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ALCOHOL

2.2
221

222

INTRODUCTION
Their general formulaisC H,,,,OH or C H,.,,0.
These areof following types, depending upon the no. of OH groups.
0] Monohydricacohol:-
Containsone—OH group only, eg.C,H-OH

(D) Dihydricacohal :-

Containstwo—OH groups. eg. glycol
(i) Trihydricacohol:-

Containsthree—OH groups eg. glycerol

(v)  Polyhydricacohol :-
Containsmorethan three- OH groups. eg, sorbitol, manitol.

METHODSOF PREPARATION
FromAlkyl halides:-
Alkyl halidesreactswith ag. KOH/ag. AQOH or H,O and formsalcohal.

R-CH,-X + K-OH (aq.) —» R-CH,OH +KX
R R
|

R-CH-X +AgOH (a0) — R—cH-oH FAGX

-X+H-OH — R-C-OH 4+ HX

Py
|
I—0O—3
I—0O—X3

FromAlkenes:
Hydration —Alkenesarecatayticaly hydrated by diluteminera acid solution.

_ dil H,S0,
CH, = CH5+H,0 —*"22+— CH,CH,OH
R- CH=CH,+H,0 —""%%: R-CH-CH,

I
OH

Oxymer curation—demercuration :
Alkenesreact with mercuric acetate in the presence of water to give hydroxymercurial compounds,
which onreductionyield acohols. (Markovnikov addition)

>C&=C<+H,0 + Hg(OA), _¢_('|;_ NaBH, &L
OH Hg O Ac (IDH Ill
Mercuric acetate Alcohol
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2.2.3 Hydraoboration—Oxidation :
(Anti-Markownikov orientation)

1
= = c—C
>C=C<+ 3 (BHy), — B[ > ‘<

H
Alkene  Diborane Tri alkyl borane
BTN S S B(OH),
OH | |
H OH

2.3 By Reduction of Carbonyl compounds:-
LiAIH4/Na+CZH OH

R-C-H+2H 5 R-CH,OH
Il
O
1° alcohol
LiAIH /Na+C_H_OH
R—ﬁ—R’“ZH 2R H-R
I
o OH
2° alcohol
Note :
0] We cannot obtain 3° alcohol from this method
(ii) If we use NaH asreductant then the processiscalled as'Dar zen'spr ocess.

24  ByReduction of Acid & itsderivatives:
R-C-OH +4H A% , RCH,OH
I
o)

R-C-X +4H A% , R CH,OH +HX
I
O

R-C-OR'+4H —*", RCH,OH + ROH
|
O
RCOOCOR +8H 2%, 2 RCH,0H + H,0
Important Note:- Acidamide doesnot form alcohol on reduction. It formsprimary amine.

25 FromGrignardreagent:
251 With oxygen: -
Grignard reagent formsal cohol of sameno. of carbon atomsasin Grignard reagent.
2R-Mg-X +0, ﬁ 2R-O-Mg-X — 210, 2ROH + 2 Mg(X)OH
2¥3
2.5.2With ethyleneoxide:
&+ &+
R—¢-Mg*—X + GHy~CH, —— R-CH,~CH,-O-Mg-X — 22, R-CH,~CH,OH+Mg(X)OH
\ o/ [Alcohol with two carbon more
o— than Grignard reagent ]
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253

2.6

Note :

With carbonyl compounds:

o6— O+

Note :

M If R'=H, Product will be 1° alcohol.

(ii) If R'=R, Product will be 2° alcohol.

(iii) If carbonyl compound isketone, product will be 3° alcohol.

(iv) Itisthe best method for preparation of al cohol becausewe can prepare every type of alcohols.

From Primary amines:-

R-NH, + HNO, <, R-OH + N, + H,0.

But itisnot agood method for preparation of a cohol because anumber of byproductsareformedinthis
reaction likealkyl chloride, akyl nitrite, dkeneand ether.

Inthisreactionif wetakeethyl aminethen main product will beethanol whileif wetakemethyl amine,
then main product will bedimethyl ether.

PHY SICAL PROPERTIES

€) Alcoholsare colourlesswith specific smell liquid. They are solubleiswater dueto H-bonding.
Thesearepartiadly solublein organic solvents.

(b) They areliquidin nature up to 12-carbon.

C Médtingpoint and Boilingpoint oo molecular massoa. ———
() gpo gpo o o No.of branches

(d) Boiling point of alcoholsare higher than equiva ent ethers. It isdueto H-bonding.

(e Alcoholsare poisonousin nature al so. Poi sonous character increasewithincrement inmolecular
weight or branching. Ethanol isexception, which isnon-poisonousin nature. It ismost useful
organic solvent.

® Methanol causesblindness.
(o)) Isopropyl acohal iscalled asrubbing alcohol.

(h) Cholestrol isasoan example of complex acohol whichiscalled notoriousa cohol becauseit
causes heart attack.

0] Viscousnature of acohol isdirectly proportional to H-bonding or number of -OH groups. That
iswhywecan say acohol islessviscousthan glycerol & manitol ismoreviscousthan glycerol.
0) Ethanol isliquid whileglucoseissolid. Itisdueto more H-bonding in glucose.

CHEMICAL PROPERTIES

Chemical reactionsof alcoholsareclassifiedin thefollowing threetypes:-
@ Reaction of H atom of —OH group of Alcohols

(ii) Reaction of OH group of Alcohols

@iy  Generd reaction of Alcohols.

[ DPENSALCLASSES ALCOHOL & ETHER [4]

AIEEE DIVISION



4.1  Reaction of H atom of —-OH group of Alcohols:
These arethereactionsin which a cohol showsacidic character.

4.1.1 Reactionwith Na:
2R-O-H + Na —2R-0-Na+H,"
Theacidic order of alcoholsis
MeOH > 1°>2°> 3°

4.1.2 Eserification/Reaction with carboxylicacid:-

R_O—H + H—O—(|3|—R conc.H,SO, R—ﬁ—O—R + H,0
ester
Mechanism :
H,SO, — H* + HsO;
iy @ @
R—ﬁZ—O—H+ H+——>R—ﬁ—C|)—HT R-C-—*5R_0<C-R—F— R—ﬁ:—OR
h I )
0 0 H o » L 5

Note : Theabovereactionislaboratory method of ester preparation.
4.1.3 ReactionwithAcid derivatives:
R-O-H+ X-C-R —&%%4 , p_o_c~R #HX
! 4

Conc.HZSO4
R—O—H+R—ﬁ—0—ﬁ—R R-C-0O-R
I
) o) o]
414 Reactionwith Ketene:-
1 +CHy=C®
R-O-H 2= CH; -C-0O-R

| I
o7 0O
4.1.5 Reactionwith|socyanicAcid :-
5 &7 5"
R-O-H +H-N=¢ — sH-N=Cc-0-R — H-NH- ﬁ—O—R
| I
0O’ OH O
amino ester (urethane)
4.1.6 Reactionwith ethyleneoxide:
R—0Q% = H% + CH,CH, —— CHp-CH, e, CHa-CH
-H,0
0) OR OH OR OR
5
1,2-dialkoxy ethane
4.1.7 Reaction with Diazomethane:-

R-O-H + CH,N, — R-O-CHj
(ether)
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4.2

Reaction of — OH group of Alcohals:-

4.21 Reactionwithdry HX (Grove sProcess) :
R-OH+HX —— R-X+H,0
4.2.2 Reaction with PCl:
R-OH +PCl; —— R-Cl+POCl;+HCI
4.2.3 Reactionwith PCl; :
3R-OH + PCl; —— 3R-Cl+H,PO,
4.2.4 Reaction with SOCI, (Dar zen reaction): —

R-OH +SOCL, —"M" > R_C] +S0, + HCl

425 Reactionwith ammonia:

R . OH+ NH3 anhy.ZnClp

300°C

426 ReactionwithH NO3 :

R-OH + HNOg —— R-O-N

(conc.)

M echanism :-

RNH,, + H,0

//O

No
alkyl nitrate
(soluble ester)

+ H0

HNO; —— H™ + NO;

@

R-O-H+H* —— R-O-H=——> R®

I
H

)

y
R®+NO® < R-O-N”

4.2.7 Reactionwith'H,SO, :-

@

(i)

o)
|

n=

C,H;OH + H-0-

O_

O
akyl nitrate

0
350 |
~OH —2* C,Hs— 0-S-OH

roomtemp

I
o

stable upto (80-100°C)

CH3— CH2 — OH + stc)4 LoC)C:H3_CH2_ O —CHZ—CHS

(excess)

&
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M echanism :-

| |
H H

leo

+
Lt — _
CH~Ch--Chz-CHs =222 CHy-CH,

H
(protonated ether)

pr
CH, — CH, —O-CH, — CH,

(excess)

M echanism ;-

@ +
CH3-CH,~3-H +H*—— CH5-CH,— '(l)@_H o~ CHy— CH, —* CH, =CH,

H
Note :-

Intheabovereaction excessof ethanol ispresent so, intermediate carbocation satifiesitsaf by dimination.

43 Gener al reaction of Alcohols:-
4.3.1 Reduction:-

R-O-H +2 HI ]ZETC]FC’) R-H
Reacting speciesof solutionisHCrO, .

R0 H[oF CHs

acidic K,Cr,0,

|
(I'? | i E acidic KMnO, R—-C=0 ——— R_(l:
H 1

. |
oyt e, R-C=0 9 €O, + HyO + R-C-OH

|
O
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4.3.2 Catalytic Oxidation/Dehydrogenation :

T H
I
R-C-O Cu/ZnO =
] —>3000 R-C=0
H
1°alcohol aldehyde

R
| cuizno = R-C-R
oo e N

HH
secondary alcohol  ketone

R

|
R-C—OH % R—|C|I—R
tert. alcohol akene

(Note: — Thisisdehydration process.)

4.3.3 Oxidation through Fenton'sReagent :
Higher and branched alcohols are converted into diols through Fentons reagent.
(FeSO, + H,0,) isFenton'sreagent.

Fe"2+H,0, —— Fe3+oH+OH

CH, (|3H3
CH3—(|)—CH2—H +OH — CHs—Cli—CHz + H0
OH OH
CH? . C|H3 (|)H3 CH,4
CH3_|C_CH2 + CHz—<|3—CH3 ) P CH3—C|)—CH2—CH2—C|)—CH3
OH OH OH OH

2,5-dimethyl hexandiol-2,5
434 Sef Condensation:
When al cohal isheated with sodium ethoxidethen by salf condensation they convert into higher

acohol.
R
RCHy-CH,-OH + H-CH-CH,-OH — R—CHZ—CHZ—Cle—CHZ—OH
R higher acohol

Note: Theabovereactioniscaled as'Guerbet'sReaction'.

5.1  Preparation of methanol :
Methanol isaso called ascarbinol or wood spirit.
5.1.1 FromWater Gas:
[CO+H,] +H, —22:— CH,OH (90 %)

Zn0/Cro,
200-300°
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512 FromMethane: -
CH, givesmethanol on partial oxidationin Cutube.
CH,+ =0, —Cutbe_, CH.OH (90%)

2 200°C

5.1.3 ByPyroligneousAcid: -
anhy. CusO, + CH3OH —— CuSO, * 2CHZ0H
weget puremethanol on steam ditillation
or
wecanuseoxalic acid to separate water impurities.
O=C{O-H H}O-CHj;3 0=C-0O-CHjs

SN |

| +
0=C O—CHg 0=C-0-CHjy
oxdicacid methyl

methanol oxal ate(solid)
weget puremethanol ondkalinehydrolysis

0=CH0-CH; H+O-Na 0=C=0-Na
* — > 2CHOH+ |

|
0O=CHO-CH;  H{O-Na 0=C-O-Na

5.2  Preparation of Ethanol :
5.2.1 From Ethene:
By hydrationwithdil. H,SO,
CHZZCHZ + H = OH —)dil' 2S04 CH3_CH2_OH
5.2.1 Preparation of ethanol fromsugar: -

0] Molasses: - Waste product in sugar industry iscalled molasses. It isamixture of sugar
(30%) andinvert sugar (32-40%).
(i) Invert sugar : - Combine form of glucose and fructose is called as invert sugar.
east cell
CioHp0y1+ H,0— == CgH1206 + CH1206

invertase enzyme

glucose fructose

CgHy0g—r2teel_, CH.OH + CO,+H,0

6Zymase enzynie

Note: Glucoseandfructosearefunctiona isomers.
5.2.3 Preparation of ethanol from starch :
0] Starch solutionistechnicaly called'Mesh'
(ii) Crushed germinated barley solutioniscalled 'Malt'.
2(CgH1005),, + NH,0O __diastase . nC4,H,,044

starch maltose (wort)
CyoHppOyq +HO =2, 2CH 1,06
matase glucose

(monosaccharide)
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6.1

6.2

6.3

6.4

(iii) From both of themethods conc. of ethanol achieved is10-12% whichiscdled 'Wash'.
(iv) Didtillation of washisdonein specid apparatus'Coffedstill’, whichisbased on counter
current method. Fromthisdistillationyield of a cohol is90%, whichiscalled Raw spirit.
Raw spirit__Fractional distilation 95,596 C,H;OH +4.5%H,0O
(rectified spirit)
v) Further purificationisdoneinthefollowingways: -
95.5% C,H;OH + 4.5% H,OFractional distilation C.H + H,0O + C,H;OH + Remaining CgHg

(64°C) (78.5°C) +CH4CHO
(99.7%) (68°C)
(99.7%) (100%)
(99.7%)  white (100%)

DIFFERENCE BETWEEN PRIMARY,

SECONDARY & TERTIARYALCOHOLS

By Oxidation Reaction :-

Primary & cohol givesa dehyde on oxidation, secondary alcohol givesketone and tertiary a coholsare
resistant to oxidation.

By Catalytical Oxidation / Dehydrogenation :

Primary acohol givesa dehyde on oxidation, secondaryacohol givesketoneandtertiary al cohol gives
akene (dehydrationtakesplaceinthisconditionto tertiary acohols.)

LucasTest :-

A mixtureof (anhydrousZnCl, + Conc. H,S0,) iscalled as L ucas Reagent.

@)
(i)
(ii)

3°alcohol gives white ppt. with lucas reagent in 2-3 seconds only.
2° alcohol takes 9 - 10 minutes.
1° alcohol does not gives white ppt. at room temperature.

Victor Meyer Test : -
Thistestisalso known asRBW ( Red, Blue, White) test.

(8 R-CH,OHFUR S R CH,-I % R-CH,-NO, + HNO,
nitrate
R H R
>c;/ + O§N-OH —— >C=N—OH —NaoH _, red solution
NO3 N NO3
nitrolic acid
R\R ,NO;,
(b) . R, CH-OH —RetP , R, CH-I —%—> R’ “NO, NZO‘NaOH
nitrosoderivative NaOH (blueppt.)
Pseudonitrile
(0 Ry C-OH P, RC-I Ao, , Ry-C-NO, —"N°% , no, reaction.
[ DPENSALCLASSES ALCOHOL & ETHER [10]
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6.5 Difference between Methanol and Ethanol :

Methanol Ethanol
1. When CH5OH isheated on Cu cail it gives 1. Ethanol doesnot giveformdinlikesmell.
formdinlikesmdl.

