pu'“

~ - E Lt
3" ! T = by
Eh 5
Hip '
] J.')'
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& SECIUPAC NOMENCLATURE OF

ANic COMPOUNDS i

IUPAC means International Union of Pure and Applied Chemistry. IUPAC '
nomenclature is a systematic method of naming chemical compounds developed by

the Union. -
2.1. ALKANE |
Rules: :
- Names end in — ane :
- Choose the longest continuous carbon chain. A
i1
The names of the alkanes are as follows: s
One carbon atom - Methane '.
Two carbon atoms - Ethane 3
Three carbon atoms . Propane ‘
Four carbon atoms - Butane ‘
Five carbon atoms - Pentane 3
Six carbon atoms - Hexane i
Seven carbon atoms - Heptane i
Eight carbon atoms ;i Ocrane :
Nine carbon a‘oms - Nonane ‘
Ten carbor: sivms - Decane, etc. r
(1)  The carbon atoms of the longest connaucus chain so chesen ara numbered. 1
there is a branch (or subsiruent), the carbor atom bearing the branches ¢
subsuTuents is given mhe levast number. If there ere moe:e than one dranch ¢
substinvent, the nembonn g s done toouchia way as 1o give the lowestsem o o
~ Bosic Oeganis Chowecin e _: e e i il
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l l Tae IUPAT Nomenclature of Orgunte Compounds ' l

cum of the numbers of the carbon atoms bearing the branches of submiit asfis
Fxamples of substituents are the halogens Cl (chloru), -Br (broma) and =1 (lods)
Another common substituent is the alkyl group. An Alkyl group is an alkane that
has lost one hydrogen atom e.g. il methane, CH, loses # hydrogen avem ©
becomes -CH, (methyl group). Other examples are. =C,H, ethyl, -CH,

propyl, =C, 1, butyl.

(2) Identify the substituents and name the compounds using numbers 1o show the
carbon atoms which have the substituents, If there are more than one subsrituents
they are arranged in alphabetical order.

Example:
1 3 3 “
CH,-CH,-CH, -CH, CH, -CH-CH, -CH,
CcH,
Burane 2. Methylbutane
PAC ¢
iby 1] 3 3 4 & 5 b * 3 i
CH, -CH-CH-CIl, - CH, Cit, -CH - CH-CH, -CH,
. ', or l
cH, €l cu, Cl
34 = 7

9 - &
2+3 =9
[ " i % | o~ - 0 | -

o of5 is Uscd. There is a metnyl group at C-2and 3

" The numbering swhich gives =
153 - chloro - 2 - methylpentanc

‘Ichlaro group at -3, The name of the compout
- , . ’
: CH,-CH- CH- CH,-CH, Substituents

2cH. *CH. Methyl ar C- 3

; | l Ethyl atr C-
3 l : ’
. CH, *CH,
; |
| ) ¢ before m
_ 2CH.
[
b ooy - P i -
d IName of compound 15 4 - ethyl -7 - mrethylheptane \
-'}'- M !0,. 3 . = 1 | S ey » ¥ ';‘:: - \-u: l‘hd' ':l' L .:'r ‘ :
F c. (3) 'Lr Li%re are two :d“;,ih ek ?u;lul e '.‘tlAr il E;“ hY ": gy e
' e ~opeatee and di i 07 reire et is wuod as prefix il theie &6 <
ey S T -~ -
ok ‘ B & T T %
1o th - PR AR L

Fetns Prgane Chomiil]
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I (i
Alkynes : e tain the triple bond T?
Names end in =yne: in chosen should con . i :
;. The longest Conn;;wl;; ;ﬁl‘;alme positions of the Subsumentts);nd the mple'\J i
> Num(?:srscgiomneof t(l)'le riple bond is given the lowest nUrmBEL- |
The first
CH, "
' . = - C = CH :
- . = -CH CHz CH |
(IZHS-§Z=3C (i Cst L . 13 2 1
CH, ‘
~ CH, . e |
4-ethyl - 4 - methylhex - 2- yne But-3-ene-1-yne
Alkanols
. = Namesendin=ol™" "™ = v \N.% o
2. The longest continuous chain chosen should contain the ~OH group.
3. Tg; numberé]nglis done in such a way as to give the carbon atom bearing the}
-OH group the lowest number.
Example:
b 23T I T ' : -»: T ~.,-'--'..['r'—'-‘“~ . '---'._‘-‘;-.
‘ HS(I? THQCHa
CH'CI'I"CH-CH. ) ‘ o X e
BRI e R AT P M- C- C-CH,-cH,
] - l “ 4_ LR T e 5_:':
: _Pf—’ntan -1-0l 3-eth 7 H3C OH SRy L |
& o Vi-2, 2-di methylpentan - 3-ol
s HO-'CHz'CHz-()H F s G e
HO'CHz -CH- CH20H .
] ..-..Eﬂlﬂne-l,z-diol e L OH
el -‘:‘Pr o ‘ ) .
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Alkenes
i

U mmpxcu_mumwj E
CH, CH,
l |
.CH, -C-CH, - CH, - CH, - CH, cu-T:- TH-CH,-CH:
| .
CH, et CH,y CHy

2, 2- Dimethylpentane 2, 2, 4- Trimethylpentane

-

(#)  Ifthe parent carbon chain (longest continuous chain) contains @ br"’;";h c‘:‘j‘j 5
with a substituent, the branch chain is numbered beginning W'U? ¢ fj'rc‘*”l :; .
directly joined to the parent chain and the name of this side chain is put i 1.
parenthesis e.g. !

cH,

CH, -CH-CH- CH -CH,-CH,
il ) ! 2 3

,CH, CH, -CH, - CH,-CH,-CH,
. | 5 6 7 L] Y
CH,

3-methyl-4-(1-methylpropyl) nonane

Names end in —ene

09 P 1 e 8 B il Sl SO SRR

2. The longest continuous chain chosen should contain the double bond. :
3} Numbers are used 1o indicate the positons of the substituents and the double
bond. The first carbon of the double bond is given the lowest number. l
Examples CH, :
CH;—CH,—CH=CH, CH,—C —CH=—=CH, !
q 3 z 1 4 3 2 1
H, t
_ B;L.- ]-- ene 3._ 3*- d?fneﬁzy?bdt -'1 - ene !
Hy i
1 2 k| 4 ! :
13 s¢H2 l
«CHy
2,2, 4- trimethylhex - 3 - ene

. A e

— Basic Organic Chemistry (.22 !
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U The IUPAC Nomenclature of Organic Compounds I

4-Mehvipent -£L-ene-2-vae (T = O tower marrnoer)

Examples:
cu,—-cn,—< CH;—CH;—, a—-—cn,—{i
; H’ 1 i
== Propanal
R CH,
L3 HI
3 - ethylhexanal
H, - H,
CH,— H—iu—cm—cno CH;—CH—CH=CH—CHO
5 L] 3 2 1
H, _
3, 4 - dimethylpentanal 4 - methylpent - 2 - enal
CHO (o] o
H u
CHO H-C-CH,-C-H
Ethanedial Propanedial
Alkanones
9. Names end in —one
2. The longest continuous chain chosen should contain the carbonyl group :C =0
3. Numbering gives the carbonyl carbon the lowest number. g
Examples: ~
c:l}i3 ~
CH,-CH,-C-Cll, EH,-Csl-l:-S:H -f:-c;.lla-gﬂ
=f |
0 0
_______ Butanone 4 - Methylhexan - 3 -one
. ——= CH,
1 2 a 4 5
CH. ="-CKE -C-Ch CH?‘-C-C-CHQ'C!'I_
524‘3221‘ 12|3|45
i |
C G O

rropan-2. 3 -dine

or 2-Methvi-4$-cxvopent -1-ere (€ =€ lower autriher)

. Let, Orgomic ChemisiTy
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Alkanoic Acids

1. Names end in —oic acids

2 The longest continuous chain chosen should contain ~COOH group

3, When there are substituents numbering starts with the carbon atom of the -

COOH.
Examples
H,

CH;—CH;—CH;—COOH CH—C— CH;—CH,
4 3 2 1 2 3 4

P

Butanoic acid

1

number starts from the carbony! Capon

e T -‘-l-.-..w.,.-- l"';_,'r, e B -
- i -l ‘." =% e G st -~ .

'COOH

2, 2-dimethylbutanoic acid

H,
CH,—CH;—C—CH;—CH;—CH;, CH;—CH=CH—COOH
2 3 4 5 4 3 2 1
'COOH
2 - ethyl - 2 - methylpentanoic acid But - 2 - enoic acid
COOH HOOC-CH, - CH, - COOH
COOH
Ethanedioic acid Butanedioic acid
Atkanals
1. .-Namesendin -al
2 The longes: ceatinuous chain chosen shouia contain the carbonyl group,
C=0
/
3. Numbsrs are used to show the nositon of substituents or branzhes and the

Scanned with CamScanner
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Alkanoic Acids

l Names end in =eic acids
d. The longest continuous chain chosen should contaimn «COOM gronp
3. When there are substituents numbering starts with the carbon atom of e
COOH.
Examples
H,
CH—CH;—CH;/—COOH CHy— C — CH;—CH,
‘ 3 2 : 2 3 ‘

Butanoic acid

H,

cn,—cn,——i—cu,—r-cr (—CH

J!: ¢ .
'‘COOH

2 - ethyl - 2 . methylpentanoic acid

coou

COOH
Ethanedioic acid

Alkanals
1. Names end in - al
2. The lengest continuous chain ehe =n shoulu contein the carbonyl group,
\ .
C=0
‘l
3. Numbzrs are used 1o show the . 5 sulsnruents or Mranches &nd th
DUmOET §tans from the carmonyt
Botie Deponic Mimyeiss

'COOH

2, 2.dimethylbutanoic acid

i CH,—CH==CH—COQH
4. 3 2 1
But - 2 - enuicacid

HOOC-CH, -CH, -COOH

Butanedioic acid

Scanned with CamScanner
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= = Dasiy Orgenic Chamisiry /

mt IUPAC Nomenclature of Organic Compounds I

4 - Melivipunt « 4. ene - 2- e (C = O iower numuer)

Examples:

cn,—-—cn,—< CH;—CH;—, H-—-CH,‘<

; H' ] 1]
Propanal
4 WCH, ~
WCH,
3 - ethylhexanal --a
H, _ju. B
CH,— n-in-—cu,—cuo CH,—CH—CH=CH—CHO
5 4 3 2 1
H,
3, 4 - dimethylpentanal 4 - methylpent - 2 - enal
CHO O O
CHO H-C-CH,- C-H
Ethanedial Propanedial _
Alkanones
1. Names end in —one
2. The longest continuous chain chosen should contain the carbonyl group :C =0
3. Numbering gives the carbonyl carbon the lowest number. -
Examples: ™
c|l{8 )
CH,-CH,-C-Ll, CH,-CH,-CH - C-CH,-CH

i 6 S 2

i |

o 0

Butanone 4 - Methylhexan - 3-on2__
CH, r

' CH,- C-C-CH,-CH
1 zl 3| B 5
i
O O

OF 2. Nigtiisl - 4 - oxopen’ -1 - ere {C = € luwer pusraker)
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Amines

1 Simple structured amines are still named as derivatives of alkanes ¢ 2
CHy=NH,, methylamine, CI 13=CH,-CH,NH, propylamine, CH N, pheny!

7 . ) . - SO w—

2. The complicated amines are named by the IUPAC system. The longest €
chain chosen must contain the amino group =NH,.

3. Number is used to show the position of the -NH, group ie. the amino grosy

treated as a substituent. In the presence of another substituent, the number
that gives the lowest sum is used.

Examples:
CH,
CH,-CH,- CH -CH, CH,- CH,-CH,-CH - CH-NH,
3 1 o 5 4
|
NH, 'CH,

2 - Aminobutane 2. Amino - 3- methylhexane

CH‘ Hl

CHI— —CH| EH’—‘EH’—E’: :“_ ClH.t
2

2-Amino - 2 - methylpropane 3-Amino - 2 - methylpentane

Amides
Amides contain the functional group -CONH,.

the parent alkanoic acid with the names ending in — amide.

They are named as derivatives of

Example o ‘{/__;O
//0 = CH,'CH'CH:'C/ CH,-CH=:CH-F '
Cywed - ST T < N nm
N\NH I ey ;
2
CH,
But - 2 - enamide
. . _,_Mcd.ynmmnmnldt
o) O
~ m,N-C-CH,-C-NH
?‘i‘f;};.._ - # "
Tedarane: *IS b TR R L
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EI The IWJCHomdctm of Orgaiic Componuus g

Mkano:;i:ioates are derived from alkanoic acids and alkanols. They have the 8en
where R is the 2

OOR’
molﬁc;:sa;o;n t;]'ll: Slfanol. In naming the alkanoates, the alkyl group of the alkay
z]aged first followed by the alkanoic acid with

Il

ol

-noic replaced by -noate. |

lkyl group of the alkanoic acid and g1 i; [

I
]

|
|

I

)
| |'
A

il

Example
CH,— CHy—COOCH, HCOOCH,
Methyl propanoate Methyl methanoate
CH, |
CH;—CH;—COOCH;—CH, Eﬂsﬂ*}ﬂ—fooc*lr—cu.
Ethyl propanoate Ethyl - 2 - methyl Prﬂparloln'le
ACID CHLORIDES AND ACID ANHYDRIDES | B G
Acid chlorides and acid anhydrides are named from their parent alkanoic ac{.
For acid chlorides -noyl chloride replaces -noic acid. For acid anhydride, the wr
anhydride is added after the acid.
Examples
CH, - COCl CH, -CH, - COCl ' C,H,COCl B
~ ethanoyl chloride Propanoyl chloride Benzoyl chloride !
CH, O !
CH,- CH-CH,- COCl CH,-C-CH,-CH,. c-cl i
2 l 2 S 4 3 2 1 L i
s
-
CH, CH, I
3 - Methylbutanoyl chloride 4, 4-D1mgthy1pm1tano}4_chlorld3- :” .
? E 0 ' 0 I”l'.'n
CH,-C-0-c-cH, CsH,-C-0-C-C,H; :*
Ethanoic anhydride B ic anhydrid N i
ELDORADOTECH

Scanned with CamScanner



L

b l.li,

an- [UPAC Nomenélature of Organic Compousds l _

‘0 0]

caa-c-o-c-CH,-CHs

Ethanoic propanoic anhydride

(mixed anhydride).

NITRILES

the suffix -oic replaced by -onitrile.

4

Nitriles are named as nitriles of the acids, which are produced on hydrolysis with.

=

- CH.-CH-CH,-CH,-C= N ]
CH,CN CH,-CH,-C=N Sra g g ® g 4
| j
Ethanonitrile Propanonitrile CH, : :
' " 4- Methylpentanonitrile %
Cycloalkanes ' !
1. These are named as alkanes but cyclo-is used to indicate the cyclic nature. ' E
2. When there are more than one substituents, the number system used is the one.
that gives the carbon atoms bearing the substituents the lowest sum.
Example v 8 4
CH, -CH, ' CH,- CH,
CH, CH, - CH — CH-CH,
Cvclopropane 1, 2- Dimethylcvclobutane

EZVId) SVESTICNS

o TR
e -

1. Cive the TUPAT nzmes of each of the following
cH,

|

€., -Cii, -CH-CH, -C- CH, - CH- CH,CH

! | |

K]

gy -
e, CH. CH,-0E,
rpnnts Chemiitry i
o o 2Woan p, T
L -’
Hi s

N

c tE T A ey Y SR g S e
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2.

- 3.a.

RTET Tl g

44

s
-

CH, - CH, - CH-CH, - C- CH, - CH, - CH,CH,

| |
(b) CH, CH,-CH-CH,

CH,

CH,

CH, - CH- CH-CH-CH-CH,

| |

© CH, CH, CH,

Write the structure of each of the following
a. 5-ethyl-2, 3-dimethyloctane.
b. 3,4, 9-trimethyldecane
L 20, 5-trimethyl-4-propylheptane.

- Give the TUPAC names of the following:
(i) CH,CH=C(CH,)-CH,CH,

(i) CH.CH = CHCH,CH-CH,
|

CH,

CH,

CH,-C-CH= C-CH,

CH, CH,CH,CH,

Write the structural formula of each of the foliowing
i.  I-methylcyclobutene
it . 2 5-dimethylpent-2-ene
iii. frans-Hzx-3-ene ‘
iv. 2-cthvipent-3-ene
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5.

a.

Give the JTUPAC name of each of the following:
(a) CH,-CH-CH,CH,-C-CH

(¢) CH,- CH,C = C - CH,CH,

Write the IUPAC names of the following

i.  CH,CH(CH,)CH(CH,)CH,-CHO

CH,CH,CH(CH,)COCH,CH(CH,)CHCH,CH,
|

CH,CH,

ii.

iii. ~CH,CH=CH-C=CH-CHO
|
CH3
Give the structural formulae of the following compounds.
() 2,2,5 - trimethylheptan - 4 - one
(ii) 2, 6 - dimethyloct - 4 - ene - 3 - one
(iii) 2 - ethylhex - 2 - enal

Give the JTUPAC names of the following compounds:
O

ll

(a) CH,-CH,-CH-O-C-CH(CH,),
oo,
“(b) CH,C(CH,),CH,COOC(CH,),CH,
(c) CH,CH,C(C,H;)CONH,
(d) CH,CH(CH,)CONHCH,

(e) CH,CH,COOCOCH,(CH,)CH,

() CH,(CH,),cocl
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. 3.1. INTRODUCTION

i A compound comp
| hydrocarbon. The hydroca
i hydrocarbons. The aliphatic hydrocar
g alkynes. Alkanes are saturated hydrocarb
2
g

osed only of ¢ 1d D = )
bons _?i£§_€1£$_§i§££1_-_.if.@_Qliphﬂtiﬁg-;cxcliq and aro
bons are made up of alkanes,

ons and contain only single covalenthgf ! -

i
| Early organi
| «having little affinity

2 undergo some substitution reactions.

g
{ 3.2. SOURCES OF ALKANES
: Natural gas: main source of Methane;

Bl 3
Petroleum: primary source of alkanes;

i FEyi ol =

. 3. Methane is present in coal mines and can accumulate in mirg
sufficient quantities to form an explosive mixture with air.
4. Methane is the main component of “marshgas” produced b}
: anic matter in the absenceofdf -
e

bacterial decomposition of org

3.3. METHOIS OF PREPARATION

i. From Halogenoalkanes
(2) : - When halogenoalkanes are reduced, alkanes with the same "
le are obtained. lodoalkanes ar¢ the

carbon atoms per molecu
easily reduced. The reducing ‘agents used include M5

amalgam and ethanol, Mg-Hg/CyHs0 'c' '
tetrahydridoaluminate (IID), LiAlH, and zinc in hydrochlo™ %

Zn/HCL

ro—
= Basic Organic Chemistry 8
~ 'J
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Example el
mp CH, = CH, - CH, - CH, - 1.+ 2(H) —-) CH, - CH, - CH, - CH, + HI
lTh'e bromo and chloroalkanes c_;én be converted to alkanes via, the Grignan:
reagent. Grignard reagent is an organometallic compom}d with the genera
r ArMeX (R = alkyl group, Ar = phenyl group,
g iy 3 d by the reaction of halogenoalkane and }

X = halogen) usually forme | : ane
magnesiurf in sodium dry ether. When Grignard reagentis treated with dilute

mineral acids, alkanes are for_x_ned.

B R T T T R e ]

Example:
CH,CH,Br + Mg —2, CH,CH,MgBr ?
A CH,CH,MgBr + H' —gmmz— CH,CH, + Mg + Br’ :
acid
\ E.
4 $
(b) Wurtz Reaction 3
4

7 ) ‘Symmetrical alkanes empraduced®y the reectian of ethereal solution :
l of halogenoalkanes and sodium.

'2R-1 +2Na T, R.R + 2Nal
e.g.- 2C,H,I + 2Na — =, C,H,, + 2Nal

T 8ok b g i

2. From Alkenes

O e b

Alkanes are produced from alkenes by the catalytic hydrogenation of the
alkenes. The catalysts used include Raney nickel, plainum or palladium.:
Temperatures of 25°C to 100°C and pressure of 1 atm to 10 atn are used e.g.

