ALCOHALS, PHENOLS AND ETHERS

Alcohols
Preparation of Alcohols:
« By hydrolysis of haloalkanes : R-X +aq. KOH —-ROH +KX
« By reduction of Carbonyl compounds
4RCOOH + 3LiAIH; — 4RCH,0H (1°alcohol)
CH;(CH;)14CO0OC;H; —=%_, CH;3(CH,),CH,OH

R - CHO ——RCH,OH(1° alcohol)
OH

| —— =&

-
R R R (20 alcohol)

0
Il
R-C-OR'—H ,R — CH,OH +R'OH

CH,CH,COOCH,

CH,CH,CH,OH~+ CH,0H

o By the action of Grignard’s Reagent on aldehydes, ketones and esters

AN . /DMQX N /DH OH
C=0+R-Mg-X —2— 8o , + M
/ - /Ny o MK,
F slhol

« By Aliphatic Primary Amines: RCH,NH; + HNO, — RCH,0H + N, + H,0O
o Hydration of alkenes:

CH, = CHR = H,SO, ﬁﬂ” —Boll , ¢y, - CHR)OH

Concentraked

o Oxymercuration-demercuration:
H,C

e iy N\
3_\ Ho(DAC), /NaBH, / c

CH
2 HO

Markonikov's Addition

I
[

« Hydroboration-oxidation:

H3C‘\ B.He /THF/H,0, ’HSC%
OH

CH, . . "
Anti Markonikov's Addition

o Hydroxylation of alkenes:



OH
O DilKMnO ; or0s0;4 (/\JL
OH

syn-Hydroxylation

OH
O RCOH /M O,
“OH

anti-Hydroxylation

Physical Properties of Alcohol:

Lower alcohols are liquid at room temperature while higher ones are solid.

High boiling point due to presence of intermolecular hydrogen bonding. Order of Boiling
Point: primary > secondary > tertiary

Solubility in water decreases with increase in molecular mass due to decrease in extent of
intermolecular hydrogen bonding.

Chemical Properties of Alcohol:

Alcohol's reaction with metal: ROH + Na—2RO"Na + H,
Formation of Halides:

o 3ROH + P+12—3RI + H3PO3
o ROH + SOCI,/PCI3/PCls— RCl

o ROH+HX— RX
o ROH+ NaBr,H,SO,—R-Br
o ROH+ Zn+HCI—R-CI

o R,C-OH alcohol + HCl— R,CCI

Reaction with HNO3: R-OH + HO-NO,— R-0O-NO,

Reaction with carboxylic acid (Esterification) : R-OH +R’-COOH +H"«> R’-COOR
Reaction with Grignard reagent: R'OH + RMgX — RH + R'OMgX

Reduction of alcohol : ROH + 2HI + Red P— RH +l,+H,0

Dehydration of Alcohol: Dehydration of alcohols takes place in acidic medium. Intra-
molecular dehydration leads to the formation of alkene while inter molecular dehydration
which forms ether. Ease of dehydration: 3°>2°>1



o Satyzeff’s Rule : Elimination through b carbon containing minimum b hydrogen

CHs CHs
I " . | /s
CH3_(I3_CH2_9—H+ M—WPCHE_?_GHQ_?_H

CHs CH, H

?Ha CH5

. |
= |
| CH:

f|3H3
CH:=C =CHz-CHa
« Oxidation of Alcohol:
RCH,-OH + [0] — RCHO — RCOOH
RCH,-OH + [0] +PCC — RCHO
« Haloform Reaction: Compound containing CH3CO- group (or compound on oxidation
gives CH3;CO — group) which is attached with a C or H, in presence of halogen and mild
alkali gives haloform.CH3-CH,-COCH,-CH3s, CH3-CO-CI, CH3COOH will not respond to
haloform reaction wile CH3CH,OH will respond to haloform Reaction.

| T
CH; —C—OH—:_CH, - C—H
| OA. -HCI

H

. CHaCH,0H — =258 . clcy,

Test for Alcohols:

1. Lucas Test:

Alcohols + ZnCl, + HCI

e 1° Alcohol: RCH,OH + ZnCl, +HC1 — No reaction at room temperature

« 2° Alcohol: R,CHOH + ZnCl, +HCI — R,CHCI White turbidity after 5-10 min.
« 3% Alcohol: RsCHOH + ZnCl, +HCIl — R3CHCI white turbidity instantaneously.
2. Victor Meyer Test



1% alcohol: RCH,OH—E RCH,I Agho RCH,NO, it R_E_NOZ
NOH
(nitrolic acid)

NaOH

CHsCNO2

i #realic 80 |1
Sodium salt of nitrolic acid NONa

Red colour

Nitrolic acid on treatment with alkali gives colouration
2% alcohol:

R R R
\CHOH—P"'A—> \CHI — faND \CHNOZ
R/ R/ R/ lHNO:
Pseudontrol on treatment with alkali gives R\\
Blue colouration C — NO;

|
R/N:CJ

{Pseudonitrol)

3° alcohol: R:C-OH —2 s R,C | —284% 5, R.C_ NO;
l HMNO2

Mo reaction

(colour less)

Dihydric Alcohol

Dihydric alcohols are prepared by following different methods:
From ethylene: (a) through icy dilute alkaline solution of Bayer's reagent.

@) dil KMnO, ||
e —

D [
| | (i) OH OH OH
= C— — syn hydroxilation
OHH B
RCOOH / L $_ L
OH |

anti hydroxilation

(b) With O2 in presence of Ag :

N 1 .

ﬁH_ + 30, catalyst > Hy0 Cl‘Hg—OH

CH» Ag 200 _ 400~ dil. HC1 CH,—OH
o 2

(c) With HOCI followed by hydrolysis:

CH, CH,—OH CH,—OH
Il + HOCI1 . | = NaHCO; g ]
CH, CH—Cl Cl‘HZ—OH * NaCl - €O;

From 1, 2 dibromo ethane :
(|Z'H2—Br
CH,—Br

o CH,—OH
* NaCOs + HO ——— | : + 2NaBr + CO»
CH,—OH ’

Physical properties of dihydric alcohol

(i) It is a colourless, syrupy liquid and sweet in taste. Its boiling point is 197°C

point -11.50C

. melting



(i1) It is miscible in water and ethanol in all proportions but is insoluble in ether.
(iii) It is toxic as methanol when taken orally.
(iv) It is widely used as a solvent and as an antifreeze agent.

Chemical reactions of glycerol
Glycerol molecule is made up of two 10 alcohol groups joined together its chemical
reactions are, therefore twice over those of 1% alcohols
1. Action of Sodium: It reacts with Na at 50° ¢ to form to form mono and dialkoxide at
elevated temperature.
‘ , + 160 0~ T +
C|H2—OH - N SOOC C|H3—ON3 ¢ Na C C|Hz ONa .
CH,—OH CH,—OH CH,—ONa

2. Reaction with HC: Ethylene dichloride is formed in two successive steps at elevated
Temperature
CH—OH 0 1600 CH,-Cl

CH,—OH CH,—OoH O

3. Action with phosphorus halides : ethylene dihalides are formed as follow:

CH,—OH ‘ CH,-Br
3 | + PB]3 — 3 2
CH,—OH CH,—Br H;PO,
P13 produce ethylene diodide which is unstable and split into 12= and ethylene
CH,—OH CH,—1 CH,
| P —— [ I~ I
CH,—OH CHy—1 - CH, + 1z

4. Reaction with carboxylic acid: Gives diester depending upon the amount of glycol

and acid taken:
CH,—OH e
o + CH;COOH CH,OCOCH;

CH,—OH CH,—oH -+ H0

glycol monoacetate

CH,-OCOCH; : ‘ -
\ + CH;COOH 2804  CH,-OCOCH;
CH,—OH ) = | o
in excess CH,—OCOCH;
glycol diacetate

With dibasic acid it form polymer:
0

0
3 _ CH—OH [ I
HOOC COOH| =+ n] ——— HO{-C C—OCH,CHyO+H
N CHy—OH — nH0 )
n

trephthalic acid terylene
5. Reaction with aldehyde and ketones: Glycol reacts with aldehyde and ketones in
presence of p- toluene sulphonic acid to give cyclic acetals/ketals which further may
give ketone/aldehyde while treating with HIOA4. This reaction thus can be useful to

protect carbonyl group.