2. When CH,;OH isheated withsdlicylicacidin 2. Nosuch odourisgiven by ethanol
H,SO, (conc.) thenmethyl sdicylateis
formed which hasodour likewinter green ail

It doesnot give haloform or lodoform test. 3. Itgiveshdoformtest. /

oo
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ALCOHOL

GMP
H0 (1)
(1) Alkene —2=
@ RX ag. NaOH or ag. KOH (2)
or ag. K,CO3; or moist Ag,0|
3)
@) R-0-R dil. H,S0,
4
(4) RCOOR i H,S0, @
~-RCOOH (5)
(5) 1°amine _HNO, ©)
Exception - (Methyl amine gives
CH,-O-CH, or ether)
7
(6) Aldehyde or ketone ﬂ) ()
Darzon reduction
(1° alc.) (2° alc.)
. Na/EtOH R-OH
(7) Acid or .
Bouveault-Blanc reduction
Acid derivative (8)
(8) HCHO orAld.or ketone %—)
(1°alc)  (2°alc) (3° alc.) ? (9)
(9 RMgX —22 (10)
H,0
CHZ—}:HZ (1)
(10) CH,MgBr L (12)
H;0 (13)
F tati
(11) Sugar ermentation (14)
(15)
(16)
(17)
(18)
Formation of EtOH by fermention -
(1) Cane sugarc—wg—am—» Molasses (19)
Sucrose
WS Invert stigar —2™° 5 EtOH  (20)
hydrolysis Fermentation
. Diastase (21)
(2) Grain— Starch T Maltose
Maltasel Glucose Zymase.
hydrolysis Fermentation
EtOH

HX or PX; or PXg

RX
or KI +H3;PO, or SOCI, or SO,Cl,
Red P/HI RH
| _NH; . 19 2° 3°amines

25 5 R . SH Thiol

ThO,

}- N2 . RONa

CH,MgX

+—>>- CH,

OR

R
aldR'-CHO \
>

)
~

dry HCI /C Acetal
H OR
¢ OR
Ketone R'COR' \ /
dry HCI / C\ Ketal
R’ OR
R'COZ

| RCOZ |, R'COOR ester (Z = OH,Cl, OCOCH,)

HS0, ROSO,0H (Alkyl hydrogen sulphate)

HNO,

———2—> RONO, (Alkyl nitrate)
PhS0.C , RSO,Ph (Alkyl benzene sulphonate)
CH=CH H,C - CH (OR), Acetal
CH,N,

——2— R - O - CH, Ether
O
N\
[ CH.2CH: , RO-CH,-CH,-OH
Alkoxyalkanol
[ CH,=C=0 , ROCOCH, Ester

Dehydration Alkene
>

Catalytic dehydrogenation
1° or 2° alcohol, Cu or ZnO, 300°C

Exception - 3° alc — Alkene

Aldehyde or ketone

O HCrO,
(orange)
O, HCrO,

3%alc W No reaction (No. green colour)

1°a|c.&AIdehyde 191 sacid (same no. of C-atom)

1°or 2°alc.— ————> Aldehyde or ketone + Cr*3 (green)

&
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ETHERS

Ethers are compounds of the general formulaR— O — R, Ar— O — R or Ar— O — Ar, where Ar is an
aromatic group. An ether issymmetrical if thetwo groupsattached to the oxygen atom arethe same, and itis
unsymmetricdl if thegroupsaredifferent.

CH,;CH,CH,CHCH,CH, CH,;CH,OCH,CH,CH,
1-Ethoxypropane
OCHj,

3-Methoxyhexane

PREPARATION::

1.

Dehydration of alchols

H,SO,
2R—O—H_A> R—O—R+H,0

A water moleculeislost for every pair of alcohol molecules. Dehydrationis|imited to the preparation of
symmetrical ethers, becauseacombination of two different lcoholsyieldsamixture of threeethers.

Alcoholscan also dehydrate to alkenes, but dehydration to ethersiscontrolled by the choice of reaction
conditions.
Exanple

140°C

C,H:OC,H: Diethyl ether
Conc. AR IR y

CH,CH,0H—-s5—

180°C
————> CH,=CH, Ethene

Ether formation by dehydration isan exampleof nucleophilic substitution: protonated a cohol isthe
substrate and the second mol ecul e of a cohol.isthe nucleophile.

Thereactionis SNl for 2° and 3° alcohols and SN2 for 1° alcohol.

C] (C)

R—OH+H R — OH,, (Protonated & cohol)

_ R'OH H

H—2O> R+ —> RO—R=——T=H+ + R—O—R’
@ S 1(3° & 2° @
o — 1 dcohals)

R — OH, H H

R'OH o+ o+

|
—> [R— 0 ---R----OH,] —m— R —0—R=——R —0O—R+H*
S\ 2(1° alcohols) ©)

Williamson synthes's

RONa'y o s

RX =

ArO-Nat
— > R-0Ar

YieldfromRX: CH,>1°>2°>3°
Thereactioninvolvesthenucleophic substitution of an alkoxide (or phenoxide) ionfor ahalideion. This
method can be used for preparing symmetrical aswell asasymmetrica ethers.

&
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(CH,), CH(OH) 2, (CH,),CHO Na* + CH,CH,CH,Br — 5 CH,(CH,),0 CH(CH,),

. NaOH
@—OH + CH,CH,Br ———" @— O CH,CH,

Ethoxybenzene

Thereaction givesthebest yield with 1° alkyl halides. With tertiary alkyl halides, elimination becomes an
important reaction and no ether isobtained.

CH, CH,

aq.NaOH |
CH —C[‘—Br + C,HOH——> CH,—C=CH,

CH,
Physical Properties

1. The C— O — C bond angle in ethers is not 180° and the dipole moments of the two C — O bonds do
not cancel each other. Hence, ethers possessasmall net dipole moment.

R

110° (;o
R net dipole moment
2. Theboiling point of ethers arethe same asthose of alkanes of comparable molecul ar weights. The
boiling pointsof a coholsare much higher than those of ethers, asethersareincapabl e of intermol ecular
hydrogen bonding.
3. Thesolubility of ethersin water iscomparableto that of alcohols, because ethers can form hydrogen

bondswith water molecules.

Chemical Properties
Ethersare unreactivecompounds. Theether linkageisquite stabletowards bases, oxidising, and reducing
agents.

1 Cleavage by acids

R—O—R +HX——> R— X +R'OH

Hxl

R —X

Reactivity of HX : HI >HBr>HCI.

[ [2aNEAL CLASSES ALCOHOL & ETHER [14]
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Cleavagetakesplace under vigorous conditions using concentrated acids and high temperature.
A diakyl etherinitidly yiddsan dkyl hdideand an a cohol; thea cohol may further react to form second
moleof akyl hdide.

48% HBr
CH; — CH — O — CH — CH;4 m 2CH,CHCH,
CH, CH, Br

Theinitia reaction between an ether and an acid resultsin the formation of aprotonated ether. The
cleavagetheninvolvesanucleophilic attack by ahaideion on this protonated ether with thedisplacement
of thewesakly basic a cohol molecule.

oo 1
R—0—R+HX ==R—(—R'+X —“s RX+ROH
3 S | HX
Protonated ether R'X

A primary akyl group tendsto undergo S, 2 displacement and atertiary alkyl group tendsto undergo

S, 1 displacement.
% CHyl + CH,CH,CH,OH
CH, — O — CH,CH,CH, ——
3 — Methoxy propane
Sces—> CHl + CH,CH,CH,|

CH,4

CH;—O0—C— CHs—%CHSOH + (CH,)<Cl

2 — Methoxy—2-methyl propane

Epoxides

Epoxides are compounds contai ning the three-membered ring.

— C — C — (Epoxideor oxiranering)
\O/

Epoxidesbe ongto aclassof compoundscalled cyclic ethers. Thethree-membered ring makes epoxides
an exceedingly important classof compounds.

N N 7
O O
1, 2 - Epoxybutane Epoxyethane

[ [2aNEAL CLASSES ALCOHOL & ETHER [19]
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PREPARATION
Epoxidesare commonly obtained by oxidation of alkenesby peroxy acids.

O
\_ / RcoH N/ \/
C=C ——> cC—~C
/ \ Peroxyacid /
Alkene Epoxide
Silver oxide can also oxidiseakenesto epoxides. Aninternd S 2 reactioninachlorohydrin can be used
to prepare three membered cyclic ethers.

OH~ e
Cl — CH, — CH — CHjy Cl —CHZ—CH—CH3L> CHZ—;H—CH3
1, 2 - Epoxypropane

Reactions :

Epoxideshavehighly strained three-membered ringsthat can undergo acid- or base-catalysed ring

cleavage.
1. Acid-catalysed cleavage

H
N /N ||
- (—=—=—(C—C— —>—C|—(|j—
| Z

—C
|

N
Z:
Z:=nudeophile

Atfirgt, theepoxideis protonated by an acid and the protonated epoxide can then undergo an attack by
nucleophilic reagents.

. |
ey g

|
—C—(C—
/ N\
O @0
H
o || |
_2_>C|?——H+> —C—T— 1,2, - diol
| | ® OH, OH OH OH
KT e, L L
& — | — | — BT R Alkoxy alcohol
H RO OH OR OH
H
x~, 1| _
(l;T Halohydrin
X OH
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2. Base-catalysed cleavage

|Z Z
Zi+—C —C— ——> _c_clj_ _— _Cl_c_
| Hz |
OH

Under dkalineconditions, an epoxideitsalf undergoesnucleophilic attack.

C,H:O Na*+CH, — CH,—/—> C,H;0 CH, CH, OH
2-Ethoxyethanol

NH;+CH, —CH; —— H,N — CH, CH, OH
\O / 2-Aminoethanol

3. Reaction with Grignard reagent

_ o+ H +
E\)\_—/ng +CH; —CH; ———> CH,— CH, — OMgX——> RCH, CH, OH

N O 7 Primary a cohol
R (Chain lengthened
by two carbon atoms)

@ MgBr + H,C — CH, ——> @ CH,CH,OMgBr
N/
o) 0

| [»
Phenyl magnesium Ethylene

bromide oxide
@ CH,CH,0OH

2-Phenylethanol

[ DPENSALCLASSES ALCOHOL & ETHER [17]
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EXERCISE-I

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

Q.7

Q.8

Which of thefollowingisproduced when an aqueous solution of butan-2-ol isrefluxed with diluteacidic

KMnO,?
(A) butanol (B) butanoic acid
(C) potassium butanoate (D) butanone

Which of thefollowing hasthelowest solubility in water?

CH,
(A) CH,CH,CH,CH,OH (B) CH;,—CHCH,OH
(C) HOH,C — CH,0OH (D) C;H,CH,CH,OH
Chlorinereactswith ethanol to give
(A) ethylchloride (B) chloroform (C) chlord (D) acetaldehyde
Ethanol isheated with concentrated H,SO,.. The product formedis
(A) CH,— C — 0 —C,Hq (B) C,Hg
(C) CH, (D) C,H,
Which of thefollowing hasthe highest boiling point?
(A) CH;— CH, — CH — CH,4 (B) CH, — CH,— CH, — CH,OH
OH
I

(C) CH; — CH — CH,0OH (D) CH;,— C— OH

CH, CH,
Lucastest isused to determinethetype of
(A)amines (B) dcohols (C) acids (D) phenals

Separation of ahigher phenol and an aromatic carboxylic acid can be easily carried out by
(A) NaOH (B) Na,CO, (©)lime (D) NaHCO,

Theether @—O—CHZ—@ whentreated with HI produces
(A) @_CHzl (B) @—CHZOH
o @ o ©)-on
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Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Thereaction between sodium ethoxide and bromoethaneyiel ds
(A) methyl ethyl ether (B) dimethyl ether
(C) diethyl ether (D) propane

The hydroboration oxidation of 2-methyl propene yields-
(A) 1° alcohol (B) 2° alcohol (C) 3° alcohol (D) None

Action of HNO,, on CH;NH,, gives-

(A) CH;OH (B) CH;—O—CH; (C) CH;—O—N=0 (D) B and C both
The akaine hydrolysis of estersis known as:

(A) Hydration (B) Edterification

(C) Dehydration (D) Saponification

Which of the following reactions of an alcohol does not involve O — Hbond breaking :
(A) Reaction with alkali metals (B) Reaction with anacyl chloride

(C) Reaction with sulphonyl chloride (D) Reaction with conc. sulphuric acid.

Replacement of -OH group in acohol by -Cl cannot be carried out with-
(A) PClg (B) SO,CI, (C) PCl,4 (D) SOCl,

A on treatment with Na gives B and with PCl gives C. B and C react together to give diethyl
ether. A, B and C are in the order-

(A) C,H:OH, C,H:LCI, C,H:ONa (B) C,H:OH, C,Hg, C,HLCI

(C) C,H;OH, C,H:ONa, C,HCI (D) C,HCl, C,Hg, C,HOH

A compound is soluble in concentrated H,SO,. It does not decolourise bromine in carbon tet-
rachloride but oxidised by chromic anhydride in ag. sulphuric acid within two seconds, turning
orange solution to blue green then opaque. The origina compound is-

(A) A primary acohol (B) A tertiary acohol

(C) An dkene (D) An ether

Which of the following acohols does not give ared colour in Victor Meyer test-
(A) Isobutyl acohal (B) Isoamyl acohol
(C) Diethyl carbinol (D) Phenylcarbinol

Water gas ismixture of -
(A) CO+ Hjintheratio1: 2 (B) CO, + Hyintheratio1: 1
(C) Stean + CO intheratio1: 1 (D) CO + CO, + Steam

Absolute alcohol contains-

(A) 40% H,0O (B) 10% H,O (C) 5% H,0 (D) 100% C,H;OH
Proof spirit contains about-

(A) 40% a cohol by weight (B) 50% a cohol by weight

(C) 25% alcohol by weight (D) 10% a cohol by weight
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Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

Reaction of acohol does not show cleavage of R-O linkage-
(A) ROH + PCl;  (B) ROH + SOCI, (C) ROH + HCl (D) ROH + Na

An organic compound dissolved in dry benzene, evolved hydrogen on treatment with sodium. It
IS
(A) A ketone (B) An aldehyde (C) A tertiary amine (D) An alcohol

Alkyl chlorideisformed when alcohoal is treated with HCI in presence of anhydrous ZnCl.,. The
order of reactivity with respect to alcohol is:
(A) 3*>2°>1° (B) 1°>2°>3° (C)22>1°>3° (D) 1° > 3°>2°

The increasing order of boiling points of 1°, 2°, 3° alcohol is -
(A) 1° > 2° > 3° (B) 3*>2°>1°
(C) 2°>1°>3° (D) None

Hydrogen bonding is possible in-
(A) Ethers (B) Hydrocarbons  (C) Alkanes (D) Alcohols

Consider thereaction: CH,CH,CH,OH AN K""'c; >B. Thecompound ‘B’ is

(A) propane (B) propene (C) propyne (D) propana

The solubility of lower alcoholsin water is dueto -

(A) Formation of hydrogen bond between a cohal and water molecules
(B) Hydrophobic nature of alcohol

(C) Increasesin boiling points

(D) None of these

A compound ‘A’ reacts with sodium metal and also undergoes iodoform reaction. ‘A’ is
(A) phenal (B) methanol (C) n-propanol (D) iso-propanol

Which of thefollowing ethersiscleaved even by HCI at room temperature?

