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10. Dehydrogenation of alkanes. Alkanes can be selectively dehydrogenated in
the presence of suitable catalysts which bring about dehydrogenation at temperatures
lower than those at which pyrolysis occurs. The catalysts used for dehydrogenation of
alkanes are oxides of chromium, molybdenum and vanadium. The dehydrogenation of
n-butane to butenes takes place at 550—-600°C in the presence of chromium oxide as a
catalyst.

> CHZ —CH —-CHZ -——CH3

1-butene
catalyst
CH3CH2CH2CH3 —— CHzg CH=CH— CH3
n-butane -butene

L—— CH,—=CH—CH=CH,

1,3-butadiene

This reaction is of great commercial importance because the product, butenes
and butadiene, are useful material for petrochemical industry, and gasoline manufacture.

CYCLOALKANES

may be theoretlcally assumed to be formed from an alkane bv removmg two hydroge

atoms from two_ carbon 'xtoms of the cham ,and hnkmg these carbons to one another
Some of the properties of cycloalkanes are like the properties of alkanes whlle some of
the cycloalkanes spec1ally the small ring cycloalkanes have special propertles due to the
stramed cychc rmg Whlch resembIé those of aH<enes '

Nomenclature

Cycloalkanes are named by prefixing cyclo to the name of the corresponding
alkane having the same number of carbon atoms as the ring. For example:

Hz
O & —du (Ij (,ZH
2 2 2 2 \C S
H,
cyclopropane cyclobutane cyclohexane

Substituents on the ring are named and theri positions are indicated by numbers. Position
number 1 is assigned to a particular carbon of the ring and the other carbon atoms of the
ring are numbered by going either clockwise or counter clockwise around the ring in



*  Hydrocarbons 103

such a way as to give the lowest combination of numbers to the substitucnts.
For example:
CHj CH; CH3
l
N

{>—CH3 o
\/\C}13

methy] 1, 2- dimethyl cyclobutane 1, 3-dimethyl
cvclopropane (not 1,4 -dimethyl cyclohexane
cyclobutane)

For convenience cycloalkane rings are often represented by simple, geometrical
figures, iec., a triangle for cyclopropane, a square for cyclobutane, a pentagon for
cyclopentane, a hexagon for cyclohexane and so on. It is understood that two hydrogens
are attached to each carbon atom present at each corner of the figure, therefore,
hydrogens are not shown in the structure. A group other than hydrogen is invariably

indicated in the structure. For example:
CyoHs CH; CHj3

cyclobutane ethyl cvclobutane 1,1 dimethyl cyclopentane
' CH;

O ¢
cyclohexane C;‘Hg

1,4-dimethyl cyclohexane

’T“w Q.,Ba“(\\

()<

1-ethyl-4-(1,1-dimethylethyl) 1,6-dimethyl (1-methylethyl)
cyclohexane cyclohexene cyclopentane
Bicycloalkanes and spiranes

A bicycloalkane contains two rings that share two carbon atoms in common. The
rbons and the carb(m chain cormectmg

shared carbon atoms are called bnci;,thad rl
them are called brldgos The genoral formula of of a blgcloalkar\e is Top.o i hke' an alkync
7" Common and IUPAC names of blcyclo ‘alkanes are given below.

7 1
6 2
L4
5 3

(norbornane) Bicyclo [2.2.1] heptane
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After bicyclo is written in bracket number of carbon atoms around the
bridgehead from higher to lower number. The numbering is also done from higher ring
to low. Here bridgehead is carbon number 1 and 4. There are two carbon on right side (2
and 3) and two on the left (5 and 6) and has a one carbon bridge. Other examples are

Bicyclo [4.3.0] nonane
(Hydrindane)

g Bicyclo [4.4.0] decane
an (Decalin)

Bicyclo [2.2.2] octane .
(Bornane)

Preparation of Cycloalkanes
1. Freund Synthesis
Dehalogenation of dihalides 1, 301 1,4 Diha]ides may be used to prepare s mall

N

converted into Oﬁanometalllc ComBOLllld Subsequent ehmmatxon of metallic halglg

glves cvcloalkane With Na yield is poor. " Thlb reaction is known as Frcund synthesxs

S /CHZQ] 7n /( H,ZnC 1 /CH7
CHz\ ey G 3 HaC |
CHZCI C[—]2C1 CHZ
cyclopropane
CH, - CH,Br It CH,—CH,
| — 1 cyclobutane
CH; ~~CH,Br CH, —CH,

2. Simmons-Smith reaction. Cyclopropane may also be prepared by treating
ethene with diiodomethane in the presence .of Zn-Cu c()uplc ‘The mechanism involves a

B ey B e T e

* carbene complex, which adds to lhe 7 bond lo  give lclogrogane

T T TCHL+Zn - - > CH, ... Znl,
@lhapins (5 AL carbene complex
CH,--= CH, + CHj ..... Znly ———3 HyC — CH,
2800 P + Znl,