CH,-CH,-CH=CH, + H, -, CH,-CH,-CH,-CH, £

25°c¢ 3

: 10 atm >

_,But—,'!_—en_g . | - Butane f_

" :

3. Decarboxylation : TREE Sad n I ) SR £
When the sodium salt of an alkanoic acid is heated-with sodalime £

(Ca(OH), + NaOH) an alkana with one carbon atom less than the alkanoic ac2 is
formed.e.s. e f - _

-
-

- TN _ .o 4
C_g- ..:[5;. OONz <+ N_.D.E‘I = "_..g:,Hd = Nﬂz 003 .

S+diem Sndolime Ethane 3
Prepunacte,
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CH3COONa + NaOH —>» CH; + Na,CO;,
Sodium Methane
ethanoate :

4. From Carbonyl Compounds

.. (Clemensen reduction) a
I T cartfonyl group in alkanals and alkanones can be converted to methylene
_group by reduction using amalgamated zinc and concentrated hydrochloric acic}, This
is known as clemmensen reduction. - /4

-H
R-C-R' + 4[H] Z/Hz | R-C-R' + mo -
O H
CH, -C-CH,
S 4 | SI— A u _ _ _Zﬂ{_’ (_“'l.lJ __CHz _ CH3
: j ; Conc. HCl
: (6}
Propanone Propane

s vl e b

b - g

o RS RS,

nhpm-

o s ® s &,
A ] d

3.2. PROPERTIES OF ALKANES

. “3.4.1. - Physical Properties

L, 7 ‘Methane to butane are colourless gases at room temperature. Pentane to
2 -“'-"ﬁ'—‘""*.'"'~' heptadecane (Cy,Hge) are colourless liquids at room temperature.
;. QOctadecane and higher members are colourless waxy solids at room

I.

= |
-7

T T remperature.

Z. The boiling points and melting points of the alkanes increase as the
number of carbon atom increases. Branched isomers have lower boiling
- spoints and ‘melting points than straight chain-isomers. The more the

~.branching, the lower the boiling point and meltng point.
g U MRS T . (21 SSAE T}Is
CH,-CHCH,CH,  CH,-C-CH;

L] ‘ 1
[

CE, - C&, - CH, - CH, - CH,

CH, ¥
)
Beytan: 2 - methylbutane 2, 2-dirmethytorooane
j_n '—Bu"""“C bp:.‘Z:TC'C i,‘,,'_.:q--u‘
] is by pFY Bt ey e ".I-‘_‘—'
oIS Chow | 4an" .l:‘ U 2

Scanned with CamScanner

/



of branched isomers i§ beca%se
le tends to be spherical. 13
d to break the forces
oint is reduced. The

i i i ints
The decrease in the boiling points and melting p(:::]r:etc ¥
branching reduces the surface area and the m e atire
intermolecular forces are reduced and less energy 1S

during boiling or melting. Therefore, boiling pc_;int 01;‘ mt?:ill‘i:izr:ls‘go?mganic compounds.
effect of branching on bailing potnt s obsew’i‘i oy a]:e asglluble in non-polar solvents
The alkanes are non-polar. They a ) and are

> sTl?ceh as benzene, trichloromethane and ethoxyethane (ether)

: en used as
insoluble in water and other highly polar S?}Vemsc-;lagtr; il domot
solvents, liquid alkanes dissolve compounds of low p

dissolve those of high polarity.

3.4.2. Chemical Properties

1. Combustion
Alkanes like other hydrocarbons burn in adequate supply of oxygen to

form carbon (IV) oxide and steam e.g.

CH,(g) + 20, (g) —> €O, (g) + 2H,0(g)

generally
CH, + (x+y/4)0, —> xCO, + (y/2) H,0.

VAT VA TN LI IO Y e T BT ) SRR IR Y Py S

Heat is also produced in this reaction. The reaction is of practical importance in §
the internal combustion engines where the heat energy generated is made use of.

2. Halogenation e S ew e ey L
Akanes react with halogens at temperature of 275°C — 400°C or in the &
presence of ultravioler light or strong .daylight to form various%
halogenoalkanes. This is a substitution reaction in which one or more of:
the hydrogen atoms in the alkane is replaced by the halogen with the!
elimination of hydrogen halide. In the chlorination of methane, for®
example, the products formed are chloromethane, dichIoromethanej
trichloromethane and tetrachloromethane. |

S CHE) + G T = CHCE). +  HAR)
ks CHClg) + Qg — cHEL() + HCl(g)

- CHCL(®) + CL(5) —> CcHCL@ + HCl(g)
CHCL() + CL® — cam + HCl(g)

TR SOy e v -

In practice, a mixture of the four products is obtained. It’s composition depends.
on the inital proportion of methane and chlorine. The mono substituted alkane
predominates if excess of the alkane is used and the fully substituted product
predominates with an excess of chlorine. The reacton is exothermic. But the reaction with

iodine is endothermic, slow and reversible. Fluorination is vigorous 2nd explosive. £

W

Nﬁ:—m nmﬂﬂif Mhyovirteas -————
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@".""J
i d Chlorine s Similaf to the Chlori
n

may be replaced.

' ction be ne
, : h&rﬁamly all six hydrogen atoms of ethan®
ane- R . h
e ' (|:l " = &
_,.———vCHs"l;'“ ey = CC, coff |
CH, - CH3 H .;. i
3 . cL, ] |
1, 1- didﬂorocth.ane a ;1
) o i 'I'_..
CHg - ﬁ_Hz -cl ,gﬂ-p- ' |
HCI (‘:HS Cl112 ;! - CCI, CCI_. B
c d ¢
1, 2- dichloroethane

jechanism of Chiorination of Heth'afle | L
""" A detailed step-by-step description of 2 chemical reaction is call-

mechanism. TWO important experimental observations are made a

reaction of methane and chlorine. _
r light. Methane and chlorine L

The reaction is promoted by heat or
react in the dark or at room temperature. Reaction takes placer
in the dark at temperature of-over 250°C or at room temperature

mixture is irradiated by ultraviolet light.

L

The lig ht-promoted reaction is highly efficient. A small amountq*. P

iL
forms relatively large amount of chlorinated product.

the reactiol] .
tent witl

-t

fil. The presence of @ small amount of oxygen slows down
free radical chain reaction mechanism is Most COTSH
observations and it occurs in three major steps, namely;

propagation and termination.

Initiation Step

~“ The action of heat or hght fragménts the chlorine molecule iﬁm‘ﬂ*

dicals. '
=kl c, —=, 2¢ / |
. or light or sl
uv light
:;g'““ et
| 5+ Dasic Qrganic Chemisiry : as \1 B
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In this step, energy is absorbed and a reactive particle with inpaired electron
is generated. An atom or group of atoms possessmg an_unpaired electron is

called a free radical.

b. Propagation Step
L The chlorine radical (atom) abstracts a hydrogen atom from the methane
to form hydrogen chloride and methyl radical.

clr+CH, —> HCl + *CHy
Methyl radu:al

iL The methyl radical abstmcts a chlorine atom from chlorine molecule to
form chloromethane and chlorine radical.

o e . SR B **:#-mm

*CH, +Cl, —> CHCI + CI

e

These two steps are the chain propagation steps because in each a reaction ?
particle is consumed and another generated. These steps are repeated untilall’

1
the methane and chlorine molecules have reacted.’ :
c. Termination \ ;

In this step reactive, particles are consumed but not generated This is3
achleved by any of the following. , i
i. cls Gl - =% -l i“

ii. «CH, + *CH; — CHy-CHg b

i.ii ) ’CH3 + Cl' —> CH3C1 o i

‘ o £

H

Inhibitors
Addition of a small amount of oxXy gen slows down the reaction. Oxygen

reacts with a methyl radical to form a new radical, whick: is not as reactive as
the methyl-radical and thereiore, cannot conrnue the ch_a;r_z.
| .CH, +0, — CH;-0-0

\f'

" m-.-‘;

E’."""'E the formanion O: -housands of ﬁcﬂec.ﬂes of

.1]‘- gell !
j¢ pormeally om T Wit & ‘e 0XygEn has
- reaciion even thous l‘

4 molecule of oxygen ¢23 Db
chlcromethane. The regc fcn procee :
haen exhausted. A-SUDSIENCE that slows ;Jf_iaf_._.si_.-i i

o b ] (BT ST A
{3 Drescir it ,1’11 t’ ar'* Ui gl _”_H___h_ﬂ,r-—-~~-"*‘—"

- .S e
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3. Nitretion
Alkanes react wi o
PRt :;r;jl with concentrated trioxonitrate (V) acid when a mixture of the
{ vapour is heated ar 450°C. Nitroalkanes are formed. The

reaction can also take place wi
i wen the alkane and the aci
xe : ' . 1e acid are heated 1ogether at
} 140YC under pressure. (liquid phase nitration) e.g, t = "

A

»

t|

!

NO,

|

CH,-CHCH, + mNO, — CH, -C-CH,
CH, CH,
2 - methylpropane 2-nitro - 2- methylpropane

4. Sulphonation

Sulphonation is the replacement of H atom by the sulphonic acid group,
-SO,H. Direct sulphonation using concentrated tetraoxosulphate (V) acid is hard to
achieve, especially in lower alkanes. Alkanes react with a mixture of chlorine and
sulphur (IV) oxide or sulphonyl chloride, $0O,Cl, at 50°C in the presence of light to
give alkane sulphonyi chlorides. These are converted 1o sulphonic acid by hydrolysis.

R-H + S0,Cl, —»  R-50,0 + HA
R -S0.,Cl + 11,0 — R-50,0l1 + HA

Hexane and higher alkanes are sulphonated directly using fuming tetraoxosulphate

(V1) acid, (oleum).

5. lIsomerisation ) o o
This is the conversion-of straight chan alkanes 1o bmncncd_ isomers by
ningum chloride and is Important in

Lo iV
4 - - W —ap W F e | W'

16 reaction 18 catalysed Dy &l . :
5 Rere hexane at 50070 ¢ives 2-methylpentancs, a compound

2 lj1 chatn iSomer. f

ber than the soaigh
CH, - CH-Cli, -CH, - CH,

rearrangement.
the petroleum incusmy W
with a higher ectane num

x 1 — \
A .CH. -CH;
CH,-CH, -CH, -CH, - &% s00v C CH,
2 . methylpentane
Hexcne
. d. o . clalile AT
¢ 3.4.3. Uses of Aukanes : - home an? ndusmes. rugnes :’;“"‘
= . L1a” far heann® ae HIVEEE e are also used &8
THey are UsoaG 25 fdes. i BIQE 1 for je. engines Alfangs are ..}s
— 3 .‘Jl:-;.-El‘r'_‘ L g 4 ‘ -u-'.‘:' Dl
soniained in keioserc @i & - = . Ri~he remperanies meid )
. - F_-_,_ el oo € Ut T, w7 P fils anid Mok .
P sQtvwits 10T Pelin ' A e slarng ol : v
t e’ ' I - A _
| -
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ﬂ Alkanes |

i S ) R ) oi s . iohest boilin
Arrange the following in order of increasing boiling PO ‘;r-];fe(:]-,uﬁpenwne.
lowest at the bottom) and explain’the order: 3, 3-di

methylheptane, pentane, 2-methylhexane.

. \ . .
Use chemical equations only to show the preparatio
a. an alkene
b. an alkanol
‘c. alkanoic acid .
d. halogenoalkane.

Complete the following equations.

a. C,H,1 + 2Na i"ALa

b. CH,-CH,-CH=CH,+H, —“

259¢
10 atrm.

C. CHS-CHS -+ Clz ___"_9..

Dark

d. CH,-CH,-CH,Cl. —2"

ON-CH-Br —i ¥ -~ 7
e.
CH,
ey [ *7s . —_ Nﬂ ?
T ___CH;; -CH-'CHS hgﬂ‘&er
]
- Br

Scanned with Ca

n of a named alkane from:

g at the top,
heptane, 2-
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D,
-
:
.
£
§ 4.1. INTRODUCTION - | a2 |
% . The alkenes are unsarurated__h_ydmcarbo_ns with carbon carbon doublef |
i per molecule. The double bond is the functional group of the alkenesy !
_determines their chemical properties. The lower alkenes are produced durpy -
- cracking of diesel and lubricating oil fractions of petroleum. The simplest mef -

the ripening of fruits, to manufacture polyethene,
e, ethane -1, 2-diol etc. Propenei
artificial rubbers, bakelite type

~ ‘&theneis used to promote
% -polychloroethene (PVC), polyphenylethen
& “for the manufacture of propanone, perspex,
“*polypropene etc. '

& .a.2. METRODS OF PREPARATION |

? L%5 ‘Dehydrohalogenation of Halogenoalkanes _ . A
é - - ~Thisis the removal of a molecule of hydrogen halide using a hot ethanolics} |
% - .- of potassium or sodium hydroxide. The hydrogen atom is removed %

v : Tl g Tegt 1V
773t 22carbon atom adjacent to the one bearing the halogen. e
T i A e |
% R . I
el ) e |

gt ¢ S

% Halogenoalkane T R e

3 3 solution of KOH or NaOH in ethanol generates the ethoxide ion C,Hs0'
i ery strong base. This reagent is used-because an acid is eliminated.

; OH + C,H,0H — H,0 + C;H,0
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UA Ikenes)|
logen by OH to form alkanol are possible. 1

increase yield, secondary and temiary
nalogenoalkane then a |

Side reactions such as the substitution of ha
To minimize these side reactions and

halogenoalkanes are used. If we must begin with a primary
bulky base is used. \
Example k
CH, -CH-CH, \ E
I _'N_e_?!l—p C}lz '-_"(:H- CH’
Br C,H,0H ‘
559cC :
CH, CH, T
| ' \ |
CH,-C-CH, —=2, CH, =C-CH, i
i C.H,0H |
Br 55°¢C CH,

In certain cases a mixture of isomeric alkenes are formed, e.g. :

KOH__ ¢y, -CH=CHCH, + CH,-CH,-CH=CH,
Ethanal t

CH, -CH, -CHBrCH,
But -2-ene But - 1 - ene %

&

¥

KOM ¢y -CH,- CH=CH-CH; + CH, - CH - CH ,CH = CH,, |

CH, - CH, -CH,CHBrCH, ———
Echanol

Pent - Z2- ene

s the more highly substitute
ate. One can also say that
the carbon with low

The product that predominates is the one which ha
double bond. Thus but-2-ene and pent-2-ene predomin
alkene which is formed by elimination of hydrogen from

number of hydrogen atoms predominates.

2. Delvdration of Alkanols
| The general reaction is

by the ¢zhvdrarting agent. The ease of dehydration is tertiary

Dehydranion is achieved by either of two ways.

the removal of a molecule of water from the alka
> secondary > prim:

i
- : o
: i. heating the allianol and the concentratec tetraoxcsu.phai?
4 acid or iricxophoesphate (V) acid af tempcratura of @227 I F
.
’ 1 o - = g AP -
1. passing the alkanol vapour ovel aluminizm oxioe ot 360°C €
- - L L_%0 7 T

_
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ficer

CH,-CH,-OH =850, CH,=CH, + H,0
170°¢C .
Ethene
CH, -CH, -CHOH-CH, _SonH30 , CH,-CH=CH-CH, + H;0
100°C

Butan-2-ol But-2-ene

e e e L

CH,
| CH,

$ CH,-C-CH, . 2%z, |

1 o = CH, - C-CH,

OH

2 - methylpropan - 2- ol 2~ methy!propené.

. 3. By Debromination of Vicinal Dibromides T
i Vicinal or vic dihalides are dihalo compounds with the halogens on adjacent
. carbon atoms. Germinal or gem dihalides have the halogen atoms on the same carbon

| atom.
' | | i
; e -
L '
¢ Xy X
I Vic dithalide Gem dihalide
oludon of sodium iodide in propanone or a

' When wic dibromides are oeated with a s
" mixture of zinc dustin ethanoic acid (or etn
‘ ali-enes are formed. '

| N\ /

anol) they lose a molecule of bromine and

-C-C- + 2Nal _ C=C + 2NaBr - g
. | / 0\ |
- Br Br .

|| \ /

gt ] + Zn -"""‘ci:,"r:T“?!;,', /C:C\ + fnbn

{ S A

pr Br

== 0 e -

- ‘.— } o | {J’""ﬂn.‘: c;’;fjhfs-?r::
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a3 MOPERTIES OF ALKENES

-
~

Physical Properties The lower

i lkanes.
Their physical properties are similar to those of the a

lidﬁ- The prﬂ-{‘fﬂl’.ﬁ'

members are gases; C, to C,q are volatile liquids; above Cis ar[ﬁ::: the corresponding
of the double bond makes the alkene slightly more *.':¢3~_II113’1°“:t er boiling points than |
alkane. This reduces the attractive forces. They have slightly low |

the corresponding alkanes e.g. ‘___________—-—-—:
Boiling point o :
CH;-CH, Ethane -104
CH,=CH, Ethene 42 .
CH;-CH,-CH, Propane 48 ’
CH,=CH-CH, Propene 36 :
CH,=CH;-CH,-CH,-CH, Pentane 29 H
CH,=CH-CH,-CH,-CH, ~ Pent-1-ene 126
CH;4(CH,) ¢CH, Octane | 121 §
CH,=CH(CH,) sCH, Oct-1-ene 195 =
CH,CH=CH(CH,) ,CH, Oct - 2 — ene

'4.3.2. Chemical Reactions

1

a Bamang

b
[
Addition Reactions :
The chemical reactions of alkenes are due to the presence of the double bond. Thf
double bond in alkene consists of a strong ¢ bond and a weak 1 bond. Therefore
the chemical reactions of alkenesinvolve the breaking of this weak 7 bond and cti
formation of two strong o bonds.

1 v

The most common reaction for compounds containing carbon-carbon double bog
is addidon.

\ ||

c=C £ XX — T(i‘

\ X X :.

.

\ / =B+ Cs 5

c=C + X-Y — \ | :
/ \ X Y

The double bond in an alkene is made up of a o bond. The = electrons are loos’

held and are available to reagents seeking electrons. Therefore compounds thatreact w
e

alkenes are those that are se€

king electrons. They are acidic and electron deficient #

are called electrophilic reagents.

i

&£

< Basic Organic Chemistry 42 - ;
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7 A= B
» A | ¢ (i

ge each geeks an electroy

" u
: also reatl[wldl atltl:lyt’CH drogcﬂ“"f’ Jl finel fvi |
oge” (Ca 7 the resence Ol NNcly d""d!‘d 3

5
re€ radi dr ‘ : '
ddition fcl:y hydrog” [kanes. ON€ atom of hydrogen adg,
8 kenes T€? pla to form @ !
sum OF :
Pal:;:ﬁl:?me double bond €-8 a _NLPd ,  CH,-CH, _
CH;’CH; + T2 epr 25° | &l

en .
4dition of Halog ith chlorine O

r bromine at room temperaturey |

b A ct rapidly W! ct. The general :
Alkenes 1890 lodine generaly does not rea general reactiy |
abSe-nce of hg ' I l f |
r X5 —9 R-C- "

l
R,C:C‘ ‘-
X

(xz:a2 or Br‘2J

out simply by mixing the alkene and the hal

tetrachloromethane. The reaction with bromine can be used 10
alkene from alkane. The reddish brown colour of bromine is discharg
alkene can be regenera[ed from the dibromoaikanc by reacung it wi

dust.

The reaction is carried

H H
-
R-C <C- + Zn — R-CH=CH, + ZnBr,
|0
Br Br
e Addition of Hydrogen Halides

The hydrogen halides (HF, HCL, HBr, and HI) add readily to the doub®
- ‘?ffﬂkenes to form the corresponding halogenoalkanes. ,
e \ / | !

i ¢=C  +HX — TC' |

H X

X =F, Cl, Br,I)
STRe 3 CH-CH; + HCI — CH,-CH,-CH-CH;

Cl

But-2.ene
2 . chlorobutan€

-
X Il“’""‘lﬂml«: Chemistry
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=4

=t - g ,Br
+ HBr - —¥» ‘ .

Cyclohexene Bromo cyclohexane
The reaction is usually carried out by passing the dry gaseous.hydrogen halide directly
into the alkene or by adding a solution of the hydrogen halide to the alkene.

{

R L P I A

i

MARKOVNIKOV'S RULE .
The addition of hydrogen halide to an unsymmetrical alkene theoretically

leads to two products. One product however, predominates in practice.

