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CHAPTER

|

ALKYL HALIDES AND AMINES

After completing this lesson, you will be able to: :
‘' Name alkyl halides using [UPAC system. - . = ooaite i
* Discuss the structure and reactivity of RX. . Pt oA

and by radical halogenations of alkanes.
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o Describe chemistry of amines by alkyletion of amines wit RX, reaction with ald
ketons preparations of amides and diazonium salts. _ .

' :ﬁmm alky) halides aod amipes. 'y e 6
Q1. What lr‘ alkyl Halides? Explain with examples.

“Alkyl halides are the compounds in which one hydrogen atom of Alkanes has been

replaced by one halogen atom. They are also known as halogen derivatives.”

1 EE .
. & e -
-
-

Types:
They may be Mono, di, tri or poly haloalkanes depending upon the number of halogen
atoms present in the molecule. Monohaloalkanes are called alkyl halides having

general formula R-X.
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Monchaloalkane Dihaloalkane Trihaloalkane

Classification of Alkyl Halides:
Alky! halides are classified into primary, secondary and tertiary alkyls halides

i) Primary Alkyl Halides:
“Alkyl halide in which halogen atom is attached with primary zbm are called
led

pnmary halides. Carbon atom attached nuneurnucubonlmm is primary C-
atom.”
‘\‘.
Methyl chloride Ethyl chloride " n-Propyl chloride
Chloromethane Chlorocthane © Chloropropane.
E
{E: is primary carbon atom) v

i) Su:nndary Alkyl Halides:
“Alkyl halide in which halogen atom_is amcbd with a secondary carbon atom is

called secondary alky| halide.”

Secondary C-atom:
“C-atom, attached to two C-atoms simultaneously is called secondary C-atom.”

CH, Cl
‘ d
»

: & | CHy— CH—CH—CH;
/
‘\;" 2
N I;o-Prnpy! chloride Sec-Butyl chloride
F Y\ '2-Chloro propane 2-Chlorobutane.
(é is secondary carbon atom)

iii) Tertiary Alkyl Halides:
“Alkyl halides, in which halogen atom is attached 1o a tertiary carbon is called tertiary

alkyl halide”.

Tertiary C-atom
“C-atom, attached to three C-atoms simultaneously is called tertiary C-atom”.
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t- Butyl chloride
2-Methyl-2—chloropropane.
(& is tertiary C-atom)

Nomenclature of Alkyl halides "

Alky! halides are named according to the following systems: 2 \
1) Common System of naming. ,
ii) TUPAC System of naming. \\
I) Common System of Naming: N\

This method consists in first writing the name of alkyl Mj:’n?which halogen atom is
attached and then writing the name of halide 1on, eg.,

CH,_CH;_Cl Ethyl Chloride
For secondary alkyl halides, the prefix sec _ and for tertiary alkyl halides, the prefix
ter_tot_is added before the name of alkyl hnlidc;_, c.g..

e
CH;_CH _Br Sec or Isopropyl Bromide
I §
CH,
CH,
I
CH, _CH_Br ter_ butyl bromide
I
CH,
When al s of alkyl group of primary alky| halides are in a straight chain, the
prefix n- is before the name which indicates ‘normal’. e.g,
EH; = CH; _ CH, wa CH; 2 Br n_butyl bromide

urﬂh System of naming.
According to this system alkyl halides are named as derivatives of alkanes. The
following rules are observed for this purpose:

i) The longest chain bearing halogen is selected as parent hydrocarbon.

ii) Prefix ‘halo’ i.e., chloro for Cl, Bromo for Br, etc, is used before the name of
hydrocarbon.

iii) Positional numbers are used to indicate halogen and other substituent by the usual
methods, ¢.g,.

CH;_CH;__CH;__CH;__Br Bromo butane
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CH; _CH _CH; _CH, _Br 2-bromo_3_methyl butane
| I
CH; Br
CH; _CH _Br 2-bromo propane
|
CH,
The names given below are also accepted by the IUPAC
CH,_CH,_CI Ethyl Chloride
CHy_CH_Br Iso_propyl Bromide -
I 3
CH, 9
N\
(CH3)2CBr ter_butyl bromide
- Y
Q2. Give Physical Properties of Alkyl Halides.
Answer -
1) The polar bond creates a molecular dipole that raises the melting points and boiling
points compared to alkanes. :
Structure:

e The alkyl halide functional group consists of an sp’ hybridized C atom bonded to a
halogen, X, via a s bond.

® The carbon halogen bonds are typically quite polar due to the electronegativity and
polarizability of the halogen.

Q3. Give preparations of alkyl halides.

Answer

1) Reaction of Alcohols with Hydrogen Halides

Ale
acid in th

be converted to the corresponding alky| halides by the action of halogen
nce of ZnCly, which acts as a catalyst,

SCHYCH;—OH+HX _Z0Ch | CH,CH,— X + H;0

I

Ethyl halide

2) Reaction of Alcohols with other Halogenating agents (SOCI,, PX,)

a) Alcobols react with thioyl chloride in pyridine as a solvent to give alkyl chlorides.
This is the best method because HCI, and SO; escape leaving behind the pure product.

ROH + SOCL2 = R-Cl + SO, + HCI

b) Phosphorous trihalides or phosphorous pentahalides react with alcohols to from alky

halides.

3CH;-CH;~OH + PBr; < ICH;—CH;—Br + HIPO,
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CH;—CHI—OH + PC'j - CH;—CH;‘Cl + POCI, + HCI

3) Halogenation of Alkanes
By the action of chlorine or bromine, alkanes are converted into alky halides. This
reaction takes place in the presence of diffused sunlight or ultraviolet light.
CH;.CH, + Cl; @ CH,.CH,;Cl + HCI
This method does not give pure alkyl halides. Halogen derivatives containing two of
more halogen atoms are also formed along with alkyl halides.

The detail mechanism of this reaction has already been discussed in section 16.3.2.

Reactivity of Al!qd Halides
There are two main factors which control the reactivity of alkyl h.l.de?

i) Bond polarity of C-X bond

ii) Bond energy of C-X bond \\
1) Bond Polarity NS
The molecule of alkyl halide is polarized due 1o the Mer electronegativity of
halogens as compared to C, |
Atom Electronegativity Atom Electronegativity
F 4.0 4 25
Cl 3.0 H 2.1
Br Wkt PPNAic 2.5

Hence carbon acquires partial positive whereas halogens acquires partial negative
charge. Halogen becomes nucleophilic in character, which can be replaced by another

nucleophile.
2) Bond Energy

Experiments have shown that the bond energy of C-X bond is the main factor which
decides the reactivity of alky halides, and not the polarity of the molecule.

A study of bond energies of C-X bond shows that C-F bond is the strongest. So the
overall of reactivity of alky! halides is:

-\t R-iodide > R-bromide > R-chloride > R-fluoride
In fact the C-F bond is so strong that alkyl fluorides do not react under ordinary
conditions.

Q4. & nucleophilic substitution reactions of alkyl halides.

Answer
1) Alkyl chlorides, bromides and iodides are good substrates for substitution reactions.
2) A variety of nucleophiles can be used to generate a range of new functional groups.

3) The following diagram reflects some of the more important reactions you may
encounter.

