Seminar_1
1. Classification and nomenclature of organic compmds.
2. Reaction mechanism

3. Saturated hydrocarbons (alkanes and cycloalkangs

[TEST - Alkanes and Cycloalkanes

1. Classification and nomenclature of organic compmds.
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Classification by functional group

Type Functional Group Example Name
Alkane R-H CH3;CH2CH; propanc
Alkene R=R CH.=CHCH; propene
Diene R=R-R=R CH;=CH-CH=CH: 1,4-butene
Alkyne R=R CH =CH ethyne
Halide R-X CH3CHz-Br bromoethane
Alcohol R-OH CHiCH.-OH ethanol
Ether R-O-R CH3CH;-O-CH2CH; ethoxyether
i C——C CHy— i
Epoxide < 2 /CHQ ethylene oxide
0 o)
Aldehyde R-CHO cthanal
CH;-C—H
Ketone R-CO-R 2-propanone
CH3—C—CH;
Carboxylic Acid R-CO:H ethanoic acid
CH;—C—OH
Acid Chloride R-CO-Cl acetyl chloride
CH;—C—Q
Acid Anhydride (RC0O):0 "h’" "ﬁ acetic anhydride
CHy—C—0—(—CH;,4
Ester R-CO:R methyl
CHy—C—O0—CH; | Shanoue
Amide R-CONH: ethanamide
CH;—C—NH,
Amine 1° R-NH; CH3CHz-NH: ethaneamine
Amine 2° R-NH-R CH3;CH;-NH-CH.CH; | diethancamine
Amine 3° Ra-N {CH3CH2)3-N triethaneamine
Nitro Compound R-NO: ® Da nitromethane
’
Cl'lj_“ N*
[0}
Nitrile R-C=N CH3C=N ethanenitrile
Thiol R-SH CH3;CH3:-SH ethanethiol




Base Nameor Hydrocarbon name

Chain Primary suffix Generic nhame
c-C —ane Alkane
c=C —ene Alkene
ceC -yne Alkyne

If the parent chain contains two, three or morebdi®or triple bonds, then the following suffixeg arsed :

Bond Two Three
Double bond —diene —triene
Triple bond —diyne —triyne

Theroot word and theprimary suffix together are known &ase Nameor Hydrocarbon name.

Formula IUPAC name( Base name)
CH, Methane (Meth+ane)
CH3(CH,)3CHs Pentane (Pent+ane)
CH3(CH,)23CHjs Pentacosane (Pentacos+ane)
CH,=CH, Ethene (Eth+ene)

CH3CH2CH: CHz

Butene (But + ene)

CH3CH2CH:CH2

Butene (But+ene)

CHs3(CHy)12CH=CH,

Pentadecene (Pentadec+ene)

CH=CH Ethyne (Eth+yne)
CH3(CH,)¢C=CH Nonyne (Non+yne)
CH3C=CH Propyne (Prop+yne)




2. Reaction mechanism
CATEGORIES OF ORGANIC REACTIONS

Virtually all organic reactions fall into one of Uo categories: They are eithsubstitutions, additions
(cycloaddition), eliminations, or rearrangements, Q/Red.

(S)
Substitutions are the characteristic reactions of saturated oommgls such as alkanes and alkyl halides, and of
aromatic compounds (even though they are unsatirate a substitution, one group replaces anotRer.
example, methyl chloride reacts with sodiumhydrexiol produce methyl alcohol and sodium chloride:
H,0
H,C - Cl + Na"™OH ———— H,C - OH + Na*CI’

A substitution reaction

In this reaction a hydroxide ion from sodium hyddexreplaces the chlorine of methyl chloride.

(A)
Additions are characteristic of compounds with multiple bariekhene, for example, reacts with bromine by an
addition. In an addition all parts of the addinggent appear in the product; two molecules became o

H H H H

™, d ccl |
C=C + Br—Br —» H—C—C—H
4 ™,

H H Br Br

An addition reaction

(E)
Eliminations are the opposite of additions. In elimination anelecule loses the elements of another small
molecule. Elimination reactions give us a methadpf@paring compounds with double and triple bonds.

Eg: Dehydrohalogenation, a reaction that is useg@répare alkenes. In dehydrohalogenation, as the& wo
suggests, the elements of a hydrogen halide anenglied. An alkyl halide becomes an alkene:

H H H H

H—tll—{lf—H —-KOH \c—c’f
| | (-HBr) - .