T R

> CH, - CH - CH,
s

CH,=CHCH; + HCl : :
(Predominates)

"'_""CI'.’Hz-Cl-lz-Cl-l_-;

Cl

Fﬂﬂﬁﬁﬁ;g&mﬁu.; M S T

e
Ll

™ o - ._."' o oa, b sl s i
R o TR L R R

=
_+ ma - c - C]{a
’ I (Predominates)
CH, I

CH,~CH = CH, + HI | (|:H‘

L—— CHy-CH-CH,-1I

Markevnikov's rule is used to expla'm many examples like these. The rule states that
in the addition of compound: of the furm HX across a double bond, the hydroge#

adds tc the carbon of the double bond with the greater rumber of hydrogen atoms.
¥

Addirion of hydrogzen hromics . 4
AGOiinn ol I3 7 an . 1! ro unsimimetricel alkenes follows Markovaikov's ru.le;_}

AUt in the precence of moy-vies the addiden of HBr to unsymmetrical alkeres git
producis, whice are contrn i the rredicoons of Markovrikov’s rule. This reverse

H
Sadn

iz ~alied neraxide efMect.

g < & . o P N 25
S TSR0 N cAaneno Nwv . Dfcseniee O ]:l‘." MO8 15 Tad

PO, , . -
- Baede Crrpandes Chinmisan - . i
= - - !f i '

.
s
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CH, CH,
CH, l ) “
! -;‘if_-'_,. CH, -C-CH, CH,-C-CH; + H,SO,
CH’ -C= C}!: + l “ '
OS0O,0H : OH

Addition of Water: Hydration ,
Wa?t?r adds to the more reactive alkenes in the presence of acids to give alkanols.
Thl hisisa f:;nveniem method for the preparation of secondary and tertiary alkanols.
e aci

. S most commonly used are tetraoxosulphate (VI) acid and
tmoxophosphate

(V) acid. The addition to unsymmetrical alkenes follows &
Markovnikov’s rule.

Example

_ R-CH-CH,
R-CH=CH, + H,0 T
' o OH ;
: CH,
CHB R ) l s 3 ,:'
l _ﬁ;ﬂ, CH;-C-CH; ?f
CH,-C=CH, - l -3
v OH §
c. Halohydrin Formation L v % \N . ! - S
Addition of chlorine or bromine in the presence of water gives compoundsg
containing the halogen and hydroxyl groups on adjacent carbon atoms. These
compounds are called halohydrins e.g. ' iz
> Br, HO an -CH, ;;l
CH, =CH, ? | J ¥
Br OH . ;"rt:h
2- Bromoethanol : %m
=
a mo CHy-CH-CH, %_;_ C
CH,CH=CH, —2' 2 | B - 4
Cl OH Fhes
2-Chloropropan-1-ol i i}
=

These compounds are formed by the addition of pre-formed oxoacid, HOX. &
However, the products show the addition of the elements of the oxo acid (HO™ *
and -X).

i
v
.
1

:Bask?orgm.’c Chemistry s e i '

@ "

ﬁl.-"'

Scanned with CamScanner



[[Aikencess

Br > N — Br _—",—?-) R"‘CH'CHz"'Br
o nmzcﬂz —;? R-CH CH:

| agn

|
etk e H
-:_-.-,-{|'.: _H R-(l:H—CH,-Br
OH
: 8
Hydroxylation

Some oxidizing agents such as cold alkaline KMnO, or peroxymethanoic
H-COOOH convert alkenes to diols. This reaction is known as hydroxylatig

| |

-C=C- Cold alk. KMnO4 -C -C-
' or HCOOO | I
OH OH
diol

3CH, = CH, + 2KMnO, + 4H,0 —— 3CH, -CHj + 2MnO, + 2KOH

|

OH OH

OH

% Oxidation”
£ Alkenes are oxidized to diols (compounds with two hydroxyl groups ad
ese are formed by the addition of the hydroxyl groups across a double bo

§  CH;=CH, + H0 + (0) — CH,-CH,
% From the oxidizing agent | ]

OH OH

alal
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The oxidjzixlg agents 'used. are cold acidified potassium tetraoxomanganate (VII)
KMnO,, or-a(':l‘dlﬁf.‘d potassium heptaoxochromate (V1), K,Cr,0,. The purple colou;
of KMnO, is discharged while the K,Cr,0, is changed from yellow to green,

f. Ozonolysis

Ozox?olysis is the addition of trioxygen (0zone) to an alkene and the hydrolysis
of the ozonide formed to yield the cleavage products which contain the carbony

\ 3 - =
5 group, c=o, at the site of the double bond in the original compound. Ozonolysis’
provides valuable information about the position of the double bond in the structur
of the alkene. The hydrolysis of the ozonide is carried out by treatment with zinc dust
and ethanoic acid. _ }
eg. CH,= CH; + 0, '0_"!:.’ H, H, 'EI
H H Ozonide g ;
2s \ \
——— C=0 + C=0 5
CH,COOH H; H't _%
g
CH;—CH,— ¢==C—H + 0,— CH,—CH; L —H % '
H, CH, Hy CH, Et
H; H, B
- = zbocﬂa- : ..'_ -
100°c ~ CHi—CH;¢=0 + O=<C—H E
Test for Unsaturation E:
Pass ethene (alkene) through reddish brown bromine water. g
- decolourized. ¥
2. - Pass ethene through bromine in tetrachloromethane, CCl,, ?
decolourizead. i
;
3, Pass ethene throtvsh porple 22d'Ged KMnO,. It is decolounii
Ethane (zlkane) docs not uncargd these reactions becausei
sanurated. ®
?
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i Give the reactions of CH,- CH=C(CH,) CH,- CH with the following reagents.

i. H,80, . ii KMnO, iii Br, iv. Hbr, peroxides.
), Use chenﬁcal équétions only to sl'.lou} the preparation <'::f é-named alkene Ero:ﬁ
a. Alkanol | b. Halogenaalkane
; c. alkane d. vicinal dibromide
;.- . Complete the following reactions:

a CH,=CH, + H, —*

C: CH3CH2CH:CH2 + HBr .

' 0. Zn/CH COOH ?
CI v 2 P 7 = - 7 +
SRR s --,i CH3CHQCI 1= 2 CHCl,C C
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ll‘ IRy n® = j§ .
z f dihalogenoalkane‘s . _ G
3. D"hvd"’h’lf’ger}a:;;;-:::ogenoalkanes using alcoholic KOH gives halogenqg,
Dehydrogenation© attached direcdy 1 the doubly-bonded

with the halogen atom

This is unreactive and the reaction steps. A stronger \4

vinylhalide). - i N
s(odaj;mde in liquid ammonia Is therefore, used to form _all-cy‘n
H H H
L sou, .C-C- 222y -C=C--
; -C-C- et T NH
£ [ }
g X X
3
! e.g. -
; CH,CH- CH, L .
; | | 2 CH CH=- CHBr —2¥2, CHgz-CH=CH
3 Ethanol 3 ) NH:
2 Br Br
‘E‘ Propyne
ple. 4. Reaction of Sodium Alkynide &ith Halogenoalkanes |

ller alkynes with hydrogen at one carbg .

nd This method is used to convert sma ;
en larger ones Primary halogenoalkanes are used.. The required sodium alkynj o

nd prepared by treating an alkyne with hydrogen atom attached to one carbon g’ -

ng? with a solution of sodamide in ammonia. - -.".w_!.v.

k1 R-C=C-H + NaNH, — R-C=C-Na + NH; i

? ‘Sodium alkynide Ve
i

LﬂE L This sodium alkynide is reacted with thé primary halogenoalkane to give b

"~ alkyne.
i R-C=C-Na + RI — R-C=C-R + Nal

.3. PROPERTIES OF ALKYNES

5.3.1. Physical Properties |
‘1.~ 'Theterminal alkynes are slightly more soluble in water than alkanes and alk

This is because -C=C-H bond makes terminal alkynes sufficiently polari
dissolved by water. '

¢ ... Thealkynes haves higher boiling points than alkanes or alkenes with the$# |

%: - carbon skeleton. For example. [
P T

¥ 3 i1

: ﬂ b.p (°C) N l'L I:.'.I

Py but-l-ene -65 )

; e Tt cis but-2-ene 3.7 ¢ "

b s foer but-l-yne 8.6

: but-2-yne - 27.2

: butane - =05

B "
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- This is because the C-
possible for intermole
compactness of the a]

H bond in -C=C-
cular attraction to
kyne molecule,

5.3.2. Chemical Properties
1. Addition redactions
Like alkenes, a)

ctrons. The reactions take
moles of the reagent; C=C bond is first conv

e
H is sufficiently polar. This
exist. This attraction overcomes ¢

Makes

kynes undergo elecrophilic addition because of availability
place in two stages i.e. requires tvie
erted to C=C, and then to C-C bond,

H_,. n-c=c-m hw:d'-rm H H l‘:
Pt or Fd or Ni I | 200° ¢ | ‘ $
200°¢ HH R-C-C-R' 5
|| &
H H ¢
£3
R-C=C-R X P
—— || X, | |
X X R-C-C-R' 3
|| £
X X B
R-C= C-R' B X ke
]
R-C=C-R — . e, | :
. _ 1 (X=Q, Br ar 1) H x R-C-C“n.. i
] 5
H X 3
i
-
[ R R 00 E‘I
oo, || =g |} 'fu
" HO- € -C-OH R-C-C-R %a
|| y <
i HO OH - S
=
OH H O K
850 ) | \ I" ! .
.a..:.::SC“.”l.:mq n.c =C“R R-C'c'r'-
i
|
L ; .
| aden of allyne using acidified "MnQ,. il 27 elizns 20w
v Jyatrrneal i1 U0 b e J & = L= x . ’_;\
= eroar i forther oxdcizec to alia: ‘olc L O
g b s -~ :-"'.“ e ———TE
e ' '-__;}”
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makes it

)ymes thq::. _(H:-H = -T-O-H
o
E 0 O

bility Of 2, Combustion

ires ‘M(‘i Alkynes burn in air to give a very luminous and smoky flame because of the

-Cpond: c:arblon content. Ethyne burns in pure and excess oxygen to give a non-
lummou_s and very hot flame (~3000°C) used in oxy-ethyne torch for welding
and cutting metals.

2C
2H1{sl + 502!:1 — 4C02{=} + 2H30{s!

Formation of Metallic Derivatives
Terminal alkynes form covalent metal derivatives with silver and copper (I)

ions. If a terminal alkyne such as ethyne is passed into ammonical solution
of silver trioxonitrate (V) or copper (I) chloride, a precipitate of silver alkynide
(vellowish white) or copper (I) alkynide (reddish brown) is formed
respectively. A

o

L LI T I

S e PR R

— H,0 2
R-C=C-H + Ag(NH,); + OH —%— R-C=C-Ag + H,0 : 2NH,

Silver alkynide
Z = H.,0
~~-~-R-C=C-H + Cu(NH,); + OH —=2 , R-C=C-Cu + H,O + 2NH,

s ]

2 Copper (I) alkynide

.,
¥

#The formation of these alkvnides serves as a distinguishing test for ethyne and other

"

’CET_EEJ alkvnes from ethane and other alkenes. Alkenes and alkynes decolourise
facidified KMnO,, bromine and bromine water. Alkenes do not react with ammoniacal
£AgiN7, and ammoniacal CuCl. The formation of these alkynides can also be used for
‘=Bz aring terminal alkynes from alkymes that have an internal triple bond. Once
separadon has been achieved the terminal alkvne can be regenerated by treating the

s L ES
i

~ikynide with a song acid or sodium cyanide.

-C=C-E + Ag(NH,)! + OH —— No nrecipitate

Civ -
e ] w ¥ i H - = [ - & — .’ F'_\“EC_H
3 'Cr' C'ZJ " .‘.'.g(r':}'l_?‘): OE: :' S8 L = Elg # HoU ;

Scanned with CamScanner



REVIER WUETIONS

1. Give the structure of the prodict of

CH,-CH-CH,-C= CH

CH, ¢

with two moles of

’
- 4!
Ly
2 b
- Vi
3
et
.‘- “haas
L
T
—-— T -
- - ak L0 ("‘_’g‘!': Olr?“».‘l:l’) —
"4 - . “
. 53
- L 4
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6.
. 6.
s 1.
.I '|II
A
E S
E f
:; A 2.
! -
. INTRODUCTION L ) _
{ 6.1 "I":] this chapter we shall deal with aliphatic andhgron;anc comlpmmdsin
one or more hydrogen atoms in alkanes or benzenes have been replaced by .
atoms. Example includes: | 1 .
CH, Br
| CH,CH,]1 >
LI CcH, 'T- CH, Iodoethane
%_,J jragla TP c1 fll
g e 2 -chloro - 2—- methylpropane Bromobenzene 1
centratf - - s
" L -
zonoly: i =
whlchg Cl-CH,CH, -Cl . Bt
ECIP"? 1, 2-dichloroethane _ ﬁ N
chemit 1 b
1€ abq’ j \|i|l!- 8
48 i
:.f T .1' ﬂ. A
; Br ‘-?"ﬂ =
: 1, 4 - dibromobenzene - IRy
. ; R T 9
: | k
: b"CE'usETL';le }?:Ilogenoalkanes are very useful intermediates in organic d&]' «
P e l:-‘ ogen atom especially bromine and chlorine, can be easilyep4
} Ogenobeii‘e The chermcal and physical properties of halogenoalkd®}
| when ccmnpr:u-.eél e are different. Most halogenobenzenes are extremely %
,j' to halogenoalkanes. b
éxﬁ-‘-:"-h I
- i C-Basic ‘
§ ~=7" | Grganic Chemistry ot .
; ES .

Scanned with CamScanner



6.2. METHODS OF PREPARATION

6.2.1. Preparation of Halogenoalkanes
1. Direct Halogenation of Alkanes

This method has already-been discussed in section 3.2.2. It is used
effectively for the preparation of chloro- and bromoalkanes. In order to
ensure good yields of the mono-substituted compound rather than the
polyhalogeno derivatives, a large excess of the alkane is used.

C,H; + Cl, — C,H,Cl + HCl

2. Addition of Hydrogen Halide to an Alkene
When a hydrogen halide reacts with an alkene, halogenoalkane is
obtained (section 4.3.2.). ;
R-CH-CH, 4
R-CH=CH, + H-X — 1
X
3. From Alkanols i

Alkanols react readily with hydrogen halides to form halogenoalkanes
In this reaction, the ~OH group of the alkanol is replaced by a halogen. ;

M

The order of reactivity of the hydrogen halides is HI> HBr> HCl (HF 15'
 generally unreactive). The order of reactivity of the alkanols is tertiary > &
secondary > primary. The reaction requires the presence of a strong amd,,,
which may be the hydrogen halide itself (for tertiary alkanols) or concentrated""
H,SO, (secondary and primary alkanols). Secondary and primary alkanols are}
converied to the halogenoalkanes by reacting them with a mixture of sodiums
hzlide and concentrared tetraoxosulphate (V1) acid. The acid acts as both-
catalyst and generator of the hydrogen halide.

e

ROH 4+ NzX + H,S0, —— R-X + NaASC, + H,0

 JRP R

The hydrogen chieride reacts with primary alkanols onlyin the presence of zinc
chlaride because the chloride ion is a weak nuclzophile. Replacement of the
~-OH group in primary or szcendary alka nolc to form halogenoalkanes can alsa

en'phier dick 13-,d-: o¥ide, Lu,., sny! chioride) SOCL, of

o2 carmied oul USInT
nosphorous mioromude Tyatiples of the use of these reeve*m are sh( wt
l) l..!.l i —-A " s Cib md e e

D' ".\,l:

o 38 1., =Ci%, = - + SG - Ed
CH_. -rH-CHE - -+ ‘:L.}CL_ — Pl Ck .IL;_ G, Cl

Cil.
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1. From Aromatic Hydrocarbons
Chloro- and bromo-derivatives may be prepared by the halogenaton of

aromatic hydrocarbons in the presence of a Lewis acid catalyst.

- al
- + CL FeCl, + HC
. Br
FeBr,

2.” 7 From Diazonium Salts '
mixture of sodium

The reaction of aromatic primary amines with a
C give diazonium salts. Benzene

dioxonitrate (II) and dilute acids at 0-5°
diazonium chloride for example is prepared by using dilute hydrochloric acid.

L
| NaNO,, + HCl,, — HNOyy + NaCley

s used
rdeér to
an the

fﬁojtnacluunes _j
6.2.2. Preparation of Halogenobenzene and their Derivatives

:
L

)
{
B

i
i

rrated ' - .
ols are! N = NCI'

. L4
odiumas + HNOy —* @ + 2H.0

s both"

-

.;

: or

? C,H,NH, + HNO, _Ha . ¢ HN,Cl+ 21,0 .
SF i r" i Benzenediczonium chloride
of theé.. . . ’
nalso. The -N,Cl group of the hanzene diazonium chloride can be replaced by —Cl, -Br or
1.. O —1 group (o form halogenvbenzens.

=N
| ;\ ) — ‘ \J |
. k\\;)

hown Faramnles: .
4 -
2 P /\/l
|
g

-
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l l' H B w g™ === = 3
+ Cl
N = NCl @
CI-I:C!,
S,
@ . HCl
+ -
N = NCI ' r
Cu_Br,
HBr i
i
' 5
6.3. PHYSICAL PROPERTIES . A ofsl - E_.‘

The boiling points of the halogenoalkanes are hig q o
with the same number of carbon atoms. The boiling point of a given halogg:anlowmelst £
increases as the atomic mass of the halogen increases, thus f'luoncles have S ;
boiling points while the iodides have the highest boiling points. TheY are 1ns ;

in water, but soluble in organic solvents. e
halogenobenzenes are very much like 3

The physical properties of unsubstituted )
the corresponding halogenoalkanes. For example, the boiling points of chlorobenzene.;-

and bromobenzene are nearly the same as those of chlorohexane, and bromohexall;e :
respectively. Halogenobenzenes are also insoluble in water but soluble in organicg.

solvents.

6.4. CHEMICAL PROPERTIES

6.4.1. Halogenoalkanes -
{8 Nucelophilic Substitution
The typical reactions of halogenoalkanes are nucleophilic substitutions
reactions, whereby the halogen atom is replaced by nucleophiles. Thé_‘

nucleophiles are either negative ions or neutral bases (these have lone pair.g;

of electrons). Examples include: .
-~

- OH, CN, OR, NH,, H,0, R-OH ete. - 3

Often 'the R-X bond is converted into R-0O, R-C and R-N bonds. Thl?
conversion makes the halogenoalkanes very useful in organic synthesis. &

=

" The nucleophilic substitution reaction can be represented as

R-X +'.‘f —> R-Y + X or
R-X + H-Y: — R-Y + H-X

e = Bzsie Organic Chemistry ¥ Gl S °*
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ith aqueous alkali B
a. with Qc aBe oH — c,H,O0H + Br
2
b with sodium alkoxide tn erhario!
. C.H.Br + (:HSCH,O — C,H,0C,H, + R,
3428 : .
c with hot alkali metal cyanide in ethanol - :
; C,H.Br + oN — GC.H.CN * Br ] .
i b l .
with ammonia in ethano i
d— Czl-lsBr + NHS_ —7 Czﬂsm; + HBr I--,}’
e. with hot water T
CzHSBr + H‘IO =y C:.HSOH + HBr -
o 2.
fi with Na or Ag ethanoate :
C,H Br + cH,c00 — C;H,00CCH, .
|  Generally, the rateé of reaction is jodides> bromides> chlorides> g .
This is because the rate of reaction is determined by the ability of the hai] '
"which are replaced to be relatively stable. They are stable if they are weak bad-.
" order of basic strength of the halides is F> Cl>Br>1T. : ,
'-2. ~ Elimination Reaction 8 . |
Halogenoalkanes undergo elimination reaction. A molecule of yd
' 3.

lkene is formed, for example

halide is eliminated, an a

| H H
R CHA | | R s H
3 R-C-C-H _-HX N =
e N ‘ W OH
: H X -

-~ This reaction occurs when the halogenoalkane is boiled with a concentrated soé
Thet ~ astrong base in ethanol. The bases used include KOH, NaOH, C,H,ONa and poé

e pajré‘!f _ gjmethylprqpo)jde (potassium ter-butoxide).