4) For practice, make sure you can draw the mechanisms that lead to these products.
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R-X
‘ R-OH
R-C=C-R /
r ) or HO:
PN, v R-OR
l-\ R.ﬁﬂ/
R-G
R-C=N «=—1C:N R-X :::/?
_/ oS0
/N' in,/llg.\li.ﬁ \ .E ’:
R-N, / nfi' J"‘ R-0" 'R
AT N\
R-NH, R-SHNN\»
R-SR \ -,V

Nucleophilic Substitution Reactions

General Introduction What does the term "mldcoptﬂlk substitutior’ Imply?
* A nucleophile is electron rich species that will react with an electron poor species

* A substitution implies that one group replaces another. \

Nucleophilic substitution reactions occur when an electron rich species, the
nucleophile, reacts at an electrophilic C atom attached to an electronegative group
(important), the leaving group, that can be displaced as shown by the general scheme:

X | 3% - |

Nu —(‘3— LG — — (IJ —Nu LG

The elec ilic C can be recognized by looking for the polar sigma bond due to the
presence of an electronegative substituent (esp. C-Cl, C-Br, C-1 and C-0)

Nucleoph ubstitution reactions are an important class of reactions that allow the

interconversion of functional groups.
ticular importance are the reactions of alkyl halides (R-X) and alcohols (R-OH)
alcohols, the range of substitution reactions possible can be increased by utilizing
the tosylates (R-OTs), an alternative method of converting the <OH to a better leaving

group.
Overall a nucleophilic susbtitution can be represented as follows:
| &+ 3- | _
Nu~ c LG - C Nu LG

I i

There are two fundamental events in a nucleophilic substitution reaction:

s Flavemnlor var
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1) formation of the new s bond to the nucleophile

2) breaking of the s bond to the leaving group

Depending on the relative timing of these events, two different mechanisms are
possible:

* Bond breaking to form a carbocation preceeds the formation of the new bond : Syl
reaction

¢ Simultaneous bond formation and bond breaking : Su2 reaction
CARBOCATIONS AND THEIR STABILITY

9
Stability:
The general stability order of simple alkyl carbocations is: (mossiétabley 3°5 2° > 1°>
methy] (least stable) \\
HC. 2-C HC 2 H N, \ H. % _H
I A\ i
CH, CH, H .’f H
3 20 10 methyl

This is because alkyl groups are weakly electron donating due to hyperconjugation and
inductive effects. Resonance effects can further stabilize carbocations when present.
REACTIONS INVOLVING CARBOCATIONS
1) Substitutions via the Syl
2) Eliminations via the E
3) Additions to alkenes and alkynes (HX, H;0")
Q5. Define nucleophiles and Base.
Answer

It is species rich in clectron and has an unshared pair of electrons available for
bonding. In most cases it is basic. It may be negatively charged or neutral.

Examples % Nucleophiles:

HO™ Hydroxide ion NH;" Amino group
CHsO" Ethoxide ion - Chloride ion
& W Hydrogen sulphide ion Br Bromide ion
SCN™ Thiocyanateion ©  °  NH, Ammonia
H zé : Water
- | \. :f
B=q—f'<::1?ff.?= B-H ;CzC\ LG~ E2

Q6. Define substrate and leaving group.
Answear
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Substrate Molecule:

The alkyl halide molecule on which a nucleophile attacks is called a substrate
molecule.

Leaving Group (LG):

Leaving group is also a nucleophile. It departs with an unshared pair of electrons. The
incoming nucleophile must be stronger than the departing one, CI, Br', I' HSOy are
good leaving groups. Poor leaving groups are OH', OR and NH”, lodide ion is a good
nucleophile as well as a good leaving group.

What do we mean by this? First we should write the chemical bql.l-ll;ll’ml foﬂh two

processes: \
N
' N -
H{A - 8 LA —t'IJ-LG —1-"-;\-*?* + LG
>
-

These two equations represent Bronsted acid dissociation i’nd loss of a leaving group in
a Syl type reaction. Note the similarity of the two equations: both show heterolytic
cleavage of a s bond to create an anion and a cation.

For acidity, the more stable A" is, then the more the equilibrium will favor dissociation,
and release of protons meaning that HA is more acidic.

For the leaving group, the more stable LG’ is, the more it favors "leaving”.

Hence factors that stabilize A’ alsé apply to the stablization of a LG-.

Here is a table classifying some common leaving groups that we will eventually meet
Excellent TsO,NH,
I-VEI.'}' Good f|‘; H;O -
Good  [B¢

R - TR E

\3 Por  F

Q Very Poor HO", NHy, RO’
& water itself, H;O, is a good leaving group, since it is the conjugate base of H,0",
ich
Q7. Give SN, Reaction mechanism.
Answer

- SN, Mechanism
“It is substitution nucleophilic unimolecular two step reaction.”
Explanation:
The substrate R-X first ionizes reversibly into R= and X- ions.

i Slow
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Then the carbonium ion combines with the attacking nucleophile to form product.

Fast
R'+Nu —— R-Nu
Since only one molecule is undergoing a change in covalency in rate determining step,
this two step nucleophilic substitution reaction is unimolecular and is called SN,
reaction. The brief mechanistic picture of SN, reaction base upon the following
evidences:
1) Kinetic Evidence:

The rate of an SN reaction depends upon the concentration of alky bl’]lﬁe only. The
change is concentration of anacking nucleophile has no effect on llk rate

Rate = k[R - X]
It is because the nucleophile combines with the carbonium ion. in the second sep. for
the same reason, the rate of an SN, reaction does mlﬂpE‘i on the nature of attacking
nucleophile. b

2) Stereo Chemical Evidence: -
Experiments have shown that SN| reaction oceur with partial racemization. The extent
of partial racemization depends upon several factors including stability f carbonium

on. -
R, R, R,
| \/ .
- {I: X = C + X
%, 3

(Carbonium wn)
The carbon atom gf carbonium ion s spl

hybridized and carvies one empty p-orbitalThe ~  ___ .- e
nucleophile attach itself to the p-orbital ,-=="""" R,
either on t or on the left side of carbon

with equal _ease. The expected product is a
recemic mun: However, the partial
ion suggests a differemt way of

ment, e.g., in case of unstable carbonium
ion, the attack of nucleophile is greater from the
side opposite to that of leaving group. Thus the
side of carbon atom to which the leaving group is  +
attached is some what shielded from the anack of o % R
nucleophile. The attack of nucleophile occurs SEN S i o
more often on the side opposite to the side to which leaving group is attached, leading
to partial inversion of configuration

-

-

'/""

-
-
-
-
......
-
-


https://www.perfect24u.com/
https://www.perfect24u.com/
https://www.perfect24u.com/

More Notes, Books Visit Now: www.perfect24u.com

‘:-1 n,\ / M Ilh
Nll—(l:-ll. - . T — R-_.—-CI—HI
®, Rj >
(luversion (Retention
of confliguraten) e / of conliguration)
Therefore, the product has some optical lcﬁvity : )

|~ |, _ step |: slow loss of the leaving
—C-LGC ——+ —C + LG group, LG, togeneratea
| | mlirm\tenudiam, then
A
_ﬂ+ | step 2 jd’mk ofa
Na + C= =—» Nu-C-— m‘bopﬁle on the electrophilic
| | cugaumn to form a new s bond

Q8. Glve SN, Reaction Mechanism.

Answar -
“It is substitution nucleophilic bimolécular reaction. It occurs in one step”.
Explanation:
Consider the reaction:
HE+CH3-)( il Nu-CH3+i

(Nucleophile)

Mechanism:
The attack of nucleophile on carbon and the departure of the halide ion take place

:imult.:v\%y in single step,

H H

N | ¥
\ N e s | Naorer O X — Nu - CH R
u H"/\b; / \ 3

= " '
Iransitian <late

This is rate determining step because the bond breaking and bond making processes
occur simultaneously. Since two molecules are undergoing change in covalency in rate
determining step. It is a bimolecular nucleophilic substitution reaction which is taking
place in one step. This mechanistic picture is based upon the following evidences.