CH,

3. Diels—Alder rcactlon A useful reaction_which can_convert _open_ (ham
compounds to CXChC compounds is is the Dle]s Alder reaction, The reaction inv ol\ es

et [V

thermal addmon 0? al L&utadlene to an oleflmc double bond Brefezably attached to an
,,,, e g e o+ s e g

(insaturated group. Examples are:

Bt i e N g T N i P O O

§ Cr
N o) ——
= 5 . K/—"&o

1,3-butadiene maleic anyhdride cyclohexene derivative
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C- 1 —

1,3-butadiene olefine cyclohexene derivative
4. Perkin Ring Closure (malonic ester synthesis) Malonic ester has been used,
to prepare different types of organic compounds using different reagents and condmons
The scheme glven below is known as the Perkin 1 ring closure reaction and is a useful

- synthetlc reachon for preparatlon of cvchc compounds In thls reactlon both actwe

hydrogens of malonic ester are removed by NaOQZHB and the anion formed is alkylated

PR

with a dlbromlde, Wthh undergoes internal alkylation in the second step to give a cyclic
compound ‘which “on hydroly51s and decarboxylation gives cycloalkane derlva}}ves
y ngher cycloalkanes may be obtamed by taking hlgher dibroriides such as 1,
LT3 dlbromopropane for’ ) cyclobutane derivatives, ~and. 1, & dlbromobutane for

cyclopentane derxvatlves and so on.

| /CC)”OCZI—I5 . . COOC;H;
@  CH, + NaOCoHs w= NaCHL ,
5/ ™\ COOC,Hy COOC,Hs
\:‘“3 P malonic ester
COOC;H- CH, —Br COOC,H-
- F i 2455 2 2255
Na}ZH< ol CHZ——CH<
4,\\ '\C(z(,)fﬁ{{ﬁ — CHZ--BD - éHz COOC,H;
T —— e#hvrene dlbromlde |
Br
+
Jr NaOC2H5
COOC,Hs

_hydrolysis and CH2 N C<
COOH e / "COOC,Hs5
ecar oxylahon CH
cyclpropane carboxylic acid
COOH

-CO0CsH; NaOC’HS

(ii) CH2 + (CH2)3BI‘2 —_—

N\COOC,H;s

/ COOC,H; ItIaC—)CzH5 COOH
(iii) CHZ\ + (CHj)4Br, —-=">
COOC,Hsg

5. Catalytic hydrogenation of benzene and its derivatives. Cyclohexane and its
derivatives may be prepared by the catalytic hydrogenation of aromatic compounds. For
example cyclohexane may be obtained by the catalytic hydrogenation of benzene and
cyclohexanol may be prepared by the hydrogenation of phenol.

Ni, 200°C

H, +3H
CoHe +3H, 25 atmosphere»

Benzene cyclohexane
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OH
CgHsOH + 3H N, 2007
eHsOH 3 55 Smosphere
phenol cyclohexanol

Physical Properties

Cyclopropane is a gas while cyclobutane is a low boiling liquid (b.p. 12°C).
Cyclopentane boils at 49°C and the boiling points of higher cycloalkanes rise rather
rapidly so that cyclodecane boils at 210°C.

As compared to alkanes and alkenes cycloalkanes possess higher boiling points
and higher densities. Thus cyclohexane, n-hexane and 1-hexene have boiling points
respectively 81°C, 68.8°C and 63.9°C, and specific gravity of 0.7787, 0.6504 and 0.6736
respectively. Like Sther hydrocarbons, cycloalkanes are insoluble in water and soluble in
alcohol and ether.

Structure of Small Ring Cycloalkanes

The cycloalkanes form a homologous series, of which cyclopropane is the
so on. Rings whrch contam 3 or 4 carbons are called small rmgs those contammg‘g‘t—oﬂ7
carbons are referred to as common rings, whlle those containing 8 to 11 carbons are

medlum rrrlgs ngs contammg 12 or more carbons are termed as large rmgs

" The common and large rings are similar to alkanes in almost all of their physical
and ‘chemical properties, whereas both the small and medium rings behave rather
differently.

The unusual behaviour of small rlngs stems from the fact that the sp3 carbon
tends to have bond angles near the tetrahedral value, i.e., 109.5°, while the geometric
requirements of the small rings reduce these angles to much smaller values.