R
CH,—OH s (o] R
1 + O0=C —_— ~ -
CH-—OH N C + H,O
2 H / ~
[e) H

R
CH,—OH A o) R
I + 0=C, ——= N
CH,—OH N ¢ * H20
2 R / ~
[e) R

R
ICHCO + 0O=cC
N
R

o]
\C/R HIO4
—_—
N
o~ "r

6. (i) The oxidation of ethylene glycol with HNO3 to yields a number of substance as

Cl‘HO
CHO
/ glyoxal
CH,—OH CHO (Ho COOH
COOH
CH,—OH CH,—OH COOH
olveol glucollic glyoxylic acid  oxalic acid
gy aldehyde
(" OOH
CH,—OH

glycollic acid

(ii) Oxidation with KMnO4 or K2Cr207 to form formic acid:
O

CH,—OH  Knmo, S

| —_—
CHz— OH or KQCTJ()?

(iii) Oxidation with Pb (OCOCH3)4 or HIO4 glycol gives formaldehyde.

CH,—
H—OH Pb(OCOCH;), 0
CH,—OH N

- or HIO, H—C—H

7. Dehydration: (i) Heating wih ZnCI2 glycol gives acetaldehyde

CH,—OH
7nCl,
CH,—OH » CH;CHO + H,0
(it) When heated alone at 5000C, it gives ethylene oxide.
CH,—OH 0
heat

CH,—OH > / N\ +HO

(iii) Dioxane is obtained when glycol is heated with conc. H2SOA4.
HO—CH,—CH,-OH

H,S0, CHy—CHy
+ — o 0O + 2H0
HO—CH,—CH,~OH CHy—CH,

Uses of ethylene glycol:-

1. It is used as antifreeze substance which prevents the freezing of water in car
radiators in cold countries.

2. Due it has a high viscosity, so it is used in the hydrolic break , printing ink ball, pen
inks, organic solvents .

3. Used in the manufacture of Dacron, dioxane etc.

4. As a solvent and as a preservatives.

5. As a cooling agent in aeroplanes.

6. As an explosives in the form of dinitrate.



7. Large amounts of ethylene glycol are converted to polymers ( such as polyethylene
glycol ) used in The manufacture of dacron fibers ,photographic films and cassette

tapes.

Trihydric Alcohol
It is a triol. The introduction of third —OH group in diol molecule raises the b.p. about

1000C, increase viscosity and make the alcohol more sweet. Viz; glycerol
CH,OH
CHOH

CH,OH

Glycerol can be synthesized by following different methods:
1. From fats and oil: On hydrolysis of fats and oils, glycerol and higher fatty acids

are formed.

?HQOOF R CH,OH
(HOOCR + 3H,0 5 CHOH + 3RCOOH
CH,OOCR C|‘H20H

2. By fermentation of sugars: Alcoholic fermentation of sugar in the presence of
sodium sulphite gives good yield of glycerol.

r (|‘H30H
yea
CeH1206 ——» CHOH - CH:CHO =+ ¢
Na,SO, | 3 CO,
CH,OH
3. Synthesis (from propene): Today much of glycerol is obtained from propene.
T o, T gaon  (HROH (RO fH—oH
2 il Na ~ i
ﬁH p— lcl.H |(|‘H HOCI (l,HC] dil NaOH CH—OH
CH, CH, CH, CH,0H CH,~OH

2

Physical properties: Glycerol is a colourless, odourless, viscous and hygroscopic
liquid, sweet in taste and non-oxic in nature.

It is soluble in water and ethyl alcohol but insoluble in ether.

It has high boiling point, i.e., 290°C. The high viscosity and high boiling point of
glycerol are due to association through hydrogen bonding purified in the lab by reduced
pressure distillation or vacuum distillation.

Chemical reactions

Glycerol molecule contains two 1° — OH groups and one 2° — OH group. Thus, it shows

characteristics of both primary and secondary alcohols.
Primary alcoholic group — » 11,01

Secondary alcoholic group —— CHOH

Primary alcoholic group —— CH,OH
In general, 10 — OH groups are more reactive than 20 — OH group.
1. Reaction with sodium: Only primary alcoholic groups are attacked one by one and
secondary alcoholic group is not attacked, Sodium forms monosodium glycerolate
at room temperature and disodium glycerolate at higher temperature.



CH_]OH CHzC)Nﬂ CH‘}ONE]
| Na | Na |

CHOH ———> CHOH ——— » CHOH

| Room tem. | High tem. |

CH,0H CH,OH ~ CH,ONa

2. Reaction with PCI5: All three OH groups are replaced by Cl atoms.
CH,OH CH,—Cl

, . L
(HLOH + PCl ——=  CH—Cl = spocly + sHCl
CH,OH CH,—Cl1
3. Reaction with HCI or HBr: When HCI is passed into glycerol at 110°C, both, _or _
glycerol monochlorohydrins are formed. If the HCI gas is passed for sufficient time,

glycerol , ’ dichlorohydrin and glycerol, _, - dichlorohydrin are formed.
CH,—OH CHy—Cl CH,—OH
1100¢ <
C"H*OH + HCl ————>» C“H*OH . CH—C1
CH,OH CH,-OH CH,-OH
CH,—Cl CH—Cl
CH-OH + (l-Hf(-l Excess of HC1
| -
CH,—Cl CH»OH 1100

Same reactions occur with HBr.

4. Reaction with HI: Glycerol reacts with HI in two ways:

(a) When glycerol is warmed with a small amount of hydrogen iodide, allyl iodide is formed.
First tri iodide is formed but due to large size of iodine atom 12 comes out from product.
CH,OH CH,I CH,

C|‘HOH + 3g ——> CLHI — QH + b

CH,OH CH,I cl‘HQI

(b) When glycerol is heated with a large amount of HI, the allyl iodide first formed is
reduced to propene, which in presence of excess of HI forms iso-propyl iodide.

CH : .
i’ CH; CHs CHs
(|H *Hl —— cCHI — |C|'H + HI — CHI
CH b0 CH CH,

5. Reaction with HNO3: When one part of glycerol in a thin stream is added to three
times conc. HNO3 and five parts of concentrated sulphuric acid, nitro-glycerine
(glyceryl trinitrate) is formed.

CH,0H (l'Hg—ON()g

“on. H,SO
C|'HOH + HNO; % CH—ONO, + 3{H(l
CH,0H CH»>—ONO;

Glyceryl trinitrate is a yellow oily liquid. It is poisonous and causes headache. It
explodes violently when heated rapidly or subjected to sudden shock. It becomes a safer
explosive when absorbed on kieselguhr. In this form, it is known as dynamite.
Dynamite was discovered by Alfred Nobel in 1867.



6. Reaction with acetic acid, acetic anhydride or acetyl chloride: Mono-, di- and triesters
are formed.

C‘HEOH (‘“HEOCOC‘H_; CH,OCOCH;
CH;COOH - ’
CcHoH _ GHCOOH _fpog  OHBC09R Cl‘HOH
\ or CH;COCI | or CH;COCI
CH,OH CH,OH CH,OCOCH;
CH,OCOCH;
CHOCOCH;
CH,OCOCH;

7. Reaction with oxalic acid: Different products are formed under different
conditions.

(a) At 1000C and with excess of oxalic acid, formic acid is formed
o]

CH,OH 0 CH,0—C CH,00CH
, . 100_ 110! C = ‘ |
CHOH  + HOOC—COOH — == CHOH C—OH g~ CHOH
CH,0H i CH,0HO i CH,OCOCH;
CH,0H H,0
HCcooH + (HOH
CH,0H
(b) At 2600C allyl alcohol is formed
CH,0H CH,00¢ CH,
CHOH + HOOC—COOH : \ I
‘ 0 ClHDOC B TaT= Y Co, C|H
CH,OH - CH,OH CH,0H

8. Dehydration: Glycerol when heated alone or with dehydrating agents such as
potassium hydrogen sulphate or phosphorus penta oxide or conc. sulphuric acid,
acrolein or acrylaldehyde is formed which has a characteristic bad smell. This
reaction can be used as a test of glycerol.

C|'HQOH CH,

9. Oxidation: Glycerol gives different oxidation products depending on the nature of
oxidizing agent. The following products may be obtained during oxidation of
glycerol.