(A) C;H,OCH,CH, (B) CH,CH,OCH,CH,
(C) (CH,),COCH,CH, (D) (CH,),COC(CH,),
Anhydride of acohol is-

(A) Ether (B) Aldehyde

(C) Alkanoic.anhydride (D) Alkoxides
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EXERCISE-II

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

Q.7

Q.8

Q.9

When CH,=CH-COOH is reduced with LiAlH,,, the compound obtained will be— [AIEEE-2003]

(A) CH;-CH,~CH,OH (C) CH;-CH,~CHO

(C) CH;—CH,—COOH (D) CH,=CH-CH,OH

Among thefollowing compoundswhich can bedehydrated very easily is- [AlEEE-2004]
(A) CH;CH,CH,CH,CH,OH (B) CH;CH, CH, CH,

(C) CH,CH, CH, (D) CH; CH, CH, CH,OH

For which of thefollowing parametersthestructura isomers C,H-OH and CH;OCH_ woul d be expected
to havethe samevaues? (Assumeideal behaviour) [AIEEE-2004]
(A) Hest of vaporization

(B) Vapour pressure at the sametemperature
(C) Bailing points
(D) Gaseousdensities at the sametemperature and pressure

A liquid was mixed with ethanol and adrop of concentrated H,SO, was added. A compound with
afruity smell was formed. The liquid was [AIEEE 2009]
(A) HCHO (B) CH;COCHj, (C) CH;COOH (D) CH,OH

When phenol istreated with brominewater inexcess, it gives

(A) m-bromophenol (B) o-and p-bromophenol

(C) 2, 4-dibromophenol (D) 2, 4, 6-tribromophenol

The compound that does not changethe orange colour of chromic acid to bluegreenis

(A) 2° alcohol (B) 1°alcohol (C) 3°alcohol (D) noneof theabove
HBr reactsthefastest with

(A) 2-methyl propan-2-ol (B) propan-1-ol

(C) propan-2-ol (D) 2-methyl propan-1-ol

A compound ‘X’ on oxidation gave ‘B’ and then again on oxidation gave an acid. After the first oxidation,
it reacted withammoniaca silver nitrateto produceablack precipitate. <X’ is
(A) aprimaryacohol (B) atertiary alcohol  (C) acetaldehyde (D) acetone

R—CH4;—CH,, OH can be converted into RCH,CH,COOH. The correct sequence of reagent is
(A) PBrg, KCN, H* (B) PBr;, KCN, H,
(C)KCN, H* (D) HCN, PBr,, H*

[ [2aNEAL CLASSES ALCOHOL & ETHER [21]
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Q.10 Thecharacteristic dark colour with neutral FeCl;isgiven by
@)

I

OH |
(A) @ (B) CH,CH, — C = CH — CH,
OH
(© (D) CH,CH,CH,OH
CH,
Q.11 Whichof thefollowing hasahigher pH?
(A) phenol (B) o-cresol (C) p-nitrophenol (D) glycerol
Q.12 Which of thefollowing alcoholsisastronger acid?
(A) CH,OH (B) CH; — CH,—OH
CH, lCHs
(C) CHOH (D) CH; —~C ~ OH
CH, CH,
Q.13 Thereaction of anisolewith HI leadsto theformation of
(A) phenol and methanol (B) phenol and methyl iodide
(C) iodobenzene and methanol (D) iodobenzeneand methyl iodide
Q.14 Methyl-tert-butyl ether on heating withHI gives
(A) CH,l + (CH,),COH (B) CH,OH + (CH,),CCl
(C) CH,l + (CH,).Cl (D) (CH,),CCl + CH,OH

Q.15 Whichof thefollowing compoundsisresistant to nucleophilic attack by hydroxyl ions?
(A) methyl acetate (B) acetonitrile (C) dimethyl ether (D) acetamide

Q.16 Diethyl ether absorbsoxygentoform
(A) ared-coloured sweet-smellingcompound  (B) acetic acid
(C) ether suboxide (D) ether peroxide

Q.17 Onbailing withconcentrated HBr, phenyl ethyl ether will yield
(A) phenol and ethyl bromide (B) bromobenzeneand ethanol
(C) phenal and ethane (D) bromobenzene

Q.18 Whichof thefollowing alcoholsisleast solublein water ?
(A) n-Butyl alcohol  (B) iso-Butyl alcohol (C) tert-Butyl alcohol (D) sec-Butyl alcohol

Q.19 2-Bromopentaneisheated with potassium ethoxidein ethanol. The major product obtained is-
(A) 2-ethoxypentane (B) pentene-1 (C) cis-pentene-2 (D) trans-pentene-2
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Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

Which of the following reactions of alkanols does not involve C — O bond breaking :
(A) CH,CH,0OH + SOCl, (B) CH,CH(OH)CH, + PBry,
(C) CH4CH,OH + CH,COOH (D) ROH + HX

Reactivity of alcoholswith HCl isin the order of :

(A) Tert butyl alcohol > sec. butyl alcohol > primary butyl alcohol
(B) Primary butyl alcohol > sec. butyl acohol > tert butyl alcohol
(C) Sec. butyl alcohol > tert butyl alcohol >primary butyl alcohol
(D) Sec. butyl alcohol > primary butyl acohol > tert butyl alcohol

Given:
Four Number of ~ Number of
Alcohols o—hydrogen  B-hydrogen
A 3 0
B 2 3
C 1 6
D 0 9
Which alcohol will give blue colour with Victor Meyer reagent :
(A) C (B)B (C) D (D) A
Non—occurence of the following reaction

Br + CH;0H — BrCH; + OH-, is due to:
(A) Attacking nucleophileisstronger one  (B) Leaving group is a strong base
(C) Alcohols are not good substrate (D) Hydroxide ions are weak bases

Ethyl alcohoal islessacidic than phenol because:

(A) The phenoxideionis more resonance stabilized than phenol
(B) Thereis more hydrogen bonding in phenol than in ethyl alcohol
(C) Theethoxideion islessresonancestabilized than ethyl al cohol
(D) Phenol has a higher b.p. than ethyl acohol

The compound obtained by the acidolysis of ether [dil. H,SO,] givesthefollowingtest :
(A) Yellow precipitate with NaOH'and |,

(B) Smell of formaline with hot copper wire

(C) Smell of oil of winter-greenwith salicylic acid and H,SO,

(D) Acid obtained by oxidation decolourisessKMnO,

2-Bromoethanol reactswith magnesium to from:

(A) HOCH,CH,MgBr (B) CH; — CH,OH

(C) CH,CH,MgBr (D) BrCH,—CH,MgBr

M ethylethylketone can be obtained by the oxidation of :

(A) 2-Butanal (B) 2-Propanol (C) 1-Butanal (D) Tert.butyl acohol
An alcohol (ROH) reactswith an acid toforminitially :

(A) RCH, -H, (B) R* (C) R-H, (D) An akene
will have the minimum value of pK_when X is:

(A) F (B) Cl (C) Br (D) NO,,

The oxidation of a secondary alkanol with Cr (V1) leads to the formation of :

(A) An akanone and Cr (1) (B) An aldehyde and Cr (111)

(C) An akanone and Cr (I11) (D) An adehyde and Cr (I1)
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ANSWER KEY
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CARBONYL COMPOUND

1. INTRODUCTION :
@ Organic compounds in which — C— group is present are called ‘Aldehyde & Ketone’.
[l
O
(b) The group —C- is called as carbonyl group so, compound are also called carbonyl
[l
@)

compounds. If H atom is attached with this carbonyl group then compound is called
aldehyde and if alkyl group is present on both sides then compound is called K etone.

(© In ketoneif both alkyl group are samethen they are called simpleketone, if different then
called mixed ketone.

(d) Their general formulais C,H,,O. Hybridisation state of carbon is sp? and C = O bond
lengthis 1.23 A°.

(e Theratio of C, H & O informaldehydeis1:2:.1(CH50). It is called simplest sugar.
) Aldehyde shows chain, position and functional isomerism.

() K etone shows chain, position, functional and metamerism also. Aldehyde and ketone both
arefunctional isomerswith each other.

2. GENERAL METHODS OF PREPARATION
21  FromAlcohol (By Oxidation) :—

i §
R—(|:—C|)+[O] Cr,0 /Pyridine SR_C=0

H H aldehyde
primary a cohol

} 1
R_(l:_cl)"'[o] Cr,0O5/ Pyridine S R_C=0

H-H ketone
secondary alcohol

NOTE :-
Inthisreactionif wetake acidic KMnQO, or K,Cr,O, then reaction will not stop on a dehyde or ketone
becausethey arestrong oxidising agent. They further oxidise aldehyde, ketoneinto acid. So, to stop the
reactionon adehyde& ketone, weusemild oxidant Cr,O- in pyridinesol ution. For better yield, wecan
use CrO4in 3° butyl alcohol. For 2° alcohol we can use aluminium tertiary butoxide [(CHg); COJ5 Al

R CH3 R\, CH3
CH-OH+ C=0 HEM, ), COL, A C=0+ CHOH
R e CH 3/ oppenauer oxidation - y CH 3/
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2.2 From Alcohol ( By Catalytical Oxidation ) : —

When vapours of aprimary alkanol (or secondary alkanol) are passed over heated copper (or zinc
oxide) at 300° then alkanals (or alkanones) are formed.

R - CH,0OH —“*- R - CHO + H,

CH _ OH Cu/300°
R' R'

C=0+H,

2.3  From Alkene (Ozonolysis) : —
Desired alkanalsand alkanones can be obtained by ozonolysis of appropriate akenes.

N 07
R-CH=CH-R _% yr_GH Y CH-R Z—”H’HOZO—> R~ CHO + R’CHO
1 | —H,0,
ot b
R ' RO 0,7 _R R '
\C C/R \C/V\C/ | P \C 0+0 C/R
= 0, | n/n, = + =
I o a 5
7 Or RSN ~

24  From Alkyne: —

Acetaldehydeisformed on passing acetylenein40% agueous sol ution of H,SO, at 60° in the presence
of 1% HgSO,,. Itiscaled Kucherov'sreagtion.

CH = CH + HOH —H9S0:/bH80. ,  CH =CH-OH — "> CHg4-CHO
R—_—C=C—-H+ HOH __Hgso,/dilH,S0, R'—C=CH2MEL> R-C—CH,
|

|
OH O
NOTE : Methanal cannot be formed from the above reaction.
25 From Grignard’s Reagent : —
Alkanal isformed by reaction of formic ester and an alkylmagnesium halide.

R R
50 8@

|
R« Mg-X +R=C-O-R" — 5 R-C-O-R' "0, R‘—|C:O

I |
@] O-Mg-X

K etones are obtained from acetic and higher esters. Acid chlorides and amides can betakenin place of
esters. However HCOCI cannot betaken becauseit isunstable.

R-MgX + C,H,O-CO-R’ - R-CO-R’ + C,H.O-MgX
R-MgX + CI-CO-R’ - R—-CO-R’ +MgXCl

R-MgX +H,N-CO-R’ - R-CO-R’ + Mg(NH,)X
NOTE : Formaldehyde cannot be formed from the above reaction.
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2.6  From Nitroalkane ( Nef reaction) : —
By Nef reaction, formal dehyde can be obtained from nitromethane, acetal dehyde from nitroethane
and acetone from 2—nitropropane.

H - -
| A L °
R—CjN<J —*s R-C=N ", R-C=0
| O _H* \O |
H H
aldehyde

2.7  FromVicinal Glycol (Oxidation) :—
Carbonyl compounds are obtained on oxidation of vicinal alkanediolsby periodic acid or lead

tetraacetate
R-CH-OH HIO4 or
R—(|3H—OH +[Q] T (CH3CO0), Pb 2R—CHO + HZO

T
R—-C—OH R

| HIO |
R—(|3—OH +[O] (CH3CO40c)):1 pp 2 2R-C=0 + H,0

R

28  From Calcium or Barium salt of Carboxylic acid : —
When calcium salts of alkanoic acids are subjected to dry distillation, then carbonyl compounds
areformed. Theyieldincreases on taking barium, manganese and thorium salts of alkanoic acids.
Formaldehydeisformed on taking calciumformate (R = H) and acetoneisformed on taking calcium
acetate (R = CH,).

@)
|
H-CHo. ol 1
j——— /Ca} W H—C—H+C&CO3
H+C-07 ! I
! = ©
O .
0
. I
CH,~ C :+ O |
~-=1_Cal —gre> CHy—C~CH,+CaCo,
CH,-Cc-0~ | I
P ! O
O ]
Acetaldehyde can beformed by taking amixture of calcium formate and cal cium acetate.
CII) Il
CH3_C_O\Ca+Ca/O_C_H A
CH,-C-0" ~NO-C-H o CH3CHO + HCHO + CH3;COCH; + CaCOs
I I
O O
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2.9  From CarboxylicAcid : — When vapours of carboxylic acid are passed on mangnese oxide MnO
at 300°C, then carbonyl compounds are formed.
Formaldehyde is prepared from formic acid (R = R’ = H), acetone from (R =R’ = CH,), and
acetaldehyde from a mixture of acetic acid (R” = CH,) and formic acid (R = H).

i
H-C-O-H
MnO
+ —c H—ﬁ—H+cofnyo
H-C-O-H
I O
0
i
CH,-C-O-H -
n
+ —ope~> CH;—C-CH,+CO,+H,0
Cm—ﬁ—O—H 1
O

210 FromAlkyne(Hydroboration):—
When adia kylboraneisreacted with an alkyne, then dialkylvinylbroane adduct isformed, which
on reacting akaline hydrogen peroxide sol ution forms acarbonyl compound. Alkanalsareformed
from terminal alkynes, and a kanones from nonterminal akynes.
1-Alkyne — Aldehyde
Other akynes——— Ketone

()  CHy—C=CH -2, (CHy;—CH=CH—)3B 292/%" ,|CH, CH=CHOH]

(i) CHy—C=C—CH, —®#, _%/% , [CH, C=CH—CH,

OH
A
2-Butanone
211 From Hydrolysis of oximes and acetals :-
Carbonyl compounds are formed from hydrolysis of oximesand acetals.

CHZ;CH=NOH/ &2, CH,CHO + NH,OH
Aceatddoxime

(CH5),C=NOH _H0 (CH3),C=0 + NH,OH
Acetone-oxime

Acetd

212 From Hydrolysisof gemdihalide:-
Carbonyl compounds are formed on heating alkylidene dihalideswith aqueous caustic alkali solution.

