AlKkyl nitriles or alkyl cyanides:

Structure, Nomenclature and Preparation



Definition

Hydrogen cyanide exists as a tautomeric mixture as shown below

+ —
H—C=N: H—N=C:
Cyanide Isocyanide form

The alkyl derivatives of the cyanide form are called Alkyl cyanides or Nitriles, while those of the
isocyanide form are referred to as Alkyl isocyanides or Isonitriles.

R—C=N R—N=C

Cyanides Isocyanides
(bonding of alkyl  (bonding of alkyl
through carbon)  through nitrogen)



Structure

Structure of nitrile compounnd is explained by taking acetonitrile as example. The carbon
and nitrogen atom of the triple bond are sp hybridized.
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Nomenclature

There are three ways of naming alkyl cyanide compounds. The first way is referred as cyan
System, the second is the common name (just like your nick name), and the third is the

[JUPAC name

Structure

CH;—CN

CH;CH,—CN

CH3CH,CH,—CN
G

CH;—CH-CN

Cyan Name
Methyl cyanide

Ethyl cyanide
Propyl cyanide

Isopropyl cyanide

Common Name

Acetonitrile
Propiononitrile

Butyronitrile

Isobutyronitrile

TUPAC Name

Ethanenitrile
Propanenitrile

Butanenitrile

2-Methylpropanenitrile



Preparation

2. Preparation by action of metal cyanides of alkyl halides

(1) Action of Metal cvanides on AlkyLhalides, Nitriles can be prepared convenieny
an alky1 halide with sodium or potassium cyanide in aqueous-¢thanolic solution,

y by hcmiﬂg

R—X + NaCN —» R—CN + NaX
Alky! halide Nitrile

CH;CH,—Br + NaCN —— CH3CH,—CN + NaBr
Ethyl bromide Propanenitrile

When nitriles are prepared from alkyl halides by this method, an extra carbon atom is mlroduced
This is the key step for ascending the series of carboxylic acids (or 1° alcohols)

PBr,

CH,0H LiAIH
RCOOH ———* RCOOCH; ——%» RCH,0OH —»

H,O
RCHBr s RCH,CN ——» RCH,COOH



2. Dehydration of Amides or Ammonium Salts of
Carboxylic Acids

{2) Dehydration of Amides or Ammonium salts of Carboxylic acids. Simple amides on drastic
dehvdration by heating with phosphorus pentoxide yield nitriles.

0O
Il
R—C—NH, —2%» R—C=N + H,0

Amide Nitrile

O

J P20s

CH3CH2_’C'—NH2 '_A_' CHacHz_CN + H20
Propanamide Propanenitrile

Higher molecular weight amides may be dehydrated by heating alone.

' Ammonium salts of carboxylic acids dehydrate first to form amide, which on loss of a molecule
of water vields nitrile. Thus when carboxylic acid vapors mixed with ammonia are passed over heated
stumina at 500°C, a nitrile results. (Industrial method)



3. Dehydration of Aldoximes

~ (3) Dehydration of Aldoximes. Aldoximes on dehydration with acetic anhydride or phosphort

pentoxide yield nitriles,

H .
f .
R—C=N—0H (GO0, p_c=N + H,0
Aldoxime Nitrile
CHy—C=N—0H 0, cp,—c=N + HO0
Acetaldoxime aiil L Acetonitrile -

(Ethanenitrile)



4. Dehydrogenation of Higher Amines

() })d.\."cd '-'“.'-‘-'.l":'il“l'“ll of Hi;:l.wr Amines, Higher amines get dehvdrogenatad by puassing dei
wapor over a Cu or Ni catalyst at high temperature, )

Cu
ACHNH, 5 R—C=N + 2H,0

° . 500°C
1° Amine Nitrile



5. Ammoxidation of Alkanes or Aldehydes

(3) Ammoxidation of Alkanes or Alde

st high temperature (500-600°C) over a catalyst in the presence of ammonia to form a nitrile.

R=CH; + NH; + 320, 2C, R_c=N + 31,0
Alkane Nitrile

CHsCHCH3 + NH3 + 320, 2%, CH.CH,—C=N + 3,0

Propane Propanenitrile

hydes. An alkane having a terminal methy{ group s oxidized

An aldehyde gives a similar reaction in the presence of sodium methoxide (CH.ONa) and Cu™

ron at 30°C.
O

[
CH;—C—H + NH3 + O, 225 GH;—C=N + 2H,0
Acetaldehyde b e0s Ethanenitrile




6. By action of Grignard reagents with cyanogen chloride

(6) Action of Grignard reagents with Cyanogen chloride. Grignard reagents react with cyanogen
chloride (C1-C=N) to form nitriles.