CH,OH CH,0H COOH
: [O] | o |
— CI HOH ——» (l'H()H — = (l'HOH
i CHO COOH COOH
?HHC)H (0] glyceraldehyde  glyceric acid tartonic acid
(l“ HOH
CH,0H CH,OH COOH
glycerol ] [©] Cl‘O
&4 » CO — (O]
CH,0H COOH

dihydroxyacetone mesoxalic acid

(a) Dilute HNO3 gives mainly glyceric acid.

(b) Conc. HNO3 oxidises glycerol into glyceric acid and tartronic acid.

(c) Bismuth nitrate gives mainly meso oxalic acid.

(d) Fenton’s reagent (H202 + FeSO4) or NaOBr or Br2- water in presence of Na2CO3



oxidises glycerol into a mixture of glyceraldehyde and dihydroxy acetone (or
glycerose).

10. Formation of resin: Glycerol reacts with phthalic anhydride forming polyesters
known as glyptals. Each of the three —OH groups in glycerol forms an ester linkage
with the anhydride, giving a thermosetting polymer (plastic) used for making
synthetic fibers.

0
1]
c
a “» + HO—CH, (IJH—CHz—OH
A
. OH

] glycerol
. o
phthalic anhydride l
(o]
! i i
~ ~o —CH»—CH—CH 3>—0—C
O

=0 o=cC

\
(o]
X |
C=0
|

oluntal

Uses: Glycerol is used: Glycerol is used as a sweetening agent in confectionery,
beverages and medicines being non-toxic in nature. It is used as antifreeze in
automobile radiators, in the preparation of good quality of soap, hand lotions, shaving
creams, tooth pastes and cosmetics and as a lubricant in watches and preservative.

Phenols
Preparation:

a. Hy droh sis of chlorobenzene: (Dm\- s procesﬁ)

OH
_ MaDH
%0°C: 320 atm

b. Alkall fusion of Sodium benzene sul.fnnate

SO:MNa N E! OH
O/ __MNaDH @/
E0*C

c. From Cummene Hydroperoxide

-Q

—~CHz
@ + Gy = CH- CHy —22— CH““‘*CH:
(Cummene)
CH,
o t|3 -0 -OH

(Cummene hydroperoxide)

CH,
| 0
|

?—O—OH OH
YL e O o

d. Aromatic Nucleophilic Substitution of Nitro Aryl Halides

©/0| @/ONa
Ol oo

e. Duistillation of phenolic acids with soda-lime produces phenols, e.g. sodium
salicylate gives phenol

L= O

COzNa




Physical Properties of Phenols
« Phenol is a colorless, toxic, corrosive, needle shaped solid.

e Phenol soon liquifies due to high hygroscopic nature.
o Phenol is less soluble in water, but readily soluble in organic solvents.
« Simplest phenols, because of hydrogen bonding have quite high boiling points.

e 0O-nitrophenol is, steam volatile and also is less soluble in water because of intramolecular
hydrogen bonding

Chemical Properties of Phenols
a) Formation of Esters

Phenyl esters (RCOOAr) are not formed directly from RCOOH. Instead, acid chlorides or
anhydrides are reacted with ArOH in the presence of strong base

(CH3CO)2O + C¢HsOH + NaOH — CH3COOCgHs5 + CH3;COONa + H,O
Phenyl acetate
CeHsCOCI + C¢HsOH + NaOH — CgHsCOOCgH5 + Na'Cl + H,O

Phenyl benzoate

b) Displacement of OH group: ArOH + Zn A, ATH+7n0 (poor vields)
¢) Hydrogenation
OH

| T + 3, __MiTEC. 18 stm
/

cyclohexanol

d) Ox:iclahon to Quionones
O
I
o @
or Cri0g
||

benzo- 1,4~qum0ne
e) Electrophilic SubstitutionThe —OH and even more so the —O(phenoxide) are strongly
activating ortho para - dlrectmg

@Q @@@

phenol Phenoxide

Dxunlum catlnns anion Falrl',rstable
unsaturated ketones

phenol

Special mild conditions are needed to achieve electrophilic monosubstituion in phenols
because their high reactivity favors both  polysubstitution and oxidation



f) Halogenation

r
OH
=N OH ) N
| e
X -
= Elr/ Br

(goes via Ar0; no monobremophenals)

OH OH
Brp /05 @i
o e
Br

2-promophenal

OH OH 0
HMWO, \ o / ‘é
e’ -
o~ HONZ"

p-nitrasophenol Quinone monoxime

[ [+]

N/

h) Nitrosation

N,

i) Nitration

OH OH OH
©/ NG, | ; dil, HNGy ©/
on"" NOE/

i) Sulfonation

OH
H.50, \
PhOH 2, ||
15-20°C o
SOH
(rate-controlled)
OH
s
PROH—220 | P
HO.S”

(egbm-controlled)
k) Diazonium salt coupling to form azophenols
Coupling (G in ArG is an electron — releasing group)
AN + CgHsG—— p-G —CgHy — N =N — Ar (G = OH. NR;.NHR. NH1)

I}y Mercuration

OH OH
1404 Hg(OAc), d e OH
CH-OH g'iH;EO'j, o-and pCofs _NaCl, oand p-Cil, g /

o N = W ypoand p-Ce
HgOAc \HgCI }—KI



m) Ring alkylation

CH:CH = CH, -~ OH
CaHsOH + 4(CHa,CHOH — o2 pie> O and p-CeH +H20

“~CH(CHa),

EX and AICl; give poor vields because AlCl; coordinates with O.

n) Kolbe synthesis of phenolic carboxyvlic acids

OH %
CeH:ONa + 0=Cc=0 125°C D_cﬁH{/ HaO") 0-CeH,
N M \cooNa “\COOH
Sodium salicylate Salicylic acid

Phenoxide carbanion adds at the electrophilic carbon of CO3, para product is also
possible.

OH

o) Reimer — Tiemann synthesis of phenolic aldehydes

OH
@/OH HECL, q
L OH™ P
CHO

The electrophile is the dichlorocarbene CCl;, formation of carbene is an example

of a-elimination. OH +HCCI, —" 5 CCl,
P) Synthesis of (a) aspirin (acetylsalicylic acid) (b) o1l of wintergreem (methyl
salicylate)

2) OCOCH,

OH
COOH COOH
‘ __1.C0,KOH
 anot o
OH
COOH OCOCH
3

‘ T __ CHOHIHSO, |

_____.-"'

Ethe )

b)

Physical Properties of Ethers

o Physical state, colour and odour: Dimethyl ether and ethyl methyl ether is gas at
ordinary temperature while the other lower homologues of ethers are colourless liquid
with characteristic ‘ether smell'.

« Dipole nature: Ethers have a tetrahedral geometry i.e., oxygen is sp> hybridized. The C—
O—C angle in ethers is 110°. Because of the greater electronegativity of oxygen than
carbon, the C—O bonds are slightly polar and are inclined to each other at an angle of
110°, resulting in a net dipole moment.



pairs N
—_—

%’ Met dipole moment
R

Bond angle of ether is greater than that of tetrahedral bond angle of 109°28'.
Solubility and boiling point: Due to the formation of less degree of hydrogen bonding,
ethers have lower boiling point than their corresponding isomeric alcohols and are slightly

soluble in water.
Preparation of Ethers:
a) From alcohols:

CHsCH,0H —H:59: 5 CH.CH, -0 -CH,CH,
1400C Ether

Order of dehydration of alcohol leading to formation of ethers: 1° > 2° > 3°
CH3CHZOH + CHyN; — P e 5 CHyCH,—O—CHs + N;

b)  Williamson's synthesis:
R-X+Na" O-R' - R-O-R'+Na" X
In case of tertiary substrate elimination occurs giving alkenes.

From alkenes:.
CH; CH;

CHs—C=CH, + H—OCH, —159% . cH. ¢ OCH.