>CCl, —**- > C(OH), —*—>C=0
CHZCHCI, —NeoH , 0 , CH,-CHO
CHLCCl,CH,y — N0, 0 , (CH,),C=0
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3.2

3.3

METHODS OF PREPARATION ONLY FOR ALEDHYDES
Sephen’s Method : —
By dissolvingan akyl cyanidein ether and reacting it with stannous chloride and conc. hydrochloride,
aldimine chlorostannate salt is obtained. Alkanal isformed on hydrolysisof thissalt.
R-C=N —1% 5 R-C=N*HCI- =<2, [R—CH=I?IH2]ZSnCI 2-

HCI
Acid nitrile Aldimine chlorostannate

[R-CH=NH],SnClg + 2H,0 - 2R - CH=0+(NH,),SnCl,

Alkanal

Taking theexampleof acetonitirle (methyl cyanide) Stephen reaction can be shown expressed asfollows.

CHy —C=N+2H—S122 5 CH; - CH=NH—"°",CH, -CH=0

Acetonitrile Acetaldimine Acetaldehyde

Rosenmund Reaction :
Aldehydes are formed on reduction of a carboxylic acid chloride in boiling xylene medium by
hydrogen and palladised barium sul phate.

0
I I
R-C~Cl + H, —gag6,—> R—C—H.+ HCI

Aceta dehydeisformed on taking acetyl chloride (R = CH,). Formal dehyde cannot be prepared by
Rosenmund reaction, because HCOCI isnot astablecompound, BaSO, actsas acatalyst poison and
decreasesthe catalytic efficiency of Pd catalyst, dueto which further reduction of acetal dehydeformed
to primary acohol cannot take place.

Oxo-reaction :-

When amixture of an alkene, carbon monoxideand hydrgen is passed over cobalt catalyst at high
temperature and pressure, then alkanals areformed. Dicobalt octacarbonyl [Co,(CO),] can be used
asacatalyst in place of cobalt. Duetoaddition of hydrogen and formyl group on unsaturated carbon
atoms of alkene, thisreaction iscalled hydroformylation.

Co or

- CO» (CO), L
CHZ_CHZ + CO + H2 #—) CH2 CH2
CHO

temperature H
and pressure
Propanal

HO

CH,-CH=CH,+ CO+ H, ———> CH; —-CH, —CH, —CHO + CHS—IH—CHs
n—Butyraldehyde Isobutyraldehyde

METHODS OF PREPARATION ONLY FOR KETONES

From Alkyl Cyanide : —
Alkanonesareformed on hydrolysisafter reaction of an alkylmagnesium halidewith ethyl cyanide
or itshigher homol ogue.
R’
5+ o- o S+ |
R-C=N+R~< Mg-X—sR-C=N-MgX —H09 ,p_c_g
o}
Inthisreactionif wetake HCN with GR., product will be aldehyde but major product will be alkane
because HCN isan example of active H compound and with active hydrogen compound GR forms
akane.

&
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4.2  Dialkyl cadmium with acid chlorides:—
A ketoneand an akyl cadmium chlorideareformed on reacting adia kylcadmiumwith an acid chloride.

R-Cd-R +ClI-CO-R> —>R-CO-R’+R-Cd Cl
Diakylcadmium are obtained by thereaction of cadmium chloridewith aGrignard’s reagent.
2R-Mg Cl1+ CdCl, —> R-Cd-R +2MgCl,

4.3  Oppenaur Oxidation : Inorder to prepare d kanoneeasily, Oppenauer oxidation of secondary dkanols
isdone. Inthisprocess, asecondary akanolsisrefluxed with a uminum tert-butoxide inexcess amount
inacetone. Acetoneisreduced to isopropyl acohoal.

R-CHOH +CH; - CO (EH)sCOAL, R-CO+CH,-CHOH
i |

R CH, R CH,

METHODS OF PREPARATION :
Ex.1 Choosethe compound whose oxime on hydrolysisyieldsethanal —
(A) HCHO (B) CH,CHO
(C) CH4CH,0H (D) CH;COCH, (Ans.B)
Sol.  Oximeof ethanal on hydrolysisgives ethanal
CHZCH = NOH _*° , CH;CHO + NH,0H

Ex.2 Ondipping red hot coper wirein isobutyl alcohol, we get —

(A) An alkene (B) A ketone

(C) An adehyde (D) Nonedof the above (Ans.C)
Sol.  Isobutyl alcohol contains primary al coholic group -CH,OH which on oxidation convertsto-CHO

group

Ex.3 CH,COCI —22% A

[H]

The isomers of CH;COCI and A will be respectively —

(A) CH,CICHO, oxirane (B) Chloral, vinyl a cohol

(C) a-chloroethyl alcohol, epoxyethane (D) None of the above (Ans. A)
Sol.  a-chloroacetaldehyde and oxirane ethane are the isomers of CH;COCI and CH;CHO respec-

tively.

5. PHYSICAL PROPERTIES
@ Aldehydes are colourless with pungent smell liquid while ketones are pleasant smell liquids
but formal dehyde isgaseousin nature.
(b) Lower carbonyl compounds are soluble in water. It is due to polarity in carbonyl group.
(© Higher carbonyl compounds are insoluble in water due to more coval ent character.
(d) Melting point & Boiling point «Molecular mass

1
“ No. of branches

© Melting point and boiling point of carbonyl compounds are more than to corresponding
alkanes dueto dipol e-dipol e attraction present between mol ecul esin carbonyl compounds.
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) Reactivity of carbonyl compound isdependent on akyl group whichislinked with carbonyl
group.

3@ 3D ®
H-C<H>CH; >—C<xH> CH; > C<<H

5 b !
30 50 50

()] 40% solution of formaldehydeisknown as ‘FORMALIN’ (40% HCHO, 54-56% H,0,
4-6% methanol)

(h) Mixture of formaldehyde and lactose sugar is called ‘FORMAMINT’ which is used in
medicine of throat infection.

0] Boiling point of carbonyl compounds are as under -
Compound Boiling Point

1 Formal dehyde - 21°C

2. Acetaldehyde + 21°C

3. Acetone 56°C

6. CHEMICAL PROPERTIES:

Main reaction of carbonyl compounds are nucl eophilic addition reaction.

| | | i i
S N N I + I
RC|C|35®+55’® - Nu® — R_Ic® — > R_C® lessstable— R—(I.‘,—Nu NN R—CIZ—Nu
o Le o} OE
Ose o More Stable

Rate of nucleophilic addition reaction of carbnyl compounds decreasesin thefollowing order :
HCHO > CH,CHO > CH,COCH, > C.H--CHO

6.1  Reaction with Hydrogen Cyanide : —

Lo o ) S0
R—ICI: +H —>CN—>R_(I;_CN _H R—(IZ—CN
* N o OH

cyanohydrin

NOTE : —
€) If R = H then product will be formal dehyde cyanohydrin.

(b) Cyanohydrinisan important compound which givesthefollowing product on hydrolysisand
reduction.
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4H \._~OH

—>
) yd N CH;NH-
B-Amino alcohol
\C/OH Parial \C,OH
/ ~CN Hydrolysis / ~CONH-
Cvanohydrin o-Hydroxy amide
Complete ~N ~OH
Hydrolysis /C\ COOH
o.-Hydroxy acid

) SnCl;+ HC1 \._~,OH
C
(i) HOH ~ “MCHO

a-ITvdroxy aldehyde

4H CHG. \ P OH
u CNCHLNH,

-Amino-2-propanol

CHa CHw,_ ,OH | HOH CH» _OH
=0 —> —
H/ S HON g7 C\CN u /C\CONH:

2-Hydroxvpropanamide
Acetaldehvde  Acetaldchyde
cyanohydrin 2HOH CHxw _,OH
e
H /C\COOH

Lactic acid
(2-Hvdroxypropanoic acid)

sncl, + Hel CHay OH
>

~
HOMH 3y~ “CHO

2-Hydroxypropanal

Acetone cyanohydrinisformed on reacting acetonewith HCN.

CH;—CO—-CH; + H-CN —> CH;—C-CH;
Acetone HO/ \CN

Acetone cyanohvdrin

CH;—-C-CH;
N\
HO CN
Acetone cvanohvdrin
4H 2HOH

\l/ HOH

CH;“‘C‘"‘CH_@ CHJ_C”—CHv. CH1_C_CH3
AN 7N AN
HO CH-NH- HO CONH- HO COOH
I-Amino-2-methyl-2 S e S

HO-2MEtV2- ethylpropanamide  methylpropanoic acid

propanol
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6.2  Reaction with Sodium bisulphite:
Carbonyl compound form a white crystalline addition product with sodium bisulphite called
Aldehyde/ K etone sodium bisul phite adduct.

? ||_| HOH H H
5 &

R-C+H-SONa—» R-C-SONa ——nss— R- ¢ OH —o~ R- ¢=0

I I

H O—H OH aldehyde

white crystalline solid
NOTE : -
€) Bisulphite adduct isan important compound becauseit gives carbonyl compound on further

hydrolysis.
(b) Theabovereactionisused in purification of carbonyl compound.

6.3  Reaction with Ammoniaderivatives:
Addition of nitrogenous nucleophile on carbonyl group takes place according to the following

mechanism.
H H
—C + ‘I{I Z —> — C—lll Z
Sl b
Adduct

Theend product isformed by el imination of water from the adduct under appropriateenergy condition.

H
I

- c:;_ N—Z Tzo) C N-Z
OH
Intheabovetwo steps, it appearsthat an unsaturated condensation product isformed by liberation of
thewater moleculefrom carbonyl group and nitorogenous nucleohile.

—C O + H,N- ZH—> CNZ
_2

0] With Hydr oxylamine:

\C O + H,NOH —>\

/ o o C TN

Oxime

(i)  WithHydrzaine:

N C=0 + H:N-N]'I: a— > - C:NNH:
/ Ho© 7
Hydrazone

(i)  With Phenylhydrazine:

>C=NNHC «Hs

Phenvlhydruzone

\
o 3 H—>
,C=0 + HNNHCH: 5
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(iv)  With 2,4-Dinitrophenylhydrazine:

>CZO +H.N-NH ———> \C:N—NH

y /7
(_)-_)N _H‘-’(j ()"_:N

NO), NO)-
2 4-Dinitrophenylhvdrazone

(v) With Semicarbazide:

\C:O + H,NNHCONH-. —> \C:NNHCONH;-
/ H0 7

Semicarbazonie

On reacting a carbonyl compound with 2,4-dinitrophenylhydrazine, @ yellow precipitate of
2,4—dinitrophenylhydrazone derivative is obtained. White precipitate is obtained by the reaction with
hydroxylamine, hydrazine phenylhdrazineand semicarbazide. The pure parent carbonyl compound can
be obtained by hydrolysis of the abovefive derivatives.

\ R
,C=N-Z + HOH —> ,C=0 + H:N-Z

6.4  Reaction with Alcohal : Inthe presenceof catalyst (HgO-BEg) aldehyde form acetal with alcohol
whileketone from ketal with acohol.

H H H
N HgO.BF, | R'OH |
R-C%*+H—> O-R ——R —IC—OR’ — R —CII—OR’
o OH OR'
hemiacetal acetal
R R R
| 5+ 3- HgO.BE, I R'OH |
R—F5++H+ O-R —/——— R—Cli—OR’

R - CIJ -OR’
C&* OH OR’
hemi ketal ketal
6.5 Reaction with AlkaneThiol : Aldehydeformthio acetal with alkanethiol whileketoneform thio
ketal withakanethiol.
R 1. HaIS-R R S-R'
N Zncl,/dry HCI ~N_
H™ |~ H4s-R H—~s-R

_____ thio acetal / mercaptals

R LT H 3 -R R S-R
NCig+ H+8 Zncl,/dry HCI ~o~
— ] H JI'S_R' R/ \S_Rl

thio ketal / mercaptols

These areimportant compounds because they forms sulphonyl compounds on oxidation which are
used as hypnotic drugs.

R\C/SR [o] R\C/SOZ_ R
H— "SR’ H—""~~S0,-R'
sulphonal
R \C/SR' o] R ~ /Soz— R'
R— ~~SR' R— =SO,-R'
sulphone
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6.6 Aldol Condensation:

Inthepresence of smal amountsof hydroxideionstwo molecul esof the carbonyl compound containing
a—hydrogen atoms, give a p—hydroxy carbonyl compound. This reaction is normally called Aldol
condensation. Aldol condensation of twoidentica carbonyl compoundsiscaled smpleadol condenstaion.

Asasourceof hydroxideions, afew drops of very dilute agueous solution of K,CO,, Na,CO,, NaOH,
KOH, Ca(OH).,, Ba(OH), etc. are added.

TN owtonp

(Hr-( +(H CH=0 ——> CH:— C[ —CH-CH=0
O H OH
Acetaldehvde Acetaldol
(two moles)

A o.p—unsaturated aldehyde crotonaldehyde is formed by the elimination of a water molecule on heating
acetaldol (3-hydroxybutanal)

A
CH;— CH CH—CH—O —?——3’ CH;—CH= CH-CH=0
-H,O

Crotonaldehyde
OH H
Acetaldol (2-Butenal)
CH;H CH CH:H CH
(2 i Low i T
CH3—ﬁ + (I:H*CZO —a CHg—le —CH-C=0
0O H (] OH
Acetone Diacetonyl alcohol
(Two moles) (4-Hydroxy-4-methyl-2-pentanone)
C|:H3 (I:H3 A \ -H,O
CH;—C=CH-C=0
Mesityl oxide

(4-Methyl-3-penten-2-one)

Aldal condensation of twononidentical carbonyl compoundsiscaled mixed or crossed adol condensation.
Theoreticalyfour products can beformed from a dol condensation of the carbonyl compoundsA and B.

CH; — CHO+ CH, — CH, — CHO ———> CH,~CH-CH-CHO

Actaldehyde
4 OH CH,
3—Hydroxy-2-methylbutanal

CH,CH, — CHO + CH,CHO — > CH,CH,~CH-CH,CHO
Propionaldehyde Cl)H

3—Hydoxypentanal
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6.7  CannizaroReaction : Carbonyl compound inwhich o.—H atoms is absent, when react with strong
baselike NaOH or KOH then forms sodium and pottasium salt of carboxylic acid and alcohal. Itisan
exampleof thereactioninwhich onemoleof thecompoundsisreduced. Suchtypeof reactioniscalled
disproportionation reaction, al so known as cannizaro reaction. In thisreaction elimination of hydrideion
takesplace. In thisreaction oxidation number changesfrom0to+2 and 0to 2.

Compounds showing cannizaro reaction are -

€) 2H-C—H +NaOH —— H—ﬁ—O—Na+H—CH2—OH
o) o)

|
(b)  2CeHs-C-H + KOH —» CgHsCOO0PK® + CgHsCH,OH

CIIH3 ?Ha ?Ha
© 2CH3-c|:—ﬁ—H+K—OH—> CH3—(I3—(ILI‘—OK+CH3—?—CH2—OH
CH;0 CH; 0O CH,4

6.8  TischenkoReaction:
When an ddehydeisheated with an anhydrous a uminium akoxidein the presence of anhydrousAICl.,
then acarboxylic acid ester having twicethe number of carbonatomsisformed. All aldehydesgivethis

reaction.
H H
| AI(OR); |
R-C + O=C-R —— R—C-0-C-R
il i AlCI, I |
H O H

Aldehyde (Two moles) Ester (One mole)

H H
| Al(OC;Hs); |
CH;-C + O=C—CH; ———> CH;—C—0—C—-CH,
l | AlCl; [l |
0] H 0 H
Acetaldehyde Ethyl acetate
(Two moles) (One'mole)

6.9  Oxidation: Aldehydeon oxidation formsrespective acid whileketoneformsless carbon carboxylic
acid on oxidation according to popoff’s rule (As discussed in Alcohol theory)

R—ﬁ—H*‘[O] acidicKMnO, R—ﬁ—OH
0] O

R_IC;_CH3+ [O] acidicKMnO, R_(I:I_OH + C02+ Hzo
O o)

NOTE :
a oxidising agent Is selenium oxiae then, a—methylene group of carbonyl compoun
@ If oxidisi issdeni ide SeO, th hyl f carbonyl d

oxidisesinto— ICI)— group and resultant dicarbonyl compound will be formed.
O
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6.10

H—ﬁ—H+[O] —3¢%_, NO reaction
¢}
a - methylene group is absent.