1) Kinetic Evidence:
The rate of an SN2 reaction depends upon the concentration of nucleophile as well as
the concentration of alky halide. The ate expression for the reaction
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B A= e B <R AR

can be written as

Rate = [Nu][R-X]
Where k = specific rate constant.
This means that the rate of reaction will be double if the concentration of any of the
two is double e.g., the rate of hydrogen.

CH,- Br + OH —— CH,- OH + Br
Increases when either Ol or CH;-Br is increased. )

2) Stereo Chemical Evidence: .

. A bimolecular nucleqﬂulw substitution IIWI}'! occurs with irwerﬁun of configuration.
The carbon atom in transition state is sp —hybﬂdlmd z‘ anar. The attacking
nucleophile ad the leaving groups are present in the trans a,m on opposite sides of
electrophilic carbon atom.

H - ;l ’
- u'_"/c\x "'"")K"' | m_c{ H
n L A2\
Transition siaie

In methyl chloride, we cannot prove the inversion of configuration because it is
optically inactive. However, the reaction of a hydroxide ion with chloro succinic acid is
found 1o occur with inversion of configuration.

fﬁ:ml < _ﬂh COON Clhml
s o O |+ m@; -
W
(e wcCwK Tim
W
NN Comparison of SN1 and SN2 Mechanism
::‘ SN1 g: SN2
(1) | Itis a two step mechanism. (1) | Itis a single step mechanism.
(2) | First step is slow one and (2) | It has only one step and that is
second is fast. slow,
(3) | Itis a unimolecular reaction. (3) | Itis a bimolecular reaction,
It is favoured in polar
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(4) | solvents, (4) | Itis favoured in non-polar

Mostly tertiary alkyl halides solvents.
(5) | give this reaction. (5) | Mostly primary alkyl halides give

50 % 1s inversion and 50% this reaction.
(6) | retension of configuration (6) | 100% inversion of configuration

takes place. takes place. >

—%
Q9. What are Elimination Reactions? ) 4
Answer 7 R
Definition of Elimination Reaction:
“The chemical reaction in which two groups are eliminated f adjacent atom$ is
called elimination reaction”. Since f-hydrogen is necessary eliminations, it is also
called B-elimination. k.
l
Explanation:
p-hydrogen atom in alkyl halides is slightly acidic. tlu' to electron with drawing effect
of halogen. :
&
H
| 1 i i

Y & —%

The attacking nucleophile can either attack a-carbon to give substitution product or [i-
hydrogen to give elimination reaction.

5+
H
\N_ | ! &8 \ /
[ W= “l:l"i':.-x ~—— NuH+ C=C +X
~ . Cngl \

(Elimination)

- v ili b H

-
Nu + '?"‘?:.‘x o~ NH-?-C-#-X'
!
(Substiwtion))
Strong bases such as OH, OR, NH; cause elimination in preferences to substitution.
Highly polarizable nucleophile and weak bases such as I, RS etc. give substitution
reactions.
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/ [c”ﬂ; CHOC3l1

B o
Cilis ONa + LII,_(‘;|_(~ (21 % substitution)

NG L\

C“]‘ = (1l ‘CI']

(79 % climingtion)
E1 Mechanism
“It is unimolecular two step elimination reactions.”
Explanation: A 2
The substrate undergoes slows ionization in the first step to form u@mum ion,
H R \
§ Slow At
Rt"’CH_C X=t RCH R|+
‘ | 1 * f ‘
. R, Cs
s
R,

In the second step the solvent or base pulls off a ﬂ—hydrop:n

‘ﬁ I-‘; /"

Ry—C N o u+n,--£:-c\
I%(' 1] Rl

“1
Since only one molecule is und:rgmng a change in the rate determining step, i.e., first
step, this,is two step unimolecular elimination reactions.

The El-mechanism has been supported by the study of the reaction. It follows first
order kineticsy.in which rate of reaction depends only on the concentration of substrate.

~ Rate = k[R-X]

'[Tz of carbonium ion as an intermediate has been indicated by the presence
of than of kind of climination products. A relatively less stable carbonium ion

rearranges to give stabler carbonium before giving elimination product.

CH, CH,
| ' Slow - |
- c _— C*l CH'., F::':l CH! C CH CHI
A | L
CH,Br Br CH

{2"—curhmium ion)
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Cli, CH, CH
| i ) . - It fCHj
CH,-C - CH-CH, 5 CH,-C -CH.CH,——— CH,— C=C_ + BuxH
CH, ' oow, ‘on,
E2 mechanism
“It is bimolecular one step elimination reaction”.
Explanation:
Consider the reaction,
. CF a o )
R - il-l«»‘.?l-l,}{-l-li — BH+RCH=CH,
H 9
The attacking base removes a proton from the \'lluhmully with the
formation of double bond between C, and Cp and the og, halide ions.
= -
- — 4
&% R4 N 7
B ¢ —Conlln = —Ciges —— =C %
1P = I8 ﬂf" A"
%8 n

Trinsition stalc
This is rate determining step because bond breaking and bond making processes are
taking place simultaneously.
Since two molecules are undergoing a change in transition state, it is a bimolecular one
step elimination reaction, Thus E2 is a one step process in which both the substrate and
the base participate, The observed rate law the E2-reaction is

Rae = k[R - X] B] :
The rate of E2-reaction depends upon the concentration of substrate and the bse e.g,,
for the
e = . =]
HO ===- 1l
1 :
& X/‘ | = -
1o+ CH; —Clly ———» IIIC:";E:“] —= 11O + Cll; = ClI;
e k!
- (%
ol

T Trnnsition siale .
The rate of reaction follows second order kinetics
Raw = k[CH, CH, Br] |OH|

Q10. Give a Comparison of Substitution & Elimination Reactions.
Answer
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Though substitution and elimination reaction lead to different products, there is always
a competition between them because of close resemblance in their mechanism.

Since substitution is more favorable energetically it is the dominant reaction in the
substitution-elimination reaction.

Elimination occurs only in the presence of B-H where substitution reactions do not
require this condition to be satisfied.

The following factors help to compare these two path ways:

i) Structure of Substrate:
Crowding within the substrate favors elimination over substitute because the approach
of the nucleophile to a-carbon is difficult for substitution. However, the ination is
favorable because the removal of B-H atom by base from tertiary plml.r carbonium ion

is easy, €.g., \
CH, - CH, S(CH,), + C;H,;0Na ———— S m,cu.of:.liﬁqi.-cm
mi-l-'hm-ui;
o A CiH, OH
CH § (CH,), + C;H, ONa l::l-l, mc,n,+a-|,c:-t-ai.
cH,’ : G‘H,
| © Subst. 39 % " (Elimiantion = 61 9

) Nature of Base:
When the electron pair donor is a strong base, e.g., OH, OR etc., the dominant reaction
is E2 and SN2 reaction is a side reaction. However, when the nucleophile is a weak
base like X-, RS-, etc,. The main reaction will be substitution and E2 will be minor side

reaction.

I T
-0 +OH —— C=C +X +HO
1y J |

- (Swong buse) . (Main product)
- .
.\v ~C-C - + CH,C00 ——+ ~C~C- OCOCH, + X°
y.
X
(work —base)

iii) the nature of Leaving Group:
The role of leaving groups in Elimination reactions is similar to that in substitution
reactions. In unimolecular reactions it does not affect the mechanism because both the
elimination and substitution products are decided with carbonium ion. However, in the
bimolecular reactions the nature of product greatly depends upon the nature of leaving

group, ¢.8., ‘
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n-C, H, -X + (CH,), (CHL)COH

COK —————p nC, H,,CH = CH,+n-C H,, OCICH,),
X = Br KS % 15%
X =0T1S . (N WO &

iv) Nature of Solvent
Elimination is favored more than substitution by decreasing the solvent polarity. Thus,
alcoholic KOH affects elimination while more polar aqueous KOH is used for
substitution. E1 is favored by polar solvents like Sn1 reaction. In non-polar solvents,

the reaction will follow E2-mechansim.

v) Effect of Temperature , W
An increase in temperature will favor more than substitution, because substitution
reaction involve less reorganization of bonds as compared to :Iiniq.lliom. eg.

