Saturated H vdroca rbons

kerosene and diese] o1l
combustion engine where
Although combustion

of natura] gas, gasoline,

Ng in an internal

| . and air is
'S an extremely exothermic reaction made to burn,

temperature . it requi .
P (of a flame) to initiate the reaction, This initjal . requires a very high

engine 1s supplied by the ‘g s A high temperature 1
: ark ignition’ | . perature in the
heat to sortings COmbustion? gnition”. Once started, the reaction produces sufficient

ﬁ The com ‘ . *
highes Cﬁmprssr:if:lﬂ:l t:rano 1S very tmportant for the working of an engine. A
in knocking. Knockia 10 makes the gasoline engine more efficient, but it results
smoothly, some of 1:15; S 4 Ph?ﬂﬂmcn‘on Wh{?re instead of all the fue] burning
igoition of the fat 1 urns with an explaa*n:fe violence’ due to a premature
e wonar: THIEE - 1t greatly reduces the efficiency of the engine and increases
| - Ditterent fuels have different knocking tendency which is expressed by

a number.knﬂwn as octane number. The higher the octane number, the lower
the knocking tendency. |

| Exp_erlmeqts with pure compounds have shown that different hydrocarbons
differ widely in their knocking tendency which is probably related to their
structures because, in general, the straight-chain alkanes tend to produce much
mure knocking than the branched-chain alkanes, and the anti-knock tendency
increases with the extent of branching. 2,2,4-Trimethylpentane (also improperly
known as ‘isooctane’ in industry) has been found to burn, in internal combustion
engine, much more smoothly (without knocking) than any other hydrocarbon,
and was arbitrarily assigned an octane number of 100. On the other hand,
n-heptane produces much more knocking than any commercial fuel, and was
assigned an octane number of zero. An octane number scale has been set up for
rating a fuel or another hydrocarbon, with isooctane at one end of the scale and
n-heptane at the other, and the octane numbers ranging between 100 and zero
corresponding to the volume percentage of isooctane in the 1soqctane-heptanc
mixtures. Thus, the octane number of a fuel is the percentage of isooctane in an
isooctane-heptane mixture that has the knoc}'.ing property similar to that of Fhe
fuel being tested. For example, a gasoline that has the sar;u: knocking
characteristics as a mixture composed of 80% 1sooctane and 20% n-heptane,

would be rated as 80-octane gasoline.
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" Preparatioh of Alkanes
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The preparation of organic compounds 15 u;ually L‘]‘nldleer'ff:?:11(e‘ltrlhfa primary considcr:ti;
(i) industrial level and (i1) laboratory level. On mc;lustn;a - c(;mpﬂund R 15, By
is the large scale production at 2 low cost, purty ©  om a mixture of products
important, However, il may be desirable 12 SCPAIZE ' o)y ceful. An industrial
particularly when the other components are also comdmerc szm  pinibie for o
method for the preparation of a particular compoun Ay

" preparation of other members of 1ts family.

In the laboratory, a compound may be required to be .prepared 1}1;1 very Sn_lalll
quantities, even 1n nanograms (107 g); the cost 1S usuqﬂy not 1mp0rtar}t.1 . (;:Mle;er, 1t 1s
always desirable to get the compound in pure form and In a very good yield. A laboratory
method should be of a general nature and should be applicable to most of the members of
a particuiar family. It may be of interest to develqp a lfiboratﬁry method for the
preparation of a compound that < also abundantly available n pature because the same
method may be, when the need arises, used for the preparation of a more complex
molecule with a similar functional group. For example, ethane, although sufficiently

available from the petroleum industry, was synthesised by the hydljogenation of ethylene.
Later, the same method was used tor the conversion of cholesterol into cholestanol.

Thus. it is not surprising if an industrial method of preparing an organic compound 18
quite differsnt from a laboratory method of its preparation. In this text we shall

concentrate on the more versatile laboratory methods, rather than on the industrial
methods of limited applications, for the preparation of organic compounds.

So. some of the general methods used for the preparation of alkanes are given below.

The reaction equations are usually written in a generalized form, using the symbol R that

represents any alkyl group, to show that the reaction 1s applicable more or less to the
entire family. The symbol X is used for the halogen family.

1. Hydrogenation of alkenes. Addition of hydrogen to a multiple bond s called
hydrogenation. Alkanes can be prepared by the catalytic hydrogenation of alkencs.
When a solution of an alkene in ethanol, methanol or acetic acid, is shaken under a slight
pressure of hydrogen gas, in the presence of a small quantity of finely divided nickels

platinum or pallacium, at room temperature, the alkene is readily converted to the
corresponding alkane in excellent yield (see p. 134). o

H H H
\C_C/H o Ni (or Pt or Pd) ‘ 1
- | , .