H-CHy—c -H+[O0]—%, H-c —¢c —H
& 4

glyoxal
(dicarbonyl compound)

H-CH,- ¢ —CH3+[O]&> H-c -c - CHj

pyruvic aldehyde
(methyl glyoxal)

(b) If the oxidising agent is performic acid then al dehyde oxidises into respective acid while
ketone oxidisesinto ester. Thereactioniscalled ‘Baeyer-villiger Oxidation’.
Other peroxy acid also give same product.
eg. CH;COOOH, CgHCOOOH, MCPBA, CF;COOOH

H
I
H-c -H+ Cl)—O—ICII—H—>H— C — OH + HCOOH
b g s
H
I
CHy-C —H + clj ~-0~C.-H—— CH;— C —OH + HCOOH

5 wilo 8

Cl

***  MCPBA — meta chloro perbenzoic acid
CO,H

H
|

5 : 8
O

Reduction: Aldehyde on reductionform primary a cohol while ketone on reduction form secondary
acohoal.

R-¢-H + 2H—— > R-CH,-OH

R-¢-R + 2H——>R-cH -R
& o

secondary alcohol
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NOTE:
@

()

©
(d)

(€
®

@

Inthe abovereaction if reducing agentisNa+ C,H-;OH then reactioniscalled ‘Bouveault
- Blanc Reaction’.

If reducing agentisNaH reactioniscalled ‘Darzen’sReaction’. We can also use LiATH,
inthisreaction.

If reducing agent is (red P/ HI) then product will be alkane.

If reducing agent is Zn-Hg/conc. HCI then product will be alkane. Reactionis called
‘Clemmenson-Reduction’.

If reducing agent isakaline solution of hydrazine, product will be alkane. Reactioniscalled
* Wolf - kishner Reduction’.

The percentageyield of akane can beincreased by using diethyleneglycol inwolf kishner
reduction then reactioniscalled ‘Huang-Millan Conversion’:

If reducing agent isauminiumiso propoxide (CH, - CH — O-),Al , then product will be
I

CHj

alcohol. Reactioniscalled ‘M eerwein-Pondor ff Verley Reduction’.

6.11 Polymerisation Reactions: Aldehyde showsaddition aswel| ascondensation pol ymerisation reections
while ketone shows only condensation polymerisation reactions.

6.11.1 Addition Polymerisation reaction of Formaldehyde: —

(@)

(0)

©

When aqueous sol ution of formal dehydeisheated then it convertsinto awhite crystalline
solid called ‘Paraformaldehyde’.

n HCHO———=— (HCHO), .n > 6, n < 100

evaporation
paraformal dehyde
If n <50 Linear structure polymer
If n> 50 Cyclic structure polymer

If formaldehydeiskept with conc. H,SO, at room temperaturethenit formsacyclic trimer
called metaformaldehyde or trioxane.

3CH,0=0 —> (CH,-0),

CH. Metaformaldehyde
O/ -\O or
E | Trioxymethylene
H,C CH- or
~ - 1.3.5-Trnoxan
O or
sym-Trioxan

It agueous solution of formal dehydeiskept with [imewater in dark room for 5-6 daysthen
It convertsinto asweet solution called ‘FARMOSE

It isan example of linear polymer.

6HCHO Ca(OH), /Ba(OH), C6H1206

dark, 5-6days

farmose
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6.11.2 Condensation Polymerisation reaction of Formaldehyde:
(@ With Ammonia:—Whenforma dehydeisheated with NH then awhite crystalline heterocyclic
compound isformed called ‘Hexamethylene tetramine’ or urotropene’ or ‘Aminoform’.

6HCHO + 4NH; —2— (CH,)¢N, + 6H,0

N
7
CH, CH, “CH,

LT Urotropine
| ocih Clk P
™~

CH,
Itisusedin medicineor diabitiesor urinary infection.

(b) With Phenol : — In presence of dilute alkali formaldehydefirst form o- & p- hydroxy benzyl
a cohol with phenol which on self condensation form acrosslink polymer called ‘Bakelite’.

OH H OH OH

2 CHQ
R B
phenol formaldehyde
CH, H
cH, CH;
OH
bakelite

Bakeliteiselectric and thermal resistant. So, used in formation of el ectric appliances. Reactionis
cdled ‘L ederer-M anasse Reaction’.

6.11.3 Addition Polymerisation of Acetaldehyde:
(@ When acetal dehyde is kept with conc. H,SO, at room temperature then it form acyclic
trimer called paraal dehyde.
3CH,CHO —coninse;—~ (CH,CHO), (Paraldehyde)
Pard dehyde hashonaromatic heterocyclic sructureanditiscalled 2,4,6-trimethyl—1,3,5-trioxan.
o~ CH\o
(le CIH Paraldehydeor 2,4,6-trimethyl—1,3,5—trioxan
cul Yo7 cH,
Paraldehydeisused asmild hypnotic.

(b) If acetaldehyde is kept with highly conc. HCI at low temperature then it forms acyclic
tetramer called metaa dehyde.

4CH,CHO —~Ele% ., (CH,CHO),

[ DPENSALCLASSES CARBONYL COMPOUND [39]

AIEEE DIVISION



M etd dehyde hasthefoll owing nonaromatic e ght-memebred heterocyclic structure.

/CH3
O—CH
L 07N
T3
R N
_ CH,
/CH 0
CH,
NOTE : Metaldehydeis used as smokel ess powder and Paraal dehydeisused as asedative while meta

aldehydeisused asasolid fudl.

6.11.4 Condensation Polymerisation of Acetaldehyde: —
(@ Aldol condensation — Discussed earlier.
(b) Reaction with NH; :

H
CHay CHs ,OH |
C=0 + NH; ——> (& “H.,0 ’ CHS—C=NH
7/ /N 2
H H NH,
Acetaldehyde-ammonia

Aceta dimineisformed by theeimination of water mol eculeon hesting acetal dehyde-ammonia, which
undergoes polymerisation to form a nonaromatic. heterocylic addition trimer, namer 2,4,6—-
trimethylhexahydro-1,3,5—triazine trihydrate as the main product.

6.11.5 Condensation Polymerisation of Acetone:

@ If acetoneis heated with conc. H,SO, then an aromatic compound isformed called 1,3,5-
trimethyl benzene or mesitylene.

CH,
CH,COCHg <1204, AHZSO“

CH, CH,

Mesitylene

(b) If acetonewould bein excessin ketal condensation or catalyst (ZnCl, / dry HCI) is used
then three moles of acetone undergoes condensation polymerisation and form acompound

called ‘Phorone’.
T
CHy—-C£0 H~_ CH,
| I_CH —C=
I___t':l/ \C ZnCl, CH3 c CH\C=O
=T, 1
i Hw o dy. HOl ' CHy—C = CH-"
CH;-C=50 _LCH I
|H|___|;|_| CH,

[molecular wt. of phorone = 3 mole of acetone — 2 mole of H,O ]
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6.12 Reaction with PClg
Carbonyl compound form gemdihalide with PCl.,

R _-Cl
CtO + C:> < ~POCI, H/C\CI

gemdihdide

6.13 With RMgX :-

CH
CH,CHO _ cMger | o Hs\CHOH
3

6.14 With sodium acetylide:

CH,CHO + HC=CNa —» CH3—-CH-C =CH —"2°— CH, -CH-C=CH
|

|
ONa OH

6.15 Withprimary amine:—
CHZCH=0 + H,NCgH;

Schiff’s base

(CH),C=0 + H,NC¢H;

7. REACTIONS SHOWN BY ALDEHYDESONLY
7.1  Reducingnatureof Aldehyde: Aldehydearereducingin nature, they canreduceTollen’s reagent,

Fehling solution and mercuric chloride sol ution.

(@ Reaction with Tollen’sReagent : — Ammonical silver nitrate solutioniscalled Tollen’s
reagent. Aldehyde reducethetollen’s reagent and form silver mirror. Aldehyde oxidises itself
into carboxylic acid.

AgNO; + NH,OH ——— [Ag(NHj), ]-OH

(simplest reacting species)

R-C-H+AgGO < R-C-OH+Agl
O

NOTE : In the above reaction oxidation number of Ag varies from +1 to 0.
(b) Reaction with Fehling Solution : It isthe mixture of two solution called Fehling solution
A and Fehling solution B.
Fehling Solution A : Aqueous solution of CuSO, (blue)
Fehling Solution B : Alkaline solution of Roschellesalt ( sodium potassium tartarate)
(0]
[l
-C-C-0-K
Cc

O | O
—O—?—”—O—Na

H O
(C4H,OgNaK)
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By themixing of both solution we get adark blue colour solution called find fehling solution. Reacting
species of thissolution is cupric oxide CuO.

R-G-H+CuO ——R-C-0H + Cu0l
O

(red ppt.)

NOTE : Oxidation number of copper varies from +2 to +1

©

(d)

()

(@)

(0)

(©

Reaction with Mercuric Chloride solution : Aldehyde reactswith mercuric chloride so-
[ution and initially form white ppt. of mercurous chloride solution, which further react with
excess of aldehyde and form black ppt. of mercury.

R_ICI;_H + HgCl, + H,0 —— R—ICII—OH+HCI+H920I2 W)

o) O
(white)
R-G-H + Hg,Cl, + H,0 ——> R—(ﬁ—OH + HCI + Hg({)
0] O
(black)

Benedict solution :
[A—CuSO, soln, p-NaOH, Sodium citrate]
CH,;CHO + 2CuO — Cu,0 + CH;COOH

Schiff’s reagent :

Megentadye —=°2— Colourless solution %" _, pink colour restored

REACTIONS SHOWN BY KETONES ONLY

Reaction with NH,: If acetoneis heated with ammoniathen it forms diacetone amine.

s i
CHs— (¢ + NH; + H—(IJ—(I%—CH3 SN CH3—cI:—?-cﬁ~_CH3+Hzo
o) H O NH,H O

If acetone and ammoniawould be in excess then product would be tri acetone amine. If
tri acetone amineisheated a high temperature then it convertsinto ahetrocyclic compound
by the elimination of water.

Reaction with NitrousAcid :

Oximinoacetoneisformed by liberation of awater molecule on reacting acetonewith nitrous
acid.

oximino acetone
Bimolecular Reduction : —
Pinacol isformed on reduction of acetonein aninert medium (like benzene) by using magnesium
amal gam and hydrogen.

? "
CH,—-C-CH . CH3; -C-CH,
3 + 3 +2H M;J I-(I:g/:CI |
CHy -G - CHy 1y Cefs CHs = C = CHy
o) OH
pinacol
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CHEMICAL REACTION:

Ex.4

Sol.

Ex.5

Sol.

Ex.6

Sol.

Ex.7

Sol.
Ex.8

Sal.
Ex.9

Sol.

What would be the product when carbonyl compound reacts with HCN -

(A) Cyanohydrin (B) Hydroxy acid
(C) Hydroxy amide (D)Amino acohol (Ans.A)
H H ,I_|
R—C¥ + H* > N —— R—(::—CN LI R-¢-CN
<N o OH

(cyanohydrin)

What would be the product when acetaldehyde reacts with HCN and the product is partially

hydrolysed -
(A) Lactamide (B)Methyl glyconamide
(C) BothA & B (D) None (Ans.C)
CH3\ _ CH3\ /OH H,0 CH3\C/OH
H/C—O+HCN—> H-C~eN T e \ﬁ—NHz
O

lactamide or methyl glyconamide

Which carbonyl compound will be purified with sodium bisul phite -

(A) 2-Pentanone (B) 3-Hexanone

(C) 4-Heptanone (D) All'above (Ans.A)
Thereactionisusedin purification of all types of aldehydes and methyl ketones only because the
ketones having bulky alkyl group form unstableadduct.

Reaction involving formation of trioxane frommethanal iscalled:
(A) Aldol condensation (B) Addition polymerisation
(C) Condensation polymerisation (D) Cannizzaro’s reaction (Ans. B)

3CH,0O _dir50. , [CH,Q], trioxane[addition polymer]

>C — CN group is called —
|
OH
(A) Hydroxy nitrile _ (B) Hdroxy cyanide (C) Cyanohydrin (D) Hydroxy isocyanide
(Ans. C)
Carbonyl compound on addition with HCN gives acompound containing cyanohydrin group.

Butanone does not show any reaction with the reagent —

(A) ¢ — NHNH, (B) CHgNH,,

(C) [Ag (NHy) ] " (D) NH,OH (Ans. C)
Tollen’s reagent does not react with ketone.
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Methods of preparation

CARBONYL COMPOUNDS

Carbonyl Compounds

Alkenes Ozonolysis
dil. H,SO,
Alkynes
HgSO,
Gem-dihalides — 1Y drolysis
Alchols Cu
300°C
R-CH,-OH PCC
H°/K,
R—(le_R /K,Cr,0,
OH
R-COOH MnO
300°C
(RCOO),Ca 21 distillation
Esterangnafd reagent

Grignard reagent

Alkyl cyanide
Pd/BaSOy,

RCOCI
SnCl,/HCl

RCOCI
Hydrolysis

[Aldehydes, Ketones]

Chemical properties

HCN » RN C/OH
R-"~CN
NaHSO, R\ Ol
"~ R~ “SO;Na
H/H,0 - R\C/OH
~ R->NOH
H/ROH ' R\ -OR
" R N0R
H,N-Z
=2, Moz
(Ammonia R
derivatives)
®H
O > oH containing
carbonyl compounds
give Aldol reaction
@
OH
» Aldehydes without
o H give cannizaro
reaction
Zn—Hg
» Alkane
Conc. HCI
LIALH“ » Alcohol
H
Oxidation )
» Acids
RMgX
» Alcohols
Tischenko
- » Ester
reaction
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EXERCISE — 1

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

Q.7

Q.8

Q.9

Q.10

When propynereactswith 20% H,SO, & 1% HgSO, , we get-
(A) Acetddehyde (B) Propanddehyde  (C) Acetone (D) Formicacid

The product formed by thereaction of propynewith dil. H,SO, in the presence of Hg2* cannot be
prepared by thefollowing reaction-

(A) Dry distillation of calcium ethanoate

(B) By passing vapours of ethanoic acid over MnO at 300°C

(C) By ozonolysisof 2- Butene

(D) By akainehydrolysisof isopropylidenechloride

Except acetylene, other alkynesreact with H,Oto give-
(A)Aldehyde (B) CH;CHO (C) Ketones (D)Alkand.