Two p orbitals on the same carbon have an angle of 90° between them. If these
orbitals are hybridized by adding s character to them, the angle between them increases

steadily, reaching a value of 180° when the amount of s character reaches 50% (sp =109.5,

sz =120, sp = 180°). There is no hybrid combination of s and p orbitals possible which
will yield an inter orbital angle of less than 90°. This means that in cyclopropane the
carbons do not have their bonding orbitals pointing directly at one another, and the
carbon-carbon bonds are best described as bent. Such bonds are not as strong as
ordinary bonds, and such a molecule has higher energy than usual. High energy
molecules of this type are said to be stmined molecules

formed by overlap of pure p orbitals then the resultmg bond would be Verv weak The

addrtron of some s characler magesxtfhem strong, but, non collmear Thus cyclopropane

and cyclobutane have bent bonds and are highly stramed

Baeyer’s Strain Theory

According to Baeyer’s Strain Theory, a molecule which is more strained is less
stable. The stability of cycloalkanes can be predicted by measuring the heat of
combustion per CH, group. The heats of combustion per CH, group for some

cycloalkanes are given below (Table 3.3).
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Table 3.3

Cycloalkane Heat of Combustion p pcr " Deviation of valence a;\glc
from tetrahedral angle

CH 2 group / kJ mol

Cyclopropane 700 o 24° 44’
Cyclobutane 688 L 9o 44
Cyclopentane 666 0° 44’
Cyclohexane 658 5° 16

The hcal ()f (omlmstlon pm CH? g,roup decwases upto Cyl()p@nléhé -showmty

with the deviat
'1t of. combushon pm

( H )mup b( comes prac [.m]lw conslant showm > mmlmum ang,ulm slrain, allhoug,h the
i ik il WG L\, LML 2 &

e

SISO SN

angular dev mllon as cale ula led by assuming planar rings, is 11'1C1easn/1il The reason for no
angular n¢ and higher rings is that the rings are pucke kore ‘and the
angl (Tml:(‘twoon (, o ( bonds is tetrahedral. Thus only the “Small unk;Lyc 10alkancs haxew
anyula. ,lmm B(‘nt structure of cvcl(_prop.mv and cyclobulcme are shown in Fig. 3.1.

i SO\ S

& A - T ‘/"f;/ ‘(\\
v\enn/[; : /_/"’q’pfmumaldy r ]
(b}

sp’ bonds
@3
(

Vig. 3.1. (a) bent structure of cyclopropane
(b) puckered structure of cyclobutane

Reactions of Cycloalkanes

The reactions of cycloalkanes are of two types. Reactions in which cycloalkanes
resemble al]\enos and lh()so in which they 1 resemble alkanes.

Small ring aycloalkanes Jnd(‘rgo cheml( al roactlons which lead to the rupture of
the strained system to release 'heir strain.

Fxamples that $hot behaviour of small ring cycloalkanes which resemble that of alkenes.

1. Isomerization. Cyclopropanc is like propene as il isomerizes to propenc on

healing,.

N

A
/\\ - CHy—CH=C(l1,

2. Catalytic hydrogenation. Cyclopropane gives propance on hydrogenation with
Nifpe o vatabvst at 80 -100°C, whereas cyclobutane gives butane at 1100 200°C, showing
that cyclopropane is under more strain than cyclobutane. This reaction of cyclopr()pane
and cyclobutane is similar to that of propene and butene.

Ni or Pt
,A\ + 1~y CHy— CHo— Cly

L% 7780 - 100°C

[ {4 U N > CHy~— CHy —CIL; — (11
B i - i, JR—— DY o)
I 2 100 = 120°C o2 ? ’

3. Addition of hydrogen halide. Hydrogen bromide, adds to cyclopropane to
give 1 propyl bromide and (o methvl cvclopropane (o give 2 bromobutane in
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accordance with Markovmkov’s rule. This reaction also shows similarity with reaction of
alkenes.

A + HBr——— CH,— CH,—CH,Br

CH;

A +HBr———— CH;— ?H —CH, —CHj3;
Br

4. Hydration. Cyclopropane reacts with dilute H,5O, like alkenes to give propyl
sulphate. The later on hydrolysis gives propanol.

H,S0
A — 24, (CH;— CH, — CHy), SO,

L H,0
2CH;CH,CH,OH
propanol .
5. Addition of bromine. Bromine adds to cyclopropane in the presence of FeBr,
with rupture of ring to give 1, 3-dibromopropane.

FeBry :
—— CH,—CH,— $H2
|

BI‘2
Br Br

In the following reactions small ring cycloalkanes and higher cycloalkanes resemble in behaviour
to alkanes.

1. Halogenation. Cycloalkanes react with chlorine and bromine, in the presence
of sunlight, to give substitution reaction.

hv -
A $ Clg———sy [>~c1
hv Cl

+ Ch ——

hv

2. Aromatization of cyclohexane ring. Cyclohexane may be converted to
benzene at 300°C in the presence of palladium.

+ —P-(i-—-) Ce¢Hg + 3H;
300 - benzene

The reverse reaction is also possible which is called catalytic hydrogenation and
has been discussed in the preparations of cyclohexane.





