ORGANIC|CHEMISTRY]

UNIT 2 NOTES

® ALKANES
e ALKENES
® CONJUGATED DIENES
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® Allanes are the simplest hydracrbons or Organic (ompounds .

® Alkanes are dcyclic solurated hydmcarbons thal means all the
Grbon- Corbon  bonds in alkanes are Single bond.

e The gmeml fomula of alkanes s CpHanta .

® Afkanes (ontain Stong C-C € C-H (ovalent bonds.

® Since dlkanes contain stong (ovalent bonds , hence they ore relakively
chemicolhf Inert .

® Methane (s the simplest olkane .

® They are also known 0% Pomffins.

o Examples ' (Hy, GHc , GsHg elc,

Stwdurol ProFe:Hm of Alkanes

® Each Carbon atoms in alkanes are  SP® hybridized .
® All ine (orbon- corbon ond Carbon - hydrogen bonds In alkanes are
stronq sigma bonds (@) |
® The bond length of alkones between (osbon- Grbon afom = 1-64 A
(arbon - hydrogen afom = 112 A
® Alkanes foms tetrahedial strudvre with bond angle 109-s°.
H

c ) 10350

H / \\H \Jebore
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| MeToo OF PreparaTion OF ALKANES |

Alkanes con be prepared from follﬂwinﬂ vanous, methods
e Hydrogenation of Alkenes or Alkynes
o Reduction of Alkyl halides
o Dearboxylohion of Carboxylic Acidg
o Hydralysis of Gingnard Regent
o (ortz Synthesis

() chlmgenoh’on of Alkenes or Alkynes

qumgmuh'un 0f Alkenes Or Alkynes In the presence of nickel or
plaHnum of 900-300°C (eilds Akanes

Ni
CHQ. — CH:. + Ha_ 200-300°C ” CHB CH5

@ Reduction of Alky! Halides

Redudion of Alkyl halides with nasent hydrogen. in the presence
of some feduang agems ke Zn-Gu or CatisoH Yeilds  Alkanes

Zn-Cy
(=T + 2541 o GHson (Hy + HI

.1 o b
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G Decnrboxl;lulion of (btboxgiic Acids

Alkanes @n be prepored by heah'ng a mMixture of Sodiom salt
of catboxylic acd with soda lime (Nach + (o)

A
(Hs@oNa  + NaOH Ca0 (Hy t+ Nau(03

@ Mydrolysis of Grignord Reqent
Hydrolysis of Qgrignard  feagent Veilds ~ Alkanes .

(HsMg I Wl — Wy ¥ Mg(;ﬂ

(Fetnyl Magnesiom Todidey

® Wortz Synthesis

Reaction between  Solukion of alkyl halide € metallic sodiom
in the presence of dry ether yeilds Alkanes

(HsBr + 92Ng t (HsBy —eha (Hs-(Hs + 2NaBrw
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Chemicyl Readions of Alkanes
Alkanes Undefgo Fallou;fna chemical reachons -
¢ Halogenation
® Nitration
® Sulphonalion
® Oxidahon
® Pyplysis
® Aromohsaltion

HALOGENATION OF ALKANES l

® As we know that Alkanes (ntains s{mng (ovolent slgma bonds,
hene they do not reads easily .

 But under the presence of UV light or very high hnpaulwe Jrhey
Unde[l_:lo substitution reaction  C mostly ) .

® Halogenation of Alkanes n dso be known az Fee radical subsHiulion
reacion in alkane .

® (yhen halogens (F,Q,Br,I) rteads with an alkane to form

holoolkanes or Alkyl halide 1n the presence of UV light or heat
then it s colled hologenation of alkanes .

® Example  Chbrination of methane

Chlorinckion of Methane

CHH jf' C'g_ uv I—'-grh{. >
or A

CHsQ . 4 HCL

The readion wil not stop here It @nlinvek Unkll oll the hl{d%\
of oalkane (methane) Is substituted with chlorine T
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A
CHsCl + Cla — (Ha(l2 + HG
(HaCh t Cla Hals + HCL
CHCls + (la CCly + Hc|

@on ’rthnchl@

A

Mechanism of Halogenalion

® The halogenation oFu olkane 1s @ fhree Step proess via Free Radicod
formation .