(CH,), CCI — (CH,), C=CH 1&.).(:«::“
Unimiskocular J‘ﬂ
a1 25°C 17 % ,‘3 %
a1 65°C vl Y aw
CH, - CH - CH,#NaOH ——10 ., 13 GH SICH, + (CH,Cl1 OH
ﬁ % (Bimole ular) ' @ h
r
wasC  Ws3w 47 %
100 C 64 % 36 %

Q11.What are Organ metallic Compounds (Grignard's Reagents)? Give
their preparation & Reactions.

. of Grignard's Reagents
Preparation 's
Magnesium metal cut into small pieces is added 1o a solution in of an alkyl halide or
aryl halide in only dry ether. The reaction mixture is heated with electric heater in a

round flask fitted with condenser and other arrangement to avoid the contact of
mois ygen.
A —
o R-X+Mg ____, RMgX
Ether

. AIkY bromide are generally used in the preparation Grignard’s reagent s because of its

(% jate reactivity, when alkyl halides are used, the solvent is either the high
boiling solvent such as tetrahydrofuran is employed when less reactive aryl halides are
used . Alkyl magnesium halides are not isolated but are used as ethereal layers.

Reactivity of Grignand's Reagent
Organo :!Illlic compounds are nucleophile because of partial negative charge on the
carbon of alkyl group

5 B 5- B+

Carbon atom being more clectronegative that metals such as Mg, Li etc., thy alkyl
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group as a whole bears partial negative charge and organo metallic compounds act as
source of nucleophile, e.g.,

o B2 [ S
CH, - Mg - Br CH, - Li

The following reaction supports the electrophilic character of organic metallic
compounds;

, OH

& 5+ 8+ &
CH,~-Mg-Br+H-OH —— CH, + Mg

Reactions of Grignard's Reagents 7]

o= mibyd, wiryd, srpd i

Mo O, B, ) 4 .9""‘(
1= 4
H D ,l?
Ly 4 /.«" '
HC O, Er ‘ nr."u

L G =7 = T — e L =1=11

\.{_ "

o, i % .

AL l=)

- O

e Tt T P Y e
mC o, H . =

Tywla sl work aups for thess résctiomns:
1. Ditute eguesows scid ar
. Aqueocus smmonium chilsrios

1) With Aldehydes and Ketones

This is done in following three steps to produce primary, secondary and tertiary
alcohols. These reactions are carried in the presence of ether followed by H,O". First
two reaction are with aldehydes while third belongs to ketones.

of Monhydric Alcohols:
Monohydrie alcohols are classified into the following three families:

i) Primary a Is

ii) Secondaryalcohols
i) jary alcohols
i) Re with Methanal (Aldehyde) to form primary alcohol

H
6+ B & b+ I

H-C =0 + CH,-Mg - ir ——s CH‘-C?ﬂlu;gBr
I I
i H
5 B H
_— [‘H,»C-UH«rH;‘
I

H

(Hvmaldehyd)
Br
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il) Reaction with Ethanal (Aldehyde) to form secondary alcohol

(] H A
l‘ b Be | . H
CH, -C = O +Cll, - Mg - Br —— CH,-C - OMgBr ——
g | B B
CH, H - OH
o ;O
CH,-C - OH+Mg
I \
CH, Br
iii) Reaction with Propanone (Ketone) to form tertiary alcohol
FH: ' H,0
CHl, - Mg uncu,-F =0 — cn,-F - OMg Br —H—-
CH, CH, ~
CH,
| /O
CH,-C - OHaMp ©
cH w"“‘
(wr=hutyl alcahol)
2) With Esters
2 RLI 2 .DIH
= - > R=C—K
2RMg X R’/‘;\QR”' ]

Reaction type: Nucleophilic Acyl Substitution then Nucleophilic Addition
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Elaboration:
i) Carboxylic esters, R'CO,R", react with 2 equivalent of organolithium or
Grignard reagents to give tertiary alcohols.
i) The tertiary alcohol contains 2 identical alkyl groups (see R)
iii) The reaction proceeds via a ketone intermediate which then reacts with the
second equivalent of the organometallic reagent.

iv) Since the ketone is more reactive than the ester, the reaction cannot be used as a
preparation of ketones.

REACTION OF RLI or RMgX WITH AN ESTER .

Step 1: (5,_ ‘
The nucleophilic C in the organometallic reagent adds

to the electrophilic C in the polar carbonyl group of the

ester. Electrons from the C=O move to the
electronegative O creating an intermediate metal . v MgBs

alkoxide complex. } : 6.

Step 2: | |

The tetrahedral intermediate collapses and displaces cn, P '3:,.

the alcohol portion of the ester as a leaving group, this

produces a ketone as an intermediate. l

Step 3: (5:

The nucleophilic C in the organometallic reagent adds I ‘{'}D
to the electrophilic C in the polar carbonyl group of the CH, “CH,
ketone. Electrons from the C=0 move to the

clectronegative O creating an intermediate metal J CHy MgBr
alkoxide complex.

Step 4: 57l MgBr
This is the -up step, a simple acid/base reaction. .t::_
Protonati alkoxide oxygen creates the alcohol s c:n,ca"-'

product from the intermediate complex.
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3)With CO, (Carbonation of Grignard Reagents, RMgX)
Nucleophilic Addition of Rmgx to Carbon Dioxide

Step 1: ib=o=0:
The nucleophilic C in the Grignard reagent adds to the

electrophilic C in the polar carbonyl group, electrons from CH; MgEs
the C=O move to the electronegative O creating an
intermediate magnesium carboxylate complex. -

Step 2: cH, T~ 60 T gBr
This is the work-up step, a simple acid/base reaction. )
Protonation of the carboxylate oxygen creates the R
carboxylic acid product from the intermediate complex. »
VX
N\ <, OM
v i
Q12.What are amines? Give their  Nomenclature preparation &
properties.
Answaer
Nomenclature of Amines:

e

1) Common System of Naming
The common names of amines are written by adding the suffix-amine to the name of
alkyl or aryl radicals.
(N, CH, NI, Ethyl amine
CH,— (Cl1) ;- CH - NI, Sec-hexyl amine
I
n,
{» primary amne.
sec-indicates secondary group)

@
('HN =(CH) , NI, Isn-henyl amine
.

# primary amine

{ Isv-represents redical)
p v Cn,
|

(H,-N-H Dimethyl amine (a4 sec-amine)
i,
I

CH,— N—= N, Trumethly amine (4 ter-amine)

Y Pyridine (a ter-anine)

i,
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Aniline, CuHsNH; containing methy! group on the ring is called Toluidine. If there is
some alkyl group substituted in —NH; its name is represented by writing N-(alky]
group). It indicates that alkyl group is located on N-atom and not on the ring. It there
are two substituent on N, it is repeated twice,

m,@_ NH1 p=olndine
@- N - CH. N-methyl aniling
|

H -
’ g

,“'C“’ N. N-dimthyl aniline

N\

oM
, H r. \
“""@',’"C”’ pioluidine ’

CH, .