H Br H H
An elimination reaction

In a Rearrangementa molecule undergoes a reorganization of its ciuestt parts. For example, heating the
following alkene with a strong acid causes the fation of another isomeric alkene.

H H HgC CHg
A
CHy, C=—¢C —— = C=—C
\\C/ \ H//C \EH
H 3 3
CH;/ \CHE

A Rearrangement

In this rearrangement not only have the positidrti@® double bond and a hydrogen atom changed imgthyl
group has moved from one carbon to another. Now fezrn some of the principles that explain howesé
kinds of reactions take place.



How these kind of reactions take place?
HOMOLYSIS AND HETEROLYSIS

Reactions of organic compounds always involve tla&ing and breaking of covalent bonds. A covalemtdoo
may break in two fundamentally different ways. Toend may break so that one fragment takes away bott
electrons of the bond, leaving the other fragmerth van empty orbital. This kind of cleavage, called
heterolysis(In Greek, hetero—, different, + lysis, loosenorgcleavage), produceharged fragmentsor ions.

The bond is said to have broken heterolyticallye Tdther possibility is that the bond breaks so #wath
fragment takes away one of the electrons of thalb®his process, callegomolysis (Gr.homo-, the same),
produces fragments with unpaired electrons caledcals

HOMOLYSIS
When a covalent bond (a nonionic chemical bond é&atrby shared electrons) is made up of two
electrons, each of which is supplied by a diffeioim, the process is called colligation; the reggarocess, in
which the electrons of a covalent bond are splitvben two atoms, is known #@OMOLYSIS. These
reactions are shown schematically by the equation
colligation

A +B- AR

homolzsis
in which A and B represent the separate atoms r@rps), the single dots represent electrons, aadidible
dots represent the electron pair that makes upbtma. The products of a homolysis reaction areedall
radicals.

HETEROLYSIS
The cleavage of a covalent bond so that both bgneliectrons remain with one of the two fragmentsvben
which the bond is broken, e.g.

(N
A:B——=A" + 1B Heterolytic bond cleavage

lons
Heterolytic bond fission is a feature of many biewllar reactions in solution (e.g. electrophilibstitution,
nucleophilic substitution).
The products of a homolysis reaction of carbon caunp could be carbo-anions or carbo-cation.

MECHANISM TYPES

Reaction mechanisms attempt to describe how reectocur. This provides important information abebtat
affects reaction rates and directions and thumatily what products will be formed under speafaditions.
The advantages for synthetic chemistry should hwoaB; the correct conditions can be specified sximize
the yield of a specific product. The basic mechartigoes are:

= Nucleophilic substitution ReactionSy()

= Electrophilic substitution ReactionSg)

= Nucleophilic addition Reaction#\()

= Electrophilic addition Reaction#\f)

= Elimination Reaction$E)

= Radicals substitution Reactiorfa]



Nucleophilic Substitution Reactiong(Sy)

There are many reactions (mostly biomolecularhefgeneral type shown here.

Mu:™ +R—§'§': — R-HNu + K
Nucleophile Alkyl Halide Product Halide ion
{Subsirate)

Following are some examples:
HOS 4 CHy— Cli—eCHy— OH: 3 1
CH,0:” + CH4CH,— Bri— CH,CH,——OCH5: + :Br:
1:” 4+ CH4CH,CH,—— Cli— CHaCH,CH,—— Tt + :Clf

In this type of reaction a nucleophile, a speciéh an unshared electron pair, reacts with an alkyl
halide (called the substrate) by replacing the dexhosubstituent. A substitution reaction takesekatd the
halogen substituent, called the leaving group, de@s a halide ion. Because the substitution icract
initiated by a nucleophile, it is called a nucletiplsubstitution reaction.

