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CYCLOALKANES

e (ycloalkanes are saturated , closed chain hydfobons that means all the
abon- carbon bonds in cycloalkanes are single ualent bonds.

® They are also colled (ydoparaffins. ¢

® Greneral Fomula = CnHan.

® First member of qycloalkanes family is Cyclopropane .

® The TupAC name of some Of the qydoalkanes ar s follows

CycLoALKANE | Moiscuar Formuia|  STRUCTURE
-T'Ctrdﬁpmpane CaHe A
Cyclobutane CuMg (]
Cyclopentane CsHio O
Cyclohexane Cethe O
(ydoheptane Gt O
Cyclooctane CaMic O
Cyclononane CoHig O
(yclodeane CioHao @
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IMETHOD OF PREPARATION I

(ycloatkanes are prepared by following methods

O _From Dihalogen Compounds

Treotment of dihalogen denivalives of Alkones, with sodium metol or zinc
leads to the fomation of Cycloalkanes .

/CHaBT
HC + Zn —_— + ZnBw,
gy

1,3 dibromo propane (yclopropane

@ Fom Colaum salt of Dl’curboxyltb Aads

On disillokon of caldum solt of dicarboxylic acd , Cydic ketone is
Obtained wwhich on fudher fedcion with ZnCH) /HCl yeilds Gyoalkanes .

/CH:COO'
HC 13 A Zlﬁig)
I Hc| F A o

™ CH, 00"
Calcum Hexanediogte Gycloperttanone Cydopentane

B
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® From Benzene

(ohalytic redudion Of Benzene under pressuwe 1n the presence of mickel
Catolyst) yeilds Gyclohexane .

Benzene

+ 3.

Ni
—_—
Pressure

(yclohexane.

@ (lemensen's Redudtion

(ydic ketones reduced in the presence of Zn amalgam and Concentrated
HCl fo giue Gycloalkanes.

0o

Cyclohexanone

Zn CHg) O
i, S
HCl

(yclohexane
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CHemMicaL REACTIONS

(ycloolkanes mainly undergoes following Chemicol readtions -

@ Substitution Reaction

(ydoalkanes undergoes Subshiution feaction when they dreated with halogent
at 938 k i the presence of UV light.

oV
> o e Dt
Qydopropane Chloaydopropane.
uv
n t Qg T Y + Hcl
e Chloroqyclobujone.

@ Addition Renchions
(ycbolkanes: Undergoes addition feaction 4o given open chain cmpounds

D t Her — Br- (i~ Ha—CHs
Cydopropane

1,3~ bromopropane
ki
+ He = CHs- G- Gia— Qs
CGyclobutane Butane
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PuysicaL Proeermies OF CYCLOALKANES

o The first 4wo members of Cycoolkanes family Cie, Gyclopropane 4
(ycdobutone ) are Oloudess Qases While higher members are liguids .

o They are lignter thon woter € Non- polar fn nature.

® They are insoluble in woler but Soluble in ethanol ether.

® Their Melting € Bﬂi!ing Point increases with Increase (n Molecular Weight .

® They are relalively Inedt in natwe.
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BAYER's STRAIN THEORY

® Adolf Von Boyer in I88S proposed O theory fo explain the relalive
stabilty of Cydoolkanes .

e He poposed the theory of Angle Strain on the foct Hhat since oll the
arbons of cydoalkanes are sps hybuidized , hence the bond angle bfw
cabon atoms will have to be 103°98" in (ycloalkones .

® But when Baeyer measures, the angle of cycloolkanes he found different
bond angle in different Cycloalkanes.

® On this basis . he proposed the theory of Angle Stroin.

e The theory exploins reactivity and stability of (ycloalkones, .

® According to him the distortion or deviokion from nomal etrahedral
angle (103°%8") causes Q stmin in the wng that leads to the instability

of Cycloalkanes .

ANGLE STRAIN
e The deviakion fn ideal bond angle ffom the real bond angle is called

Angle Strain.
e Higher the angle strain , lesser will be the siobility € higher the m}divih,

of (ycloalkanes.

ANGLE STRAIN = -‘2- (103°28' - Bond ﬂngle)
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Bonp ANGLE
The adual bond angle can be @lculated by -ﬂ"]!!nwt‘ng method :

180 (n-2)

Bono ANGLe = -

N= no- of intemal angles

ANGiLe StrAN In CucloproPANE

e Since all the carbon atoms of cyclopropane are sp3 hybuidized hence
bond angle should be 109°98'

® But since the ring of cycloprpane 5 a tangle , hene all the angle
are of 60> instend OF {03°98' that lends to angle stain in cyclopropane .