When CH;Mgl reactswith CH;CN and the product is hydrolysed, we get-
(A) Propand (B) Acetone (C) Formadehyde (D) Acetddehyde

Ethylidene chloride (CH,CHCI.,,) on hydrolysiswith NaOH gives-
(A) CH5CHO (B) CH;COCH, (C) CH4CH(CH), (D) C,H;OH

When cal cium acetateis heated with cal cium formatethen, we get-
(A) Methanal (B)Acticacid (C)Acetaldehyde (D) Acetone

Thereaction -

Xylene

CH3COCI +H, m’ CH;CHO+ HClis

(A) Stephen'sreaction (B) Rosenmund reaction
(C) Hoffmannreaction (D) Cannizzaro'sreaction

Acetonewill be obtained by theozonolysis of -
(A) 1-Butene (B) 2-Butene (C) Isobutene (D) 2-Butyne

Whichfothefollowingforcesiscorrectly described about boiling point of Aldehydes & ketones-
(A) Hydrogen bond (B) Vander wall force
(C) Dipole-dipoleattraction (D) Noneof these

Thegenerd order of reactivity of carbonyl compoundsfor nucleophilic addition reactionsis-
(A)H,C=0>RCHO>ArCHO>R,C=0 >Ar,C=0

(B) ArCHO>Ar,C=0>RCHO>R,C=0>H,C=0
(C)Ar,C=0>R,C=0>ArCHO>RCHO>H,C=0
(D)H,C=0>R,C=0>Ar,C=0>RCHO >ArCHO
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Q.11 Reactionof ammoniaderivativewith carbonyl compound isan exampleof -
(A)Additionand Substitution (B) Subgtitutionand Elimination
(C)Additionand Elimination (D) Additionand intramolecul ar substitution

Q.12 Acetonegivestest with-
(A) 2,4Dinitro phenyl hydrazine (B) Fehling solution
(C) Schiff'sreagent (D)AI

Q.13 Aldol condensation between thefollowing compoundsfollowed by dehydration givesmethyl vinyl ketone-
(A) HCHO and CH,COCH,4 (B) HCHO and CH3;CHO
(C) Two moleculesof CH;,CHO (D) Two moleculesof CH;COCH,

Q.14 InCannizzaroreaction-
(A) Aldehydeisconverted into al cohol
(B) Alcohal isconvertedinto al dehyde
(C) Primary amineisconverted into isocyanide
(D) Acidisconvertedinto amine

Q.15 Whichismogt difficult to oxidise-
(A)HCHO (B) CH;CHO (C) CH,COCH4 (D) CH,CH,CHO

Q.16 Acetoneshowssimilarity with aceta dehydein reacting to-
(A) Schiff'sreagent  (B) Fehlingsolution  (C) Grignardreagent (D) Tollen'sreagent

Q.17 ForthereactionRCH = O+ 2[H] —» RCH,OH
thecatadys is-
(A) Nionly (B) Pd. only (C) Pt.only (D) Any of theabove

Q.18 Which of thefollowing combinationsgivet-butyl acohol when treated with Grignard reagent-
(A) CH3MgBr + CH;COCHg4 (B) C,H5;MgBr+ CH,COCH,
(C) CH3MgBr + (CH5),C. OH (D) CHgMgBr + CH,CH,CHO

Q.19 Theconversion CH;CH,CHO ———— CH,CH,CH,OH can not be affected by:
(A)NaBH, (B) Zn/HCl (C) H,/Ni (D) Na+ acohol

Q.20 Fehling'ssolution—Bis-
(A)NH,OH (B) Cu(OH), (C) CuO (D) Cu,0

Q.21 Thebestmethod for the conversion of ethanol to ethand is-
(A) By passing ethanol vapoursover Cuat 578 K
(B) By oxidationwith acidic potassum dichromate
(C) By oxidation with mangenese dioxide at 300°C
(D) By oxidationwithacidicKMnO,
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Q.22 (HCOO),Ca+ (CHLCO0),Ca— Y IHAN o »aAr_ Product A is-

(A) Propanone (B) Methand (C) Ethand (D) Oneof theabove

Q.23 Leastreactivetowardsnucleophilic additonis-
(A)CH,=0 (B) ccl, —lclz—(:zH5 (C) cH;-Cc-C,H; (D) CH; - (I:I -H
|

Q.24 Stephenreactionisthereactioninvolving:
(A) Reduction of dkanoyl chloridewith Pd/BaSO,,.
(B) Reduction of dkyl isocyanidewith sodium and a cohal.
(C) Reduction of alkyl cyanidewith SnCl,, and HCI and hydrolysing theintermediate aldimine.
(D) Reduction of carbonyl compound with zincamagam and HCI.

Q.25 HCHOwithconc. akali formstwo compounds. The changein oxidation number would be-
(A) (0to-2) in both the compounds
(B) (0to +2) in both the compounds
(C) (0to +2) in one compound and (0to—2) in the second compound
(D) All arecorrect

Q.26 For Cannizzaro'sreaction. Whichisnecessary-
(A) Presenceof o.—C (B) Absenceof o.—C
(C) Presenceof o.—H (D)Absenceof o.—H

Q.27 Aldehydesand ketones can be reduced to corresponding hydrocarbons by-
(A) Refluxingwith strong acids (B) Passing thevapoursover PbO,
(©) Refluxingwith zincamalgam (D) Refluxingwith strong base

Q.28 Whichof thefollowing can be used to differentiate between ethana and propanda -
(A) Ammonical AgNOg
(B) Ammonical AQNOgin presenceof tartrateions
(C) I, inpresence of base
(D) Ammonica AgNQ4 in presenceof citrateions

Q.29 Thereaction,
2RCHO __Areithoxide ' RCOOCH, Riscalled-

Ester
(A) Tishenkoreaction (B) Knoevangel reaction
(C) Cannizzaroreaction (D) HVZ reaction

Q.30 Which of thefollowing doesnot turn schiff'sreagent to pink-
(A) Formadehyde (B) Benzadehyde (C) Acetone (D) Acetaldehyde
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EXERCISE —I1

Q.1

Q.2

Q.3

Q.4

Q5

Q.6

Q.7

Q.8

Q.9

Q.10

Which one of the following is reduced with zinc and hydrochloric acid to give the corresponding

hydrocarbon? [AIEEE-2004]
(A) Ethyl acetate (B)Acseticacid (C) Acetamide (D) Butan-2-one

The best reagent to convert pent—3—en—2—ol into pent—3—en—2—one is - [AIEEE-2005]
(A)Acidicdichromate (B) Acidic permanganate

(C) Pyridinium chloro—chromate (D) Chromic anhydrideinglacia aceticacid
Theincreasing order of therate of HCN addition to compoundsA —D is - [AIEEE 2006]
(8 HCHO (b) CH;COCHg4 (c) PhACOCH,4 (d) PhCOCH,4

(A)d<b<c<a (B)d<c<b<a (C)c<d<b<a (D)a<b<c<d

Which of thefolowing on heating with aqueous KOH, produces aceta dehyde ? [AIEEE 2009]
(A) CH,COCI (B) CH4CH.CI (C) CH,CICH.CI (D) CH4CHCl,

An aldehydeisomeric with allyl acohol gives phenyl hydrazone. Pick out aketonethat too gives
aphenyl hydrazone contai ning the same percentage of nitrogen:

(A) Methyl ethyl ketone (B) Dimethyl ketone

(C) 2- Butanone (D) 2-Methyl propanone

Aldehydes and ketones form hydrocarbons by:

(A) The Clemmensen reduction (B) The Cannizzaro reaction

(C) The Rosenmund reduction (D) Aldol condensation
Acetaldehydeoxidises:

(A) Fehling'ssolution. (B) Ammoniacal AQNO5 solution
(C) NaOl. (D) None of these

CgHsCHO + CH,COCH4 YA CgHsCH(OH)CH,COCH;—— CgH;CH = CHCOCHg4 This
reaction isknown as:

(A) Aldol condensation (B) Crossaldol condensation

(C) The Claisen-Schmidt reaction (D) None of these

Acetaldehyde onwarming with fehling solution gives ared precipitate of :
(A) Elemental copper (B) Cuprous oxide
(C) Cupric oxide (D) Mixture of all of the above

Fehling solution is made by mixing two separate solutions. One of which isasolution of copper
sulphate only whilethe other contains:
(A) NaHCO4 (B) Na,COg4 (C) KNaC4H,Oq (D) KHCO,
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Q.11

Q.12

Q.13

Q.14

Q.15

Dry distillation of calcium formate and subsequent treatment with dilute K OH givesthe mixture of:
(A) CH;0H, HCOOK (B)CH;CHO, HCOOK
(C) HCHO, HCOOK (D) None of the above

The conversion CH;CHO —— OHC — CHO can be effected by:

(A) CrOg (B) SeO, (C) Br,/NaOH (D) KMnO,
Ammoniawithformaldehyde givesthe:

(A) Cyclic product (B) Linear product

(C) Addition product (D) Substitution product

Match list | with list Il and then select the correct answer from the codes given below the lists:
List | List 11

Zn/Hg

(1) RCOR" — > RCH,R’ (8) Meerwein-Ponndorf Verley reduction.

N,H
(2) /\/ CH 50?\]&1 NS (b) Clemmensen reduction

(3) R—C=0 +Aluminium R-CH-OH (c) Tischenko reaction iso propoxide
I
R R

(4) RCHO + Al(OC,Hg); _Heat [ Ester  (d) Wolff-Kishner reaction

Codes
1 2 3 4
A) b d Cc a
(B) d b a c
© b d a c
D) a c b d
Match List | with list Il andthen select the correct answer from the codes given below thelists:
List1 List Il
(1) CgHsCHO (a) Mesitylene
(2) CH;COCHO (b) Paraldehyde
(3) CH3;COCH}4 (c) lodoform reaction
(4) CH,CHO (d) Cannizzaro reaction
Codes
1 2 3 4
A) d c b a
B) ~d b c a
©)- a c b d
o) d c a b
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Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

(€]

CH;—CHO —- CH3CH(OH)CH,CHO In the aldol condensation of acetaldehyde
represented above, which of thefollowing intermediate species are obtained ?

0° ﬁ
®
(A) CH2=(|3—H (B) :CH,-C-H
0° o)
(C)cH, —c::— CH, — y)H (D) All above
H

Conversion of acetoneinto 2,3-dimethylbutane-2, 3-diol can be achieved by:
(A) Zn/Hg/HCI (B) Wolff-Kishner reduction
(C) Mg/Hg/H,0 (D) The conversionisnot possible.

Which of thefollowing statementsiswrong:

(A) All methyl ketones give apositiveiodoform test.

(B) Acetaldehyde isthe only aldehyde that givesiodoform test.

(C) All secondary alcoholsgive positiveiodoform test.

(D) Any alcohol that can be oxidised to an acetyl group gives a positive iodoform test.

Arrange[(CH4)5C],CO (1), [(CH3),CH],C=0 (11),(CH,),C=0 (I11) and CH;CHO (IV) in order
of reactivity towards nucleophilic attack:

AYT>1>1>1V By1>n=>1v >l

O Iv=>iIl>1I>1 D) H=>1>1>1Vv

Which of thefollowing statementsiscorrect:

(A) All primary alcohol giveiodoform reaction.

(B) All secondary alcohol s giveiodoform reaction.

(C) Ethanol isthe only primary alkanol that gives positiveiodoform test.
(D) All aldehydeswith o hydrogen atoms give positive iodoform reaction:

Both Fehling's solution and Benedict's sol ution give this compound when treated with acetal de-

hyde:
(A) CuO (B) Cu,0 (C) Cu(OH), (D) Cu(CO),

Aldehyde not containing a-hydrogen atom reactswith agueous alkali to form:
(A) An o, B unsaturated aldehyde.

(B) An @, B unsaturated acid.

(C) Corresponding alcohol and corresponding carboxylate anion.

(D) Corresponding carboxylic acid.
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Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

Formal dehyde reacts with 50% aqueous alkali to form:
(A) A mixture of methanol and sodium acetate.

(B) A mixture of ethanol and sodium formate.

(C) A mixture of methanol and sodium formate.

(D) A resinous mass.

CH3CH=CH-CHO may be reduced to CH;CH=CHCH,OH using:

(A) H,/Pt (B) NaBH,

(C) [(CH5),CHOJ Al (D) Zn-Hg/HCI

How many aldols will be formed by CH,CHO and CH4;-CH,~CHO —

(A) 2 (B) 3 (C 4 (D)1

An organic compound reduces Tollens reagent and Fehling's solution. It can be—

(A) CH;CH,CHO  (B) CgHsCHO (C) CH3COCH,CH; (D) (CH3),CCOCH,
Methyl ethyl ketone can be reduced to

n-butane by —

(A) Meerwein-Ponndorf reduction (B) Wolff-Kishner reduction

(C) Mg-Hg, H,O (D) HI /red phosphorus at 423 K

Ethyl cyanideisallowed to react with methyl magnesium iodide and subsequently acidified with dilute
HCI. The product formed is -
(A) propanone (B) propanal (C) butanal (D) butanone

Which of the following alkenes is most suitable for the preparation butanone by
ozonolysis-

W) A~NAS B AN O O AN

In the reaction CH;CHO + HCN — CH,CHOHCN the product obtained is -
(A) ameso compound (B) alevorotatory compound
(C) adextrorotatory compound (D) arecemic mixture
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ANSWER KEY

EXERCISE — 1

Q1 C Q2 C Q3 C Q4 B Q5 A Q6 C Q7B
Q8 C Q9 C QI A QI C Q12 A Q13 A Ql4 A
Q15 C Q16 C Q17 D Q18 A Q19 B Q2 C Q21 A
Q2 D Q23 C Q24 C Q2 C Q26 D Q27 C. Q28 C
Q29 A Q30 C
EXERCISE —I1

Q1L D Q2 D Q3 B Q4 D Q5 B Q6 A Q7 D
Q8 C Q9 B Q0 C QI A Q12 B _QI13 A Ql4 C
Q15 D Q16 D Q17 C Q18 C Q19 C/ Q20 C Q21 B
Q2 C Q23 C Q2 C Q2 C Q2 A. Q27 BD Q2 D
Q29 A Q30 D
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CARBOXYLIC ACID & IT°S DERIVATIVES

1. GENERAL INTRODUCTION

. . I A
The organic compounds containing carboxyl (~C—OH) group are known as carboxylic acidsand the

term ‘Carboxylic’ was firstly proposed by scientist ‘Bayer’.
Resonance hybrid structure of carboxylicacidgroupis

/d: 52 2
7 ;O ;0
R- C\ «—> R- C< = R- C/
O-H O-H \'gﬂ? u
Resonance hybrid

dueto resonance, the bond length value of boththe bonds[C-O & C=0] are equal, which is 1.28 A.
11  Classfication:
Onthebasisof thegroup to which—COOH group is attached.
0O
@ Aliphatic carboxylicacid = R— QZ—OH (R=H atomor alkyl group).
0O
(b) Aromatic carboxylicacid =Ar— g—OH (Ar=Aryl group)
1.2  Onthebasicof number of -COOH groupsintheir molecule.
No. of .COOH group

@ Mono carboxylic acids 1
(b) Dicarboxylicacids 2
(© Tricarboxylicacids 3

Generd formulaisC H,, O, or C H,, ., COOH

Saturated and unsaturated mono carboxylic acids are also called fatty acids, because higher acidslike
palmitic acid, stericacid, oleic acid, etc. were obtained by hydrolysisof fatsand ails.