In nucleophilic substitution reactions the carbameben bond of the substrate undergoes heterolysis,

and the unshared pair of the nucleophile is usddrto a new bond to the carbon atom:
~Lea¥ing group

K N

Nu:" + R§:X: —— Hu: R+ X

Nucleophile - Heterolysis
occurs here

Elimination reactions (E):

Reaction involving the removal of substituents #relformation of a double bond:

(CH,), CCl + H,0 —— CH, = C(CH,), + H,0* + CI

In these eliminations, as iny$eactions, there is a leaving group and an aitiggtarticle (the base) that
possesses an electron pair.
Mechanism of E reaction
For elimination to occur it is necessary for thebca to be bonded at least to one hydrogen.
H R

H—Cc—ct :x

H R’

The first step is the slow step it is the rate—aeteing step. Thus this reaction is unimoleculartfe first step
of the reaction, the compound ionizes and beconmsl@ocation and a halide ion. The halide sepafabes
the compound bringing with it the electron paimfrthe carbon—halide bond. It can sustain this megaharge
due to its high electronegativity. The first stepanE reaction is identical to the first step in Sqreaction.
This is a problem because it leads to a mixtungrodlucts.

The spontaneous formation of the carbocation isttw step in both reactions. Once formed, the azzation
reacts rapidly following either th&y or theE path.

TheR groups should be substituents able to donaterefedensity to help stabilize the carbocation.



Carbocation rapidly transfers a proton to a mokeadlwater producing an alkene (double bond)

I—Q:
I

H—

A—0—m

C
|

H

EXAMPLE

Treating tert—butyl chloride with 80% aqueous ethan 25C, for example, gives substitution products in 83%
yield and an elimination product (2—methylpropeine}7% yield

CHs CHs
—"‘ CH3 l]:— OH + CH3[I:—GCH2CH3

CH CH CH
- [|: 3 I B0% CoH=OH tert- Buwl alcohol  tert- Buwl ethyl ether

3g—cC 20% H,0 R

CHs3 25°9C
tert- Butyl chloride E, CH3

— CHE =C
CHy
2 - Methylpropene

(17%)

The initial step for both reactions is the formatiaf a tert—butyl cation. This is also the rateed®ining step
for both reactions; thus both reactions are unicdér

CHy CH,

o

CHaC—Cl: —* = cH,ct 4

| R

CHy CHy
(Solvated) ({Solvated)

:Cl:”

Whether for substitution or elimination to take qdait depends on the next step (the fast ste@.sdblvent

molecule reacts as a nucleophile at the positiveoraatom of the tert—butyl cation, the producted—butyl
alcohol or tert—butyl ethyl ether and the react®ogy

CH,4 CH;

CH; H
e T [ .,
CH; G ~Sol—iH =+ CHy(—= D‘R ===CH,—Q—Sol + H—0= 50l
\
CH, cH, M Y CH,
M s,1/
(Sol = H— or CHy;CHs—) H—O—Sol

A reaction
If, however, a solvent molecule acts as a baseadnstracts one of the b hydrogen atoms as a prtien

product is 2—methylpropene and the reactida.i§; reactions almost always accompa&yreactions

CH
il 3fast /1 El
e I e o [
Sol—(ll. H—CH; (|: —* Sol ‘:|:' H+ CH=C reaction
| Ly, ! CH,

2- Methylpropene



Radicals substitution Reaction{Sg) — the characteristic feature of alkanes

Reactions with halogens:

The alkanes react with the halogens, though onty wn input of energy in the form of light. For
example, hexane reacts with bromine in the vapbas@, decolorising it. Aubstitution reaction takes place,
with bromine atoms substituting for the hydrogeonat in the hexane molecule. This decolorisatiors dus
occur in the dark — the reaction only takes plache light.

light
CH3CHECH2CHECH2CH 3{9} + E-rllfgj—bCHECHECHECHECHECHEBI‘{g} + HEBr({gq)

Similarly, methane and chlorine do not react in tlak, but in sunlight they react explosively to
produce chloromethane and hydrogen chloride. T¢wspbined with the very rapid reaction that follows,
suggests that the reaction takes place by a radieghanism, and this is indeed the case. This ashan
example of a substitution reaction, with chlorirtenas substituting for the hydrogen atoms in thehae¢
molecule.

How does light cause chlorine to react with metRRafe the following data show, the Cl — Cl bondasier to
break than the C — H bond. Light provides the ep@reeded to split the chlorine molecules into atems
other words, tanitiate the reaction.

Cl, — Cle+ Cle AHY =4 243 KI mol?!

CH,— CH®* + He AH" =+ 435 Kl mol™

The chlorine atoms formed by this homolytic fissiare radicals, and so are extremely reactive. The
chlorine radicals react with methane molecules,lmomg with one of the hydrogen atoms to form HGtla
another radical:

CH, + Cle —> CH,® + HCl AH® =+ 4K mol?