- Zxamples
g“ #i40 L L CH, - CH, - CH,
& EmEEeTEy —kod ., CH, = CH-CH,
- ThiSk: 2 L Br CoHgOH, 25°C
is.
FH,
l CH
3
Cohk
I 2 ISOH CH: - C'CH3
C}I:I
BasicOrganic Chemistry

Scanned with CamScanner



b Hydrolysis of "B g@ea coiapound which we

La)

With the aid of chemica] i
. equatio .

organic halogen compound. showhow thefollowing can b prepared from any

2- gumn -2-0l * b Ethylbenzene

£ - methylpropene d 2 - methylethoxypropane

€. But- 1 - ene ﬁ Prgpyne

What product would be formed fro i
m th = K9 :

sl of the Fullowinig feagens> e reaction of 1-bromo-2-methylpropane with

a. OH, H.0 b. e, alkanol

C. (CH,), CO, (CH,),COH d CH,0, CH,OH

(o}

€. |

Li, ether, then CH,-C-CH,, thenH,O -
o

Mg, ether, then CH,-C-CH,;, then H,f)

Write the product for each of the following reactions:

a. CgHsCHICH; + NaOH >

b. Ce¢HsCH,I + NaOH —_—

c. CH3CH2CH21 + KCN ethanol
d.

CH,CHICH,CH; + CHyONa _CH30H
CHS

| , H.0
e. CH,-CH,-C=0, —n—v'”:“ y 2 —
£

Identify compounds A, B and C with molecular formular C,HyBr using the!,_{

informaticn provided below:
a. ‘A’ was hydrolvsed with dilute sodium hydre xide solution to C.,Hmﬁ w?ch ;_“_
ot oxidised ] €5/ N warmi ith iodine

wlen oxidised gave @ compound CehgD. Ot warming C,HgO with io :

and agueovs alkali, a yellow precipitate wes obtained. 3

- stohle in alkaline KMnO..

——— PR _.t_,..h..._»ltf_ o :"Of.]' -r‘]:t:':-:'\q iﬂ fthgn:\:. gﬂ\‘f

AT, . R o A i TR I ey L o ] L X .

Umninefion oF -ath 1R - simod 2 @ compound with jurmuld
A -

5 TINATTLOaTUNT Lalfag
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2. Trihwdric allianols

7.1. INTRODUCTION
The alkanols are the organic compounds with the hydroxyl (—OH)

funcdonal group.

7.1. TYPES

1. Monohydric Alkanols
' Monohydric alkanols have one hydroxyl group, for example,

- H H H
| I
H-C-0-H H-C-C-OH
| | A
H H H
Methanol Ethanol
Z. Dihvdric alkanols (Diols)
Dihydric'alkanols have two hydroxyl groups, for example
H H
|
H-C- C-H
.
OH OH

Ethane - 1 - 2 - diol

Trihvdric alkanols have three hydroxyl groups, for example
1 H H
o
¥.-C -C- C-H
o
01 05 OF

Ll "~ A |
Prapan - T, 2y e - ety
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3.

lﬂilkdunl:ﬁ

4. Polyhydre compounds
Polyhydric compounds have more than three
CH,OH(CHOH),CHO, glucose.

hydroxyl groups for example,

7.2. MIONOHYDRIC ALKANOLS

7.2.1. Classification e
1 Primary Alkanols

up, Is
In the primary alkanols, the carbon atom, which has the hydroxyl group

attached to one alkyl group, or to two hydrogen atoms, for example.

H H HHH T
[ L]
H-C-C-0-H H-C -C- C-0-H H-C-OH
| L] |
H H H H H H
Ethanol Propan-1-ol Methanol
Secondary Alkanols

In the secondary alkanols, the carbon atom which has the hydroxyl group is ;3

attached to two alkyl groups, or to one hydrogen atom, for example.

HH H
H H H - ‘l
|| H-C-C/ -C-0O-H
H-C -C- C-H Il
H-C-H
H OHH J:‘
Propan-2-o0l Butan- 2- ol
Tertiary Alkanols

f
i
f
;
¥

In the tertiary alkanols, the carbon atom, which has the hydroxyl group, is: _'

attached to three alkyl groups or to no hydrogen atom for example,

2-methylpropan-2-ol

:
i-
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ais
ration Jepnoalkancs . : - . ,
ydro]ysis of Hnl:b::: 'ilk'lli or S”Vl-'l nxll‘.lf ' A:";')_(J mixed v;uh wa'h‘
. using 4ny < e
js achieve o o, p-on X
1.CH,CH,OH + RBr
H y CH,CH, 2 .
ci,CH,CH. BT O :
Nﬂo}‘u-n "
—cHCl —— CH,OH >
-
ethyc_hloride Phenylmethanol .
phenylm
(benzyl chloride) (benzyl alcohol)

te with an alkali

L Hydrolysis.ofan alkanoa
RCOOR' + OH — RCOO + R'OH
Alkanoate Salt of Parent
T acid alkanol
ample
C“,COON:; + C,H,0H

CH,COOC,H; + NaOH —

By Reduction of Carbonyl Compounds
Alkanals are reduced to primary alkanols. Alkanones are reducd

~ secondary alkanols. Alkanoates are reduced to a mixture of two alk
" Any of the following reducing agents can be used: sodium in ethanol, 2
~ in acid, forexample Zn/HCL, Lithium tetrahvdridoaluminate (1), Lt

- and catalytic hydrogenation.

T T TN e

0
) V4
CH,-C + 2[H] Zn/HCl . oy CH.OH
. giiz ey
ot “H
STl Ethanal Ethanol .
Tr CH, -CH-Cls
! i
CH,-C-cH, -+ 2[H] __HAIH OH
Prepanone i propan- 2’ 0
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v PITICE L LELE =t

on"cC
ci,en,CHon :
' o
cn, Jp——
d the uh'il"r ol benling &
v At nire
Therefore, if isomeric alkanols 4t I“I
v
primary > secondary = tertiary. 1or ¢ ximyp 16600
Hexan-1-0l I'I"'-"f'-
Hexan-3-ol l:’l”f'
2-methypentan-2-ol 0. X 1
cxerty - PGTIGIEYS
e for hydrogen = _
Polyhydric alkanols provide more than one u,l,mpll ”l“‘_ . - i B
molecule and as such have higher botling points. I(T ;h anol bolils at TEYC. S
at 198°C and is completely miscible with watet ¥ . ll ) ling point, !u w freefing @
1, 2-diol owes its usefulness as antifrecze toits high both
and high solubility in water.
7.3.2. Chemical Properties
1. Acid - Base Properties AT O
Alkanols can be regarded as alkyl substputeC wgstCh. [ LaRE TREEEAR TS
amphoteric.
Acid character; W01 -~ B — Byt » RO
Basic characrer: R-O0H - HA — l(*ﬁl M- A
H
L
Alkylsgroups are electron releasing. Therefore alkanols are less acdic
water. They are very weak acids and react as acids only with very stron s &
for example, '
C.H.OH + NaNH. — C.H,ONa + NI
Sodamude
Sodium o :
hydride
The acidic nature of alkanols is illustrated by their reactions with
(Na, K, Zn) to liberate hydrogen, for example,
L = Pasic Organic Chemistry e |
.66 : & |
o 1
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M — 2(;2]{50"3 * ‘lz
(L o 08 + 2Ne Sodium
ethoxide

-

roduce hydrogen for reductigp, D

gt g used to P
S ; sometimes be
secondary and tertary alkanols below:

o f pcidity

g Oree". Consider the primarys CH, .

. i - CH, - C-OH
bonding @ o 5
. 2-diol bi ' CH, ~CH, =

E e primary Secondary Tertiary 3

-. Me£h o therefore Rushes electirons to Ox}fgen_am _.
-ox}rgg;mm of the tertiary alkanol has the highest density of negative charg {-
% is followed by that of the secondary alkan.o]. Therefore, the hydrogen atomg
temmy alkanol is most strongly held and is the leasF acidic. Tpe order of ¢4
primary > secondary>tertary. The oxygen atom In the_te_mary alkano] paf.
strongest attraction for a proton. Therefore, the order of basic stengthis {

"l tertiary > secondary > primary.

has +1 effect and

&5 = {Fé'féﬁﬁmﬁan | ‘
. 1790 Alkanols react with alkanoic acids to form alkanoates. The reacty
& catalysed by strong acids such as concentrated tetraoxosulphate (VI) addf . .
§ example; . i
y e ‘_. ._ x ._ . . ‘\ l. -
nghf S, | Syl sthantais s
4 The reaction inv |
& | olves loss of a hydrogen atom, not a hydro
g s xyl group froz
i alkanol. * - ’ ) S ETOMR .
B T e S B -
T 0 0 ! e

| |

5
%‘r g T -" o H im : . 3
P - R“O*H + H-0-C-R' « R-.0-C-R' + H,0

o esterif L_'agloso reactwithacid chlorides and anhydrides to form alkanoa®
Ju 11 Process is faster than the reaction of alkanol and alkand®
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[latheneia |
CottyOm o G tamd T ngne, v w0
GO+ (MO0 & Gl i, G SR

3. Reaction with Hydruges Halide
Alhanols tract with hydsupes halicde 1o formn halogerealbaney and e
reaction §s Cartied out eithes by passing e dry bydeugen halule g as
albancd ot by heating U sliasnd wih O cramy gt gl @Apwmsred @
Hydtogen chiofide s the leas reacthre snd teguiies ta Jramesed o

. chlode fiot piinasy asd sessdary alhated:  Termary slbails i

poncentizted Brdivellodic okl of foees toSgeTatte

g0y = R0 RO

tnorganic halide: of noe smetal wah a2 P, ), avd ST, alien AT BOG
to form halogenos banes

€30, 038 O3 O« PR, OF Ak £ € « PR, v
€3 CreCR G = Bl (=, ma fé‘ el
o, O

e A oijiiems U-‘lﬂ-!l}lt‘zm- H’U'.h*?'hu
: SR Cwagennt pihaad St S

»
e

basrmglan

4 -
— h -

3 1 e a
W meeas s e

E-C LR ——» ¥ (=C-E » RO
o -
M ochs ~iars
- i H ne
- I -
p_ ‘ -
F-Cr C. « N £ - Fa B & C»{ &
e s u
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~Since the. stabilities of the carbocations formed are in the order tertary >
secondary > primary, the relative rates of dehydration are in the same order.

When there are two carbon atoms adjacent to the carbon atom with the
l;ydmxyl group, then two dehydration products are possible, for example;

_____» CH,-CH,-CH=CH,
But -1 - ene

mg-CHZ'C‘Cna

— CH,-CH=CH—CH,
But - 2 - ene

Which predominates? We apply Saytzeff’s rule to find the answer. Saytzeff’s rule
states that the carbon with the least number of hydrogen atoms will lose the proton (this
ion of hydrogen halide from halogenoalkanes)- Thus the

applies also t0 the eliminafi
dehydration of butan-2-ol produces but-2-ene rather than but-1-ene.
At 140°C and in the presence of excess alkanol, the alkanol is converted to

alkoxyalkane €.8.

C H,SO )
2C,H,OH onc. HS0s . ¢ H,OCH, + H0

Dehydraton of alkanols can be used tO ransform primary alkanols to
s and secondary to tertiary.

secondary or tertiary alkanol

Examiples
Conc. : ’ :
: _ e o e
+e ~-x —r 1,50, — i —— C.B CHCH
: {::‘ ‘."{;’C:i:DH :’;“J‘c C}{SCH CH-. Mo_ﬂ 3 \ 3
g =2 - OB
o> AT . uH

cH,-C=Ci: : 3
B-504 ’ | : . - Ago= : : \
H o

cH, C¥,

|, cH,-C-Ch.
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Udlianoll' |

OH
T |
| CH, - C-CH,CH,
CH, -C-CH, - OH _ome, CH,-C=CH; = %, 1
stg‘
170 ¢C CH
CH, CH, o

l

,
CH,-C Con -C-CH, -CH
3-|- Tl'HCH3 _T;-:., (“.[-]3..(_':]=(_:}-I(_“;[—[3 :!g.ﬂ CH, I 2 3

170%¢
CH, OH CH, CH,

It can also be used to step down an alkanol i.e. 1O produce an: alkanol

containing lower number of carbon atoms, for example,

\
R-CH,CH,0H -%=, R-CH=CH, —> R- CH CH
H,504 0 0/

170%¢c

0
_m/agcoon  p ¢? ™M™, RpcH,0H + CH,O0H
g -
+
CH,O
5. Oxidation &
a. Alkanols burn in air to form carbon (IV) oxide- and water, fo T

example,
C,H;0H(l) + 30,,, —P 2CO0,, + 3H,0,,

b. Primary and secondary alkanols are also oxidized by loss of hydroger%
to alkanals and alkanones respectively. The hydrogen atom of thé
hydroxyl group together with that from the carbon bearing Lhéi
hydroxyl groups are lost. When primary alkanols are oxidized, the».-.-
initial alkanal formed may be further oxidized to alkanoic acid. Thls, :
happens particularly when the oxidizing agent is in excess. Alkanones
are not oxidised.

yrbaion
!

The oxidizing agents wused include acidified pota551u1:1
heptaoxochromate (VI) and potassium tetraoxomanganate (VII). Thet
are usually acidified with dilute tetraoxosulphate (V1) acid.

5

-

g
- Rncie Oreanic Chemictru a i, : l‘
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THIN l". oy
W o h drogen 1Hnom (lm the Car}
I‘ Tertiary a]kangls :ﬁ\;;up H)I"Hl are not readily r;xidi-,‘:d"’n
the hy ro

beali] & ts men 10N d above. OXidEIli()ll ““L'r ‘. )
. ’ a ments he carlbx o

: ﬂditiOﬂS fr 5 - ) « mn sk i '[y(j
ing co ele .

ittle symhetic utlity.

AR |

g CH,CHO + H,0

K9, . CH,COOH

CH,CHO +# (0) o
g, + (0) — 1 CHy-C-CHy + H,0
CH:'C = a l

| 0
OH

. srINCTION BETWEEN PRIMARY, SECONDARY AND
7.8,

__JERTIARY ALKAN OLS

i The Lucas Test _ _ N ’
' 1. The Lucas reagent1s a cold solution of 13.6g anhydrous ZnCl, in 16

L concentrated hydrochloric acid. The test depends upon the different
ormation of the chloroalkanes upon treatment with Lucas reagent

(HCI - ZnCl,). | .
"o 1cm® of the-alkanol in a small test tube add quickly about 6cm of

[ucas reagent. Close the tube with a cork. Shake and allow to stand. 05
the mixture for five minutes. The following results may be obrained.

£ L If the solution remains clear, it shows the alkanol is primary

" Ifthe solution becomes cloudy in five minutes, the alkanol is $e&0%=
vl If an immediate white precipitate is observed, the alkanol is (e

, ﬁ;*% 3
ﬂum%,%emm

Ammmlmd

anal . &

fmm““d is 74, ysed for C 64.89% and H 13.59%. If the molc!:uli“”'“a
What i

b atis the mg)

rite doyy, [h::“l“" formula of the compound?

. ‘t'
fﬂnnulm FHthical f ormulae of all the isomers with th

—
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4. Arrange the following in order of increasing boiling points and explain the orders”

[I_Allmnols

¢ How would you distinguish hetween the isomers? .
d. Use chemical equations to show how you would convert the isomers wer

possible to named alkanes.

2. a. Give the structure and name of

L a primary alkunol;
iL. a secondary alkanol
fil. a tertiary alkanol.

b. Give one method of preparation of the alkanol named in (a) above.

3. Complete the following reaction schemes.

}
i

(@) C,H,-COOH ->  C,H,CH,0H

(b) CH,CH=CHCHO —%, 2
i s CH, -CH, -C-C.H,
(c) ? H SO ﬂ
2 4 O
(d)  CH,CH(CH,)CH(OH)CH, -—22%, ?
a
(e) CH,COOH + CH,CH,CH,0H - ?

(0 CH,CH(OH)CH,CH, + K,Cr,0, —224, 7

Butan-2-ol, pentane, butan-1-ol and 2-methylbutane. . é
5\
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' 8.1. INTRODUCTION

A

!“ Alkanals and alkanones Have the carbon-yl functional group \c= o. In alkanals, the

funcuonal group is terminal while it is within the structure of alLanones The general
o

rformula of alkanals is RCHO, . (l;-n , where R is an alkyl or phenyl group. The

% simplest alkanal is methanal, HCHO (R=H). Alkanones have the general formula
: o

ERCOR’ | , whereR=R,R+R', Ror R* = alkyl or phenyl group and never
B - - R-C-K

: hyd.rogen- The simplestalkanoneis propanone C
‘ alkanals and alkanones contain-the carbomy | group, they are called carbonyl
=compounds This functional group détermines 1o a great exient the chemistry of
- alkanals and alkanones. Therefore, they have similar chemical propertes. Differences
in reacdvity exist because the czrbony! carbon 15 attached 10 two hydrogen atoms in |
methanal, one alkyl group in oiher 4ikanals and two alkyl groups in alkanones. \

H,-CO-CH, (R= R'=CH,). Since both

= %  RIETECE S OF PREFARATION

2.2.1. Alkansis
L Gx.ieivon of Primary Alkanols
~ 2'ianals (see also section 7.3.2.). The

comimon oodifing agent uesd i DY~ R L g ferramonanvamte (\'[1) or
- 2 Vil il i L.
sodiym Ler-anyocnromate (\7) acd.s 20 With tﬁtran\cwulphm (\1) acid.

2 Primary zlkanols are easily 02 Zized T

l
- 2 =, ¥ ﬂcr‘ 11§ necassaty
\arause iz ;-'.:_.-::aI fo-med 15 cu sy @ i2es 10 &k anoic kanui 04

: : 3% Y Bt i v ~upIing iy AKaTuL 0L i
n or=mpve iTaos Jermidd. 4 18 G n.----i-.l“ a: Vi
” & TR The zibamal vape=r i med 15 disd wec ol

5 LEPLBRST N & . I
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D Alkanals and Alkanones

R-CH,OH + (0) —> RCHO + H,0 B
b. At 300° - 350°C, primary alkanols may be dehydrogen !

a copper catalyst to alkanals.

Cu 1
»> RCHO + H;
R-CH,OH 300° - 350°C

roup an
The hydrogen molecule is the hydrogen atom ofb-::gngg LhE—O"i
the hydrogen atom attached to the carbon atom .
L : group. E
k
il 2 Reduction of acid Chlorides (Rosenmund reaction) . i
L S ) Alkanals can also be prepared by the reduction of E?Cld cth]mslt, e (j
R | acid chloride is hydrogenated in presence of palladium cataly ~i5oh
i is poisoned by barium tetraoxosulphate (VI). T!)e catalyst ‘Slp e@
Ny to prevent further reduction of the alkanal to primary alkanol. j
4 R-COCl + H,  Pd/BaSO,  RCHO + HCI X
.l[f 8.2.2. Alkanones .
1. Oxidation of Secondary Alkanols |
fI Secondary alkanols are also easily oxidized, and alkanones
':-_;' obtained.
| 1
R .
f [ R! ‘]
R-C-OH + (0) —  C=0 + H,0 4
| 4 5
R ;
H _'
At 300 - 350°C secondary alkanols can also be dehydrogenated in ¢
presence of copper to alkanones. 3
Rl
| RI
R - C - OH ~—c.'.."_, C - 0 + H -
’ 300-350"C R/’ 2
H
oo = Basic Organic Chemistr -
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8w gl

[ et
ALKANALS AND ALKANONES

pAL PROPERTIES OF

8.4. GENE

hysical Properties R comparable alkanols becaus,

8.4.1- ;’hey have lower boiling poin _ ;
form intermolecular hydrogen bonds formed by alkanols. They can not dg y *
the hydrogen is bonded only to carbon (alkanals). For example, butana) j, #
point of 76°C and butanone boils at 80°C whereas butan-l-ol boils at 11ps."

ey have higher boiling points than alkanes of comparable
use the presence of the polar carbonyl group makes 4
r compounds have higher boiling points than e
le, the boiling points of pentane, butanal and by,
) are 36°C, 76°C and 80°C respectively: - :
letely miscible with water, but the,

—

. B P el

compounds- For examp
“the same molecular mass
The lower members are comp
decreases from the five-carbon members.
rties _ |
k on C=0 Bond

8.4.2. Chemical Prope

soned: 1. Nucleophilic Attac |
The chemistry of alkanals and alkanones is determined by the carboll

The carbonyl group governs the chemistry of alkanals and alkanones by proid -
for nucleophilic addition and by increasing the acidity of the alpha cang}"

These effects are due to the electronegativity of the oxygen atom, which ma !
e charge. The nucleophile attacks the elecuo

to accommodate a negatv
carbon atom, for example, .
oz \ Z
| :
1 : \
| -G

4

"
S oram AL AR o N £ i pd sy

g 1=y ‘F "
Tewt

: |
: s |
R—=C==0| —» R

-0

-

1. <
¥ . .
e il 4.,
r -

[« ;
NCc=0 + Z —»|
1.