® fle mdicls ore those substonces thol contain single unpoired electon.

e These are the ﬂ)llowf'rlg three steps .

@ Chain  Tniliokion

@ (Chain Propagation

@ Chain  Terminakion

CHAIN INImATION STEP
In chain (mhation s{eP chlonne moalecule gds SPtiHed bt/ homalyh'c
fission to form chlosine free madical |

o
Sy

ety U,

a+ O
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CHAN  PrOPAGATION STEP

Chain  propagotion 1s further divided 1nto two Sheps :
Step First . TIn first step chlorine free rdical altacks on CHy

fo prodwe methyl free radicod

H H

| |
H—C-—-'-/H’-l-\-ﬁi — H-Ce + HCI

! |

H H

Step Second © Tn sewnd step methy! fiee radicl aqain altacks

on chlowine molecwle to fom chlorine free radiced
and chloromethone

CHz* + CQe*=—C — (HsC| t Cle

CHAIN TERMINATION STEP
In chain feminakion step all the ffee mdicals combine or react

with each other € no new fre Mdical s foms which tends the
feacton towards end.

CHz o + (| —  (Hs(|
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| HYBRIDIZATION

Hybrdization is defined as infemixing of atomic orbitals of same

or neaﬂtf Same eneqy fo Qive New hybrid orbitals of exactly Same
enerqy Shupe and stze.

Exnmple: i Pl B[] — SP | SR | SPs

SPs

Charaderistics of Hybridization
- ® All the hybrid Orbitols have exactly Same properties (¢ siee, Shape
enerqy efc.
o The no-of hybrid omitols = No- of intemixing arbitals
® The name of hybrid orbitel (s done on the name of intemnixing
Obtals. e — s+ 2p = G
is + 3P = SP"
Is t 3p td

5|>’-"cl € s0o0n ..

ShaPc of Hybrid Orbitals

e Hybrid oOtitals Confains, one small lobe ond one large lobe
® (enerally smoll lobe Is not (epresented .

Smaw lose  Larse Llose
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| sp® HysriDIZATION Tn ALKANES |

® All the orbons of olkanes ghows sp® Hybndization.
e In sp* hybndizalion one S oibital combines with three p Orbitals

fo fom four equivalent Sp3 hybsid orbitals
® Each sp* hybrid orbitad shows 257 S Otbital charactenstics

and IS7. p otoital  charaderistics .

Sp*  hybridization of cubon in alkanes .
Goond  State | . |1k 1L 1[4
Excited State i 1 IRER

Hybridised State| . |11 1 T[]
5 sp* sg‘ sp* qﬁ

Examglc .

e The catbons of Alkanes shows telmhedral a:rangemen!r.
® The angle belween two orbitals 1s 103-S°,
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e Paraffins are nﬂ’rhr’nﬂ but S!'mplg the Alkanes
o Tt Is made up of 4wo words - Parum = LitHe

| Affinis = Am‘nihf
® 'ﬁmf are (elokively inert towards  Chemicod fquenL

Uses of Paralfins

e Paafins are widely uvsed as foel component for diesel ond fractoy
Ensines.

® Liquid porafin is a distilled and fefined form of kerosine that can
be bumed in lamps and other deuices.

o Tt is also used as fuel for et enqines ond rockets .

e quuu‘d pammn is a vey highly tefined mineral oil that also @niaing
medicol  properties and  mmonly  sed to treat dny s!:fn , constipation efc.

® Liqud qufﬁ'n Is mounly used as a lobmant n Varous indushies .

oTi is also used as fuel for cooking .

T is also Used fn peniciln production.

o is Udidell., vsed In Cosmetic Industies o Moke Creams | petroliom
Jelly etc.

e T is also ysed as inqredients (M mony agricuttural insechcides

Rx Pharma Education


Admin
Rectangle


ALKENES

® Alkenes bdnnraa to the class of hydracarbons (ontm'm‘na Carbon - carbon

double bond .
® Since ’rhel’ contain  arbon- carbon  double  bonds , hence fhey are also

known as  Unsolurated Hydrocarbons .