CHs

From Grignard reagent: Treating a - halo ethers with suitable Grignard reagents.
I

Dry
CHz—O—CH:Cl + CHaMgl — -~ CHz—O—CHCH; + M g |

On standing in contact with air, most aliphatic ethers are converted slowly into unstable
peroxides. The presence of peroxides is indicated by formation of a red colour when the ether
is shaken with an aqueous solution of  ferrous ammonium sulfate and potassium thiocyanate

SCN™ I-n)—
Peroxide + Fe* — FeX %\FE(SCN}E ) (n =1to6)

Red



f) Halogenation of ethers:
CH,CH,—O—CH,CH,—2 5 CH,CH,—O—CHCH,—22 5 CH,CH—O—CHCH,

Cl Cl Cl
g) Ethers as base:

H
. |
CH,CH, — O~ CH,CH, + H-Br —» CH,CH, - O- CH,CH,8r"

h) Reaction With Cold conc. HI/HBr:
R—0—R"+Cold HI—— R-OH+RT{R'<R)
i) Hot conc. HUHBr:

R—O0—R'+Hot H——RI+RT+H,0



CaseI: 'P‘T
Hi Z
CH—=O0—H—CH:— HS—Q—(]‘.H—C.HB_EHL_’CHBI +C.H3—(]‘,H—CIH
primany -
CHs r CH: CHs |
senondary
Case IT: (]‘.Hs TI TH3
Hi
CHB—T‘,H—D—L‘[—CHS CHS—?H—[}_—CI—CHs
CHs= CH= CH: CH=
secondary  ertiany J]— Sl
T
CH 3—[[‘,H—DH + CH ;—[]‘,—I
CH= CH:=
Case III: T;H;
CH:—0—C—CH:
primary  tertiay
Ether
(i.e, aprotic N
R ctarMon poler 20 Hi
ohent)S«2 Protic polar
Sl
CHzl+ [CHz)sC—0H
"
CH 3—(])—| + CHz0H
CH=
CaseIV: H
HI
—CHs _m}_"li.‘Hsl +
Sud H
_Gﬂﬂ.l:_l:LLh CH:l +
Sl

i) Reaction with acid chlorides and anhydrid_es:

C9Hs — O —CaHs, + CHCOC ;} o HsCl

+ CH3COO0OCHs

Anhy EnCl;

J) Electrophilic substitution reactions



?CH; CH. OCH;

Br
Br,/CS N

Anisole
o-Bromoanisole r
p-bromoanizole
?CH& OCH; OCH:
concHMO, NG
concH.50, +
Anisole

o-Mitroanizole

MO,

p-Mitroanizole

Epoxides or Oxiranes:
Preparation
a) Oxidation of ethylene :

Ag.0
HC=CHz + 0z 5 |-|2g_(;|-|2
/s
0

b) Exposxidation :

expoxidation

[ [
RHC=CHR + C¢H: C-0-0H RHC\_EHRJ,CEHE,—C— OH

0

Acid catalysed ring opening

—ci /c— - HG?—H—y—Q\—P—+GH@.

oH?
EPGXHZ"E Protonated epzide

| A
——CE+: D—H—:-—C c— &, —|—+Hr:|+

| :
OH™ H DH H; DH OH

FronrEied eponide W eak nue Ea':mlle ghyeal

Base catalysed ring opening:

_%_%t/:-\b_p_ - G‘—(:j—%—DF{ _HOR Ho_r{:—%—o R+ 0OR"

epoxide nucelophile an alkoxide ion



CARBONYL COMPOUNDS

Carbonyl Compounds are the organic compounds containing carbon-oxygen double bond
(>C=0). >C=0 is the most important functional group of organic chemistry.

Carbonyl compounds in which carbonyl group is bonded to acarbon and hydrogen are
known as aldehydes.

Carbonyl compounds in which carbonyl group is bonded to carbon atoms are known as
ketons.

The carbonyl compounds in which carbonyl group is bonded to oxygen are known
as carboxylic acids, and their derivatives (e.g. esters, anhydrides)

Carbonyl compounds where carbon is attached to nitrogen are called amides.
Carbonyl compounds where carbon is attached to haligen are called acyl halides.
In short, carbonyl compounds can be divided into two major groups

e Aldehydes & Ketones
o Carboxylic Acid & Its derivatives
— Carbonyl compounds are molecules containing the carbonyl group, C=0.

These include:
Carboxylic acid derivatives:

i - Esters ﬁ
»  Aldehydes L o
0 i
I * Anhydrides )L c
+ Ketones H’C\n- y R™ 07 R
i
Note: two bonds to heteroatoms * Acid halides R™ X
0
i Amid g
o + Amides AN
»  Carboxylic acids R/Q\OH RN,

e Structure of Carbonyl Group

Carbonyl carbon is joined to three other atoms by s bonds; since these bonds utilize
sp® orbitals, they lie in a plane, and are 120° apart. The remaining p-orbitals of carbon
overlaps a p-orbital of oxygen to form a p bond; carbon and oxygen are thus joined by a
double bond. The part of the molecule immediately surrounding carbonyl carbon lies in a
plane.

The electrons of a carbonyl double bond hold together atoms of quite different
electronegativity and hence the electrons are not equally shared; in particular the polar p-
cloud is pulled strongly towards the more electronegative atom, oxygen.

I I I
n//‘:(i‘\u n,(;/\'»(:"\u n‘(f/\‘(:i\\m3 ”;(‘/\{\“\”

formaldehyde acetaldehyde acetone propene

CH,




The carbonyl group, C = O, governs the chemistry of aldehydes and ketones. It does this in
two ways: a) By providing a site for nucleophilic addition, and

Z
R'\\(

R/C =9

b) By increasing the acidity of hydrogen atoms attached to the alpha carbon.
. H

sp” sp°
R‘:*(|3—|(|:—Rr
H O

Physical properties of carbonyl compounds

. The boiling point of carbonyl compounds is higher than the alkanes with similar molecular
weight.
The boiling point increases with increasing number of carbon atom. This is because there are
more electrons, hence more temporary dipoles can be set up. More energy is required to
NG+ 5
C——0
overcome these forces. /
Besides temporary dipoles, permanent dipole-dipole forces are also present due to carbonyl
compounds being polar
Methanal and ethanal are gases at room temperature, while others are liquids Carbonyl

compounds are soluble in water. This is because they are able to form hydrogen bond with
water molecules.

Aldehydes and ketones are hydrogen bond acceptors; this makes them have
considerable solubilities in water.

O—

/O“‘-H~ H/ H Ketones such as acetone are good solvents
H oY because they dissolve both aqueous and organic
I compounds
R” >p Recall that acetone is a polar, aprotic solvent.

The solubility decreases with increasing number of carbon atoms. This is because the long
hydrocarbon chain disrupts the hydrogen bonding.

Preparation of Aldehyde and Ketone
Aldehydes, synthesis:

«  Oxidation of 1° alcohols

« Oxidation of methylaromatics

* Reduction of acid chlorides
Ketones, synthesis:

«  Oxidation of 2° alcohols

* Friedel-Crafts acylation

» Coupling of R,CuLi with acid chloride



1- Oxidation of alcohols

CrO./ pyridine o
RCH,——OH g Py R (
Cu / heat H
L @)
CrO4/ pyridine I
R,CH——OH —— = R—C—R
Cu / heat
o
K20r207 ]
CH3-CH2-OH — =} CH3"C-H + H20
Ethanol & Ethanal
Reduction of acid chloride
fhoo 0 H,/ Pd(BaSO,) RACH,-CHO
\CI

(e} (e}
LiAIH[O(CH;);];
Cl H

Ozonolysis of alkenes

A A 1o, A A
> < 2)Zn | H,O > o+ O:<
A A )Zn/ H, /-(\) A
HA,I .|-"CH3 03 H\ yd \ /CH3
CH /IC:C\CH » /C\ /C\
3 3 H;C 0—0 C(H;
Ozonide
0
(CHyS  H_ _CH |
— 50 0=C ., CH—S—CH
H;C CH
} 3 DMSO
Hydration of alkynes
H H
—o=c— 4 Ho-n  PS0HISO N/ .
/ \ [
OH H o}

an enol unstable carbonyl more stablt



OH 0

( | [
% CH,CH,CH,CH,C (|:H — CH,CH,CH,CH,C—CH,
i

1-Hexyne H 2-Hexanone
(78%)