The methyl radical then reacts with another chinmolecule to form chloromethane and a chlorinecedd
This is a propagation step, as it produces ano#tkcal. The process is then repeated hundredse$t
which makes the reaction explosive:

= - 97 K1 mol™*

1=}
m

CH,+ Cl, —> CH,Cl +Cls  AH

Chloromethane

The propagating steps of this reaction continuéd tihre is a termination step. This is the namegito
the reaction between two radicals — a very exotiepmocess.

Cls & Cle — Cl, AHY_ = -243 K] mal?
CHp# + Cl& — CH,Cl AHY_=-338 K] mal?
CH® + CHp —>CH, AH_ = - 347 KJ mol!

ethane



If the supply of chlorine is limited, the net resaf this reaction is lots of chloromethane andriogen
chloride and little ethane. However, if there lentiful supply of chlorine, then further substituns of the
methane will take place to give di—, tri— and teflaromethane as follows:

CH, + Cl, — CH,Q + HCl

CHC + <, —> CH.CI, + HCI
Dichloromethane

CHC, + C, —> CHCl, + HCO
Trichloromethane

CHCl, + d, —> cal, + HCI

Tetrachloromethane

Trichloromethane or chloroform was one of the fastesthetics to be used for surgical operatiods an
to ease the pain of childbirth, whilst tetrachlosihane was widely used as a solvent until its naggnic
(cancer—producing substance) properties were rezednwWith chlorine and bromine, an input of enesgyy
needed to overcome the activation energy and sataithe reactions. With fluorine, a vigorous teat
occurs even without an input of energy — a mixtofrdluorine and a hydrocarbon will explode at room
temperature even in the dark. Radicals also playrgortant part in the reaction of the alkanes with
oxygen, and in both cracking and reforming hydrboarmolecules.



3. Saturated hydrocarbons (alkanes and cycloalkangs

ALKANES
PREPARETION OF ALKANES REACTIONS OF ALKANES
1. Wurtz Reaction 1. Combustion
. R + O ——» CO, + H,0
2R—X ™ R—R 2. Halogenation (R)
2. Grignard Reduction R + X; E—;m RX + HC
RX + Mg —» RMgX 10 o Ry

Reactivity X: Cly> Br,
3. Reduction H: 3°>2°>1°> CH,-H

RX + Zn + H ——» RH + ZnX 3. Free radical substitution (%)
heat or Light
- _ X, S, x.
RX - LAH, —2®%. RH - LX + AlXy |
4. Kolbe Reaction R—H + X+ —» R+ + HX
(=)
R—C00 '—_--—l- R—R R- + X, ——» R—X - X-
5. Hydrogenation

R— (== (C—FR' —2 RCHCH:R'

Cycloalkanes:

Whilst many of the alkanes present in crude oil @ighatic, having straight—or branched—chain males;
some of them form rings — they asdicyclic. These compounds are denoted as cycloalkanes.e Thes
cycloalkaneshave the general formu,H2, instead ofC,H2n. for the chain molecules. Cycloalkanes behave
very similarly to the other alkanes, but they témdhave higher melting and boiling points. Theyéddve same
name as the corresponding straight—chain molebulkewith the prefix ‘cyclo—". These ring molecubege not
aromatic compounds — the aromatic ring structubaged on the benzene ring.

Because of the restricted movement available tgchcocompound, it undergoes a number of diffetgpes of
strain. The smallest cycloalkane is cyclopropankicwv forms a triangular molecule which is much more
reactive than straight—chain propane. Cyclobutaoyens a square molecule, which is less reactive than
cyclopropane, but is more reactive than butaneldpgntane and higher cycloalkanes have a simitatingty

to their straight—chain equivalents. The structufethese cycloalkanes are shown below. A shortotdtion is
used to represent the structure where only the anel shown and intersection of bonds represenit®rta
atoms. Because of the tremendous angle strainmmpgane is very reactive.

CH
a /N
H,C—CH, i H
Cyrlnprnpanes, G H, AN® |
C H

H,C —CH, o |
L] E\ ~H
H,C —CH, | C —GM
Cyclobutane, ¢,Hy  20* H x___c c ||_| H H
CH, Ry \“'"lrc -

e ., ,,’“\\\ H |

H,C CH,
Y ‘ /' H
H,C —CH,

Cyclopentanc, G;H,, Log° C'I,I'l::h:lhEXEInE GEHIZ 109.5°