® The general formula for alkanes = (CnHan

® The ficst member or the smollest alkenes 1s Ethene C (=0 )
alse known 0% tht.ﬂenﬁ_

® Alkenes are also known 08  Olefins.

® Example - Ethene, Fropene, Butene etc.

| StagiLITY OF ALKENES |

o Alkenes are less stable and more feactive Compare fo Alkanes.
o Different Alkenes shows different stabih'ty.

® Relatve stubilihi ol alkenes depend& on fvbllﬂu;irﬂ fadors.

@ Deqree of  subshtution

@ On the basis of onentahon

® On the basis of cnugalions,
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0] Dtjq_lee Of Subshitution

More the subshitvents (mcu'nh, olkyl qroup) altached to the double
bonded carbon , more the  stability of alkenes .

CH CH H
!\c-:c/ 5 > lle"\c—<
(Hs / \ CHs H / CHs
@ Onentation

Trons form of alkenes are more stoble than c1s form becowse trans
form  have Opposite owentohion of Alkyl qroups @n double bonded
on  alom.

CH
3\( - C/Cl'h < (Hs \c ) H
— \ e
W H . Mt

® Corﬂ'gggh'on
(onjuqated alkenes are more stoble than isclated alkenes .

(Hs— H=CHA—H=CHa | > CHa=CH—CH;—CH= (O},
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[SP’ HYBRIDIZATION TN ALKENES I

® When 1 s oubital Combines with two p orbitals o fom new hybad
obitals Of same size, shape ond energy then this type of hybndraahon
Is known as sp* hybndization |

® The (orbors of simplest olkene [ ethene  Ahows SP‘ hybndizathon .

In the (use of Ethene

Girounp  STATE | - 1 1 1(1

Exatep STATE | e 1] 1111

HyBRrIDIZED STATE | - 1 11 I3 1
HygriD1ZED

OramAL (sp?)

STRucTuRe OF ETHENE

Ve
N
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E1 € E2 REACTION

® £y and Fa readions are nothing but the part of Eliminakion Reachon.

® An Eliminalion reackon 1s a +‘(Pe of orqamic  feackon In which
two subslitvents are removed trom a molecvle either in one or
two steps.

e The one step mechanism IS known 0% Ea Reaction while the two
Step Mechanism |s known as Es Reachion .

® Eliminakon readion Is nothing but o method of pwPomJian of
Alkenes .

® The Degree of Unsaturation Increases with Eliminalion Readion .

I —
il B Coss Eliminadion : \C=C/ L %Y

Tyees OF EumMNATION REACTION

Eliminalion reacion are of two Wpes Z
® Ei Reaction

@ Ea Reachon
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| E1 ReacTiON I

® E1 reaction stands for Unimolecular Eliminalion  Reackon

o Tt isa two step process .

® Ths reackion follows first order kinelics .

® (Weak base used in Ei Readhions .

® The readion Is proceed o} high fempemfuﬁe.
® The readion Is Endothesmic .

STep- T
Formalion  OF  (arbocalion  ( Rate detesmining  Step )

H
C(Hy — (Ha Weak Base’ (Ha — CI@
| | A t |+ By
H Bs H H

(arbocation

Step- 1L
loss of prolon from the cabon alom adjacent fo (arbon ntaining
positive  charge .

Weok Base

(Ha — (Ha = Gh + H0

I
H

::—%-:
v
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E2 ReEACTION

® F2 feachon stands for Bimolecwlar Elimination Reackon .
Tt 1s 0 one step process.

o The reaction follows sewmnd order kinehcs .

# bhona base used in Ea reaction.

® The reacion 1s Pmce&l at high femperatuse .

® The reachon 1s endolhermic .

Ea REACTION MEMANISM

C|Hz — (Ha WT“.- CHy = CHa + HaO ¢ KBy
\
H By

E1 VERSUs Ea. REACTION

E+ ReacTions E2 Reaction

e Tt is a unimolecular elimination | ® Tt Is a bimolecular eliminalion

Tt follows 1% order kinehics ® Tt follows 2™ order kinehics
It Is o two step plocess ® Tt is a one step process .
It requires weak base ® R regires stong base.
Fomolion of cabowbion tokes | ® Mo carbomlion formakion takes
P\uce place.
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Fadors AfFeding E1 € E2 Reaction

(arbocation Formation | = Formakion of cbocakion 1s a slow € e

Leaving Giroup

delesmining step in Et reaction . Increasing
the number of substituent CR- Group ) on
C- afom Increases the Stability of carbocakion
that vllimotely increases fte of Ei1 Reaction .