2) IUPAC System of Naming 4 |
In this system amino group is indicated by a prefix-amino followed by name of
hydrocarbons, the position of amino group is indicated by a number obtained by

numbering the chain of hydrocarbon.
CH, NH, CH, - CH.- CH - CH,
‘ |
. . NH,
Amino methane 2--Amimypmlm

Secondary and tertiary amines are named by using a compound prefix that includes the
names of all but the largest alkyl group.

, CH,
crl,\- CH, CH, ~ NH CH,CH, CH, CH, - n\
| ’ :
\ CH! Cl't
B
Methyl amino propanc (Dimethyl amino butane)

ﬁcﬂ Properties:

o The polar nature of the N-H bond (due to the electronegativity difference of the two
atoms) results in the formation of hydrogen bonds with other amine molecules, see
below, or other H-bonding systems (e.g. water). The implications of this are:

o high melting and boiling points compared to analogous alkanes
o high solubility in aqueous media
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intermolecular H-bonding in amines

Structure:

In amines, nitrogen atom is sp’-hybridized and has nearly tctrahedral . It-forms
three sigma bonds with its three sp3-hybrid orbitals while the fmnh ing sp3-
hybrid carries a pair electron

¢ 0.
h‘{/t\ﬂ\u J‘\“'f

R

{Such tertiary amine
is opfically active)

The non-bonding electron pair is eXtremely important in explaining the chemical
behavior of amines because it is responsible for the basic and nucleophilic properties of
these compounds. An amine with three different groups is optically active,
Basicity of amines:
Amines may act as bases towards acids and as Nucleophiles towards electrophile. They
are more basic than alcohols and ethers and they are also more nucleophilic, e.g., ether
does not react where as at the same temperature amines gives addition product with
CH‘l-h
(¢ C;H,OC;H, + CH,,, = No reaction

.\‘:. (C3HskN + CHjl = [(C;Hs);NCH,)'T

Preparation of Amines

1 of Ammonia by Alkyl Halides
1) W ¢
E + 4N8, —»=- TR 4+ NLY

When an alcoholic or aqueous solution of ammonia is heated with an alkyl halide, a
mixture of prim-, sec-, ter- amines and a quaternary ammonium salt is obtained. The
reaction occurs with nucleophilic displacement of halide by ammonia of amines,

% .= Buw

NH; + R-X —— (R-NH,)' X 3=—= R-NH;j+HX

This reaction is further alkylation, e.g., accompanies by the following reactions
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C,H, =14 NH, ——— C,H, - NH, + HI
CHy~1+CH, - NH, —— CH,~N-C,H, + HI
H
CHy~1+CH,-N-CH, —— (C.H),- N +HI
lli‘
(CzHs)aN + CoHsl = (CoHs)uNI*

Al the end of the reaction, addition of strong alkali such as KOH liberates free amines
from heir salts but the quaternary salt is unaffected. The three amines n? separated by

fractional distillation. Over alkylation can be avoided by using excess 0 ammonia but
the yield is low.

2) Reductions of nitrogen containing functional ;mup': \

1) Reduction of Nitriles »

Reduction of alkyl or aryl nitriles gives primary amines. 'l'l'ﬁlgcluﬂmn may be brought
about by LiAIH,, or sodium in ethanol. Catalytic hydrogen with Rh-Al;0y, Pt or Raney
m:lwl may also be employed to get primary amines

Rh. ALOY
—_—

CH,CN + 2H, CH, CH, NH,
V.
<O~ o5 - CH,CH,NH,
- Ni 300°C :

i) Reduction of Nitro Compounds

Ar-NO, o Ar-NH,

Nitroarene primary
aryl amine
Nitro com on catalytic or chemical reduction produce primary amines
Sn + HCI
CHND, —— ey CHiNM,
~\\ i .
H,N -@— NG, —"Eu—a- 1 N—<_ O >N,
4

{H) g

e Nitroarenes can be reduced to primary aryl amines (see scheme).

* Typical reducingwgents include, Fe / H', Sn / H or catalytic hydrogenation (e.g. H,/
Pd)
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Reduction of Amides

I
LiAlH, + __C.
R FH, H
An amide on treatment with Bromine in the presence of KOH yields primary amines;
The reaction occurs through rearrangement.
J 0

] KOH
CH.*C-HH,i-Hh — CHt NH;! + C{}-:

0
I
C,H,-CH, - C - Hﬂ*ﬂrﬂ C,H, CH, CH, NH, ’

Reactivity:
Amines are basic and Nucleophiles because of non-bonding pair of electrons on
nitrogen. The relative lmllbillty of this pair of electron and ulmvc stability of

corresponding ammonium ion is responsible of humgy q' t amines. Consider

the following reactions.
NIL H"

The strength of a base is expressed in lerms of pkb, i.e.

pkb= -logkb
For ammonia and methyl amine, the pkb values are

pknity, = 476 Pk, N, = V38
Since pkNH; < pkCH; NH; methyl amine is a stronger base than ammonia. It can be

explained as under:
In ammonia,the pair of electron attracted by s-orbitals of hydrogen atoms where as in
CH;'NH; ital of carbon pushes electrons towards nitrogen.

Therefore, the'pair of electron on nitrogen is relatively more available in methyl amine
than in ammonia. The methyl ammonium ion, CHyNH;" is stabilized due to electron
ing inductive effect of the methyl group. On the other hand, NH,® ion is not
lized by hydrogen atoms. Both these factors favor methylamine to a stronger base
than ammonia.
Hugher members show deviation to these arguments. It is because the stabilization of a
positive ion also depends upon the extent of salvation, hydmgen bonding and
resonance stabilization. Moreover, the availability of non-bonding pair of electrons is
also affected by steric factor in addition to these aspects

REACTIONS OF AMINES
The important organic reactions of amines (nucleophiles) are with the common

electrophiles:
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+ Alkyl halides via nucleophilic substitution
¢ Aldehydes or ketones via nucleophilic addition

» Carboxylic acid derivatives, especially acid chlorides or anhydrides, via nucleophilic
acyl substitution.

-y
H
o
¢ ;
3 R 'H i R further
R-NH, = R=C-N Txnca
H H )
® e
o 2 A
R~ ‘!f 3 \
1IN\
{ v
Alkylation of Amine by Alkyl Halides v
“The alkylation of alkyl is called alkylation™. It prodngl séc- or tertiary am9ine,”
H 3
" 5 & A
RNH:*R*X e R-T—R + X
H
(MNucleo- (Electro-
phile) phile)

R;NH;" loses a proton with a base to give a free amine.

2) Reactions of Primary Amines with Aldehydes and Ketones
Aldebydes and ketones react with primary amines o form Schiff's base, e.g.,

CH;CH;*- NH; + CH;CHO = C;Hs~ N = CH - CH;
3) Freparnw Amides

® R.NH 0
p v RS a base R™ MR,
acid chiondes
2 8 w3}
N0 B base R~ "‘NR,
anhydndes

4) Preparation of Diazonium Salts
When amines react with nitrous acid, diazonium compounds are formed.
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RNH, + HNO, — R—N=N + OH + H0
diazonium ion '
The diazonium group, group is rather unstable. In the case of the ethyldiazonim ion, it
decomposes at once:
CHyCHOH + H*
e
CH)CHy— N=sN ————— N + [ cn,tn,]
ethyldiazonium lon ‘
CH,'.-Q!;I:H,‘ + H+
When the group is attached to a benzene ring. through, the ion is stabilized to some
extent by the delocalized electron of the ring. The b:nzendumnmm ton is therefore
much more stable than its aliphatic counterparts. Nwerﬂa*fs. it decomposes readily
above 10°C. N
Primary amines, R-NH; or ArNH;, undergo MUMIIK Iddmﬂﬂ with aldehydes or
ketones to give carbinolamines which then ddwdr,te give substituted imines.