H/ \H 25°C g H (\: C—H + 119.5 kJ/m

H H
Although the reaction is highly exothermic, it will not take place even at an elevated

: Toll!
temiperature without the use of a catalyst because the energy of activation of this rcﬂ.cuosg
s very high (equal to the bond dissociation energy of the hydrogen molecule which

435 kJ/mol). The energy of activation is greatly lowered by the use of a catalyst.
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R—Cl+ Zn + HC >

Th R—"H i 5 ZHCIE ) =
foll wed I:a{:lmrl nvolves the transfer of electrons from the metal to the substrate
oflowed by the transfer of proton from the acid, as shown below: 1

Zn > Zn™" + 2¢ (eJs an electron)
Y
e + R} > R* + CI
R + ¢ > R:
R: + HCI » R—H + CI”
Zn** + 2CI »  ZnCl,

(ii) Reduction by lithium aluminium hydride. Lithium aluminium hydride (LiAlHy)
readily reduces primary and secondary alkyl halides to alkanes (tertiary alkyl halides

mainly give alkenes).

4R—X + LiAlH, »  4R.J + AIX; + LiX
Ether
The hydride transfer occurs as follows:
HJA-]_.@ R—C}{ > RH + AIH; + X
H. ALLH rLX »  RH+ AIH,X
wHALLH SREX »  RH+AIHX;
X,Nm Rﬁx » RH+AIX;
| ‘ . are reduced by sodium borohydride (NaBHa)
Tertiary (and also secondary) alkyl halides ars' On the other hand, triphenyltin hydride

ry alkyl halide
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RMgX) which 1s formed
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7RL1 + CuX > R,Cul1 + LiX

R,CuLi . Ry +RCu+Li
R: +R—X > R—R' +X

A better yield is obtained if R’ is a primary alkyl group; the alkyl group, R, of the
organometallic species may be primary, secondary or tertiary. -

§ Waurtz reaction. Symmetrical alkanes with even number of carbon atoms (R—R)
may be formed in a very good yield when an ethereal solution of an alkyl halide

(preferably bromide or iodide) 1s treated with sodium metal.

2R—'X + 2Na > R___R =3 ZNBX
Ether

The most probable mechanism involves the intermediate formation of an
organosodium compound followed by a bimolecular nucleophilic substitution.

Na' > Na++e
rACx 5. R+ X
R: + R—X y R_R + X
Na* + X " NaX
Na" + X . NaX

This reaction is not suitable f ' ,
or fertia : _ o ng
elimination. ry alkyl halides due to a side reaction involV!

If two diff | -
o different alkyl halides are used, a mixture of different alkanes 1s obtained
CH,Br + CH;CH,Br + 2Na CH-;CH}

. > CH}CH_] +- CH]CH:CHJ A CH}C}I:’

I ———
>
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A
. 0;’611'3! usefu] method for the Preparation of long-
s Ol alkylboranes by means of silver nitrate in the

> 2(RCH,CH,),g 28" 3p
2B ——> 3RCH,CH,CH,CH,R

Coupling may also be affected between different alkylboranes

sodium ;;hoxlde-(W?bj‘"-Kz}s‘hner reduction); the carbonyl group is converted to methylene
group. 10¢€ reaction is carried out at an elevated temperature (200°C).

O
Zn(Hg) + HCI
R !,: R/H > R—CH;*'—*R/H

or
NHZ NHE + NaOH

This method is particularly useful for ketones.

8. Kolbe reaction. Electrolysis of a concentrated solution of sodium or potassium
salt of a carboxylic acid, or a mixture of two carboxylic acids, yields an alkane with

higher number of carbon atoms.

IR—COKA+2H0 DSy, ¢ R4+200,+H +2K0H

Clectrolysis, — n_ pry 2CO, + H, + 2KOH

RCO,K + R'CO,K + 2H,0
The reaction ils considered to involve a free-radical mechanism.
CH;CH;C(SE > CH;CH,CO,* + ¢
CH,CH,CO;* > CH,CH,* + CO,
2CH;CH;* > CH;CH,—CH,CH;

Ethane, ethylene and ethyl propionate are the other products formed in this reaction.

This method has also been successfully applied to the synthesis of natural products,

particularly the lipids.
of sodium salt of a carboxylic acid and soda

jon. When a mixture -
9. Decarboxylation the elimination of carbon dioxide.

lime is heated together, an alkane is formed with
A > R_._._H -+ NﬂzCO;

R—CO,Na + NaOH(CaO)

This method is only suitable for acetate because' e
products is obtained whose separation is usually difficu

t¢neral method tor the pl‘ﬁ'Pﬂration ot alkanes.

in other cas€s a mixture of various
¢ It is therefore not a useful
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