CH;;CHQCHQCI‘IZc =CH

An enol
©2004 Thomson/Brooks Cole

Friedel Crafts acylation

(0]
a CHs
+ rR—X _AC
Cl

Oxo reaction - Hydroformylation reaction
CH;-CH=CH, . H, + CO -

CHO
75 % 25%

Gattermann-Koch reaction

CHO

AlCl
+ HC 4+ CO _

ot + H H-C=—0" == > H-Ct*=o0

+ HC=o0 —;Q/

Oxidation of an Alkyl Side of aromatic ring

H3COCO

=

_ococt

CHy
CrO3/ 10C H20 /H*
(CH3CO)20

From acid chloride and lithium dialkyl cuperate or R,Cd

(0]
. =78 C ||
R—C—Cl + RCuli ———~—~  » R—C—R,
ether
| 78C I
c—ocl  + (CHyCHpCuli — — 5 C——CH,-CH,

ether

o o
I o o 78C I
H,c—C——cl1  + (Ph)y e C——CH,

From nitrile and Grignard reagent or alkyl lithium

Mg
Ether H HO" ”
R—C=N + RMgX—» R—(—R ——» R—(—R
NLi 0
Ether H H,0 H

R—C=N + RLI ———  » R—C—R———» R—C—FR

CH;-CH,-CH,-CHO | CH;-CH-CHj



Aldehydes and ketones are moderately reactive as electrophiles (electron acceptors) among
the carboxylic acid derivatives.

acid chloride
acid anhydride
aldehyde
ketone

ester

carboxylic acid

amide
nitrile
least
carboxylate .
reactive

Reactions of Aldehydes and Ketones:
a) Aldol condensation
Aldehydes and ketones having alpha hydrogen atom:

@ ..

CH:CHO + OH ——= c

____-"
HC™
H

(Since it contains two functional
groups aldehydes and alcohol)

Aldol easily undergoes dehydration

| ot

HaC
2 chxcﬁ%CHx _H
H

e c s

T C
H,«“’ e g |

o
o, f~unsaturated aldehyde

b) Cannizzaro reaction:
Aldehydes and ketones having no alpha hydrogen atom:

o o

-OH OH
©)\H - ©/\ + ©)J\OH

When two carbonyl groups are present within a molecule, think of intramolecular reaction.
OH will attack more positively charged carbon. In this case, it is right >c=0 group.



R ,,(g/\ TR %

C—Cy % OH C—C—OH C—C—OH

;R VRS O
HE-CIE H O o~ Ma O 0

Sodium salt of Mandelic acid

¢) Formation of Keto Esters
Esters having a-hydrogen on treatment with a strong base e.g. C,HsONa. Undergo self
condensation to produce b-keto esters. This reaction is Claisen Condensation.

2CH,COOCH, — 52T | cH.CcOCH,CO0C:H;

. H

d) Reformatsky Reaction
This is the reaction of a-haloester, usually an a-bromoester with an aldehyde or ketone in the
presence of Zinc metal to produce b-hydroxyester.

OH
R,C—0 + BrCH,CO0CH; —%—» R—C—CH,CO0CH;
2 H,o"
R
e) Pinacol-pinacolone Rearrangement

The acid catalysed rearrangement of 1,2 diols (Vicinal diols) to aldehydes or ketones with the
elimination of water is known as pinacol pinacolone rearrangement.

CH; CH4 CH4 0O
- 4
H3C—(|3—T—CH3 — HSC—T—C
OH OH CHy ©H3
pinacal Pinacolone

(Methyl t-butylketone)
a) Wittig-Ylide Reaction
Aldehydes and Ketones react with phosphorus Ylides to yield alkenes and triphenyl
phosphine oxide. An Ylide is a neutral molecule having a negative carbon adjacent to a
positive hetero atom. Phosphorus ylides are also called phosphoranes.
Preparation of Ylides
R4
/

Ry
iGEHa}gpinHﬁp{H505}3;—HC\ X
o/ ( 3

Reaction of Ylide with >C=0



Ay - R
CQ +  (HCgP—C  —— (HsCe)P —ff’f 2
/
R

P=0 bond is stronger than
C = 0, that's why cleavage
oceurs like this.

R R
1\C S
PH:Cglz——0 + —
Rz/ %

d) Baeyer-Villiger Oxidation

R-C-H =5 ,R-C-OH

Above things happens in BVO (Bayer Villiger oxidation). Reagents are either per acetic
acid or perbenzoic acid or pertrifluoroacetic acid or permonosulphuric acid.
e) Addition of cyanide

0 CH, CH
CHE—(lzl-CH3+NaCN—”=&>CH3—c|—CN Hzoi;:zso4 CH3—|C—CO;_
L I
Acstone oysnchydran HO

—2— CH,=C-COH

Methylacrylic acid
{2-Methylpropenoic acid

f) Addition of bisulfite:

VRN
C=0 + N2HSO,
4 [
O~Na~ OH
NS e NS

/C'\ twansfer
S0,H S0,Na

g) Addition of derivative of ammonia

|
C+H:N-G— —(lj—NH—G €c=N—G+H2r::|

I
O OH U sed for identification




H:N-G Product
H;NOH Hyvdroxvlamine >C=N-0H Oxime
H;N-NH, Hydrazine =C=N-NH; Hvdrazone
H:N-NH-C¢H:= Phenvlhvdrazine =C=N-NHCzHs | Phenvlhvdrazone
H:N-NH-CO-
NH: =N-—
h Semicarbazide I:'}JI(-:ICE?NHw Semicarbazone
2.4-
NHNH: NH-MN=C._ dinitrophenylhydrazo
NO: 2. 4-Dinitrophenyl NC: ne (bright orange or
hvdrazine - vellow precipitate
- used foridentifving
NOz MO: aldehydes and
ketones

h) Addition of Alcohols; Acetal Formation

H

H

| . |
RI—C=0+2R0OH &= R*—(ll—OR+HZO

In H30", RCHO is regenerated because acetals undergo acid catalyzed cleavage much more
easily than do ethers. Since acetals are stable in neutral or basic media, they are used to

OR

An acetal [gem-diether)

protect the — CH = O group.

1) Addition of Water

) C=0+H0 +=— R\G/OH K- TATED
R " etone form R SN O [ketone][H]
Hydrats
(@ geminal dioly
i) Addition of Ammeonia:
OH
R\ C=0+NH . >~
= LR
H h C\NHz
Aldehy de ammonia
CHz~ _ CHs~ - OH CHa-__
C=0+NH:—, C B C=NH
H H N NH H-

Aldehyde ammonia
(unstable)

k) Tischenko reaction:
All aldehydes can be made to undergo the Cannizzaro reaction by treatment
with aluminium ethoxide. Under these conditions the acids and alcohols are combined as
the ester, and the reaction is then known as the Tischenko reaction; eg, acetaldehyde
gives ethyl acetate, and propionaldehyde gives propyl propionate.

Aldimine (very reactive)



CH:CHO + AIOEt)z —

ey + EiOH

Oxidation of Aldehydes and Ketones
a)

KKMno n urKZCrZDTa'H_

RCH=0/ArCH=0 s+ R — CO,H/ ArCO,H

b) Tollen’s Feagent

A specific oxidant for RCHO is [Ag(NH ; ), ]”

R- ﬁ —H + [Ag(NH ,),]" —— RCOOH
0
Tollen’s test chiefly used for the detection of aldehydes.
Tollen’s reagent doesnot attack carbon-carbon double bonds.
c) Strong Oxidants: Ketones resist mild oxidation, but with strong oxidants at high
temperature they undergo cleavage of C — C bonds on either sides of the carbonyl group.

{drastig

R —CHs — C = CH,R —2% _, RCO:H + R'CHzCO:H + RCH:CO:H + R'CO;
I

From cleavage of bond (a)

@]
d) Haloform Reaction
CH3COR are readily oxidised by NaOIl (NaOH + 1,) to iodoform, CHI3, and RCO;Na
Example:

C:H:—C —CH: + NaOH + . —— CzHECOE Na® + CHl;
” lodoform yellow;
QO mp 119°

o Reduction:



a) Reduction to alcohols
H, + Ptor Pd

I
——A=O—— ——> — C —QOH
LiAlH, or NaBH,; |
H

Aldehydes — 1° alcohols; Ketones — 2°alcohols

b) Reduction to hydrocarbons

Z£n{Hg). Conc. HCI .- | L Clemmensen reduction for compounds
" ('l-: H sensitive tn hase
=C =0 — H
MHzMHz, base . (|: —H Wolff-Kishner  reduction  for  compounds

| sancitive tn arids



Carboxylic Acids

Physical Properties:

The first three acids are colourless, pungent smelling liquids.