Q1: Select the right answer from the choices given with each question.

1) In primary alkyl halides, the halogen atom is attached to a carbon which is
further attached to how many carbon atoms:

a) Two b) Three
¢) One d) Four
2) SN2 reactions can be best carried out with:
a) Primary alky! halides b) Secondary alkyl halides
¢) T Ikyl halides d) All the three
3) For which mechanisms, the first step invalued is the same;
ﬁ] and E, b) E;and S\2
“ ¢) Ejand S\2 d) E, and Syl

4) The rate of E, reaction depends upon:
a) the concentration of substrate
b) the concentration of nucleophile
¢) the concentration of substrate as well as nucleophile
d) none of the above

5) Alkyl halides are considered to be very reactive compounds towards
nucleophile because:

al thauv have an slactranhilics sarkan
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21: Select the right an
1) The molecule of ethane posses which hybridization.

a) Sp’ by Sp’ ¢) Sp d) sp'd
2) The Sp” hyrid orbitals are oriented in space at one angle.

a) 109.5° b) 180° ¢) 100° d) 120°
3) The geometry of acetylene is, )

a) angular b) bent c) trigonal d) linear
4) Which reaction is used as test for the presence of alkane;

a) reaction of cold diluted alkaline KMnO, »_x%-

b) combustion N,

¢) polymerisation F.’

d) catalytic hydrogenation =Y
5) The general formula of alkane is "

8) CnHy, .3 b) CH, ¢) CnHin d) CnHy,
6) Sodalime is: '

a) NaOH . b) KOH

¢) Mixture of Na & Ca hydroxide d) CaO and NaOH
7) The marsh gas is:

a) Ethane b)  Methane ¢) Propanc d) Butane
B) Acidic hydrogen is present:

a) Acetylene b) Ethane ¢) Benzene d) Ethene
9) The benzene molecule contains:

a) three double bonds b) two double bonds

¢) one double bond d) delocalized

10) The Mphﬂ: in aromatic sulphonation is:
: a) Hama. b) HSO, c) 505 d) SO-‘.

“’\il"“""m of n - hexane into benzene by heating In the presence of pt

1) isomerization b) aromatization ¢) dealkylstion d) rearrangement
12) Catalyst used for friedal craft’s reaction Is:

2) HNO; b) AICl ¢) BeCly d) NaCl
13) Benzene cannot undergo:
a) Elimination b) Subsitution ¢) Oxidation d) Addition

14) Shap of benzene molecule is:
a) pyramidal b) linear planer  ¢) trigonal d) hyxagonal planer
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15) In which one of the following compounds the benzene ring is isolated:
a) Naphtalene b) Anthracene
¢) Phenanthrene d) Diphenyl methane

16) Two compounds have the same composition and also have the same atoms
attached to the same atoms, although with different orientations in space.

These compounds are:
a) identical b) position isomer c¢) structural d) stereoisomerism
17) The isomers of a substance must have:
a) same chemical properties b) same molecular we
¢) same struciural formula d) same functional
18) Ethanol and dimethyl ether are best considered. &

a) structural isomers b)

¢) enantiomers d) m
19) Alkanes show geo-metrical isomers dueto: .

a) asymmetry )

b) rotation around a single bond

¢) Resonance
d) Restricted rotation around a double bond h

20) A molecule is said to be chiral: .
a) If is contains plane of symmetry
b) If it contains center of symmetry
¢) If it cannot be superimpased to its mirror image
d) If it can be superimposed on its mirror image

21) Geomatrical isomerism is shown by:

E
=

a) Lactic acid b) maleic acid
¢) |- brtene d) 1, 1 dichlorostirylens
22) Which of the following statements is false regarding chiral compounds:
a) ¢ plane of polanized light b) have cis and frans isomers
c) e antiomers d) can be detected with a polarimeter

23) An optically active compound:
must contain at least four carbon

o when in soluble rotate the plane of polarized light
¢) must always contains an asymmetric cubcm atom
d) in solution always give a negative reading in polarimeter

24) Plane polarized light is affected by:

a) identical molecules b) all polymers

¢) chiral molecules d) All biomolecules
25) It is possible to distinguish between optical isomers.

a) by using chemical tests b) by mass spectrometry

c) by | R spectroscopy d) by polarimetry
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1) b) 12) b) 13) a) 14) d | 195 d)
16) d) 17) b) 18) a) 19) b) 20) c)
21) b) 22) b) 23) d) 24) c) 25) d)

Q2. Give short answers of the following questions.

Q1. Why carbon is sp’ hybridized in the compounds? |
Answer 4 4
The electronic configuration of ¢ in ground state is N

11 T
C=6~1s 2s 2px 2py 2pz and in excited state, itis "

1 1 t 1 ' y
C=6=1Is 25 2px 2py 2pz XY

In alkanes and n single bonded carbon mmpnuml;:w carbon atom in its second
shell ie in 2s, 2p, 2py. 2pz contains one unpaired electron in each orbital when
hydrogen atoms or other atoms which one more than carbon atoms surrounds the
central atom these four orbitals nfzz:d\ell mix with each other and produce four equal
energy sp3 orbitals. These orbitals Stay at positions and form tetrahedral shaped
compounds.

1.€. v

N

1 - - 4
Cmp=Is | 25 2px 2Ipy Jp?J
7‘- r 2 ——
Four, sp. hvbrid orbitals

—

(]

— {;—a:;':‘:‘. iV oiar sp oribitals §
N

Q2. is pi-bond formed in alkenes and alkynes?

or

““In alkenes one s and twp p-orbitals mix and produce there sp2 hybridized orbitals —
leaving one p - orbital unhybridized two such atoms having pne unhybridized p-orbital
when some closer to each other two sp2 orbitals of two carbon atoms overlap each
other and form a sigma bond. Than unhybridized two p - orbitals of two carbon atom
overlap over each other and form a pi-bond.
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L 5 {
e mground state C=6=Is 2s 2px 2py 2pz
[ man] g

. 1 |
Inexcited state C=6= |Is I 2 2px !P}’| 2pz
4

|
In alkynes ) Ny
In alkynes in 2™ - shell of carbon (initsexted - state) one exited atom mixes with one —
p orbital and produce two sp hybridized orbitals leavif — arbitals unhybridized

in each carbon. When thse two carbon atoms come closer to each other sp of one atom
overlaps on sp of other atom and there is formed one ~ si bond than two p- orbitals
of one atom over lap on two p-orbitals other carbon atom and form two pi-bonds. As a
results an alkyne is formed. |

For example ethyne (C; H,) '
i.e in ground state 1
i ‘, ‘* ‘ "‘
i€ingroundstate C=6=1s 2s 2px 2py 2pz

SN ] 1 1
and in excited state C = 6= 15 |2s 2px|2py 2p2

Two sp

¥

(one o and two = - bonds) .

m.mhch-mmimulsm?

Answer
Pluummwﬂ_nf(}ﬂuf:hlpmms.

Q4. Why alkanes are relatively chemically inert?

Answer '
lnllkmuIbmtis:p’orbiulhybridinﬁmineﬂhurhm.&uﬁurbiulnfwhen
overlaps on sp’ orbitals of adjacent atom there is formed a very strong sigma bond of
very low energy such a sigma bond is very strong and may only be decomposed at very
high energy. That is why alkanes one very stable and least reactive at room
temperature,
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Q5. Alkenes usually undergo addition reactions while alkanes do not why?