Isomerism — Chain, positional, functional group and optical.

Hybridisation state of Cinthecarboxyl groupin sp?

2. METHOD OF PREPARATION
2.1 Bytheoxidation of alcohols, aldehydesand ketones:
(@  1°Alcohol — O, corresponding carboxylicacids.

KMnOy4 or ”

R-CH,~OH +[0] —yc5. > R-CHO —°, R-C-OH
(b)  Aldehyde—°L corresponding acids
o)
R-CH=0 + [Q] —AcdicKeC207 | R ¢ on

(© Ketones—9, mixtureof acidsof lesser no. of C atomsthanthe ketone.

i i

R-C-CH, R’ +[0] —2%%f22%7 , R_C-OH + R’-COOH
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0]
” Acidic KCrpO7 ”

Ex. CH;C—CH,+ 3[0] A CH,-C-OH + HCOOH
HCOOH +[0] — CO, + H,0

2.2  Bythehydrolysisof cyanides(nitriles) :
Cyanides on complete hydrolysisin the presence of dilute HCI form carboxylic acids.

QH I HOH T
R-C=N+HOH ——| p_G_NH ———> R~=C~=NH, TH;’R-(:-OH+NH3
Unstable

2.3  Fromhydrolysisof acid derivatives:
0 0O
R—(Hl—Z +H-OH —— R- (HJ—OH +HZ
@ From acyl halides:
0O 0
R—y:—Cl +HOH —— R—y:—OHJrHCl
(b) Fromacid anhydride:
R- o}
O +H-OH—2R-(-OH

L

R-

|
(0]

Note : Formic acid cannot be prepared by these two reactions (a & b) becauseit’s corresponding formyl
chlorideand formic anhydride are unstablecompounds.
(© From carboxylicester :
0O 0
R—g—OR’ +HOH —— R- (”3—OH +R’-OH
(d) From acid amides:

o)
| . |
R-C-NH,+ HOH —*-%¢, R-C-OH + NH,Cl

24  Byalkalinehydrolysisof-alkylidynetrihalides:

ct oK o
—3KCI Dil.
R—C<C£’ + 4 KOH —7-=> R-C —aar® R-C-OH + KCl
o —2H,0 \o HCI ¢

25  Fromcarboxylation of grignard’sreagent :
By passing CO, in ether Solution of Grignard’s reagent

50 s 8 3O X
R—<—MgX+CDO ——>R—(]%—0ng—"m—”—>R—(l'T‘~—-0H+M
& o 3 OH

Note : Formic acid can not be prepared by thismethod.
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2.6  Partial decarboxylation of gem dicarboxylicacids:

COOH
R—CH< —2 > R - CH, - COOH + CO,

r = =1
COOH
Note : Formicacidisprepared from oxalicacid (laboratory method) by heating at about 110° inthe presence
of glyceral.
H
TOOM _aveen , yoooH + o,
COOH
H
Inabsenceof glycerol (|:OO —2,C0,+CO+H,.0
COOH

2.7  Carbonylationof :
(@ Sodium alkoxidesor sodium hydroxide:

H-O Na + CO —hshtemp_, 1 cOONa —3H§ ‘HaC_OH

High press HOH C
R-ONa + CO —orree— R-COONa —3LHA, R—E—

High press HOH

OH

(b) Alcohols:
BF3 /HOH (ﬁ
R-OH + CO High temp. & press R-C-OH
i
H-OH + CO High?zw/pljigl:)ress H-C-OH

(© Alkenes[Koch Reaction] :

O
H3PO4

CH,=CH, + CO + H,0 —500°¢, highpress > CH3~CH— (”:—OH (Propanoic acid)

H3POy4

CH,-CH=CH,, + CO +H,O ~555=a505¢ nigh press CHs_?H_CHs (2-methyl Propanoic acid)
COOH

Note : Formic acid and acetic acid can not be prepared by thismethod.
2.8  Oxidation of alkenesand alkynes:

HNO, or CrO; . : -

CH,=CH,+40] —— 2HCOOH - 2c0,+2H,0
CH, - CH=CH, +4[0] —— CH, COOH + CO, + H,0
R-C=C-R +3[0]+HOH ———» R -COOH + R COOH
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3. PHYS CAL POPERTIES

3.1 Physical Sate: C, to C;=Colour lesspungent smellingliquids.
C,to Cy=Liquidshaving goat’s butter like smell.
C,,t0oC,,, = Colourless& odourlesswaxy solids.

3.2  Solubility: Upto C, =Highly solublein water
With theincreasein molecular weight of carboxylic acid, the solubility in water decreases.
Solubility of lower membersof carboxylic acidsfamily isdueto theformation of hydrogen bond between
—COOH group and water molecules.

58 ™ 50 50
He i ?«l—o—?:o ————— H-0
H R H

Astheakyl groupincreasesinsizeinacids, thewater repelling (hydrophobic) tendency of thehydrocarbon
chainincreasesand it out weighsthe effect of hydrogen bonding. Thisiswhy solubility decreasesin
higher members.

3.3  Bailingpoint (B.P):
B.P. of acids> B.P. of alcohols
Because, A carboxylic acid molecular can enter into hydrogen bonding at two different points. Thisleads
to theformation of cyclicdimersin acids. Thisisthefact that |ower acids occur asdimersin solution.

O==mm= H-0
RC</ />C—R
O-H=—===— g

34  Meétingpoint (M.P.):
M.P. of carboxylic acidsdo not vary smoothly from onemol eculeto another
For first ten memebers M.P.of C,, > M.P.of C, .,
(n=1,23,4,5) (n=0,1,2,3,4)
Reasons: In acids of even number of carbon atoms termina —CH, and -COOH group lie on the
oppositesideof thecarbon chain.

_~CH, _COCH

CH, \CH2 Provide more effective packing of themoleculeinthelattice.
Whileinacidsof odd no. of carbon atoms

L CHy O

CH, cH, coon Lesseffectivepacking

4, CHEMICAL PROPERTIES: Carboxylicacidsgivefollowing reactions:
4.1  Duetodkyl group
4.2  Duetoeacidic hydrogen
4.3 ~ Dueto >C=0group
4.4 Dueto—OH group
4.5 Dueto— COOH group
4.6  Specid reactionof dkanoicacid
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4.1 Reactionsduetoalkyl group :
Halogenation : Acidshaving a.—H atom give this reaction. The oo —H atoms are easily replaced by
chlorine or bromineatoms, forming hal ogen derivativesof acids.

H Cl

‘ cl, cl, !
R—(I.‘;-COOH _—H_CT) R - (le—COOH —_I:{a) R-"(I:*COOH

H Cl Cl

Note : (i) Thereactionisknown ashell-volhard—Zelinisky (HVZ) reaction.
(i) Inthe presence of phsophrous, monohal o product isformed asthe main product.

R-CH,~COOH + Br, —— R-CH(Br)-COOH + HBr
(i) Formic acid does not shown HV Z reaction due to absence of alkyl group or oo — H atom.

4.2  Duetoacidichydrogen:
€) Salt Formation : Carboxylic acidsform saltswith metals, metd oxide, hydroxides, carbonates,
bi carbonates and compounds showing basic nature.
Na 1

R-COONa + 5 H,

-—l\-legﬁ_* R-COONa + H,0

Na,O
R—-COQOH—T—— 2R COONa+ H,0

NaHCO,
————» RCOONa + H,0 + CO,

PbCO,
24 (RCOO), Pb+ CO, + H,0

NH,OH
———> R COONH, + H,0

Ca(OH),
L "2, (R-CO0),Ca+ 2H,0

Note : Acidsliberate CO, with NaHCO,. Thisreactionisused to distinguish carboxylic acid from phenol
which does not react withNaHCO.,,
(b) Reaction with Ketene:

R~IC~OH * ?I; 2 CH, —3 R €0 — Cl; —CH,
o 0 d 0

(Anhydride)

(© Reaction with diazomethane:

(@)
Il
R—C-OH+ CH,N,—> R—-C-OCH,+N,
6' Methyl ester

Note : Diazomethaneisapowerful methylating agent. So by thismethod methyl ester can be prepared.
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4.3

4.4

Note :

Note:

(d) Reaction with alkeneand alkyne:
?I) I
R-C-OH + CH, = CH, —=— R-C-0CH, - CH,
(I? .
R-C-OH +R-CH=CH, ——> R - CIDHACH3
OCOR
%
R—C—OH + CH = CH HQQ N CH2 O
Il I
CH-0=C-R

Reaction dueto (>C =0O) group:

6]

| ;
R-C-OH+ 4 H — i

@

WR—CH2_0H+HQO
b Il RedP F
(b)  R-C-oOH+6HI —R%, R_CH, +2H,0 + 3L,

A200°C
Reactionsdueto (-OH) group :

@ With P,O. (Dehydrations)
0
rod_gn 0
= =P, ReCs4ho
R-ﬁt@i} R“C": ’
0
(b) Esterification :

_____ Conc.H,80, R _g —OR + Hzo

Thereactionisproton—catalysed esterification. In the reaction OH comes from the acid and H from the
acohol for release of H,O.

(© Reaction with PhosphrousChlorides:
] I
|
3R-C-OH+PCl;, —— 3R-C-Cl+H;PO4
0 0
Il
R-C-OH+PCly —— R-C - Cl+HCI+POCl,
(d) With Thionyl Chloride:

(@] i 0
Il

R-C-OH+SOCI, _ Pyidne ,  R_C-Cl+HCI+S0, T

Inthereaction SO, isgas so escapes out and HCl isan acid, gets absorbed by basic pyridineand pure
acyl chlorideisleft. Soitsisbest method for preparing acyl chloridefromacids.

PRIVATE LIMITED

Lb: BANSAL CLASSES

CARBOXYLIC ACID & IT’S DERIVATIVES [58]

AIEEE DIVISION



Ex.

4.5

Note :

Note :

(e Formation of acid Amidesand AlkaneNitriles:
ICI) 0 0

|
R-C-OH+NH; _2& , Rug—ONH4 A R-C-NH, _......l.:;%;_.) R-C=N+ HZO

® With Hydrazoic acid (Schmidt reaction) : N;H = Hydrazoic acid

o o)

| Il
R-C - OH+HN, 230 s RGNy HiQ % R =NH, ¥ CO, + N,

Thereactionisamodification of “curtius reaction”.

CH,-COOH + HN, _ H2S04 CH,-NH, + CO, + N,
M echanism :

0 0
I |
CH; - C — OH + N3H “’f’g’ CH, _E_Na —% 5 CH,4 —(.L-—N:
Ethanoic acid (49 '-

Reanangem ent

CH; —NH; ¢—<55— CH; ~NH-COOH «%—  CHy -N=C=0
Metshana mzine o (Methyliso cyanate)

Reaction dueto (-COOH) group :
€) Decar boxylation :

0]
|
R-C-0ONa NaOH+ CaO
+ ‘—S'W——>R—H+NG2CO3
Alkane

(b) Kolbe’seectrolytic synthesis:
O

I f
R-C-0K
R +
e +2CO, (At Anode)
|
o]

2K + 2H,0 —— 2KOH + H, (At Cathode)
Kolbe synthesi sundergoesfreeradica mechanism.
(© Hundsdiecker reaction :
0
I

cCl,
_C- X, —
R~iCe=DAg 52 R—X+COzT+Agx¢

(X = Cl2 or Brz)

Inthereaction decarboxyl ative hal ogenation of the acid takes place. Thereactionisuseful in stepping

down ahomologusseries.
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(d) Formation of car bonyl compounds[Dry distillation of calcium salt] :

o]
Il
R-C-0O . R
>Ca—"— "> =0+CaCo,
K- B0 R
Il
0
o]
Il
H-C-O .
: >Ca —_—
H-C-0 HCHO + CaCOs
I
0
o) o]
Il | 0
H-C-0 O-C-R A I
>ca s+ Ccal — 2RCH =0+ R-C-R + HCHO + CaCO,
H-C-0 0-C- ‘
I I
o]
(e With Manganousoxide:
0 :b: R
| ——— L e Y C=0+H,0+CO
R-C-OH+H-0-CrR' 300°C R‘> ‘ ’

(Carbonyl compounds)

4.6  Special reaction of alkanoic acid :
@ Oxidation :
— By SeO, aketo acidisformed
— By H,0,~OH group comes at 3=C atom.
CH; - CH, - CH, - COOH ——HZ(;-)-Z—-) CH; - EH— CH, - COOH

(Butanoic acid) ©) H
(3 —Hydroxy Butanoic acid)

(b) Pyrolysis:
CH.-C=0 2% ,cH =Cc=0
2 600°C 2
_ (Ketene)
H OH

5. SPECIAL FEATURESOFFORMICACID
@ Formic acid shows acidic character dueto the presence of -COOH group as well as shown
reducing character dueto the presence of -CHO group.

i 7
H4+C—O—H H—C—+0—H
~ COOH group —CHO group

(b) It reducesTollen’s reagent and forms silver mirror.
(© It reduces mercuric chlorideand formsblack ppt. of mercury.

PRIVATE LIMITED
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Note :

(d) It decol ourisesthe pink colour of acidicKMnO,
(e It forms brown ppt. of MnO, withbasic KMnQO,

® It convertsthe orange colour of acidic K,Cr, O, intogreen colour.
(6) It reduces Fehling solution.
()  Dehydration-HCOOH —z;rc 5.~ H,0 + CO,

0] Effect of heat :
(@ HCOOH —%*- CO,+H,

0 COON
(b) 2HCOONa —22C, 7 "% 4 H,
COONa

Sodium oxalate

DISTINCTIONBETWEEN FORMICACIDANDACETICACID

S.NO. HCOOH - CH,COOH
1. Decomposedon heating to give carbon Stable
dioxide and hydrogen.
2, With concentrated sulphuric acid gives Stable

carbon monoxide and water.
With halogens, there is not action. Substituted acids are formed.
4, Reduces ammonical silver nitrate and No action.

Fehling's solution.

5. Calcium salt on heating gives formaldehyde. Calcium salt on heating gives acetone.
Sodium salt on heating gives scdium oxalate No action.
hydrogen.
7. Sodium salt + soda lime gives hydrogen on Methane is produced.
heating.
Electrolysis of alkali solution gives hydrogen. Ethane is obtained.
Decolourises acidified KMnO, solution. No action.
10. Dichromate solution turns into green coloured No action.
solution.