First four members are miscible in water due the intermolecular hydrogen bonding
whereas higher members are miscible in non — polar solvents like ether.

Benzene or ethanol but immiscible in water due to the increase in the size of lyophobic
alkyl chain.

The b.p. of carboxylic acids are higher than alcohols because carboxylic acids exist as
dimers due to the presence of intermolecular H-bonding

Increase in the number of Halogen atoms on a-position increases the acidity, eg.
CCI3COOH > CHCI,COOH > CICH,COOH > CH3COOH

Increase in the distance of Halogen from COOH decreases the acidity e.g
CH3— CH;— CH(CI) — COOH > CH3— CH(CI) — CH,— COOH > CH,; - CH;— CH, -
COOH

Increase in the electro negativity of halogen increases the acidity.
FCH,COOH > BrCH,COOH > ICH,COOH

Methods of Preparations of Carboxylic Acids
a. Oxidation of Aldehydes & Ketones

g.

f

[0]
R - CHO 1. AgO or Ag('NHa):} RCOH
2 H:0
AN
C = 0 Hebr07+ Ha50: ooy
[0] a
R
. Oxidation of Alkanes:
. 1. KMnOg4 OH" ,
= CHR > R'CO_H
RCH 2 Heal M0 RCO-H + 2

Hydrolysis of Nitriles (Cyanides)

R—C=N_Addvdolss , 2 COOH + NH;
H’, HOH

. Carbonation of Grignard Reagents

R - X + Mg Diethylether, pygx €92, pco mgx 22, rco,H

Diethyl ether *
y N H20

or Ar— Br+ Mg AngBr&} ArCQ,MgBr ———— ArCC;H

Koch Reaction:

Anolefin is heated with carbon monoxide and steam under pressure at 300-400° in the
presence of a catalyst, e.g. phosphoricacid.

CH;=CH;+CO+H;0 —*= CH;-CH;-COOH

steam 300-400°C

Heating Gem Dicarboxylic Acids:

/COOH /—I

A ) .

—_—

CHE\ o CHE\ Acetic acid
COOH COOH



Chemical Reactions of Carboxylic Acids

a. Salt formation:
2CH3;COOH + 2Na — 2CH3COO-Na" + H;
CH;COOH + NaOH — CH3COO-Na* + H,0
CH3COOH + NaHCO3; — CH3COO-Na" + H,0 + CO;

b. Conversion into Acid Chlorides:

0 0]
V.
O +socu—m_, @ +s0.ena
OH Cl

Benzoic acid Benzoyl chloride
/ 0] / 0]
3R —c< +PClL,—=, 3R -c< + HPO,
OH Cl
O 0]

heat

R-C < +PCs————5 R _c< + HCI + POCl»
OH cl

c. Conversion into Esters (Esterification)

0 0
.
R—C/<+ R'OHe== R—C< +H;0
OH OR
Acid

d. Conversion into Amides
o 0 o
R-C—OH+NH: — R(!':IONH4—J> R—(l.l':— NH; + H:0
e. Conversion into Anhydrides
2CH,COOH —5 (CH;CO);0 + H;0
f Reduction:

4R-COOH + 3LiAlH; —> 4H, + 2LiAlO; + (RCH,0)s AlLi —F2 , RCH,0H

Halogenation:
CH, - COOH —¥2 Cl - CH, - COOH —%2% 5 CI,CH - COOH —¥2-* - CI,CCOOH

ta



Esters

a) Transesterification :

O
|
CH,=CH-C - 0OCH; + CH:CH; = CH>~ CH, — OH L
Methyl acrylate n—t;ut;;l a’:ll:;:chml ?
(bp 81°C) (bp ) o {3
|
CH:OH+CH;=CH-C-0-CH2- CHz-CH2-CH3
Methanol n-butyl acrylate
{bp 65°C) (bp 145°C)

b) Hydrolysis:
0O o
4 o

R-C +HZOEH—" R-C + R'OH
OR’ OH

¢) Reduction:

CH s —(CH3)s — COOCH 3150:}?0'::&;:' >CH 1 (CH 5 );p CH ,OH + CH ,OH
Methyl laurate s Lauryl alcohol

CH, - (CH,),, -COOC,H, —28 ,_¥ ,CH, -(CH,),, —~CH, - OH
Ethyl palmitate 1-Hexadodecanol
Acid Chlorides:
a) Acetylation
CH3COCI+ HOH —> CH;COOH + HCl
CH:COCI + HOCzHs — CH:COOC;Hs + HCI

Acetyl chioride Ethyl acetate
CH:COCI + H:2NCeHs —— CaH:=NHCOCH: + HCI
Aniline Acetanilide
OH OCOCH;
@ + CH;COClI —p @
COOH COOH
Salicylic acid Acetyl Salicylic add
(Aspirin)
b) Reaction with Olefins:
CHa CH,

|
CH:-=C=CH,+ C"‘;;COC' ﬂ;—)CH3 —T— CHzCOCH:,L)

cl
CH; - C = CH - COCH, + HCI

2



c¢) Conversion of Acid Chlorides into Acid Derivatives:

COOH COCl COOCH~
F'CL. n— C_,H OH
heat Pyﬂl:lme
-
OzN NDn
3-5, Dinitrobenzoic acid 3.5 DII"IItrD_bEFIZD‘_-ﬂ n-propyl
chloride 3, 5 —dinitrobenzoate
O
O @ O
m e
Benzoy chlonde Phenaol Phenyl benzoate
O 0
RCOCI + R"COONa—— R -C -0 - C—-R"+ NaCl
Acid anhydride
Amides
a. Hydrolysis:
0 H H
4/ H+ %D Hz0 ?
R—C\ ——» R-Cx, & ——PR- (|3 OHz
NH:z NHz NH: T
. /°
rcoo™Mte NH; +R- c\
4/0 OH™ ?
R-C~ — PR-C-OH—*RCOO +NH:
AN |
NH; NH:2

b. Acidic Character of Amides:
2RCONH, + HgO — (RCONH),Hg + H,0
¢. Basic Character of Amides:



Amides are very feebly basic and form unstable salts with strong inorganic acids. e.g.
RCONH,HCI. The structure of these salts may be I or Il
+ +
/;/O -H %O
R-C CI or R-C “
NH:= NH-
| |
d. Reduction:
RCONH , + 4H —"2/&"00 ,p CH, -NH, +H,0

e. Reactionwith PhosphorusPentaoxide:

R-CONH2Z+P>;05;—R-CN
f. Reactionwith Nitrous Acid:
RCONH:; + HNO; — RCO-:H+ N> + H:0



ORGANIC COMPOUNDS CONTAINING

NITROGEN

Nitro and Cyno Compounds

Nitro alkanes are derivatives of alkanes. They are isomeric to nitrites (esters) classified as
primary, secondary and tertiary depending on the nature of carbon atom to which nitro group
is linked.

R R
N g
R R
Primary nitro alkane Secondary Nitro alkane Tertiary nitro alkane

—NO, group is an ambident group. If it attacks through nitrogen. It is called nitro and if it
attacks through oxygen atom, it is called nitrite. Hence nitrites and nitro compounds are
isomers.

Ambident nucleophiles:

Nucleophiles which can attack from two sites such as CN, NO; are called ambident
nucleophiles

Evidences show that nitrogen is attached to one of the oxygen atoms by a double bond and to
the other by a dative bond. The resonance hybrid is shown as under which confirms the
spectroscopic evidence that both nitrogen — oxygen bonds have same bond length.

{_
a O O
R—N7 R—N/ R—M
0 G _ @QQ
O
§
Resonating forms Hyrbid structure

Out of three hybrid orbitals of nitrogen one overlaps with alkyl group and two with oxygens
while the unhybridized p orbital of N — atom containing a pair of electrons and lying
perpendicular to the plane of hybrid orbitals overlaps sideway with half filled 2 p — orbitals of
two oxygen atoms. This forms =n-bond above and below the plane of molecule.
Preparation of Nitro Compounds

(i) From alkyl halides:

Alkyl halides react with silver nitrite in ethanolic solution to give nitro compounds. Alkyl
nitrite is formed in minor quantity. This reaction is used to prepare 1°nitro compounds
primarily while 2°and 3° halides give major proportion of alkenes due to B — elimination.
Contrary to this alkali nitrites give alkyl nitrites as major product. This is due to ionic nature
of alkali nitrite.