@ @ >®

: More easily the leaving group Chalogens) removed
from cabon faster wil be the  Eliminadion
Reachons .

R-I > R-Bx > R-Cl > R-F

Naoture of Base

. In Ey reachon the base used ghould be Weak

Solvent  Used

Temperature

becawse iF stong base s used then the feadion
will be converted into E,

+ (nenerally polar th'c Solvents are ysed In elimination

reachions as they reduces the force of altrackon
between (arbon £ halogens

: Generolly these feacions are cwmmied at high fempemfure |
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ReArRANGEMENT OF (ARBOCATIONS

e The shiﬂinﬂ of bandl'ng afom of Qroups in a Gubocation for
the fomakion of a more stoble carbocabon Is known as  Rearrangement
of (arbocohions .

® The shifiing cn be of two types -

0 Hydride Shifhhﬂ

@ Methy) Shifting

HYORIDE  SHIFTING
Shiﬂina of hqdrosen atom fs known Q8 Hydride Shr’Fh‘n«a_

(CH» MY s
l |
® HyoRIDE SHIFT
(Hs— C— CHa i (Hg — CG-?— CHs

W’ @

METHYL SHIFTING
Shiﬂina of methyl gqroup ( CHs) is known as Methyl Shiff.

(Hs

- -
CHs— C— CHa enw: Swer - (Hs — CG)—' (HaCH's

l |

(Hs @ Hs @
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SAVTZEFF'S RuLE |

® Soyteff's wle s also known a3 Zatsev's Rule .

® In the Euminakon reactions when the Alkyl halide group have
two or more B cwbon then more than 1 alkene Pmducl s fomed.

® Now Soytzell's mle states thot if more than 1 Alkene product
Is fomed as a result of eliminakion feackion then The Highly
Stbstituted  Alkene Will be the Major Prduct of the reaction.

CHa = CH—= CHa — CHs
EI"' ; 1-Butene (207
(Ha — (H — (H — (CHs

|
H
(Hs—CH= C(H-CH =

2- Butene (807.)

® In the above feaction the Major Produt will be 2 - Butere (Rut-2-ene)
while 1- bulene will be the minor Pmcluc%_
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| ELECTROPWILIC ADDITION REACTIONS |

® Alkenes are more feactive (ompare lo Alkanes (dve to Tn bond )

® When an abom or group of atom ore simply added fo o double
bond or triple bonﬂ without any subskituhon or elimination then
fhis ‘l’L{PE of reaction Is known % Etectrephrttc Addition Reacﬁ'on.

® Now addiion of on “Electophile’ in on addition reackion Is
known as E!e(hophiht Addition Keaction .

EXCImPk". (Ha= ({2 + E-Ny — CHa — C(Ha

| l
E Nu

® 1A bond brecks and Q ¢ pond forms dun‘na additon reachon .

Mechamsm Of Addition Reaction

S1EP-1

The reu/qenk (E-Nu) like HBvw jonizes to ghre elecophile € nucleephiic.

| HBs  ———  H*(E) + By (Nu)

Step - 1L
Bledrophile (H) oftacks on = bond to form & bond € carbonivm jon |

CHa= CHa + Ht —— CH!-.—C?!‘;

STep-TL

Addition of Nudeophile on  rbonium jon

®
CHs- CHa + By-

CHs - CH.B¥
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| MaRkovNikov'S RULE |

® The rule or painciple  was gl'uen by russion chemist Markevnikov
® ACCOfdfna to Markounikov's Tule dun'ng the additon reactions 0f

alkenes the hydrogen alom (HY) s added to that carbon afom
whmch has maximum number of hqdrogen afom |

¢ The wle Is basically Given of unaymmelrical Alkenes

® Morkovnikov's rfule can olso be explained In an another way that
dun’na the addition reachion of unzymmetrical  alkenes the neqahve

ﬁuﬁ of he adding reagent Is added to that carbon alom which
as minimum number of hydiagen alom .