Answer
In alkenes there is one exposed pi-bond which is very reactive. Because this exposed

pi-bond may attack at positive or partial positive charge of an electrophile.

For example
H H H
\c/ \L/ &
4 6
D )"+ B =B — | BF +Br
C \A C .
7 i 5
" - H H ?
i ,5";‘5}:#/ o oo :
e 1 tae— g A >
N\ /\ Y
H M H Y ¥
1.2-Dibromeetidng U B

Whereas in alkanes there are strong low energy sigma bonds which are nearly inert and
:lcnutukcpmmm}rnnmmuﬂ) i

Q6. What is stereoisomerism?

Answaer
Please see answer of short qliulim of Q44 (b) of chapter notes.

Q7. How optical isomers arise?
Answer
Please see answer of short questions of Q44 (d) of chapter notes.

Q8. How are conjugated bonds formed?

Answer
In I ' in which there are lefl unhbridized p — orbitals on adjacent atleast three
2 molecule is called a conjugated molecule. These adjacent p — orbitals are
rupmﬂle for resonance.

& vmpie 1,3-Butadiene
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o~ /[ 0

CH,=CH-CH=CH, = CH,-CH=CH-CH,
Q9. Why alkenes are more reactive than alkynes?

Answer >
In alkenes there is one pi-bond which is exposed and may attack atany positive or
partial positive charge therefore very reactive. ) v
Whereas i alkynes there are two pi-bonds which form a new cylindrical shaped orbital
which is lesser reactive as compared to alkenes. : \

Q10. Justify the given order of reactivity? A ,

Answer

Alkenes have exposed pi-bond which may attack at m' tﬂcl:‘ophlh: center. Therefore
it is most reactive. v

In alkynes thcrtmtuupm-bmdsamndal: sigma bond these two pi-bonds form a
cylindrical shaped orbital which is stable and lesser reactive.

Whereas in alkanes there are ¢ - ¢ Véry uﬁhlww sigma - bonds which are
least reactive.

Q11.What is meant by dehydration?
Answer
Dehydration means removal of water dehydration of alcohols is a temperature
dependent reaction which gives different products
For Example
2CH, -—CH, ~OH — 55— CH, -CH, -0 -CH, -CH, + H,0

| Bt |

2CH } ~so—*CH; =CH, +H,0

P v DI 1 { A B )

Q12.What are polymerization reactions?

Anywer
(Poly = more than one f meros = pieces)

Attachment of large number of small molecules to give a bigger molecule is called
polymerization type of product of a polymerization of alkenes and alkynes depend
upon the condition of the reaction like temperature, pressure and catalyst,

For Example
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we Tul /’
M-CaC-H =N || Benzene
30 ™ \\
JH-C=C-H ’%:i. CH,=CH - C=C-CH =CH,
L IDiwies | Agen bene
H-C=C-H ==
Nickel -
carhony | ) s
iUy ehooctasetrmng | N
0%
n CH,=CH, ﬁ? (CH. - CH.), \“-
(naces gL DPolythene A \
Q13.How will you convert acetylene into bem?; % &
Conversion of acetylene into benzene h
, F AL Q
3H~CuC il S
TR o A
Bengcme

Q14.What is resonance?
Answer
Shifting of pi-electrons from one position to another position is called resonance.
For example: In 1, 3 — butadiene
CH;=CH - CH =CH;,
@ ©
« CH, <CH = CH - CH,

o)
«»CH, % CH = CH - CH,

Q15.What is resonance energy?

Resonance Energy
On hydrogenation of a conjugated molecule the difference between obtained actual

energy and expected energy is called resonance energy.
For Example: heat of hydrogenation of cyclohexene is ~ 120 KJ mole™

1.€.
* N s O -120 KJ mol '
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Now, of we consider benzene as ¢svclohexatriene, and calculate expected cnergy

-"-._-x" L. v
S :

1 HE « Tl el | -120

N A ! 1
S~y A 3X
Eapected Loergy = -360
But actual obtained cnerey = -208
Ditference of Energy (Resonance Energy ) 152

The difference of these two energies i.e. - 152KJ mole ' is called resonglc apiegy’
Q3. Give detail answers of the following questions

Q1. What is isomerism? Explain different types of isomerism?
Answer A

Please see answer of question 38 and 39 of this chapter. f"
Q2.a)How will you prepare 1 - butane from? ¢

E

i) An alkylhalide ii) Alcohols

ili) Electrolysis of salt iv) Vic - dihalides
b) What products is formed \'hll'l n-propane under go following

reactions?

i) Combustion i) Hltrltioll
Answer a)

i) Preparation of 1 - butane from alky! halide
CH, -CH, - CH, -CH, + KOH—CH, = CH - CH, - CH, + Kbr + H,0

e
|

Br

- ol

(
ii) 1-butene from an alcohol

CH, - CHyp—~CH, -CH, —=5£%»CH, =CH-CH, ~CH, +H,0
I 0
ﬁ})ﬁmm- Electrolysis of salt
CH, - COONa 7
I - e
CH - COONa CH + 2NaOH
I |
CH, CH, +2C0,
l I
CH, CH, +H.

e dal of 1 eibn | Bumassaduon ol
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iv) 1 - butane from vic — dihalide
CH, -CH,-CH, - CH,
I + 2KOH ——CH, = CH ~CH, -CH,
C 6O (ale)
+ 2KCl -
+2H.0
Answer b)
i = Combustion of n - propane
CH, - CH, -CH, + HNO, —%%:_, L4
CH, -CH, -CH, -NO,
+CH, -CH, -NO, ' \
+CH, - NO, + H,0 NN\>
These all are possible products mﬁnﬁy{
E
Q3.a)When ethane reacts with Cl; in UV light the mixture of products is

formed. Give the detail of reaction with mechanism and all types of
products.

X

b) A compound when treated wi‘lh Zn in methanol, the alkene is
formed. When alkene is ozonolysed the acetaldehyde is formed as
the major products. Explain reactions, give name and structure of
the compound.

Answer a)

Reactions of ethane with Cl, In presence of UV light

CH, = CH, - C1——»CH, -CH.

o 1
(
( Cl
A\) q
+CH, -Cl
~ +HCI
-~ M mr.lunllm
®-Cl—L+C1-Cl
H H

H = C ——CH, —Li—s H++C - CH,
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Cl+«C—CH, —*+Cl-CH, -CH,
l

H

H H
I
CH, ~CH, —2X+H~Cet+Cl-H
I
H H
H H , o
b5 I 3
H-Ce+Cl——2H-C-CI ? \
R R
H H e 4
H,-Cl £ H-Cl v
Answer b) ’
CH, - CH = -CH ~CH, —*=*=_,CH__CH = CH - CH, + ZnCl,
| |

el N T
o &
B T T T
CH, CH. CH, CH,
\ 7
,F-C\ t Q9 5 € =0+0=C + Zn0
rd .-"’ ‘l.\
H o o~ H 0 H H
e \\ M lmomei | AceLaddein Jde)

Q4.a)How will you prove that benzene has cyclic structure?

ﬁﬁmh the structure of benzene m;:urding to atomic orbital
ture
Answer

a) Please see answer of question 69 and of this chapter.
b) Please see answer of question 79 and of this chapter.

Q5. Explain Friedel Craft acylation and alkylation with complete
mechanism.
Answer

For Friedel Crafl acylation please see answer of QB0 of this chapter,
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For Friedel Craft alkylation please see answer of Q79 of this chapter.