But if the reaction is carried out in solvents like DMF or DMSO, then even NaNO; or
KNO; give good yield (about 60%) of nitro compound.



Reactions:
R—I + AgNO,
CoHsl + AgNOZ

> RNO, + Agl
> C,HsNO; + Agl
Nitroethane

0
RI+KNO,——R-0-N=0 + R—N'///
Alkyl nitrite
{minor)
Nitroalkane

(i) Nitration:

Nitro derivatives of aromatic compounds like nitrobenzene are produced when benzene is
allowed to react with nitrating mixture.(conc. HNOs/conc.H,SO,).

NO
= R
| +HONO, —oeigos || + Hy0
L e
CHg CoHs C,Hg
N 0 N
| + HNO, —STeham, &
. L L
NO,
Mechanism:

Generation of nitronium ion
Attack of NO, on benzene molecule

H NO
| ot o I
+N O,
2 s

Resonance stabilized

X
1l

Loss of proton:



NO, NO2
R
/| +HS0; =2 2, 50,

Nitrobenzene

Direct nitration of alkane involves vapour phase nitration at high temperature.
R—H + HONO, >R — NO; + H,O

675 K low yield
Problem faced in the method is that at such high temperature, a mixture of nitro alkanes is
formed due to C — C cleavage.
e.g. CH3CH,CH3z + HNOs;
products
(iii) From amines:
3° nitroalkanes can be produced as follows:

> CH3;CH,CH;NO, + CH3CH>NO, + CH3NH», +  other

CHs CHjs
| |
CHs C NH, > CHj3 C NO; + 2H,0
| |
3° butylamine (83% yield)

Distinguish test between nitroalkanes and alkyl nitrites
1. Nitroalkane on reduction with H,/Ni produce 1° amines while alkyl nitrites produce
alcohols and NHg
CHaCHoNO, ! CH3CHoNH, + H,0
1° amine
CHyCH, — O — N = 0 ) CH,CH,0H, + NH3 + Hz0
Ethyl nitrite

2.Nitroalkanes do not get hydrolysed in basic conditions while nitrites produce alcohols
ONa
CH3N02 +MNaOH—— CH2:N —~ i H20

QO
CH; O - N =0 + NaOH ——> CH30H + NaNO,

Cyanides and Isocyanides

Both alkyl cyanides (RCN) and alkyl isocyanides (RNC) are organic derivatives of
‘C=N:

hydrocyanic acid HCN. Alkali cyanides are ionic and cyanide ion is ambident in

nature (can form covalent bond either from carbon or nitrogen).AgC = N is covalent, hence

lone pair on nitrogen is mainly available for covalent bond formation, resulting in

predominant formation of isocyanides.



0 O
_ 7N st %
R—C:N |||||||||||H H RN:CH H
MNo H - bonding is possible

Methods of preparation of Cyanides
1. Dehydration of Amides:
RCONH, —2%2 5H O +RCN

s00"C
P50g / Heat

RCN+H,0

High molecular weight acid amides are dehydrated to the corresponding cyanide by heat
alone.

CH3(CHa)s OCNH, 4™ CHy(CH,)s CN

2. From RX:

RX + KCN ——> RCN + KX

This method is satisfactory only if R is 1° or 2°group. If it is 3° group, then it is converted
into alkene.

CH3CH,CI + KCN — CH3CH,CN + KCI

3. By Grignard’s reagent and Cyanogen chloride reaction:

RMgCI + CICIN — RCN + MgCl,

This is best method for preparing 3° alkyl cyanides.

(CH3)3CMgCI + CICN — (CH3)s CCN + MgCl,

4. From Diazonium salt

® o
y Ny X _ = CN
| “CimmEr |
S N

Methods of Preparation of Isocyanides
1. By heating an alkyl iodide with AgCN in aqueous ethanolic solution
Rl + AgCN — RNC + Agl
CoHsl + AGgCN — C,HsNC + Agl
Ethylisocyanide
2. By carbylamine reaction
Heating a mixture of 1° amine and chloroform with ethanolic potassium hydroxide
RNH; + CHCI, + 4KOH > RNC + 3KCI + 3H,0



https://files.askiitians.com/cdn1/cms-content/common/www.askiitians.comonlineteststudymaterial_images1471_diazoniumsalt.jpg.jpg

NH,

NC
= S
+ CHCly + 3KOH —— + 3KCl+3H,0
e N

Mechanism proceeds via intermediate formation of dichloromethylene or, dichloro
carbene produced from chloroform in alkaline solution. (Via a-elimination)
CHCI; + KOH >KCI + H,0 +: CCl,

RNH, + CCl,—sRNH, CCl,——sRNHCCl, — & 5R_N=CC— sRN=C

Properties of Isocyanides
1. Alkyl isocyanides are poisonous, unpleasant smelling, with lower boiling points than
isomeric cyanides.
2. RNC are not very soluble in water, nitrogen atom not having a lone pair of electrons
available for hydrogen bonding.
Reactions:
1. Hydrolysis:
RNC + 2H;0 2" RNH, + HCOH
CHsNC + 2H;0 %* CH3NH, + HCOH
RNC are not hydrolysed by alkalis.
2. Reduction:
RNC 72" R NHCHS
2° amine
cHaNC 24 CHaNHCH;
Methyl isocyanide Dimethyl amine
3. Rearrangement:
When alkyl isocyanides are heated for a long time, they arrange to form cyanide
RNC — RCN
CH3CH;NC — CH3CH,CN

4. Reaction with non metals:

() RNC + X; > RNCX;
CH3NC + Cl, > CH3NCCl,
(i) RNC+S > RNCS
Alkyl isothiocyanates
CH3NC + S > CH3NCS
5. Oxidation:
with HgO:

RNC + HgO — RNCO + Hg
Akyl isocyanates
CH3NC + HgO — CH3NCO + Hg


https://files.askiitians.com/cdn1/cms-content/common/www.askiitians.comonlineteststudymaterial_images1727_ethanolicpotassiumhydroxide.jpg.jpg

Amines

Introduction

Amines are organic compounds that are structurally related to inorganic ammonia and are
basic in nature. They can be thought of as derivatives of ammonia in which one, two or all the
three hydrogen atoms have been replaced by alkyl or aryl groups. They are classified into
primary (1), secondary (2) or tertiary (3) amines, depending on whether nitrogen is joined to

one, two or three alkyl or aryl groups respectively.
Replace one )
Hatom © MMz Primary (1) amine

N Replace twao )
My T amoms’ ReMH  Secondary (29 amine

—;Replaceth eﬁaw Tertiary {3% amine

H atorns

Structure of amines: Trigonal Pyramidal

unshared

/el(‘('lron
pair

—CH,—

CH,

CH,

Pyramidal shape of trimethylamine

Physical properties

1. Physical state and smell :The lower aliphatic amines are colourless gases, while
those with four carbons or higher members are liquids.

2. Aromatic amines are generally very toxic; they are readily absorbed through the skin,
often with fatal results. Aromatic amines are very easily oxidized by air.

3. Boiling points : Like ammonia, amines are polar compounds and, except for tertiary
amines, can form intermolecular hydrogen bonds. As a result of this, amines have
higher boiling points than the non-polar compounds of similar molecular masses.

4. Solubility :Amines of all three classes are capable of forming hydrogen bonds with
water. amines of lower molecular masses (upto 6 carbon atoms) are soluble in water

due to hydrogen bonding. As the molecular mass increases, the solubility in water
H R
R—N—H--?—H-——r'rl—H—

H
decreases. | '



Basicity of Amines

1. Amines are stronger bases than alcohols, ethers, esters , etc.

It is because, nitrogen is less electronegative than oxygen, the lone pair is easily donated and
can better accommodate the positive charge of the ion.

2. Alkyl amines are stronger bases than ammonia This can be explained in terms of an
electron donating inductive effect of the alkyl groups. Alkyl groups, by their electron
donating effect, increase the electron density of nitrogen and hence, make the lone pair of
nitrogen more easily available to be given to acids.