R’ R'

Transition state

3 Alkanals generally undergo nucleophilic additon more than alkanones. Wes
. iook at the examples of nucleophilic additon of alkanals and alkanones:

2 {a) Addition of Cyanide |
Hydrogen cyanide adds to the carbonyl group of alkanals and 3%

to form cyanohydrins.

\ / 1 " o
C + CN —— -C-CN
h i
0 O
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The reaction is often carried out by adding a mineral acid to a mixture of the carbogl'
compound and aqueous sodium cyanide. The mechanism involves the n-uFIEOth%
attack of the carbonyl carbon by the basic ion followed by the rapid addition of the;

4
! proton. 4
| I"{
s
i NE TN g GO T, CeoN i .
g | | :
R 02 o oH =
“N ;¢
' Cyanohydrins when hydrolysed give a -hydroxy acids or unsaturated acids. For. 2
£
a1 example: !
{ .
Rtk ) 3
e CH,-CH-CN -, CH,-CH-COOH *
R ‘ I 3 *
oH OH 2
[} s I;i
N CH, CH, CH, i
e N ' H,50 I "Lr' 2|
R CH,-CH,-C=0 — "> CH,-CH,-C-CN —"=> [CH,-CH,-C-COOH] . o
. l I gt
. OH OH 5
f ‘
CH, T
B
— CH,-CH=C-COOH + H,0 5
. Eec.
L
b. Addition of Sodium Hydrogentri .' :
_ + hydrogentrioxosulphate (IV), NaHSO,. % re
Alkanals and alkanones form addition compounds with NaHSQ.. Tt:
ot reaction ic carried out by mixing concentrated sclution of NaHSO, with .
H alkanal or alkenone. The reacton involves the atiack of the carbonyl cerbon b-
B the nucleophilic reagens, SO,H, followed by the addition of hyd-ogenionto it
’ carbonvl oxygan. ;
a{ _\
~ ’f
¢’ + NaHM§0, — -C-S0.Na
1
I :
g Ok
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h‘ T | \c/ + fm.ll - T- .0 - M —c!.dlﬁ.
| |
o o oH

T s 1 ey

]

.-'m'hrn ""’f’?"‘a “.‘I'

The addition product separates as a crystalline solid. Alkanones containing
bulky groups do not react with NaHSO, because of steric hindrance. The hydrogen
rioxosulphate (IV) addition products are generally prepared to separate a carbonyl
compound from a non-carbonyl compound. The crystalline addition compound
separated from the non-carbonyl compound when acidified regenerates the carbonyl
compound. For example,

H
|
C,H,CHO + NaHSO, — C,H,C-S0,Na

on

e C,H,CHO + NaMsO,

cH, at,

i :.
-}-CH,-CH,-C-CII, + NallSO, —» CM,-CH,-C-SO,Na —"—. CH,-CH,CHO + NalSO,
= I l

¢ 0 onl

CH,-CH- C- CH-CH, + NallSO, —> No reaction

|

CH, 0O CH,

Additi ' Ammonie ‘ o L
- SN o s a to form hydroxyamines but the

Alkanals and alkanon :
d methanal vields hexamine

es react with AMMOnt

~eaction of ammonia an

as:,
= |
™ 3 €.C-0
/C:O + Nii, g ,i
’-I ]
; N1,

EHCHO + 4N,

Scanned with CamScanner
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d. Addition of Ammonia Derivatives _
The derivatives of ammonia are compounds of t
compounds used and products formed are:

he form NH,-Z. HN 7

M
H,N-OH —> /C = NOH
H,N - NH, — N\c=N-NH, :
4 s
Hydrazine Hydrazone T-
-
'\ ’
H,N-NHC/H, —F G N-NH-C.H, i
Phenylhydrazine Phenylhydrazone }
N
H,N-NHCOC,H, —> /C= N-NHCOC,H, ;

Semicarbaszide

'he reaction medium is usually made acidic. This additdon involves nucleophj]jci'

Semicarbazone.

track by the basic nitrogen compound on the carbonyl carbon after protonation of |

ucleophilic attack. Low acidity favours the protonation of the nitrogen compound.

he carbonyl oxygen, which makes the carbonyl carbon more susceptible 't'c)t
hus the right acidity depends on the reagent. These reactions are addition -{

ndensation reactions.

echanism
[ H
N ek |
— - Qi N® o F -
Y. R
O OH A
+ ' OHH
H,N-Z
nples:

CH,CHO + H,NOH

Rasic Orpanic Chemistry

C=N-Z + H,O + H”

4
S poe P e

i
N -F N ¥

ol

w,
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' (b) m= = CHTHC]‘!:COCH; NHRNHI Cl'l: - CHCHCHZCH:CI{’
Kon |

CH, CH,

The double bond is sensitive to acid. If the compound is reduced by amalgamated
zinc and conc. HCl, the double bond is attacked and saturated by HCI.

w

—

»

“The Haloform” Reaction ,

Alkanals and alkanones containing CH,CO- group (or alkanols which can be
oxidized to it) when warmed with iodine dissolved in KI solution followed by
addition of NaOH solution give a pale yellow precipitate with antiseptic smell.
The compound formed is triodomethane (iodoform). The reaction is known
as iodoform test. For example, '

I
CH,COR —Z+ CI;COR 2, CHI, + RCOONa

- Oxidation of Alkanals and Alkanones

Alkanals are easily oxidized to alkanoic acids but alkanones are not.
Oxidation is the main difference between alkanals and alkanones. This
difference arises because of the difference in their structures. In oxidation, a
proton. or hydrogen atom is abstracted from the carbonyl carbon. Alkanals
have a hydrogen atom attached to the carbonyl carbon whereas alkanones do

. not. The oxidizing agents used in the oxidation of alkanals are the very mild

reagents such as Tollens” reagent (ammoniacal AgNO,), cold dilute neutral
KMnO, or K,Cr,0,and fehlings solution. In each of these tests, apart from the

-+ formation of alkanoic acids, distinctive colour changes are observed. Tollens

i k]
Z DU _,"_"):

. l!_ -

reagent gives a deposit of silver (silver mirror) on the inside walls of the test-
tube.
+
CH,CHO + Ag(NHp),  + H,0 —+ AgH CH,COOH + 2NH,

- Tellen’s
reagent

-

> colour of KInO, i discharged. The orange colour of K,Cr,0; changes to

biick red precipitate 1s formed with fehlings solution.
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. =N-NHC,H |
. " 4+ H,N-NHCHs - @"T N s T gl
in -'f'”o c=0 i . §

CH,

A (LA

R ient melting points, 71|
g lids with convenien ;
d are crystalline O hen prepared :
he compounds FOFEC - o of alkanals and alkers 4 dinitrophenyihyded
 are used 1 ction of alkanals or alkanones With £, 1 rapid] :
. derivatives: 'I.Tle - |hydrazones which are generally formed rapidly as Orange |
€ _ioos? 4_dimtrophen}’ y e ) vides a convenient methﬁd B
¢ glzesa;rsm]ﬁne precipitates. This reaction pro
% r aification of carbonyl grouP-
| | CH | |
CHQ\C=O + HgN-NH'CeHs(NOZ)z — C= N-Nﬂcha(Noz)z + H,0
T T N v Cl{
j ! | 3

: :;&;ction of Alkanals and Alkanones
Alkanals and alkanones undergo reduction to primary and secondary alkanos

respectively. The reduction may be catalytic using H,/Pt. or H,/Pd or H,/Ni.

It can also be achieved by using other reducing agents such as LiAlH,

. NaBH, or LiBH,. The overall effect is the addition of hydrogen to the c=0
- ‘bond.

5 - Padiriheg
e e e & g
4 o I ST R )

[ F O s o g e
E o nnTe

- o] s bR Lt

R
T i \c=o + (2H) —» R-C-OH
t -'f--‘--"—g‘w_"us'. '__":.(,:1’ H/ I

d <TE. f-‘?!‘l""-.ff'-'ﬂ'.; el vie
et et e =3

H
N, . R : |
= " C=0 + (2H) R'.C.
e A it —> -C-
e % | OH
e L
pmples L 1 oved
E' c}{_ CEIH..
5 PN =CHCHO + a0my XA,
3 -] CH,CH = CHCH,OH
COCH
i' 655y s + Z(H) NQBH‘
é - ———— CH,CHOHCH,
. T 'T'“"r N
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| I Alkanals and Msj |
b. Clemmensen Reduction .
Alkanals and. alkanones are reduced to hydrocafbons .by the action of
amalgamated zinc and concentrated hydrochloric acid. This reaction is called
clemmensen reduction and it is used to convert the carbonyl compounds to
alkanes.
H
Ry I
c=0 /R, R-C-H
R: / Conc. HO |

C,H,COCH,CH,CH, f‘m’—t:a—- C,H.CH,CH,CH,CH,

.

",
Wopr e MM

W

Wolff - Kishner Reduction - :
ls and alkanones to alkanes by the action of;

C.
This is the reduction of alkana : 3
hydrazine and a strong base such as potassium hydroxide. §
o 3
ﬂ - i
CH, = CH-CH -C-CH, e CH, = CHCH -CH, -CH, -
l l i
CH, CH, {
Clemmensen reduction and Wolff-Kishner reduction. complement each other in t.ha‘i

rried out in acidic medium while Wolff-Kishner reductios
Thus compounds that are sensitive to acids are
compounds sensitive to bases are reduce

Clemmensen reduction is ¢
is carried out in basic medium.
reduced by Wolff-Kishner procedure while
by the Clemmensen method, for example,

aad o e o) iy

cl
' !
_#n/e | CH,CHCHCH,CH,.CH,
i "
|

PTT | .

(a) CH,CHCHCH . COCH,

I
CH,

CE,

Trne chiorin® awcm i sensitiva 1
will be repiacec by O group in addiaon 10

S iy "~y i L =Y -r-- o pp—
Nri.NH .,:.-‘.O: . L C]‘."f_-f aI1em W
- s

redvction of the carbany. €ro

iva 1o hasa if the compaund above is reduced
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nms@.mom
rion of alkanals.

for the prepara Su_ucturany an" :

1. a. Give two methods e . .
: rween alkan d alkan
i i nuate betwe

b. How will you differe

chemically? -
ing ion schemes:
2 Copy and complete the following -eacion
? _H/Pd . cH,CHO
_ Baso,
b, ? MO CZH,T-:NHOH
H
c. 7 VM _ C,H,CH,CH,CH,

Conc. HCI

d. CH,COCH,CH,CH, N&Hc, 2

. . o
e. CH,CH(OH)CH,CH, + K,Cr,0, HSO0, £ '
-4

Use chemical equation to show how the following compounds would be synt.he:;

-
7=
",

3. _
from propanal. ‘
(a) Propene (b) Propyne
(c) 2 - hydroxybutanoic acid (d) Methyl propanoate
(e) Butanoic acid.
A what simple chemical test would you perform to distinguish between the follos

pairs of isomeric compounds?
a. CH,CH,COCH,CH, and CH,COCH.CH,CH,

b. CH,CH,OCH,CH, and CH,

| =
.

CH,-C-OH

|

CH,

c. CH,CH,CHO ang CH,COCH,

- Memsmieoba_. i 2
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S e In the
@-j@mxmmc ACIDS B
E 'h‘:‘ For E
F N o
9.1. STRUCTURE . ' (h
The alkanoic acids are organic compounds, which contain the carbgr]
Z° isattached to hydrogssi ar i . BenzC
o cooner <, gl
' 4lkyl group (RCOOH) or an aryl group (Ar COOH). For example 2. A
r HCOOH CH;COOH . CGHSCOOH | pve
| Methanoic acid Ethanoic acid Benzoicacid | Acit
] \L
/0 . \ . \'I. ;
The carboxylate ion - R-€Z, | is symmetrical and the distance of thetw} |, A
O- i . :

atoms from the carbon atom is 0.13nm. This is intermediate between C-0(I¥
and C=0 (0.128nm). Thus the carboxylate ion is a resonance hybrid of

V. 0 ;
2d? & med \
D+ No \¥
. 'p__
T} y 0 |
Ne structure can be represented as r-c” “ o
- = . - . % 0 v .

?.2;: METEOUS GF PREPARATION
- Wwiaation of Primary Alkanols and Alkanals

10 laps

bratory the oxidising agents used are K, Cr, 0, Na, Crz

addiﬁEd ‘r""="::.th S s . : Ous e
can also be ys }éz .04 cgmmmm (V1) oxide, CrO, in anhydr
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In the oxidation of prima

RCH,0H + (0) —C
4

RCcHO + (0) _Ka0r2% RCOOH
HZSIDJ‘
For Example:
KMnO i(MnD‘
CH,CH,CHCH,0H + (0) ——— CH,CH,CHCHO + 0 — cn,cn,clﬂcoon
|
CH, CH, CH,

Benzoic acid is also prepared
KMnO,.

2. Alkaline or Acid Hydr
The alkaline hydrolysis

gives the acid.

Acid hydrolsis:

Alkaline hydrolysis:

Examples

ry alkanols, alkanals are fo

olysis of Nitriles

rmed as Intermeuas.

K% , RCHO + H,0

()

(9

by oxidation of methylbenzene with alkalin

Pen e gy

alt of the acid which when acidified

gives the s 3

-"_.

@ i

R-C=N + H* + H,0 —> R-COOH + NH,. =
R-C=N + OH + H,0 — R-COO + NH; g ¢
RCOO + H' —> RCOOH. | 3
My

C.H,CN _W%EsPs, C,H,COOH "E:
C.H,CN -5 c.r,co0 c -
6="5 f.’..(l R CGHE\’OOH i
<
.
4

3. Using Grignarc Reae ent
When carbon (V) = P?

proaueTis hydrolysed, 2n 2lRaAn0IT ¢

dinte mineral acid or watern.

' ‘“3 - ar
py M, BMCE

cthe— =

‘on of Grigrard reagent and G

scec into a soluuc
.43 35 obtainad. Hycuolyss can be achieved wi
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In the oxidation of primary alkanols, alkanals are formed as intermediate.
RCH,0H + (0) _Kffz" RCHO + H,0
= 4

RCHO + (0) —2%2%,  RCOOH
82504
For Example:
s i’ CHCOOH
CH,CH,CHCH,0H + (0) —— CH,CH,CHCHO + (0) — (5, CH,CH,
CH, . CH, CH,

e v —————

D

st

Benzoic acid is also prepared by oxidation of methylbenzene with alkalin
KMnO,.

2 Alkaline or Acid Hydrolysis of Nitriles : . -
The alkaline hydrolysis gives the salt of the acid which when acidified

gives the acid.

i S R e !

Acid hydrolsis:

R-C=N + H' + H,0 —> R-COOH + NH,. -
Alkaline hydrolysis: ;
R-C= + OH + H,0 —» R-COO + NH; T
RCOO + H' —> RCOOH. %
=
Examples t?é
C,H,CN —22%, C,HCCOH *%
- a 2 H= ;
CH,.CN %,  CH,.C00 — c,H,COOH 2
3. Using Grignard Reaoent | 1
When carbon (IV) iz passel into a solution of Grigrard reagent and x}%
praduet is hydrolysed, zn alkanoic 23218 obtainzd. Hyciolysis can be achieved wz%
&inte mineral acid or water. & -
2 & ) e - YET gy mes :
RY —%, prip¥ —=— ROOCWLY = RCOOH S
[=4; L ?
'l

ik < - b - E

Azl —-1'—" »  AT! e i 25 L »rCOOH

H‘ re Ch . - e e e e —
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Example
! (0]

' ¢,H,MgBr + CO, = C,H,C-OMgBr _#* , C,H,COOH

\

\ .
- (CH,),CCl T":—: (CH,),cMgcl —% (CH,),CCOOMgCI H: , (CH,),CCOOH

'9:3. PROPERTIES

" 9.3.1. Physical Properties
. ‘1. Solubility
& ) n bonds with each other and with water.

hneé - Alkanoic acids can form hydroge
g They are polar. The first four members are liquids very miscible with water. Straight
g

" chain acids|with five to nine carbon atoms are also liquids but they are partally

- soluble in water. Higher members are solids and are insoluble in water, because the
_ -effect of water-insoluble hydrocarbon chain predominates that of the water-soluble

=
®
By

carboxylic group.
' The lower members are also soluble in less polar solvents like ether, alkanol,
benzene etc,, because in such solvents they are present as dimers formed by H-

bonding between a pair of carboxylic groups.

2. Boiling Points
The boiling points of alkanoic acids are higher than those of the

and alkanols of comparable masses. For example ethanoicacid with ©

'ﬁm;rwmmwﬁms N i o
\' g
s}
L}
0

5 dikanoates
.""D;‘-‘;n, 2 _ p— . -0 - .
?:L :?;in ve rmqh?_ulaz mass of 60 has b_cnhng point of 118°C whereas the boiling
& oints of methvl methanoat2, propaii-1-ol and propan-2-ol with the same mass
gL = QAL 07O o = L S - ..
& :?.‘re‘ 327, 87°C and 82°C respectively. The reason for this is that whereas -
Eg:_ RS ¥ non ydrogen bondir.g ir ailianoztes, the hydrogen bond in alkanols
2 IvVEairo=phan FRat te = rn Y T . e i ’
e rer than that in siayoic amds, A pair of the acids is held together by
#- WO OyGrogen bonds insteac of ¢ne asin a pa'r of alkanol
* : -
i
!
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1. Acidity of Alkanoic Acids
Alkanoic acids are weaker than mineral acids but the

alkanols. In water, an acid or an alkanol exists in equilibrium with the carboxylate
anion or an alkoxide ion respectively and hydronium ion.

o |
9.3.2. Chemical Properties
y are stronger than
RCOOH + H,0 =— RCOO + H;0" '
%

5

%

&

ROH + H,0 = RO + H,0"
The strength of the acid depends on the equilibrium position. The S'_:r()nger.the acid, |
the further to the right the equilibrium position. Therefore, the readiness v'nth which i
the O-H group splits to release its proton determines the strength of the acid. The O-;
Is for the é

H bond in alkanoic acid splits more readily than the O-H bond in alkano
following reasons: . g
The carbonyl group in the alkanoic acids withdraws electrons by electromer.!c.

found m&

L
shift. This facilitates the split of O-H bond. No such effect is
alkanols because of the absence of the carbonyl group.

0O
¢
R-C-0-H R-0-H

i. The strength of alkanoic acid is also due to the powerful resonancé.
stabilization of its carboxylate anion which is made possible by the carbonyt:

group.
O

R-C <> R-C or R-C - i

%o S

g

Resonance does not exist in the alkoxide ion R-0 of alkanol. %
Effect of substituents on the strenoth of the acid 3
How does a change in the structure of a group attached to ~COOH affect t&
strength of the acid? Acidity is measured by the ability of the proton of the acid®
combine with water to give the hydronium ion and the carboxylate anion, RCOO. A®
factor that stabilizes the anion more than it does the acid increases acidity. Conve '

any factor that makes the anion less stable decreases acidity.

Electron-withdrawing substituents (-1) reduce negative charge, stabilize the anion &
increase acidity i.e. reduce the readiness of the anion to react with hydronium ion to give :;i
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doy

chlorid

-l'-.l-l'_; fhanolc Aclds |

.tu.'“‘ Snd

% | to give amino acids or hydroxy
_acids respectively.

e TS TR £ 44AR et

N ** Methanoic acid cannot be halogenated because it has no a-
The importance of this reaction is that the halogen atoms of the halog
easily be replaced by -NH, group or by -OH group

h)’drﬂgen atom.
enated acids can

\

RCHCOOH + NH, — RCHCOOH + HBr
Br NH,
a-amino acid
RCHCOOH + NaOH — RCHCOONa L, RCHCOOH
Br Br OH
' a - hydroxy acid

The halogenated acid can also undergo elimination reaction to form a, B-unsaturated
- acid.