RMgX + ClI—C=N —2¢'3 R—C=N + Mg(C)X
Grignard Nitrile
reagent
CHiCH,MgBr + CI—C=N —'» CHiCH,—C=N + Mg(Cl)Br
Ethylmagnesium Propanenitrile

bromide



7. Preparation by addition of HCN to alkenes

(7) Addition of HCN to Alkenes. Hydrogen cyanide adds to terminal alkenes in the gaseous
Pazse at 300°C in presence of alumina to give nitriles.

CHj
Al,04 l
CH3—(I'J=(;|~-|2 + HCON —=5c” CH3-—(i‘,—CN
CHj _ CH;

2-Methylpropane 2,2-Dimethylpropanenitrile



AlKkyl nitriles or alkyl cyanides:

Chemical Properties



Types of reactions that can take place on nitriles

The CN group in nitrile is polarized as indicated by the high dipole moment, 4.0 D. It is
Polar in the same way as a carbonyl group (C=0). Thus nitriles can be represented as a
resonance hybrid of two canonical forms, in which there is a high contribution from

the dipolar form.

b ot &
H—CE—'(?\’]: <+« H—6=N: or R—C=N:
I Il Resonance

i hybrid

" Because of the dipole, a nitrile is subject to electrophilic attack on nitrogen and to nu'cleoph’gg
attack on carbon. The cyan group being electron attracting activates the o hydrogen which Caﬂme
casily removed as a proton by strong bases. ]n‘fact the cyan group could be con.lpared ;]Ordes
carbonyl group in its chemical bcha_viqr. Thus nitriles give the addition reactions just like aldehy

and ketones. y | IR



Weak Basic character of nitriles

- _ ' i o .
(1) Weak Basic Character. Despite the presence of an unshared pair of electrons at the mtrogc )
 atom, the nitriles are not basic enough to form salts with aqueous acids. They are, 1hercf0r§r bt
basic than amines and ammonia. However, they form addition compounds with strong acids "

absence of water.

The weak basic character of nitriles has been associated with a greater s character of the orbital
containing the unshared electron pair. Unlike amines where the lone pair of electrons is in sp* orbital,
the lone pair of N atom in nitriles resides in an sp orbital. This orbital (sp) has greater s character than
- ¢p? orbital. Therefore, the lone pair of nitrogen in nitriles is less readily available and they are much

weaker bases than amines.

i sp>
: y é\ Lone pair away
AR from nitrogen
Cal .

; >H
7

PRIMARY AMINE
Lone pair lying relatively away from the N
atom in sp 3 orbital is more readily available;
hence amines are More Basic.

Lone pair close
to nitrogen

: NITRILE
Lone pair held closer to the N atom in
sp orbital is less readily available;
hence nitriles are Less Basic.



Hvdrolysis reaction of nitriles

(2) Hydrolysis. On boiling with aqueous mineral acid or aqueous alkali, nitriles are hydrolyzed to
a carboxylic acid and ammonia. This reaction takes place through the formation of an amide, which is
then hydrolyzed to a carboxylic acid.

O O
+ A 1] + ar O [l
R—c=N HorOH, p_C—NH, F-29H, R—C—OH + NHj
- H20 4 H20 . .
Nitrile Amide Carboxylic acid
. 0 . 0
CHy—C=N HoOH,  ch —C—NH, 258 CH;—C—OH + NHj
g Hzo % Hzo . "
Acetonitrile Acetamide Acetic acid

When a mineral acid (say HCI) is used for hydrolysis, the product is a carboxylic acid and
ammonia. On the other hand, if an alkali (say NaOH) is used, the hydrolysis results in the formation

of sodium salt of the carboxylic acid.
R—GC=N + 2H,0 + HCI —> RCOOH + NHCI
R—C=N + H,0 + NaOH —> RCOONa + NH;



Mechanism of acid hydrolysis of nitriles

MECHANISM OF ACID-CATALYZED HYDROLYSIS. Following steps are involved :

Step 1. Protonation of nitrile.
\

R—CENif-l}'V’ — % R—C=N-H +— R—C=N—H
Alkyl cyanide I 1
Step 2. Nucleophilic addition of water to I1. 3
+‘¢_A- | H
R—C=N—-H + :(I)—H — R—C=N-H
. it : .

Step 3. Proton loss followed by tautomeric arrangement.

v\H
o o I
+ A F
R—C=N-H -, H—'C=(N—H =— R—C—N-H
Amide
The amide thus produced undergoes the same sequence of steps leading to the formation of
carboxylic acid. s |
20 7 o) ()o 0
| | 1] +

oo 3 S s
R—C—NH, ~» R—C—NH; —» R—C—NH; — R—C ;‘)@'Ha""’ R=C + NH,
\
OH

A =M
O H—O—H
Amide L H i Carboxylic
' acid



Mechanism of base catalyzed hydrolysis of nitriles

MECHANISM OF BASE-CATALYZED HYDROLYSIS. Following steps are involved :

Step 1. Nucleophilic attack at the carbon atom by OH ions.
O-H

_/’_\\_; ()/ | =

HO + R—C=N: — R—C=N:

Step 2. Nucleophilic N atom takes up a proton from water regenerating OH ion. The product
rearranges to produce stable amide.