3. Aryl amines are weaker bases than ammonia: This can be explained in terms of the
electron withdrawing resonance and inductive effect of the aryl groups, which decrease the
electron density of nitrogen and hence, make the lone pair of nitrogen less available to be
given to acids.

a) Aliphatic Amine:
Basic Strength: NHs; < RNH; < RoNH < R3N,

b) Aromatic Amine:
Basic Strength: NH3; > Ar- NH, > Ar,- NH

Benzene ring decreases the electron density over N atom due to resonance effect.

:NH2 VH> eHj PJ'H:
& &
4—p 4+—p +—P
&
(a) (b) (c) (dy

. Preparation of Amines
a) From Alkyl halides:

Rx —NH: , RNH, —RX L RNH —RX , R.NH —RX, R, NHX

") 2°) 3%) 4")

b) From Nitro Compounds:

o "
Redyctiog O/N
CHa

CH3 CHE
Sn, HCI ok +SnO
Q= Q0= O~
NO; N ; SI'IC|§- NH;

p-Nitrotoluene p-Toluidine



c¢) From Nitriles :

N HzMNH 2
LI.I':".H-L*.;

d) Hofmann Bromamide or Hofmann degradation:

RCONH; + Br; + 4KOH — RNH;+ K;COs + 2KBr

e) From carbonyl compounds (Reductive Amination)
CH,CH =0 +NH, —— CHCH=NH —:MN, ol cH,
(animine) (anami

f) Curtius reaction:

O 0
I | & =
R-C-Cl + Mahs S R-C-N-MN=MN
Acid chlorides Sodium Acyl azides
azides
A
COZ L RNH: 2% R _N=C=0+N:
H20 lsocynate

g) Schmidt reaction :

RCO.H +HN, —=20¢ #2509 ,pNH, + CO,

g) Schmidt reaction :
RCO_H +HN,—=20 250 spNH. +CO,
h) Reduction of Alkyl isocyanide:

RNC + 4[H] — R - NH — CH;

i) Preparation of tertiary amine:

3RX +NH; (In excess) Ethanalic selution , RN + 2HX

j) Gabriel's phthalimide synthesis: Gabriel's phthalimide synthesis is used to prepare
pure primary aliphatic amines and thus provides an indirect method of carrying on the
transformation of RX to RNH,, without the formation of secondary or tertiary amines as by
products. In this method, phthalimide is first converted into potassium phthalimide (a salt) by
a reaction with KOH (or NaOH). Then, potassium phthalimide gives N-alkyl-phthalimide on
treatment with alkyl halide, which gives a primary amine on hydrolysis with hydrochloric
acid.



8] o .
Phthalimide Potassium M-alkyl phthalimide
phthalimide .
ﬁleO,.-’H
COOH + R—MH
O — NHz
Prirmnary
T N CO0H arnine
Phthalic
acid

Chemical Reactions

a) Acylation:

RNH; + R'COCl— R'CO NHR an N-substituted amide
RoNH + R'COCI — R'CO.NR; an N,N disubstituted amide

b) Benzoylation (Schotten Baumann Reaction)

Primary amine reacts with benzoyl chloride to give the acylated product

¢) Carbylamine Reaction (Given Only by Primary Amines):
C,HsNH, + CHCI3 + 3KOH — C,HsNC + 3KCI + 3H,0
CeHs NH, + CHCI; + 3KOH — CgHsNC + 3KClI + 3H,0

d) Action with Aldehyde and Ketone:
CEHENHE + GHgCHD—} CEHEN = CHCHg + HzD
Ethylamine Acetaldehyde Ethylidene ethylamine

(5chiff's base)

e) Hofmann Mustard Oil Reaction:
XNHC;_HE.
CoHsNH2 + 5=C=85_5 5=
SH
HgCl»

CoHeN = C = 5 + HQS + 2HC
Ethylisothiocyanate

f) Reaction with Carbonyl Chloride: C;Hs — NH, + COCI, — C;HsNCO + 2HCI

g) Hofmann Elimination: When a quaternary ammonium hydroxide is heated strongly
(125° or higher) it decomposes to yield water, a tertiary amine and an alkene



CH, CHa

® =
CHg—N —CHE—CHE—CHE, DH—&:’ CHE,—N"' CHg: CH-CH;-;"‘H;O

CH, CH2

h) The diazonium salts of amines:

RNHy/Ar-NH; —HONO_, pny+ct
HCIOC

@ _ =
CHaCH2CHN: O — 5CH:CHLH: P CHEH CH:  hae
0 >CH—OH
H:C

CH:CH.CH.OH 0
CHaCHzCH20l «~—C— L or  HC >:

CHiCH=CH, «—H— . e
—=—— CH.CH=CH.

H—CI

3CIm

4

CuCN

—_—
6”/ N‘ |
H,0
NaNO,, g“g” ©/
NaHCO. ! S
Ho /' oo \HBF: Br
0, F

1) Reaction of Tertiary amines with Nitrous acid: When a tertiary aliphatic amine
is mixed with nitrous acid, an equilibrium is established among the tertiary amine, its salt,
and an N-Nitrosoammonium compound.

— +
2R,N + HX + NaNO, == R,NH X + R,N —N = OX

Amine  MN-Nitrosoammonium

Tertiary aliphatic salt compound

amine

Ha H.C
(:\ll a \ll (1
N + HCI+NaNGE—8—C—> N N=0
d H-O C/
HLC H4

p-MNitroso-N, N—dimethyl
aniline

j) Coupling Reactions of Arene Diazonium Salts:



i 0°c _
H:0

Benzene diazonium Phenol p (Phenylazo) phenol
chioride (Orange solid)
3 — CO Ma*
MNICIm+ CH3 - —(CH.),
N-M-Dimethyaniline N-N dimethyl-p (phenylazo) aniline
(vellowsolid)

k) Ring Substitution in Aromatic Amines:

NH> NHCOCH. NHCOCH2

@CHaCOCI HO,HY
H~804

.-_' .=

I) Aniline -X rearrangement:

R'—MN—X NHR' NHR'
x
ﬂmd + -
ar Base
Major

Such compounds are not much stable so the group X migrates mainly at p-position.
1. Fisher-Hepp rearrangement

R—N—NO NHR'

@ @ + 0 - Isomer

Majﬂr prﬂdu::t}

2. Phenylhydroxylamine - p-aminophenol rearrangement.

Separation of a Mixture of Amines:
a) Hinsberg’s Method

Primary amine:
RNH; + CgH5SO,Cl %® CsHs— SO, — NH — R + HCI



CeHs— SO, — NH — R : N-alkyl benzene sulfonamides
Dissolves in NaOH due to acidic H-attached to Nitrogen)

Secondary amine

/"IR
RzNH + CeHsS0:201 —— CE.HE.—S'DE—N\ + HCI
(Insoluble is NaOH) "R

Tertiary amine :
Tertiary amines do not react with Hinsberg’s reagent.

a) Hofmann’s Method:

The mixture of amines is treated with diethyloxalate, which forms a solid oxamide with
primary amine, a liquid oxime ester with secondary amine. The tertiary amine does not react.

COQOC:H: + 2RNHz —— CONHR + 2C-H:0H

COOC;Hs CONHR
diethyloxalate dialkyloxamide
(solid)

COOC:Hs + RzMH —— CONR: + C;H:OH

CO0OCsHs CO0OC-Hs
Oxamic ester
(liquid)

Test for Amines

Carbylamine test: This test is used to identify primary amines (aliphatic as well as
aromatic). In this test, the compound is warmed with chloroform in the presence of an
alcoholic solution of potassium hydroxide. The primary amines give offensive-smelling

RMH; + CHCl; + 3KOH — _, R __ N+E C:+ 3KCI + H:O
an isocyanide

. . foul [li
isocyanides. (foul smelling)

Secondary amine is converted into nitrosoamine by treating the amine with nitrous acid.
The resultant solutions warmed with phenol and concentrated H,SO,, a brown or red colour
is formed at first soon it changes to blue and then to green. The colour changes to red on
dilution and further changes to greenish blue on treating with alkali.

Tertiary arylamines react with nitrous acid to form o-nitroso aromatic compound.

*Material has been taken from various sources for the purpose of class room teaching.