RCH,CHCOOH xon , RCH=CHCOOH

: - RCH=CHCOOH
1 E ethanol ——1
‘g Br a, f-unsaturated acid
5.3?._ T
[ ;::-..1"l';|
3 o M
& REVIZEUIU=STIONS
= e
i s
3
9 V/nre the IUPAC names of the following:
ce ofd

(8]

-

. P
L CH,CH,CH,CH,C
OH

i.  €&,CH=CH(CH.),CH-COOH
J

Cl
O
4
i LE\'JC[I,,‘&CE'}-C.U_.-CH'(
: 1
. ‘ou
Ch
c Chem iy
: T~ Ui
Y e vt < £
~rEan gy IV ap . Rar Jl:ﬁanc AMineg ;
Sl T falnes ine : =S Is XDen
i o i gt T o Yo Uis oh =kiled .,
Zih i “Vlamin. - “Xamp) th ed th Ods ra
& LO2AD armin. o - B2 334 - 10€ pf &l tam:.  OMTian
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n-releasing-§roups (

+1) increase the negatiy,

i Inductive effect decreases with distance therefore as Cl atonm is moved

#from -COOH, the acid strength diminishes.
: Ka
""" CH;CHCICH,COOH 89x 107
~ %" CICH,CH,CH,CO0H 2.96 x 10°

T3 v S

#l'he order of electron withdrawi
F. -'l_fhng‘requre, iodosubstituted a
g the strongest.

ng effect (-1) of the halogens is | < Br <@¢|.
cid is the weakest while fluoro substrutedad].

Ka
- “FCH,COO0H
oot SN 260 x 10
-+ BrCH,Coon 125 x 10°
iggscin H,“_IE_ITI;;COOH 67 x 10°°

: Action as Acids
] .,-;Aqueou.s_solutj

“Xample, the
2nc to e y affe

fate hydrog
xocarbonam&

on of the acids sh,
CUindicators; reac

en, form sajts

tw

with bases and liberate carbo?

|

R
. . > 9010
OW the typical behaviour of the a3

. ! 1uf
1th actve metals such as magnes

i ar
While electro cidity ie. increase the readiness of g, . i
the dci WU om and decrease acidty Lo Y
' destabilize the nium ion to ge o d therefore increase 44,
n ith hydro ithdrawing an o ity ;
to react Wik e electron-wit f alkanoic acids. A log). 7"
e Halogens &'~ ' ched to -COOH group 0 atg,
in the group @ is: ‘
rﬁii;tc?nsmnts, Ka illustrate this:
aci
: : Ka
: —_ 17.7 x 107®
i; HCOOH 1.75 x 10
& ‘ CH3COOH e
: 136 x 10
% CH2C]COOH 24107 o
553 x10
ef ... CHCI,COOH 23200 x 10°® |

|

|

Y |
1"

————

9
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&Alkanol: Acldzl ;

3. Reduction
The acid group
tetrahydridoaluminate (111), LiAlH,.
LMHI‘

R-COOH + 4(H) ——— R-CH,OH + H;0

I A —

\

is reduced to primary alkanol by only

Example
LiAlH

LiAlH

HOOC(CH,),COOH —*— HOCH,(CH,),CH,OH
LialH

¢, H,COO0H <. ¢€,H,CH,0H

Ether

(CH,),CCH,0OH

4. Formation of Acid Chlorides . _ . 3
\Acids can be converted to the acid chlorides by heating with thionyl chloni

or phosphorous pentachloride or phosphorous trichloride.

RCOOH + SOCl, —> RCOCl + HCl + SO,
RCOOH + PCl, —>» RCOCl+ HCl + POCI,
'3RCOOH + PCl; —> 3RCOCI +"H,PO,

Example . S

CH,(CH,),COOH + SOCl, —> CH,(CH,),COCl + SO, + HCl ?

C,H.,COOH + PCI, —»  €,H,COCl + POCl, + HCI i

3CH,CH,COOH =+ PCl, —>  3CH,CH,COCl + H,PO, ]

N 3

5. Formation of Alkanoates: Esterification . - yni'
This reaction has been discussed in 7.3.2: T R

| £

6. Hziogenation N ‘i:\

Chlorination of etharicic acid by gaseous chlonne in presence of
phosphorous successively viel ds meno-, di- and trichloroethanoic acid. Berter y

are cbiained if the reaction is carried out in bright sunlight.

-

TR el 5!; :

CCL.COOE

CH.COOE —S2. CH,CICOOH —2- CHC!,COOH
. P .

Chiorinanon of afh..- zgliphadc acidr gives a mixture of s=verzl monozcnior -

ET yhoots, This reaction ig net ol s*."uheuc value. Brom1n=uc.. NOWSVeT, Vil
£ G LT -igd baconee 1T i3 e leciive.

; 5 fee
< T8, T, CHL.CHEILOOR —-— CH,CHEnCOU — =

P I3 L L

: fuilta s
LT eary i = “’r‘ - > D St" = =
S
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U Alkanolc Acldsnj

owing mmpound55

VoW eates ——

b. Give the structural formulae of the foll

- L Hex - 3 - enoic ucid '
[ iL. Cis - butenedioic acid ]
ha\ il 3 - phenylpropanoic acid. -
-y = 4
= ‘ ; ic acids. or)
2. a. Give two methods for the preparation of alkanoic amoic acid in the Jaboral 0:&
O b. How would you show the presence of a sim[?le.alk?nher than those of alkan
L c. Explain why the boiling point ¢ alkanoic acid is hig
RiIF and alkanols of comparable molecular masses.
A
3 3. Complete the following reactions: 10.1.
Kmnd "’
i. CH,CH,CHCH,CH,0H + (0) —— 7 :
] 3 replac
L cl § Theyt
v hy a chio
co H [3
ii. CH,CH,Br ‘:’ ? i, 2 — 7 ! group
jii. CH,CH,CH-COOH ——*y ? g &roup
; iii. . - .
S 1 Sl S % hycro:
3 CH,

. soc,
iv. (CH,),C-CH,CO,H —21 g%

[

e:'l‘;f‘;—; Basie Orzanic Cheni - . . ~
ST ) ; a0 2
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BE ﬁr&l;nﬂves OF ALKANOIC ACIDg

. -~

INTBODUCTION .
The derivatives of alkanoic acid
replacement of the hydroxyl group of alk

They include acylor aeid chlorides obtained by the re
“atom. Acyl or acid anhydride obtained by the replacement of the hydrogy |
| S |

s are a groﬁp of compounds obtaineg

anoic acids by an atom or group of atg
placement of hydroxyl gmu?; AT

10.1.

B VR P ARy

. achlorine al i
E group by -OOCR group- Alkanoates obtained by the replacement of the hydrogy - lf
. group by the alkoxy group, -OR and amides obtained by the replacement of t L.
¢ hydroxyl group by the amino group, -NH,. _ ‘H V
E e b ) st &) O b .{\:-
i Tt o 2 L 2 e O | |_
! AP :‘_::"_'-‘}_ A fo . R_CJ/ R""C//- b
: i 2. o % it
o P, OR
E T rR-C=0
| Acid ehloride Acid anhydride e
| <[ o |
7 (6]
I, cH-c” . coc?
LS o Bt \) AN
;_fii;m.r-;b}"!-" ST CHl’ =0
du‘j"’de ) _Ethanoic anhydride Ethyl ethanoate
16.2. Gernsral Prapcﬁ‘ié.s ,
1. ’I:le presence of the cz?rbon}rl group in the compounds m ~kes them polar. The
' g:{;';p"_ls ?Ot Cha-nged in most of their reactions and it determines the ChEiTlical
- D;ovi\dlj‘i:;r'ao:;h? comp;:.unds as in alkanals and alkanones. It does this ‘;Y
3 g a.site for nucleophilic attack. It i ity of alph
hydrogen atoms. also increases the acidity
T Organic Chemistry ol :

~ 91 -
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U Derivatives of Alkanolc Aclds '

The ease of the loss of Y depends on its basicity. The weaker the base, the better
leaving group. The general order of reactivity to nucleophilic attack is as follows: &

s )
They all contain the acyl group, - | and are all hydrolysed to the patent aci
;R‘.'_c'_ !
o __ o0
| [

R-C-Y + H,0 — R-C-OH + HY
(Y = Cl, OR, NH,, OOCR).

TR S R e ety

The typical reaction of the compounds with the acyl group, alkanoic acids and
their derivatives, is nucleophilic substitution in which -OH, -Cl, -OOCR, -
or -OR' is replaced by a basic group.

| o
o ] o
R-C/ + :Z —> R-C-Z — R-c/ + :Y
\Y | N ;

i ttaia

Z z

Y
(Y = -OH, Cl, -O0CR, -NH,, -OR')

O 0 0 o (o}

Va V4
R-F\ 3 - <n? < rc? <rc? g
Nox \ng, Nor Nocor Na
S
-
W

In general it is easier to convert a compound from the right to one to the lei.

than vice versa. 4

R
Alkanals and alkanones are less susceptible to nucleophilic substitution tha

acy! compounds becauss in aikanal or alkones the leaving group is the hydride igs
:H) or aliide ion (:R). The hydride and allide ions are the swongest bases
Therejore nucieop:hilic addition rather then substitution takes place in alkanals an

alkznones. 3
-4
Z. L5 CHLORIDES

1. Piazaration

— ae . - 2, o ;_\ =T . - S - = .".11 x e - i .I -
The pre-araton of 2¢i2 cnlorides fas bean discusced in SECTION 5.

L B
o A
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~40.3.2. Physical Properties L n g gny
The- ar.::ld S:hlorides have sharp and irritating odours. “They fume in moist air.
The sharp, irritating odour and the fuming properties are due to the-ready hydrolysis
of the acid chlorides to HCI and alkanoic acids.
10.3.3. Chemical Properties
1 Hydrolysis
The aliphatic acid chlorides readily react with water to give the corresponding
__ alkanoic acid and hydrogen chloride. g

L2 RCOCI + H,0 —™ RCOOH +HCl ~ I

CH,COCI + H,0 —> CH,COOH + HCl

The mechanism of hydrolysis involves the nucleophilic addition of water, which
is followed by loss of a proton and a chloride ion. l

- R
R - |
FK‘m: + =0 = H\O*-c'
|
C

-0

v a’ u’
rer the 1
Jlows: &
£ ) R R R
¥ -
| y f(l | ‘ Lo ]
g oo L2 go:. .0 —» HO-C=0 +CI
* o/ -Hg0"
1 % 5NN | g[
& cl cl
 the 1'?.;;- 2. Hezcinn with Atkanols and Phencols ‘
8 IT ey 12 ot with aikanols and phenols to form alkanoates. For example:
on tha . .
ride i0; {06 + CH,CH,OH —= CH,CCOCH,CH, + HCl
1 basey _
nals ans s3T0GT + CH,08  —» CH,COOGH, + HCl
i-" Tovede o vl Somponia |
g3 = e e X “sitr #1.monia to form the corresponding acid amide.
-5 )
0.9.% Cz,L0C + N, — CH,CONZ, + HC

— -

o= © &1 =L éfrb;:f Ej'—ﬂ:e
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l:' Derivatives of Alkanolc Ael;—f:]

4. Re‘acﬂnn with Primary and Secondary Amines _ focm N
Primary and Sccondary amines react with acid chlorides 1o TOFHE
substituted and N, N-substituted amides respectively. 1

CH,COCI + CH,NII, — CH,CONHCI, * Hel
CH,COCI + (CH,),NH — CH,CON(CI1,); * Hcl .

S. Friedel - Crafts Reaction !
Benzene reacts with ethanoyl chloride in the presence of aluminiuoy
chloride to form phenylethanone. :

AlCl E

C.H, + C,cocl A5 CH.COCH, + HCl

replaced U 28

3

In the reactions we have discussed above, a hydrogen atom has been
acyl group. Reactions in which the acyl group replaces hydrogen, espea -
with phenol, alkanols and amines, are known as acylation. If the group 15 C:‘.,Cfd

bev p
ally to

it is known as ethanoylation (acetylation) and if the group is, CgH,CO-, 1
benzoylation.

6. Formation of Anhydrides
An acid chloride when heated.awith the anhydrous sodium salt of an alkans

acid forms and acid aphydride.

RCOCI + R'COONa -~ RCOOCOR' + NaCl
O (8]

CH, -CH,COONu + CH,COCl — CH,-CH,-C-0-C-CH, - NaCl

7s Reduction
Acid chlorides are reduced by hydrogen and other reducing

as Lithium tetrahydridoaluminate (111), to the corresponding prim
alkanol.

./ e

MM peHO  ——— RCH.OH

o Ledlll

RCOCI

or LA,

ydrogen, the palladium catalystis poisoned w
' d. Thi

But if in the reduction with h ‘ ‘
first step and an alkanal 15 produced

BaSO, the reduction stops at the
lnown as Rosenmund reduction.

Mz,  RCHO
RCOCI o beth;
_ == Rasic Organic Chemistry 9
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5. ACID HYDRID + methanoic acid form acid anhydrides hy'hﬂ'cli _
iR g Alkanoic acids excep o molecules of aci ’"lnan,,,
f a water molecule from & o @ =« B
“ | . y
] l o + HO-C-R' = R-C-O-C-R' + g v
4%
1 P
ihen R=R’, a simple anhydride is formed. But when R # R"a mixed anhyqy,
né formed. /
£ 4.1. Preparation ) ) E
1 10.4.1 \cid :nhy drides are prepared by.the reaction between an acid chlorig, ag |4
g anhydrous sodium salt of an alkanoic acid (Section 10.3.3.). |

RCOONa + R'COCI —* RCOOCOR' + NacCl

_‘2. Ethanoic anhydride, which is most widely used, is prepared on an indusig
scale by passing ethenone (ketene) into ethanoic acid. Ethenone is prepared by the
cracking of propanone in the presence of Ni/Cr alloy. -I“f =

e )

sy FHRE

CH,COCH, /& | cy =c=0 + CH
7509¢C *

Ethenone |

CH;=C=0 + cH,cooH - CH,CO-0-COCH,

) 10.4, -ZPhysical.Properties .
~ 7 ‘Acid anhydrides h irritati '
water and are slowly i ol Swrong imitating odours. They are slightly soluble
e Lo ydrolysed to the corresponding alkanoic acids ;
. 10—433h2m1c3| Prupenies 3
gl 290 ) meamd <31

. Theyare alg, used as':;dndes have similar cp,

_. , ._IfeaCtivirj"bf;acid'anhy e OYlating agen s al

emical properties with acid chlorid® |3

lower g) : eis dy though they are less reactive. Thelow®
B ;;rtifirha; Withg awing Pow:rﬁlthe Presence of CH-CQ-0- group, which hasd ¢
¢ Salt&ﬂfjﬁﬂ’anoi?x?e?ﬁdnbf the Rosean the chlorine atom in acid ch]o,rides. <
o+ i - * a St . :
¢ insecrion 1055 iCids; they 1y detgo aﬂﬁnund reduction and the reaction with sodit"
f o2 "Eﬂmnc;ic.a;ﬁydﬁa 2 ~ e other reactions of acid chlorides oed®
—ethangyte wiki €S uged ;
* Ch dre m0n ed n makin 5, ]
fe S for malp & cellulose ethanoate and ethenyl (7

AT

e - = = c
e Organie
' € Chomisgry

~ s
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10.5. ALKANOATES
The alkanoates are f
ormed b the .
alkanoic acid and alkanol to form a);ka oaten poalon reaction, the reaction between
and slow and is usually catalysed b Noates apd water. The reaction is reversible
HCL y y hydrogen ion from concentrated H,SO, or dry
acid + alkanol = Alkanoate + water
The si :
a e Slmplfe alkanoa‘tes have pleasant fragrant odours. Many natural scents and
ﬂavom's of many fruits are due to traces of alkanoates. They are used as artificial ¥
avours and ess‘ences. For example banana flavouring is made from 3-methylbutyl wi
ethanoate and pineapple flavouring from methyl butanoate. They are used as solvent
for gums, resins, oils, varnishes and paints. 2
X
70.5.1. Preparation ;
B From acid chloride and anhydride. 2
ROH + R’COCl —= RCOOR + Hel f%
)
ROH + R'COOCOR — RICOOR + R!COOH ke
2. From sodium or silver salt of alkanojc acids. .
RCOCNa + R'-X — “RCOOR’ 4 NaX
RCOOAg + R™-X —= RCOOR' + AgX
10.5.2. Physical Properties
Alkanoates with about ten carbon atoms per molecule are liquids. The lower £
members are very volatile. They have boiling points that are much lower than those of E
the parent acids because hydrogen bonding is not possible in alkanoates. "'ffg’ '
10.5.3. Chemica! Properties )
1. Hvdrolysis :'i*
Alkanozres are hydrolysed very slowly to alizanoic acid and alkan<l when Y
boiled with water. _ %
l R-COOR' + H,0 —*= RCOOH + R'CH ¥
| . :*}
This reaction can be catalysed by both acids and bases. When ag-;d-ta*:f.lys’?d e 4
A ) - ) e N E A T +& a2ira2neste 1S N
Teierse of esterificetion occurs. Being reversitie a yrod vixd of the alkanestess
~ > < - X * 3 7 - - ~ 1a “ --k-
0ained when excess of the acic solution is wsed o § rooie coaesce a %
In 1he ba-e-catalysed process, the carbuxylare 101 15 fomned. LS Prat=sas =
32 reversible. ,
= RCSAr? + O —> RCO7 = 374
e, aas enic Giormnlster r eh- g o N
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mcrlvutlvcs of Alkanolc Aclds I

i

Mechanism -
R R R .
R

nglq- \cﬁé —» HO-C-0 — HO-C=0+R'O — 0-C=0 + R

F 4
Gl

'OH

OR

2. Ammonolysis
Alkanoates react with concentrated ammonia to form the alkanol and the |

amide or the alkanoic acid. This reaction is known as ammonolysis.

RCOOR' + NH, —~ RCONH, + R'OH

TJOne
3. Reduction ™
Alkanoates are reduced to a pair of alkanols by the action of Na/C,Hs OH or ? ] ti?:
LiAlH,. : \
) RCOOR' + 4(H) —> RCH,0OH + R'OH _ _ | s {”gs
10.5.4. Fats and Oils : 4’.
Fats and oils are naturally occurring alkanoates formed by the § |

esterification of long chain natural acids, such as hexadecanoic acid (palmitic g
acid), octadecanoic acid (stearic acid) or octadeca-9-enoic acid (oleic acid) i

‘with propan 1, 2, 3-triol (glycerol).

CH,(CH,),,COOH + CH,-OH — H,COCOC,H,,

| |

il s A — = S

CH-OH HCOCOG,,H,, + 3H,0 .
| | - 'y
| CH,-OH H,COCOC,,H,, ] |
The oilz differ from tha fats in that 2 greater proportion of their constituent - « 5!
—alkznoic acids are unsaturated. Thia: maies the oils liguids at rcom i
remperature sipce unceuraiec acids have lower melting points than tne '}

sarvrered acid:, ‘ L
rdeolvsis of naturally necu=ir - alkanoates (fats and oils) % .

[ 5 1 TREPRATI & | "‘..

Lheakon Vi ia Mo .
t0 form 20ar: and pronen- 1. o, 3-i0! ik ingwn assaponification. Thus soa
b4 o I x -— . !
15 the sodium or poresaum 22! of lone crain ne arally occenng acids.

IS obsery e‘“e“ed t0 k-

“T'Or exay

;;#ﬁﬁmQqumnawes)dm ﬁzph\mmehmte
& QI an amys ='|'-.-- 3 ok g ‘ |
n: 23and 4 20r me'h,l "‘1*'“”3&‘. /

iV o
D the noar :
s -'I‘LLI'Clr.u T alo P".‘ T = "nﬂlnpn i e,_r “"IIIL

T FF

s qrm"'c
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H,COCOC,,H,, CH,OH
| 2
HCOCOC,,H,; + 3NaOH — 3C,H,,COONa CHOH

| - |

H,COCOC,,H,, CH,OH

Apart from hydrolysis, another reaction which oils can undergo i
hydrogenation. This reaction is carried out by treating the oil with hydrogen in the
presence of finely divided nickel. The oils are saturated by the hydrogen. Th
product is harder and resembles a natural fat. The oil is said to be hardened. Thi
process is made use of in the manufacture of margarine. Margarine is made b;
mixing the hydrogenated oils with milk. Vitamins and artificial colouring are als
added to make the margarine as good as butter, which it is substituting.