O-H H OJH O
I ._./_\'J I —éH I r?. ” .
R—C=N: + H-O0 —> R—-C=NH == R—C—NH;
U‘ Amide
The amide thus formed gets hydrolyzed further to give carboxylic acid and ammonia.
OrH O<H 0
v Bm | .. on e |
H—(l%— H, —» R—CIZ—NHz —% R—C—NH, = R—C—-OH + NH;
! O H-O

Amide A_/ \ Carboxylic acid



2) Alcoholysis of nitriles

(2) Alcoholysis. Nitriles on boiling with excess of alcohol in the presence of concentrated
sulfuric acid or hydrogen chloride, form esters.

0
v I
R—C=N + R—OH + H,0 —» R—C-OR' + NH,'
Nitrile Alcohol Ester

O
H+

|l
CH;CH,—C=N + CH;OH —* CH;CH,—C—0CH; + NH4
Propanenitrile Methanol _ Methyl propionate



3) Addition of Ammonia and Hyvdroxyvlamine

(3) Addition of Ammonia and Hydroxylamine. Nitriles when treated with ammonia or hydroxylamine
in the presence of NaNH, as catalyst, form amidines and amidoximes respectively.

HH
NaNH
R—C=N + NH; ——2% R—C—NH,
Nitrile Amidine
g '?'Hz
g : NaNH
R—C=N + H,NOH —2 R—C=N-OH
Hydroxylamine Amidoxime

MECHANISM. Both these reg

ent
«ase of carboxyl compounds, g sadd by nucleophilic addition mechamsm similar to those in

H
|

g TS e) 'THz
R=CIN + NH; —»  R—CZf: —» R_Gonn

Nitrile Moo
midine



4) Addition of Grignard reagents

(4) Addition of Grignard rea

gents. Nitriles react with Gri gnard reagents to form ketimines, which
on hydrolysis yield ketones.

R R’
I |
RZC=N + RMgX — R-C=NMgx 0 R-C=0 + MgOH)X
Nitrile Ketimine Ketone
CH, CHj

CHy~C=N + CHgMgBr —» CHy—C=NMgBr "> CH;—C=0 + Mg(OH)Br
Acetonitrile Methylmagnesium Bebtors
bromide



5) Reduction of Nitriles

(5) Reduction. (a) Partial reduction. When nitriles are reduced with lithium triethoxyaluminium

hydnde, LIAIH(OCH,CH,),, in ether, aldimine is first produced. This on subsequent hydrolysis yields
an aldehyde.

O
R—C=N + LIAH(OCH,CHg); —™'» R—CH=NH 22, Ml
Nitrile Aldimine Aldehyde

(b) Complete Reduction to primary amines. On treatment with lithium aluminium hydride,
LiAIH,, nitriles undergo complete reduction to yield primary amines.

| LiAIH,
- Nitrile Primary amine

This reduction may also be carried with sodium and ethanc_)l (Menldius Reaction), or with hydrogen
and metal catalyst (Raney nickel). |

CH;—C=N + 2H, —» CHz—CH,—NH,

Acetonitrile Ethylamine



6) Alkvlation of nitriles

(6) Alkylation. Nitriles having o-hydrogen atoms are alkylated readlly when heated with an
alkyl halide in the presence of sodium amide (NaNH,).

Lt . ;
| R—(IBCE-CEN + R'—X EN_z'_ R= (|3 C=N  + HX
A
Alyloyanide  Alkylhalide  2° Cyanide
RER. . ... il I?'
R— (I:O: c=N + R— X MIH*?—CEN + HX
- Alkyl cyanide Alkyl halide i 3° Cyanide 2

Mechanism is in next page



MECHANISM. The base :NH, furnished by sodium amide initiates the reaction producing
carbanion, which is then alkylated by alkyl halide as follows :

H H

| N l
(@@ R=C—C=N + :NH, —*» R—C—C=N + NH;

Z| S
H< 2° Carbanion

. (Stable)
H H
l (v | _
() R—C—=C=N + R—X — R—(IJ—CEN + X

\_/ R

2° Cyanide



7) Thorpe Nitrile Condensation

(7) Thorpe Nitrile Condensation. Nitriles undergo condensation in the presence of sodium in
ether, when only the a-hydrogen atoms are involved. Two molecules of the nitrile undergo Claisen-
type condensation as follows

Y o

CH;—CH,—C . + (IJH—CN —— CHz—CH,—C—CH—CN
» CH,

Propanenitrile 3-Imino-2-methylpentanenitrile

(2 Moles of nitrile)
This reaction is known as Thorpe Nitrile Condensation.