Angle Strain =L (1o3°2¢™-&) = ke S
Q

b
ANGLE STRAIN O Stabilty

e The angle strain is maximum in Cydopropane compare to other Cycloalianes,
hence it is veyy unstable £ highly reactive henee easly undergoes Ring Opening

reacions .
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ANGLE STRAN IN VARIOUS CYCLOALKANES

® Angle strain Qcording to baeyers theory in first flve members of
(ydoalkanes are given as follows, :

CYCLOALKANES | AcruaL Bono ANGLE | ANGLe STRAIN
Gyclopropane 60° 24°4u'
Cyclobutane 90° -l
CGyclopentane 108° 0"y’
(yclohexane 120° - s°le!
Qydoheptane 196734’ e

® Acording to Hhis fable it is clear that Cyclopropone has maximum dlistortion
hence it s most unstable cycloalkone that is e .

® But acording to the above toble Gyclopentone il be more Stable
thah  Gyclohexane that is not true of all,

‘LIMITATIONS
e Baeyers strain theony is applicable only for upto first 3 memberg of

(ydoalkanes family.
e He assumed 4hat oll the CGycloolkanes, are planer In Nahwre .
® He did not explain angle strin in larger (ycloolkanes
® Acording to Baeyer (ydopentane should be more stoble than Qyclohexane

but actually it fs reversed.

CycLOPENTANE > (YCloHBANE > CYCLOBUTANE 2 (YCLOPROPANE
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|SACHSE Mour's TueoryY I

® It is also known as Theory of Stminless Rings.

® Boeyer's theory failed o explain the stabilly of higher cycloolkanes
(i-e:, (ydohexane , Cycloheptane) beause he assumed that ol the
ycloolkanes are planer in noture.

® Sachse and Mohr n 1918 proposed a theory 1o explain the stability
of higher Cycloalkones .

® Acording fo Sachse Mohr's theory the higher cycloalkanes are tree
fom any kind of strain and very stable if they are not fored into a
plane .

® He assumed that ring are folded or in pudered condtion € that's
why hey retained thelr nomal fetrahedral angle (103°38") and as
Q resutt they bewme free from any kind of stmin

CHAIR € BoaT Form OF (YCLOHEXANE

According to Sachee Mohr's theory Cyclohexane. exist n fwo non -
planer form ie, Chair fom € Book Fomn.

=\

CHmR FORM BOAT FORM
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® Tn the Boat Fom , Carbon no- 2,3,5 and 6 lie in the same plane
and Corbons 1 € 4 above the plane.

® Th4he Chair Fom, Gabon no- 2,3,5,6 lle In the same plane and
carbon 4 is above the plone € carbon 1 below it

® Between Both Chair fom of (ydohexane Is more stoble than tts book
fom becuse Root fom has unfavourable non- bonded interackon bfw
hydogen otomg.

® The Chair € Boat fom of cydohexane mpidly inferonveted fnto each
othes € thot's why they @n not be isolated fhdl‘ur'dua.lft,.
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|Cou1.sou € MorriT's MooiFICATION I

® It is also known as Banana Rond Theory or Bent Bond Theory.

® (aulson € Moffit modifies Baeyer's Strain theory and ~ proposed the
Bent Bond Theory fo explain the stabiity of Gycloalianes

® They proposed @ new fype Of Bent or Banana bond biw carbon ofoms
of  Qydopsopane ¥ing based on the basis of Quantam  Mechonical
@ndition.

® The theoy of Banana Bond is based upon overlapping of Atomic
Orbitals .

® Sigma Bond - Axial / Head-On Ouerapping
® Ple Bond * Sidewise [ Rrallel Ovetapping
® Bent Bond : Intemediate of o4n bond

BENT Bonp
® A Bent bond olso known as Banana Bond is a type of coualent bond

thot somehow looks like a banana . !
® T is weker than C-C sigma bond but stonger than C=C & bond .

e Oue fo the fomation of Bent Bond , e cyclopropane C-C bond are
weoker fhan nomal C-C sigma bond , So due fo this weaker bond ,

(ydopropane is unstable and easily Qives fing opening reactions .
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