10.6. ACID AMIDES

14.6.1. Preparation
1. By Heating the Ammonium Salt of Alkanoic Acid

R-COONH, —>—- R-CONH, + H,0
RCOOH + (NH,),CC, —2— 2RCONH, + CO, + 3H,0

2. Ammonolysis of other Acid Derivatives
- RCONH, + HCI

T Y

RCOCI + NH, 1

RCOOCOR + NH, —> RCONH, + RCOOH :

RCOOR' + NH; — RCONH, + R'OH é

]

3. N-substituted amides are prepared by the reaction of acid chloride or anhydride
1 ' mines or secondary amines. (Section 10.3.3). -
with primary a :
rcocl + R'NH, 7 RCONHR' + HCI E

rcocCl + R,NH —y RCONR; + HCI 5{*

(RCO),0 + R'NH, — RCONHR' + RCOOH 2

x

For example ‘g;’
2 3

C.H NH, + cnsco-o-coca, — CH,CONHC,H; + CH,COOH :

6 :

niic Chiemistry 4 __98_,..\' —-& s

- Bzsic Orga

-

Scanned with CamScanner



11.1. NITRILES

; itrile,
The nitriles have the general formula R-CN. Anexamplels ethanon!
CH,CN. '

11.1.2. Preparation L 4 & . .

1. Displacement of Halogen in Halogenoalkanes by Cyanide 1on - de
The reaction involves heating the halogenoalkane (usually t_he chlo'n
or bromide) with sodium cyanide in methanolic or ethanolic soluton.

R-Br + CN =& RC=N + Br

vk !.i'..l-. SRR

In this reaction, a carbon atom is added to the chain. AproticC solvents

such as dimethyl sulphoxide (DMSO) and dimethyl formamide (DMF) :
can also be used. -

CH,(CH,)CH,Br + NaCN _997 . CH,(CH,),CH,CN + NaBr

CH.(CH,).CH,Cl + NaCN - DMSO , o, (CH,),CH,CN + NaBr
2. Dehydration of Amides

Nitriles are prepared by dehydration of amides with phosphorous (V)
oxides or sulphur dichloride oxide, (thiony! chloride) SOCL,.

PO
—n

RCONH, soc, RCN + H,0
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5 . 1
Example .
(Cl‘i,);,ﬂiCONH; '—'—"-__-4 (CH,],CHCN + H,O
CH,(CH,),CONHz + soc, 7 CH,(CH,)CN + $O; + 2HCI
3
J 11.1.3. Physical Properties - -
j The lower members are Watet soluble pleasant-smelling colourless Jiq,
% Their boiling points are rather high. For :example butaneoand propanonitrilqmés'
relative molecular masses that are close boil at -0.5 and 97°C respectively. T; With
i ¢ nitriles are due to the high polanty of C** = N*bond. ¢ high

g

E

3
3
7
o

11.1.4. CHEMICAL PHOPERTIES

1. Hydrolysis
: Nitriles are hydrolysed by acid
g intermediate formation of the amide.
Hy0
R-COOH + NH,

s or alkalis to the conespohding acid via g
8

e i

ile,
RC =N + H;0 —» R-CONH, ——=

i 2 Reduction Y :
de ",: Nitriles are reduced to primary amines by catalytic reduction or sodium i |
n & ethanol or LiAlH,. -

4 R-C =N +4(H) — R-CHNH,

F
ats & 11.2. AMINES
r PR s L - - -
F) 3 Amines are compounds derived by replacing one or more hydrogen atoms of

| ammonia by alkyl and/or aryl groups. '

*

¥ 11.2.1. Types

i 1. Primary (1°) Amines

Phe primary amine

£ sl prGzGaties are formed by the replacement of one hydrogen atom of

ammonia by alkyl or aryl group.

Examples g S

- 3'.. - - - = - 2 = = -, . .

V) = THSITE NH
_.’:r ..... CE;.NH, _ C Y
5  Methylami oHts Vs, CH, - CH - CH,
iethylamine Phenylamine ;
\ 2 - aminopropane

5 Primary amines have th o '
; e general formula R- :
. They contain the -NH,, amino group. a R-NH,. R represents alkyl, or aryl group

&+ = = -Basic Organic Chemistry =iy
(303 T e
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- Secondary (2°) Amines
Secondary amines are formed by replacement of two hydrogen atoms of
ammonia by alkyl groups. They contain the -NH group. The general formula

is R,NH.
Examples:
CH, C. H, C.H, ‘
N N-H N-H N N-H l
cHy” ¢, H” a”
Dimethylamine Diphenylamine N - methylphenylamine
3. Tertiary (3°) Amines

Tertiary amines are formed by the replacement of all the hydrogen atoms of
ammonia by alkyl and/or arvl wroups.

Examples:
CHS cﬂHs Czl'ls
\ \ \
/N-C!-la N-C,H, N-C.H,
CH, cﬁns/ cua/ ‘g
Trimethylamine  Triphenylamine N, N-ethgimethylphenylamine. |

11.2.1. Physical Properties _ o
1. The lower aliphatic amines are gases or very volatile liquids with ﬁslfol-hlse
ammoniacal odour. They dissolve in water to form basic soluti.ons.. Pht_:nyl.amme is
a colourless oilv liquid when freshly distilled. Due o atmospheric oxidaton 1t usually

turms yellowish or brownish with age. It is slightly soluble in water and has 2
characteristic pleasant odour.

2. Primary and secondarv amires -have higher boiling points than tertiar

amines of comparable molar masces. This is due to the formation of hyd‘ruge:

bonds. Primery amines with two hydrozen atoms form more hyd-mge; b-‘:‘?:*.fli the

the secondary amines with only ong hvdiogen atom. Tertiarv amines nave E

nvdrogen atom on nirrogen and do not form Fdrogen bonds. Alkans s of comparal
~1= e

H e
. :  STRETNE FE P LAt Egie |2 Naasyiia oYYy
.7-."_)}3?' TIEsses wWiinp ammes nave 72000 O ..Ftlhlg 5 10) Iy TRs pegauss 0y

! .- - -
o

[ — = F o i e s~ —~—
clectrozegative than nitrogen and form stronger hydrogen 930cs.

g
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12 Ch?m'ic:.’llf:;;l:e of the chemistry of amines is the presence ‘ff the lone
The pUiCE nitrogen. They act as nucledphiles and combine with carbon
ectrons on nfluenced by the

' artial positive charges. Their reactivity is i _
o Cgiﬁp?s artacEed to the nitrogen atom. Electron-releasing groups

tivity while electron-withdrawing groups reduce their reactivity.
nes are more reactive than aromatic amines.

atoms, W
nature of the
increase their reac
Therefore, aliphatic ami

Basic Character o _
Amines and ammonia have structural similarity. -Each has a lone pair 0
electrons occupying one of the hybridised orbitals of the tetrahedral nitrogen

atom.

1.

N, W.
H/ ‘ H CH{ ll

-

Both are bases because of the presence of the lone pair of electrons on nitrogen
available for protonation. Both are weak bases in water because they dissociate

partally in warter.
NH, + H,0 —NH, + OH

R,N + H,0 —R,NH + OH

The electron-releasing effect of the alkyl group makes aliphatic amines stronger bases
than ammonia. They increase the charge on nitrogen. Aromatic amines are weaker

bases than ammonia because the negative charge on nitrogen is reduced by the
electroq-thhdrawmg phenyl group. The order of basic strength of aliphatic amine
ammonia and aromatic amine is as follows: ,

aliphctic amines > ammonia > aromeatic amine

~ Tne order of basic strength in aliphatic amines is expected to b= terdarv

zmine > secondary amine > nrimary amine. 1t is ohsen-e,jlmn.-.rie-:{i: - - 1-

are wezker then primary amines. For example the pl., \;aiun;f::,v %‘ug_larm_n-*:

dimetnylamine and uimethylamine are 3.58, 3.23 andn;- ',1;3 hr . ﬁL o
i e S

P

Th P, S A i -9
The srrern-th Of an amine m vaker 12 determmined I
& == 0= dtlelmined not only by the el oo

~ gema e d e = 3 e .y = i 1 o
o op he nitrecen atony, burt also the exvent o
cvailatiingy on the nimoges ateny, but also the extent 1o which the o <A

e L T 4 SR = L "_"

. e mm

2
x - f -~ e s o
Wit Oracrie Chesticlyy - ,_
3
* )
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And Amine®

e

D Nitrlle8,

CH, -NH;

. c.HBr — CHy-N-GfH, + HEF
2°"8 |

H

HsBr __} CH;"'N-Cﬂi + I{Br

m;'N‘CHJ + C2
l-fl C,H,
amin i es to form quaternary ammonium
ines react with halogenoalkanes to I¢ _
alts. Quaternary ammonium salts are derivatives of ammonium salts o?
;m';;OIﬂum hydroxide formed by replacing all four hydrogen atoms o
ammonium ion by alkyl and/or aryl groups.

Terdary

' + -
(C,H,);N + C,H,I —  (C,H;), NI . .
Tetraethyl ammonium iodide.

Quartenary ammonium salts when treated with silver hydroxide or moist
silver oxide form quartenary ammonium bases, which when heated
| decompose to alkenes and tertiary amines.

2(C,H,), NI + AgfQ + H,0 — 2(C;H,),NOH + 2Agl

(C,H,),NOH — CH,=CH, + (C,H,),N + H,O.

B ) L T SR BT

CH,

4. Ethanoylation and Benzoylation
Primary and secondary amines can be ethanoylated or benzoylated with

ethanoyl chloride or anhydride and benzoy! chloride respectively. In the
reaction, hydrogen atom attached to nitrogen is replaced by CH,CO or
CsHsCO™ groups.

H H O

=
ot ok TR H + CH:,COC] —) C“J'N-C-CH:‘ + Hcl

) Sl cH,
cH, -n/ + CH,C
S ,COCl - CH,-N-C-CH, + HCI
" |
|
® 0
ﬁ?::_;-;_-:ﬁiﬂ? Organic Chicraistry -t -
G0z .
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H
H O

C,H_.,-N/ | “
N\H + CH,COCl - C/H,-N-C-C,H, + HCl 4|

The electron-withdrawing effect of the phenyl group makes benzoylaﬁon i

slovfrer than ethanoylation. Benzoylation is best carried out in presence o
sodium hydroxide.

The reaction cannot be carried out with tertiary amines because they do not ~
contain hydrogen atom attached to nitrogen.

Formation of Diazonium Salts

Primary amines react with dioxonitrate (III) acid, HNO,, generated in situ =

by the action of dilute hydrochloric acid on sodium dioxonitrate (1), =
NaNO, to form diazonium salts.

R-NH, + HNO, + HCl — R-N=NCI' + 2H,0.

agq s B

Alkyl diazonium salts are unstable and decompose immediately to form ‘
nitrogen and a carbocation. '

R-N=NCI — R® +N, +CF

The carbocation can be used as an intermediate for the producn&n c:)flﬁ}( -
various products. For example it can react with water to form an aikanol

or rearrange to forman alkene. ?t
R* + H,0 — ROH + H* .
CH, - CH, -CH: —» CH,CH=CH, + o %

-~ = T ‘! - " 3 "y k=1 tve f‘:
Aromatic diazonium ¢alts are more stable and can be is¢lated at very:

. IB 4 = = [t} b j Ilthwuc.
d o - i . . q
llltvll[ld A‘at"-"-, 131 :ILI‘) 'Ei j i-—-LL-).JJ y.—.l.!J.L Ld]l_‘.ll‘_l.jii‘ .b. =

wit
—

2
= i = Pa
3%¢c Y RS Pl i 3 S8

" -~ 12 RCh AL R Céh_ﬁ—l']=3\~-t :

 H _MNE., + l‘ﬁ‘éu: ral R
) - -

tmnpeln CHEMEESTE

- —'—-——-‘
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_,_CBE-I-’-—-EE-P’ C:HCl (or -Br or -CN) + N, + CucCl,
CuBr or
CuCN

K__, CH;l +. N, + KCl

CHOH _  cH-N-= N-Cﬁﬂsgﬁa + NaCl

NaOH
g H,0 |
C,H, -N= NCI 20,  ¢H,0H + N; +HCH
CH,OH
O . cH,0CH, +HCl

H,PO, (Hypophorous _
+ CSH6 ' <

H,O
? N=N-C.H,
‘ NaOE
Ti.e “Carbylamine” Reaction
¢ solution of

hen warmed with an alcoholi

W
-cmethane react to form isornitriles.

Promary aliphatic amines
pCrassium hydroxide and richic

+ —
Tl CH,-NH,; + CEClL + a0y —y CH,-N=C + 3K4 < 3H.0
Isocyanemethane

4 N S
\,Ci‘!"ﬁ_‘-'._ﬁ-_ﬁg_l.‘:c)
o et mced Ty Qiscy onith PLMATY linhatic anui2s f o eCOnCary
' ] 1’83’_‘;0“_.! .F u.!:t... L:-_) [ Bt b S ey LI e E BT et e s A e - - * -

pot form Seaa 1es
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1. Give the IUPAC names of the following compounds
a. CH3CHCHZCH(CH3)2
CN
b.  CH,CH,C(C,H,),CH,NH,
2. Write down the structural formulae of the following
a. 3-methyl-5-ethyloctanonitrile
b. N, N-dimethylethlamine
C. N-methyl-4-nitrophenylamine.
3. Complete the following reactions:

a.. CH,CH,Br + KCN? DMF 2

b. CH,CONH, —"%, 5
e. CH,CH(CH,)CN —=— ?

LiAlH,

4. CH,fCH)CN — .

b i skt e b T 1

d the following:
\ " Write balanced equations to ustrate the reducoon of the

(a) Propanonirrile (b) -Propanamrde.
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1. Carbon forms many compounds because: 1. Carbon atoms can form a long chai
1. Carbon can form multiple bonds. III. Carbon atoms can form rings. n.

A. I Only B. II Only C. II Only D. I, II and 111
5. Carbon forms single and multiple bonds because it can

A. Polymerise B. Catenate C. Hybridise D. All of the above
3. The number of sigma bonds in the propyne moleculeis A.8 B. 7 (.6 D.
5
4. A heterocyclic compound is: A. A cyclic compound

B. A cyclic compound that is heterocyclic in nature

C. An alicyclic hetero compound

D. An alicyclic compound with an atom other than carbon in the ring.
5 A functional group 1. Identifies the family of organic compounds

II. Determines the chemical properties of a family of organic compounds.

[II. Determines the physical properties of the family of organic compounds.

A. I only B. II only C. I and II only D. I, IT and 111

CH,
6. The IUPAC name of CH,-CH- CH - CH-CH=CH,
CH, CONH,

A. 3 -methyl - 2 - (1 - methylethyl) pent-4-enamide

E. 3-methyl-2-(1 - methylpropyl) pent-4-enamide

€. 3- mt_zthyl - 2 - propyipent- 4 - enamide

D. 3, 5 dimethyl - 4 - carbonylhex - I - ene.
7. ! \ 5

++ The number of structural isomers with molecular formular C,H,,0 is
. -A. 6 8.5 C. 4 D. 3
' Which UL‘thf:;; is functional group of nitrile
. ) B. -CN -

6 TR 2 . C.-coct D. -CONH,

- CfH neral mDIECLf;InI' Cf.ormular of the Cycloalkanes is
10.  Twocompounds haye th;?; 2 C. CHys s D. CHy,

orientations of -om me molecular formular, the same structure but different

A S . '€ atoms or groups. The compounds are

« Structural LIsomers B . .
C. Optical isomer . geometrical isomers
S D. Enantiomers.
a1y = Lo
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H 1 -
e reduction of alkylritri
! vinir ' e
A. Arylhalide g itriles wllf.l LAl 10 cther gives ' i
» Acylhalide ¢. Alkylhalide — D. Alkyld
12 The ord . '-
B Hj-'«'leJr of reactivity of hydrogen halides 15 A, HF>HCl>HBr=HI Hclt o
. <HCI<HBr<Hl C. HF<HBr<HCl>HI D. HP > 11> HBr =5 !
|
13. Pr' 5
G ";"%".V amines react witl ucid hahdes to form: (e '
rmary alkanol B. Secondary alkanol  C. Tertiary alkanol D, AmidE 2
14. Grignard reagent decomposes i the presence of water to give
A. Alkylhalide B. Acylhalide C. Alkene  D. alkane.
15; The reaction that is used to propaeny wvnmmetrical alkanes is i I <’
A. Esterification B. Gabriels synthesis €, Wurtz reaction D Clemmensen reac
. : " . | 5 id gives
16. Ozonolysis of 3-methvlliex-3-cne tnthe presence of ozone and zinc in ethanoic acid g :
s ¥4 . _ |
A. Propanone and butanal B, Propanonc and butan-2- one 25
C. Propanal and butanal D. Propanal and butan-2-ol.
i7. Sodium alkynides react with halogcmthatios o form lhalides
A. Alkanes B. Alkenes C. Alkynes D. Alkylh 25
18. The method for converting of cathervi wrongi i @ methviene group s
A. Hvdrohalogenation B. Hyvdroxviatoon :
C H};drogcnmiun D. None of the above.
. . b . 3 » - . . 'li\'L'I S
=A CH, -CH. .CH. - Br L;‘;f . N g Y. Naond Y are respec y 32
: e ' CH -CHBr--CH, |
R : 11 -CH =CHRe B ¢} -CHBrCH Bir ant 5 i ,
1. C}r_I_C’.;__C_'_.UHL. (—IJ 3 - ) q ) H - jl.-cji._[}r 1
fc c:-:"-f:i-;:m;..und Gl werBiCH, D»CH.-CH;-CH, and CH,-CH-CH; |
L Nee?® 11 B, X Xis
2 CHJ'C”:'Ch:L“—Ch‘ Hyu - <
) bt O g. CH-CH.-CH CHOHCH, :
A. CH.-CH,-Cl - 1_" A D. C”_‘.cu_,.c.!]',-CJ-IOHL..‘.J
C CH'-u,'f.'\,-nf.'1.-1.'-""”-"’*-”-""‘”—
A it 2 . ) . 2o
sydracen oad o gen oniy showes
o eund contcining carhon hydrogen aac € I b
o Analysis of &7 ¢ waTite SOIRF T; —c ymo.cicdl o rrauiar obihe cormpours is .
21 i.-.ﬁn': fot 4'5._7‘ L ChE 5 ‘:-: & :.“U 0. hNene of the above. {C = 12, H= 1, O0=1 3
i B GO = 5 L
e o pane sodinm fusion rest. lf the jusion ©o
.t A ".'..:" Vi -_'”.*.-'"_‘ o o - ._. vealda. it cf:rbn.gs \1'..
-~ -’,‘ +—f_'_',_‘p"_[l|. - '-'-J.-:-'-F' s Loanig, e e y .
st S T o ¢. Cidaeine B Hrommr
A = Wirrurcn
o (o°ar and mobilt _n'.a:‘.'.- he PPN LA SN
: SR N E ‘ « ras andd tHauid D soud and
23, i & 25, g e FO
- Wy w ; r a ,
- : ] 13 L™
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"ﬁﬂn’ i
Multip!® t:h""’_'_‘!'f_,..,. ottt
. . followtng:
be ;mprovt.‘f-f f1y e ) the fo'
lisa p h pound af‘"“re"‘ s
s, R i T praaure o 1 o=
B. ]'ﬂdu lﬂgghe snﬂ.lraﬂ.on of rh‘g ;plull’dn D. All of the above.
g ,: gra Rf value refers “’l' .
roim hat of 50 u
26. f Ra f Iventd:':t;:r (o that of the solvent front.
B. Ratio f I::::' ro eluent D_. Ratio of eluent to solvent,
C. R '-'; f ;Ig is untrue of stedIn Jistillacion 4
¢ followts . | olatile compounas
27. Ene of tht£ used t@ Wa::ﬁ::;c:::,:d‘,s ‘:hlat are insoluble in water
B Is used o ﬂlst issolve irupurities. s B
c The water :e L sually forme at the end
b o layers?  edcts req dily with Lucas reagent
28. One of thesé alkanots (CH)sCOH
s CH;CH:OF D. CH,(CH);CH;0H
C. CH,CHOHCH;
. : (om that has the hdeOXJ’f group is actached to two gl ,
29.  Analkanolil which . Ciﬁfﬁ; . Secondary alkanol Werl gro
C. Tertiary @ o
| i jons excepl:
30. Janols can undergo the following ‘fﬂ““{"s .
30. f a;steriﬁcaﬁon B. Oxidation pehydration D. Reductigy
37.- Addh drolysis of nitrile gives: ) .
ol A:ﬁneﬁ 5. Alkanol ¢. Alkanoic acid D. Salt of the acid
32 One of these ts not correct abourt alkanoic acid _
A. Alkanoic acids are stronger than mineral acids .
EB. The readiness with which OH group splits to release its proton determines the
strength of the acid
C. The C=0 in acid withdraws electron and this facilitates the split of OH bond
D. The OH group in actd splits more readily than that of alkanol
33. Alkanoic acids undergo the following reaction excepl:
A. CE,CO0f + socl, —> CH,COCL + HC! + SO,
B. CH,COOH + CH,OH <> CH,C00CH; + H.O
o CH.COOH 4[H] —>  CH,CH,OH = .0
35 Thejllo aicool + [0] =2 CH.CH,0H + H,0
1:1‘ / ‘(;;;S unauons can be used to prepaie acid chlorice excepr:
= (“Fs-f;OH +S0Cl, —> CH,COCI + HCl + SO,
B CH,CH,COOH PCl, —>  CH,CH.COCI + H.PO
. "“HSCH'»COOH i C! e . - 3
o cu dJ:O +Cl, — CH,CH.CUCl + HC
i ’ w0008 + PCL. , - e i
35 Hvrohai of ¢l anhydride gi:;;- — CH,COCL + POCi; + HCI
1. None of the @

_._'_.-.d'

C. Acid chicride

- ‘i'ﬂ . |."
'_-" 4 ..!'...T..{' L B. rlc—ids
vl recciion of acic chlari -
e ! CE»BL.g!-:vrlde with ammonic proJuces
. ez ey ) ~
. Acld amuide : :
rde C. Acctic anlivdrvids D Wt
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37.