Q6. Explain the following electrophilic substitution reactions of
benzene with mechanism.

i) Halogenation ii) Nitration iii) Sulphonation
Answer
1) Halogenation
Please see answer of question 73 and of this chapter.
i) Nitration s
Please see answer of question 76 and of this chapter. 3
i) Sulphonation N\
Please see answer of question 77 andwof this chapter. v \
W\ Y.
Q7.Write the structural formulas for the following benzene derivatives:
a) 2, 4, 6 - trinitrophenol 9
b) 1, 4 - dichlorobenzene 5

¢) 2 - methylbenzene sulphonic acid
d) 2 - hydroxybenzoic acid

f) 2 - chlorophenylamine -
Answer
a) 2, 4, 6 - trinitriphenol _ H
NO,
(

.\)

b) 1, 4 < dichlghobenzene

RN
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¢) 4 - nitrophenylamine H,
NO,
d) 2 - methyl benzene
sulphuric acid
L]
¢) 2 - hydroxybenzoic acid \
' OH
. . NH
f) 2 - chlorophenylamine '
cl
(
NN “

Py

Q8. mmﬁam&dmmmn
: : SO,H
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o) +(0). —omy +H,0
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d) t NHO, _Hs0.,

v % _+HC
e) +c1-c1-|\ ... 38 'akd“

0 - bromo tolucne P- hma;hﬂe
Q9. Name the following benzene derivatives.
Br CH,
a) b)
> H.CH,
QY
CH, NO, NO,
<) d
H, .
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Q1: What are alkyl halides?

Answer
Alkyl halides are the compounds in which one hydrogen atom of alkanes has been

replaced by one halogen atom.

Q2: What are primary alkyl halides? Give examples.

Answaer
Alkyl halides in which halogen atom is attached with primary carbon are called
primary halides. :
Example: C'H, - Cl, CH; - C'H; - Cl s
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Q3: What are secondary alkyl halides? Give examples.
Anywer
Alky! halides in which halogen atom is attached with a secondary carbon atom is called
secondary alkyl halide,
Example:
CH, Cl

CH-CLCH -C.H=CH.-CH

’
CH, 4
2 — Chloropropane 2 — Chlorobutane
Q4: What are tertiary alkyl halide? Give example. ’
Angwer 4 y
Alkyl halide in which halogen atom is attached ﬂl uﬁy carbon is called tertiary
alky! halide.
Example: -
CH, )
i %
He=C =C¥
CH,

t — Buty! chloride

Q5: Why alkyl halides have higher meiting & Boiling points compared to alkanes?

Answer
Because of the presence of polar bond which creates a molecular dipole that raises the

melting and boiling points compared to alkanes.

Q6: Give on which pllustrate the conversion of alcohols into the alkyl
h.l.lidts.

CH, - CH. - OH +HX =% CH,-CH, - X + H,0
N v Ethylhalide

Q7: What are the factors which control the reactivity of alkyl halides.

Answer
There are two main factors which control the reactivity of alkyl halides, these are:

i — Bond polarity of C - X bond
ii — Bond energy of C - X bond

Q8: Briefly explain “Nucleophilic subsitution reaction”.
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Nucleophilic subsitution reaction occure when an electron rich species, the nucleophile
reacts at an alectrophilic C-atom attached to an electronegative group.
ie

,-"-‘-l |
Nu +—“L“—"’1}.-F—+ —C—Nu+LG

Q9: What are two fundamental events in a nucleophilic subsitution reactians?

Answer >
These are as follows b
i — Formation of new s bond to the nucleophile. ] 4
it — Breaking of the living group. N\

Q10: What are nucleophiles? Give examples. e \

Answer <

The species which are rich in electron have unshared ﬁlfof clectrons available for
bonding and negatively or nature charged is called nnimphult
Example: HO” C;H O, HS, H;0

Q11: Define substrate? N

Answer )
The alkyl halide molecule on wi’:h a nucleophile attacks is called a substrate
molecucule.

Q12: What is leaving group?

Answer
The group which depasts with an unshared pair of electrons is called leaving group.

Q13: What are good leaving groups and poor leaving groups? Give examples.

Answer
The i ing nucleophile must be stronger than the departing one good leaving
groups.
Exam \, Br, I .etc

The groups in which the incoming nucleophile are not stronger than the departing one

poor leaving groups
@, ﬁwlu: OH’, OR, NH; etc

Q14: What is SN, Mechanism?

Answer _
It is substitution nucleophilic bimolecular two step reaction.

R-X==0R"+X
R -Nu =4 R-Nu
Q15: What is SN, Mechanism?
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It subsitution nucleophilic bimolecular reaction which occurs in one step.
Nu «CH,-X —» Nu-CH,+ X

Q16: What are elimination reactions?

Anywar
The chemical reaction in which two groups are eliminated from two adjacent stom is
called elimination reaction. Since f-hydrogen is necessary (or eliminations, it is called

f-elimination.
Q17: What is Er mechanism?
Answaer .
It is unimolecular two step eliminationreactions ) 4
H R, N
| \
R,-CH-C-Xe==RCH R X
| \ R
R1 C \ ‘)‘
-
R,&
H FT
|
R.-C R+ Base —» Bﬂ H+R,—C=C
N | ]
H | H R,
R'I.
Q18: What is Ezx mechanism?
Anywer

It is bimolecular one step elimination reaction
R-CH-CH.-X+B — BH+R-CH=CH,

Q19: umﬂ;- condition the elimination reaction occurs?

Answer
Ehm reaction occurs only when the substance have f-hydrogen.

mhn Is 3p” hybridized?

The process in which lhm:-p orbitals and one-s orbital combine together to give sp’
hybrid orbital this is called sp’ hybridization.

Q21: Define Bond energy?

Anywer
The energy which is required 1o form a bond is called bond energy.

Q22: What are monohaloalkanes? Give example.
Answer
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Those alkanes which have single or when halogen group attached to it are called
monochaloalknes.

Example:

Q23: How Grignard's reagents are prepaired?
Answer X
Magnesium metal cut imsmﬂlpimislddudulmllhnmﬁfﬂ?ﬂkylhﬂid: or
aryl halide in only dry either. The reaction mixture is heated electric heater in a
round bottom flask Medmﬂumdmm.ndoﬂmmoqo id the contact of
moisture or oxygen.

-

R-X+Mg 5 RMgX .,r

Q24: Why Grignoral reagents are nucleophile? 1 1
Answer .

Grignard reagents are nucleophile because nfthgiﬂlmu of partial negative charge on
the carbon of alkyl group. J

Q25: What are Amines? Give enmalt.
Answer {
Alkyl or aryl radicals hﬂmglnme group are called Amines
Example: CH; - CH; - NH;
Ethylamine
Q26: Why Amines are polar?
Answer

Amines aré the polar substance because of the polar nature of N-H bond which results
in fe jonof hydrogen bonds with other H-bonding systems.

Q27: What is Diazonium salt?

mm react with nitrous acid, diazonium, compound is tormed,
RNH, +HNO, +R-N=sN-OH + H,0
The diazinium group is rather unstable, it decomposes
CH,-CH.~-OH +H
A ;

-
=
ﬁ ri

CH,CH,-N'=N — N, + [CH,CH,

CH.=CH.+H’
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Q28: What is the use of arena and cyclopentadienyl?
Angwer

They are kinetically inert and used for the design of new radiopharmaceuticals.

Q29: What is use of Thermersal?

Answer
It is an antifungle and antiseptic agent and used as a vaccine preservalive in
immunoglobulin preparations and rasal products.

Q30: What is haemoglobir®
Answer

Hmﬁohnuﬂnwmwfomdmdnﬂmdofm&kndhums
Q31: What is chlorophyll? N
Answer \

Chlorophyll is the green pigment in plants which is ﬁeq:hr of light energy during

photosynthesis. \ -}

5
(
N
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