Example (Hs— CH = (Ha Mee CHz— CH— (Ha
. ! I
By H
Mechanism
Gtep - I

Formalion of (arbocalion (4wo corboclion formalion possible )

CHs— (R am(Hs + -
CHs - CHe = CHa & H-CI
CHs = CHa— (i b ooL-

Step-1IL
Attack of Nucleophile to 2° awbocalfon .

CH.',-C?'I*CH!; + CQ® @ — CHs - (}H"'CHS
C\
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I ANTI MARKOVNIKOV'S RuLe l

® The mle was 81‘uen by american Scienhst Ms- khamsch .

® This nle Is olso known ax 'khamsch Effect’ or * Reroxide Effedt’

e Acmrdfng to Anti- Markounikov's rule I the addiHon reachong of
Unsymmetrical ~ alkenes are Perﬁmed i the presence of Omanic
Peroxides (R-0-0-R) 4hen Hydrogen alom s added to the
Q@ibon olom  having minimum  number of - Hylragen.

Mechanism

STep- L

Peroxides  dissociates to give  alkoxy free mdicals

R-0-0-R A )

— 92R-0

STep- IL
Alkoxy free fadicals oltacks on HBs t0 fom bromine free radical

R-0+ HBr —— R-0OH + B

STep -1IL

Bromine free rudical altacks on alkene to give 1°# 20 free radicaly

. /-—’ CHs - EH- d:h.
By + (Hs-CH= (Hn, By

- CHs- CH— OhBr

STep-I¥

More stoble free mdicl (2°) reads with HBr.to qive fingy prodyef o
(Hs— (4 - CHaBr + HBw

——  (Hs- CHae CaBr ¢ RrecT
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| OzonoLysis |

® Ozonolysis Is a type of chemical feadtion in which ozome is passed]

though an Alkene in an inett solvent like Ccly 40 fom Ozonide .

* Ozondes are explosive ompounds hence they are are further reacted

In the presene of zinc and water 1o Qive arbonyl  Compounda

(Adehyde and ketones ).

® Ozoholysis [s basially a methed of Cleavage ( breakage) of
Alkene  double bonds by reaction wih ozone . (0s)

STEP- I
Wi H 0
c=7 b0 28, ™
H/ N K HC CHa
—d
STep- IL .

CHa (Ha Zn CHz=0 + (h=0Q + ZnQ
\ / HaO '
0—0
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CONJUGATED DIENES

® Omanic compounds or Hydrocarbons that ontain two  carbon- carbon
double bonds are called Dienes or Diclefin |
e Dienes ocaus Ocassionally in  nalure

Types Of Dienes

Dienes are of +hree types -
@ (onugated  Dienes
@ (umulated  Dienes
® Non- (onjuqated  Dienes

Conjuqated Dienes
Wheq contain oltemate double bondz Seporated bl, one Single bond .

CHo= CH— CH = (H,

Cumulated Dienes
In @mulated dienes double bonds are adjacent fo each ofher

(Ha= (H= (H2

Non - (onyugated Dienes
Ooube bonds are separated by 2 or mare single bonds .

CH1= CH—CH'I._CH T— thg_
— Rx Pharma Education
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| DIEL'_ S - ALDER REACTION |

® The reaction wos given by Otto Paul Hermann Diels and kurt Alder

® They also awarded with Nobel Prize in 1350 for their dr;scovexy,

® The Diel's Alder feadion 1s an argam‘c chemical reachion behween
a conjugated diene and an Alkene fo fom Cyclohexene .

Mechanism of Diel's Alder Reaclion

® Diel's Alder reachon Is q single step process.

® Fledrons fiom the dlienophile attacks on  @rbon (C) 1 on he
diene rasulh'ng in the fomakon of S%h_q!c bond betwen (G € (&

® Dovble bond betlween (1 € (2 rebates to between GG € (3

® Double bond between 3 € 4 broken £ eledtrong fom a singlec
bond  Detween 4 ond S fo fom our final product .

o Flhaﬂq (yulchexene forms |

2/'\-—". 2 ¢
‘ A
3\\/—5 3 S

¥~
Conyugoted Diene) (Dienophile -
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