38.

39.

40.

41.

42.

43.

45
46.

47.

48.

49.
50.

S1.

The reduction of acid chlorides with hydrogen i ' L
recraoxosulphate (IV) is called: PR B ik prasencr f pyllodlug pelsansc fy B

A. Clemensen reduction B und i
C. Hofmann reduction D'. gzz:mm re:u::::ot;on
One of these is a mixed anhydride A, CH,COO

- co
Cc. CH,COOCOC,H; D. c’,H cooggé,ﬂ B: GHLEA0COES
Acid anhydride reacts with water to yield ’ ’
A. Alkanols B. Alkanoates C. Alkanals D. Alkanioc acids

All of the following are naturally occurring alkanoates except:
A. Waxes B. Oils C. Fats D. Margarine.

All afthefoﬂmt:'ing statements, about nitriles are correct except:
The siimplest organic nitrile is propanonitrile '
¥

A
B. Small nitriles are liquid at room tempera
- + - » ture,
C. Nitriles react with LiALH, in ether to give primary amines
D. small nitriles have high boiling points due to polarity of - c** = N“bond.
Ammonolysis of alkanoate leads to the production of
C. Amide D. Amine.

A. Hydrochloric acid B. Alkanoic acid

The reaction of propanone and hydrogen cyanide generates
A. Hydroxy p::optanomm[e, B. 2 - hydroxy - 2 - methylpropanonitrile,
c. propanonitrile D. 2 - hydroxy propanonitrile

n temperature because they are

Oils melt below roor
B. Unsaturated C.

A. Saturated Alkanoates D. Liquids

es are collectively referred to os:

Fats and wax
B. Fats C. Lipids D. Glycerol.

A. Liquids
¢s and oils to form soap is known as:

Alkaline hydrolysis of fa
B. Esterification G

A. Saponiﬁcaﬁou

rion of alkanals and alkanones in the

The reduc .
A. Clemmensen reduction B. Haloform reaction
c. Aldol condensation reaction D. Wolff Kishner reaction
triles aré heated with dil HCl:
When Tt B. Alkanone is generated,

Alkanol is produced,

A.
C. Amuonia gcs is produced D.

e dehydration of amides [0 nitriles is achieved by the addition of
;h P G’J B. Conc. H,SO: c. H,PO, D. None of the above
w:hm‘f; ]c?qc fon‘nula for the compound produced from the reduction of propanone with L
A. C,HO B. C,H,0 c. CHO D. CHOH
T?.IE fougwmg are solutions used in differentiating alkanals from alkanones except:

- i N 3

A Fehling’s Solution B. Tog._n s re:ai;r;; ;
C. Acidiﬁed KMnoO, Solution D. Sodium 1in

Alkanolysis D. Soaponification.

presence of hydrazine and KOH is known as:

'
¥
o
-

3
i
-~
J';.
=
T
3:.;
!
—=+
!
e *
4
A

Alkanoic acid is formed

Brow
Finar
Care

Mor

Ok

B b el s,
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D Alkanals and Alkanones |

3. Complete the following reaction schemes,

a. CH,COCl + ? — CH,COOCH,CH, + HCl

b. CH,COCl + CH,NH, — ?

AlC]
c. CgHy + CH,coCl —32 ?

d. ? —2 CH,CH,CHO
Pd/BasO,

e. CH,CH,COOCH, + NH, — ?

LiAIH

f. CH,CH,COOCH, ——— ?

: LiAlH
g. 2?2 —— CH,CH,CH,NH, ?

h CH.CONH, + ? — CH,COOH + N, + H,0
* 3

? 1 —
CH,CH,CONH, — CH,CH.C =N

q Y
w1 [

? -
" CH,CH,CONH, — CH.CH,Ni,.
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Reaction with dioxon;j
5. e Nitrate H
Amides react with HNQ (Im acid, aNo,

=
+
K
4
a3
@)
=}
o
s
"Z
gy
a5
o
S —————

4. Dehydration

L Lt

Amides are d o
xide. ehydrated to nitriles when heated with phosphorous 4\

w WY g

R'CON}:{ P10,
i R-C=N + H,0

5. Hofmann’s degradation of Amide

This is the reaction of amides with bromine (or chlorine) and alkali

The reaction converts -CON
i H, group to -N : : .
one carbon atom less s fonnezd p H, group i.e. an amine with

RNy o 2a hediad
R vt bl T X

R-CONH, + Br, + 4KOH — R-NH, + 2KBr + K,CO, + 2H,0

R-CO - .
NHz _;BT R NHE

P
- BEEICSIESTIONS

=

LTI e, TRy SN 3 AP T

Starqng from ethanoic acid show hovs you can obtain the following: ethanoyl
chloride, ethyl ethanoate and ethanamide. :

Itis proposed to con~~itethanoic acid, CH;COOH to ethylamine, CH,CH,NH,
] by the fOHO‘.'\'ing'sfﬁpg; - =

|

k i, CE,CCOE — CH,COOCH,

1 ~ ii, CHE,COOH, —» CH.CONH, :
l \IL. . -
| vl CH,CONG, —> CH,CH. NH,

b et ane 1) 2 considons required for these stepr.

Scanned with CamScanner

i ?



ﬁ
|

. . mperature. The other
physical ProP%e'; a liquid at roomuti?;e l;n:;r]ids, embers
. Ethanii;}ﬂ are colourless crysta
the family | | |
te high boiling POINS and melting pojngs Whep,
2 They ha;ﬂ qt;j other acid derivauves because they are Skl
cg:;f;r ifltennolemﬂar hydrogen bonding.
5
g . )
] | o
il R N-H -
----- N-HO N
_ ({\\ / \c / N\ / \ C| /
C |
e R R

10.6.3. Chemical Properties . ) ) _
- - -Amides are generally less basic than their corresponding amines. They

are protonated under strongly acid conditions. The lower basic character of
amides is due to the presence of the electron withdrawing carbonyl group,
which decreases the electron density of the lone pair on nitrogen.
1.  Hydrolysis
o—i—.Amides are hydrolysed slowly by water and more readily by acids and alkalis.
The alkaline hydrolysis is relatively faster. Acid hydrolysis gives the free acid,
- while alkaline hydrolysis gives the salt of the acid and ammonia.

Progmemeti, e} :r*ﬂr'r:" o
s % WA ‘.'_"'-"*'ll'*"-"l-'-""

R-CONH, + H,0 + H' — R-COOH + NH;
_R-CONH, + OH — RCOO + NH,

~Ofalkanoates but arniq

S

chanisms of the reactions are similar to those for the hydrolysis
€s are hydrolysed more slowly.

-y,

N T e g sk e §

LTS\ eduction -~ S P X
Pﬂmar?amldes ot e

© 28ents such as N/ adily reduced to primary amines by reducing

CH.0H :
= 5 28:0H and 1iAlH,
- R-CQr
‘-,.’: = =
” > Bﬂﬁc orcﬂlﬁc(:h .
509 i 88 — —e

o —;'i

o —

&

OX
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4. Arrange the following in order of increasing boiling points and explain the orders”

[I_Allmnols

¢ How would you distinguish hetween the isomers? .
d. Use chemical equations to show how you would convert the isomers wer

possible to named alkanes.

2. a. Give the structure and name of

L a primary alkunol;
iL. a secondary alkanol
fil. a tertiary alkanol.

b. Give one method of preparation of the alkanol named in (a) above.

3. Complete the following reaction schemes.

}
i

(@) C,H,-COOH ->  C,H,CH,0H

(b) CH,CH=CHCHO —%, 2
i s CH, -CH, -C-C.H,
(c) ? H SO ﬂ
2 4 O
(d)  CH,CH(CH,)CH(OH)CH, -—22%, ?
a
(e) CH,COOH + CH,CH,CH,0H - ?

(0 CH,CH(OH)CH,CH, + K,Cr,0, —224, 7

Butan-2-ol, pentane, butan-1-ol and 2-methylbutane. . é
5\
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OMgBr -
\

i CH5-C-CH, C,H -‘c CH
gk i 3

o
H,-C-CH, + = H L
C,H; s @ @ — @ + Mg” + Br

2-phenylbutan-2-ol ‘ -

"his method is very convenient for preparing tertiary alkanols.

“&.3. PROPERTIES

7.3.1. Physical Properties ,
The lower members i.e. methanol to the butanols are liquids with distinct
- odour and burning taste. Higher members are waxy solids which are almost

odourless. _
Methanol to propanol are completely miscible with water. The butanols are
not completely miscible with water. The higher alkanols are almost insoluble.
The solubility of alkanols in water decreases as the hydrocarbon portion
. increases. _

~ Alkanols have boiling points, which are considerably higher than those of
alkanes of comparable relative molecular masses Or those of alkoxyalkanes
(ethers) with the same molecular formula, for example,

o B

Butan-l-ol CH,CH;CH,CH,0H 118:(2
Ethoxyethane C,H;0C,Hs 35 E
Pentane CH,CH,CH,CH,CHs 36°C

" These differences arise because molecules of alkanols are associated through

L) e b ORI ST sor A ko BT [t A

- B-bonding.
: - IR AR ®
: 5+ \ b+
_é: R ) H H-.,‘." g,/H
_' ‘.,1‘- t,-o ;
:::_' \ / "._'- 6+ / \\ 6 + .:..,- \
."??': o ‘0 !-1 ; N
3 | o+ '
- R
TH : y o t-2—als
ripe yeduces the boiling points of alka™i0
Ty - C
o q.Cr .Ch,00
Ci 008 ), CH,O j18°c  C¥s
L ]
mia e Pt = --LF.- I
B atelh \,‘\ s ..
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[[ATkanots |
S [
||

CH,CH-C-0-C,-H, + 4[u)

Na
W CHJ - CHz - CH, -OH + C: HaOH
Ethyl propanoate Propan-1-ol Ethanol

Using Grignard Reagent

Alkanols may be prepared by reacting Grignard reagent and alkanal
alkanone and hydrolyzing the product with dilute mineral acidih
Grignard reagent is an organometallic compound with the geners
formula RMgX or ArMgX where the carbon atom forming the bond WIQ

magnesium carries a partial negative charge, for example T
— n : ; ‘ . £
CH,- fq?_ #w. The reaction with methanal gives primary alkanol. Tlé-

3

reactions with other alkanals give secondary alkanols while wit
alkanones tertary alkanols are obtained.

H, /x H, ,oMmgl
\ [ \ 7 )
C=0 + CH,Mgl —> c _H' , CH,CH,OH + Mg¥ +1
524 w7 Ncn, |
Methanal

Ethanol

OMgl
4 2-
CHCHGHO + CH;Mgl — | CH,CH, -CH _H' , CH,CH,-CHCH, + Mg¥ +
CH

s I

eyl e bk w—*ﬂwrm«mmmfm [up e %

OH
Propanzl ‘Butan-2-ol
OH i
i
CH, ,OMgl \ :
/ - - . ,,._2* . - 3
CH. -C-CH,+ CH,Mgl — ;c M , CcH,-C-CH, + M3™ +1 :
[ cu “cH, \
. -
0

5 “~ L
2.methyipranan- --0t
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S.7. INTRODUCTION

L TERr T e

The alkynes are unsaturated hydrocarbons containing carbon-carbon niple; 4.
bond per molecule. They have the general molecular formula C.H,,,. The first and,
best known member, ethyne, is a gas that is easily generated by the reaction between.

water and calcium dicarbide. The gas burns in oxygen to give a very hot and’
luminous flame. It has therefor

e, been used for a long time in welding and cutting’
metal scraps. _ :

S.2. METHODS OF PREPARA

TION OF ALKYNES %
1 - -

From Calcium Dicarbide uj

1

Ethyne is manufactured by the action of water on calcium dicarbide. The calci
dicarbide is obtained b

o &
y the reaction between coke and calcium oxide in the
electric furn

ace. The coke and calcium oxide are themselves obtained in 1arg§,_
quantties from coal and limestone respectively. - '

Coal ———— & (Coke

-

%
I
fu
o
p
e

g PR S R

g
3

Lime stone — Ca0

From Methane
— ~The controlled partial oxidation of methane

(from petroleum ad natural gas) using af,
at about 1,500°C gives a mixture of ethyne

» carbon (IV) oxide and hydrogen.

6CH, + 0, —L%TC, yem, 4+ 2c0 + 10,

ﬁ-wrr'-'i.r#"‘ﬂ’;‘-‘ﬁ

This method is economically more feasible than the other

method because of the us
of the products, carbon (IV) oxide and hydrogen

for the production of alkanols,

\.._.50 s e ' —

- LGEIE Organic Chemistry e Y- ¥

e
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No .
—TL CH3(|:HCH,

Br

CH:'CH:CH:i + HBr — Markomikov’l: rule.

Peroxides : B
'..'- . _"Cﬂa-c}lz'm{gnr

_Anti-markovnikov’s rule.

Addition of Tetraoxosulphate (V1) Acid , :
Alkenes react with cold concentrated tetraoxosulphate (VI) acid to form

compounds of the general formula ROSO,0H alkyl hydrogen
tetraoxosulphates. The products are formed by the addition of hydrogen ion
and hydrogen tetraoxosulphate (V1) group, -OSOgH across the double bond.
If the reaction is between the acid and unsymmetrical alkenes Markovnikov’s

rule is obeyed.

o '~,. B}
\ / u _ -L_C-O-SO:‘-OH
C=C + HO B-O¥ —
7/ A\ R ||
. o H

RCH=G.'I1 + HZSO.‘ _ RCH‘CI‘IS
050,0H

‘he reaction is carried out by bubbling gaseous alkenes into the acid or by stirring the
iquid alkenes with the acid. The concentratons of the acid used depend on the alkene.

1f the alkyl hydrogen retraoxosulphate (VI) is hydrolysed with water an alkanol
« obtaineC. This reaction therefore provides a route for the manufacture of alkanols from
1kenes, which are obrained by cracking of petroleum. | P

Cxamyi?
T 95°¢ ﬂ:ﬂ T
Chi. =CI, Ty—;—' CHJ-CH,-OSO,OH — CHE-CH’,_-OH + K,80,
= &5
CxH,-CE=CK _BPC . O H o0 I
2 0, Cc2.CH, -Ch, s CH,-CH-CE, + 1,80,
GE0,0H ; O

< - -

- = OBpogr.fe Chemittry Nt

L K8 N
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which are mainly physical. The standard physical methods are detennina-ﬁbn of

vapour density, elevation of boiling point and depression of freezing point. These

methods are described in physical chemistry textbooks. Mass spectrometers are also
used in finding relative molecular masses.

The calculation of relative molecular masses
example. Suppose the relative molecular mass of a co
CH,NO is 116, what is the molecular formula?

(C;H,NO), = 116

is illustrated by the following
mpound with empirical formula

[((12x2) + (1x4) + (14x1) + (16x1)], = 116
: 58n = 116
n = 2

molecular formula of the compound is C4H,,N262-

1.9. STRUCTURAL FORMULA

The strucrural formula of a compound shows the arrangement of the atoms
in a molecule of the compound. Traditionally the procedure for the elucidation of the
structure of a compound is to study its chemical behaviour. This labourous and
wasteful method has been replaced by spectroscopic methods. The equipment used
are however, expensive, but they give accurate result in a short time. The
spectroscopic methods often used are infrared, ultra-violet and visible spectroscopy,

nuclear magnetic resonance and mass spectroscopy.
Apart from the carbon “skeleron” or framework of an organic compound, the
functional groups attached to the framework are elucidated. The functional group

is an atom or group of &toms which give an organic compound its characteristic

chemical properties.” For example all alkanols have the hydroxyl group, -OH, which

——— T —
| | Y o ———

s b =

b e

R n—-@'ﬂ-'b:H-'
AT

is responsible for the chemical behavour of alkanols. Examples of some functional ;

goups are:

C/ O //,_ 0 ”
- e c‘f-’ C —_
NH No—n /
Alkanai group » Alkanoic ocid ) C;zrﬁt;nyf Qr;ou;
group

G, ZTENETYRLL 1soaienigrT

s .

0O IIIRS twid 07 a2 strectures are elucidated for the same molecila

rdaw A

v g s - —pls 2E, o— 5 (o) THOTR | e e T
wuiariermule burditferent strucrures. The differintcompound
"o tremeers. For exerple, C.H, o can be represered by,
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oy "

;f:ﬁ y L joule is an S.I. unit of work or energy. Work is derived from :
J'.-* W - Fofce x Distance in direction of force ;
= Mass x acceleration x displacement. |
‘ U =1(kgmsH(m)- - - :
Ikg 1000g ‘ f
= [00cm i
% Therefore IJ kg(ms™ )(m) it E
. = = lOOOg (IOOCIIISIJI 00cm: i vl ¥ i
. = ﬁgcm §ei 2 et g
= . I0%rgs ol ;
Example 3 ; ‘
Convert a velocity_ of 80km/h to S.I. unit. |
; Solution
! lkm  =1000m
i Ih . =60;{60s
; Therefore 80km/k
i - =80000m/60 X 60s . ¥ ' i
80000 \ i
=——m/s -
- 60x 60
=22.2 m/s
~Example 4 a
Convert an acceleranon of IOms to a valug in kmh’ 6 3
Solut:on a
!
m = — g
: 1000 %
[ B
Is = —j
60 x 60
6
R ———
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by protonation can be associated with the solvent (water) i.e. solvation and become
stabilised. The greater the number of hydrogen atoms attached to nitrogen in the
cation, the greater the possibility of powerful solvation through hydrogen bonding
with the solvent.

+
R, N > R,N-H-"OH,

Thus along the series ammonia, primary amine, secondary amin¢ and
tertiary amine, inducrive effect will tend to increase the basic strength but
-~ progressively lessstabilization of the cation by hydration will occur. Stabilizatipn
of the cation decreases the basic strength. The net effect of introducing successive
alkyl groups becomes progressively smaller and an actual change over occurs from
secondary amine to tertiary amine. This makes tertiary amine the least basic. |
However, when the basic strength is measured in solvents in which hyd.rogen .
bonding cannot take place, the order of basic strength is tergary amine = 3
secondary amine > primary amine. For example in chlorobenzene, the order of |
basic strength of butylamines is tributylamine > diburylamine > butylamine. But ﬂ
in water their pk,. values are 3.39, 1.71 and 4.13 respectively.

b Formation of Salts
Primary, secondary and tertiary amines like ammonia form
strong acids. Formation of salts i§ used to separate amines from non- :

=

salts with_ :

basic compounds. The-amine is regenerated-by basificanon. }
. o
CH,-NH, + HClL = CH, NH,CI' e '
Methyl ammonium chloride B,
i
hf t
CH,NH,ClI" + NaOH — CH,NH, + NaCl + H.O -
C,H;NH, + HClI — C,H,NH,Cl H
Phenylammonium chloride t
?;

3. Alkylation . 3
Primary and secondary amines react with halogenoalkanes to give
further N-substituted derivagves. Primary amines form secondary
amines, while secondary amines form tertary amines. #

o n - . -T;: €""‘=

-— Basic Organic Chemistry ("1 06 "3

.
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