FORMICACID (HCOOH)

Lab Reaction :
COOH Glycerol
+00> HCOOH + CO,
COOH

BP of HCOOH is100.5°, for removal of water from formic acid we can use PbCO, or PbO (Litharge)
andH,S.
2HCOOH + PbCO,— (HCOOQ),Pb + CO, + H,0

(HCOO),Pb + H,S —*<— 2HCOOH + PbS (PPT)
Industrial method :

Itisprepared on large scal e by reaction CO with agueous sodium hydroxide under pressure 1 atm and
473 K

CO + NaOH —2X > HCOONa —2° , HCOOH + NaOH

latm
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ACETICACID CH,COOH
Industrial methods:

(@  Fromethyne: HC = CH + H,0 —2%21%% , CH,CHO
1% HaS04 ( Acetaldehyde)

Magnous acetate | [O] air oxid"

CH,COOH

(b) From ethyl alcohol

0) By dehydrogenation : CHyCH,OH — S, CH,CHO = CH,COOH

(Magnous acetate)
(-H2)

(i) By fermentation (Quick vinegar process)

CH3CHZOH + 02 Acetobector bacteria CHSCOOH + HZO

(Mycoderma acetail)
[diluteform 8— 10% Called VINEGAR]
(i) From CH,OH

CH,OH + CO —2%_, CH,COOH

&
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ACID DERIVATIVES

GENERAL INTRODUCTION

Replacement of —OH group of the -COOH group in a carboxylic acid by an atom or by any other
functional group giveriseto certain new families of compounds. These compoundsare called acid
dervatives.

+X (X =Cl,Br, 1) 5 R—@ _x (Acyl halide)
-OH

(0] (0]
R—@—OH +?COSR —_ R_g_oﬁl(i:_g (Acid Anhydride)
NH, @
—_OH R-C -NH, (Acid Amide)

+OR K R-—E—OR (Ester)
—OH

Acyl chloridesarethe most important acid halides. Thefirstmember of thisfamily isacetyl chloride
becauseformylchlorideisunstable.

Similarly acetic anhydrideisthe representative member of the acid anhydridesfamily, becauseformic
anhydrideisunstable.

Thefirst two membersof Acid Amidefamily areformamideand Acetamide. Acetamideisanimportant
acidamide.
Estershavefunctiona groupisomerismwithacids.
0

R—y:—Z [where Z=-X, -NH,, -OCOR, -OR]
* Order of basic character of group Z

X~ <O COR< OR<NH,
* Reactivity order/Rate of hydrodysis

R N S i

R-C-X>R-C-O-C-R>R-C-OR>R-C-NH,

* Order of stability
O O O 0
R—Q:—NHZ >RCOOR>R-¢-0-C-R>R-¢-X
Derivativesregenerate the parent acid on hydrolysis.

0O
ACETYL CHLORIDE [CH3—(”:—C1]
Method of preparation :
L aboratory method :
o 0
3CH3—£|:—OH +PCl; » 3CH,- y:—Cl + H,PO,

i i

CH,-C-OH + PCl; — CH,-C—Cl + POCl, + HCIT
CH,COOH + SOCl,, - CH,-CO-Cl + SO, + HCIT

&
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2.2

2.3

From Sodiumacetate:
CH,~COONa + PClg — CH,~CO-Cl + POCI, + NaCl
3CH,-COONa + PCl; — 3CH,-CO-CI + Na,PO,
2CH;-COONa + POCl; — 2CH,-CO-Cl + NaPO, + NaCl
CH,~COONa + SOCL, — CH;CO-Cl + SO, + NaCl
By thereaction of sulpuryl chlorideon calcium ethanoate:
i
g:z To >CarS0,0L, — 2CH, - & cis Caso,
g
Physical Properties:
0] Colourlessliquid, having pungent odour.
()  Slowly solubleinwater, solublein organic solventslike CHCI,, CCl ,, CH,-CO-CH,, etc.
(iii) Producesbilster on skinand itsvapour causesirritationineyes.
(v)  Boailingpointis51°C.
) Fumessironglyinmoigt airr.
Chemical properties:
Q) Hydrolysis:
o)

O
CH,4 TQ—C!+HOH — CH, —g—OH+HCI
on alkaline hydrolysis

o) o]
CH, -g-—CI+2NaOH —> CH,4 —%—ONa+NaCI+H20

2 Reduction:

O H
0) CHs-g—CI+H2--Ed—+ CHS—E=O+HCI

BaSo,

(Rosenmund's reduction, partial reduction)

0
. ” LiAIH
(i)  CHy-C-Cl+4H —ft=>  CH,—CH, - OH + HCI

(Complete reduction)

(3) CurtiusReaction:

0]
|
CHa—(!)—CHNaNS o Cﬁa_g_Ns o~ AIHOH CH, - NH, + N, + CO,

Acetazide
4 Friedel Craft’sreaction:
0] 0]
y: s Ié CeHs +HC
CH3‘— _C€+H'C5H5T3'CH3_ — g 5+ f
(Acetophenone)
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(5) With Grignard’sreagent :
i 7
CH3—A:,—CI+R—ng — CH3—é—R+Mg<C>;
(6) Halogenation :
0

[
CH, —E~CI+CI2 —= CI-CH, -C-CI+HCI
Chloroacetylchloride

(7)  WithEther :

Il i .
CH; - C—Cl+CyHg -0 -C,Hs __‘;%d_» CH; — C — OC,Hs + C,HsCl
ity

(8) With Sodium Ethoxide:
0]
CH, -ch; ~Cl+NaOC,H; — CHj - H: ~ OC,H; +NaCl
9 With Sodium Acetate:

O

o
| J I
CHy -C-Cl * NaO-C-CH; = CH; -C-0-C-CH, +NaCl

=0

Aceticanhydride
(10)  Acetylation of Compoundshaving reactive hydrogen atom :

i i
R-C-Cl+H-Z - R-C-Z+HCI

- 0]
Ex. I
H+ NH, —> CH, -C-NH, (Acetamide)

H 4 NH - CH, —— CH, - CO — NH — CH, (N-methylacetamide)

H+ N(CH,), —— CH, — CO - N (CH,), (N, N-dimethylacetamide)

CH;-CH{Cl + H+ NH - CC -~ NH, —— CH, — CO — NH - CO - NH, (Acetylurea)

H+ NH-OH — CH, — CO - NH — OH (Acethydroxamic acid)

H+ NH - NH, —— CH, — CO — NH — NH, (Acetic acid hydrazide)

H+S -CH, —— CH, - CO - 8§ - CH, (Methylthioacetate)

H+ O - C,H, COOH (0) — CH, - COOC,H, COOH(o) Acetylsalicylic acid or Aspirin)

0
H+ OR —— CH; -C-OR (Alkyl acetate)
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(11) WithAlkene:

9 o
(“J Anhyd. ” A
L - - = ==
CH; -C-Cl+CH, =CH, -«W CH; -C-CH, —CH, -Cl—2 CH3-~-C-CH=CH,
(4 - Chlorobutanone) (MethylvinylKetone)

0] @)
3. ACETICANHYDRIDE [CH3—é|:—O—y;—CH3]

T pon
CH, —C-OH —2X2% 5 CH, -C-0-C-CH,
3.1  Method of prepatation:
FromAcetyl chloride:
@)

=0

I Il I
CH; -C-Cl+H-0Q0-C-CH, = CH; -C-0-C-CH, +HC

0 0
| | Il I
CHj —C—CI+Na—O—é—CH3‘“’ CH; -C-0-C-CHg +NaCl
(Laboratory Method)
From Aceticacid :
0] @) 0] (@]

| I Ii Il
CH; ~C-OH* H-O-C-CH; —29 , cH, -C-0-C-CH,* H,0

By passing chlorinein amixtureof SCI, and sodium acetate:

o o0
Il |
8CH,COONa + SCl, + 2Cl, —» 4CH; -C -0 -C-CH, + 6NaCl + Na,SO

4

From Ketene:
H OH
I |
CH,~C=0—""285CH, = C = 0 + H,0

(ketene)

CH,=C=0+ H—O—](|3—CH3 —— CH;-C-0-C-CH,
Il Il
(0] 0 o)
3.2  Physical Properties:
@i Itiscolourlessliquid having pungent vinegar like odour.
(i) Bailing pointis138°C.
(i)  Slowly solubleincold water, but readily solublein hot water
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3.3  Chemical Properties:

Hydrolysis:
0 0
| Il
CH;C-O0-C-CH;+HOH 2, 2CH,COOH
With PCI,:
i
CH; -C c! cl
‘ o
Il
O+P Cl — 2CH;-C-ClI + POCI,
CH; -C I Cl
Il o]
(0]
With N,O,:
i
CH, - c\ OR //D 0
/o + //N -0- N& —> 2CH; -C-0- NO, Acetylnitrate (Explosive)
CHg—ﬁ 0] o
(6]

With Benzene[Friedel-Craft’sReaction] :

0 o} ﬁ
CeH:H+CH; ~ lcl: =) -Icl: ={3H; —%» CeHs -C-CH; + CH, - COOH
Acetophenone
With Acetaldehyde:

P
I |
CH; —-C-0-C-CHj; + CH, - CHO —— CH,CH(OCOCH,),
Ethylidenediacetate
With Dry HCl gas:
0 @] o}
Il Il |
CH; -C-0-C-CHz+ HCl — CH; -C-CI + CH,COOH

Perkin’sReaction :

O O O o o
] Il | I Il

CHz -C-0-C-CHy+CgHs -CH ——> CHy —~C -0 -C - CH=CHCHs —mmr—>

CH3COONa

(Benzadehyde)

— C,H, — CH = CH-COCH + CH,COOH
(Cinnamic acid)
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Note :

41

4.2

Reduction:

| -
CHa-C-O-(l'l-CHﬁBH —H8M 5 2CH, - CH, - OH + H,0

With Compoundshavingreactive H-atom :

(0]
CHS-(|3|—O—g-CH3+H-Z—> CHB-(I',!-Z+CH3COOH
Acetylderivative
Productsaresimilar asin caseof Acetyl chloride.
o
ACETAMIDE [CH3—(”:—NH2]
) O

I |
CH,-C-OH ﬁ%*hH—» CH, - C - NH,

Method of Preparation :
FromAcetychloride:
O o)
l |
CH,-C-Cl+2NH, —— CH,-C- NH, + NH,CI
FromAceticAcid :
? i
|
CH,-C-OH +NH, —— CH,-C-NH,+H,0
From aceticAnhydride:
P i
CH,-C-0-C-CH,+2H-NH, —— 2CH,-C-NH,+H,0
From Ethyl Acetate:
i i
CH, - C - OC,H, + NH, — > CH,-C - NH,+ C,H,OH
Partial hydrolysisof Acetonitrile:
i
CH, - C = N + HOH CH—OHC'> CH,-C - NH,
By thermal decomposition of Ammonium acetate:
ﬁ’ o]
I
CH,-C-ONH, —%— CH,-C-NH, +H,0
Physical properties:
0] Itisahygroscopicwhitecrystalinesolid.

(i) It hasfaint smdll in purestate, but arat likesmell inimpure state.
(i) Itissolubleinwater and acohol, but sparingly solublein ether.

(iv) Meélting point 82°C and boiling point is 222°C.
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4.3  Chemical properties:
Hydrolysis:

I
CH, - C - NH,+ H,0 + HCl — CH,~ COOH + NH,CI
Dehydration : O

|
3CH,- C - NH,+ P,0, _& , 3CH,CN + 2H,PO,

0
CHB—(lli‘- NH,+ PCl, —2— [CH,CCI,NH,] + POCI,——rg— CH,CN + 2HCI
0
CH, - g - NH+ POCI, —2— 3CH,CN + H,PO, + 3HCI
0
CH, - cl:l -NH,+ socl, —2— CH,CN + SO, + 2HCI
Reduction:
ReducingAgent : Metal Catayst + H,,, Na+ Ethanol, LiAIH,, etc.
0
CH, - (I:I - NH,+ 44 —> CH,CH,OH + NH, — CH, — CH, NH, + H,0

With NitrousAcid :

0
I
CH, - C - NH,+ HONO —— CH, - COOH + N, + H,0

Amphoter character :
Acetamidsformssaltson reacting with strong basesaswell asstrong acids. Thereforeit behaveslikea
weak baseaswell asweak acid. i.e. it showsamphoteric character.

0] Weak acidicbehaviour :

0] (0]
| I © @
2CH, - C - NH,+ 2Na SN 2CH,-C-NHNa + H,
I 1
I
CH, - C - NH, + NaNH, — CH, - C - NHNa + NH,
ﬁ (0]
CH, - C-NH, + (CH,CO0),Hg ——> CH,-C-NH - Hg - OCOCH, + CH,COOH
Acetamidomercuriacetate
(i) Weak basicbehaviour :
O 0
| @06

I
CH,-C-NH,+HCl — CH, - C - NH,CI

PRIVATE LIMITED
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Hofmann Bromamide Reaction or Hypobromite Reaction :
0
CH,-C-NH, +Br,+4KOH  ___,  CH, - NH, + K,CO, + 2KBr + 2H,0
(or NaOH)

Slightly Mechanism::
Bromination :

CH,-C =0 +BrBr + KIOH —— CHy- =0 + KB + HO

!
‘N-H :ll\l—Br
) H

Acetobromamide

CHy ~C=0 + KOH — CQ‘\? =0\, KBr + H,0 —Resmangement(stepd) , cp _ N=C = O
I\ll _Br ‘N Methylisocyanate
A
Hydrolysis:

CH,-N=C =0 + 2KOH ——— CH, — NH, + K,CO,
Methylamine

Note : Inthereaction decrease of one carbon atom takes place. Therforeit can be used in decending down a
homlogous seriesandit isa so called Hofmann degradation.

S. ETHYLACETATEANDACETICESTER [CH, (”:—OC Hel

i ]
CHz —C - OH —222%, CH, — C - OC,H,
51 Methodsof preparation:
By liquid phase Esterification :

O
Il  Cona.HaSO I
CH; ~C~OH + HOCH, FE2224 5> CHy —~C-0C,H; + H,0

By vapour phaseEsterification :

O ' 0O
 ThOZ I

|
CH3 —C—OH + HOCZH W)‘ CH3 *"C"‘OCsz + H20

(vapour) (vapour)
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By Aceylation of Ethanal :

o)
I »
CHy -C—Cl + HOC H, —2"" , CH, - C-OC,H;s + HCI

=0

o)
I O
CH,-C o , |
O +HOC,H, —AM _, cH, -C-OCH, + CH,COOH
CH,-C ZnCl, -
Il
o)

Tischenko Reaction :

H
] Al(OR
CH,-C=0+0=C-CH, — 2Rk , CH -C-0-CH,-CH,
l Anhyd.AICl; I
H 0
Ethyl acetate
Ethylation of Silver halides:
O 0
| |
CH,-C-0OAg+1-C,H, —_— CH, - C - OC,H, +Agll
Ethanolysisof Ethanenitrile:
0]
I
CH,-C =N+ CH,OH + H,0 —— CH,-C-OC,H, + NH,

By addition of Acetic acid on Ethylene:
0 O
CHS-CI‘!-OH+CH2=CH2 —Bh CHs-(].‘!-O-CHz-CHa
By reaction of sodium Ethoxideon Acetyl chloride:
o} O]
CH, - g -Cl+NaOCH;, ——— CH,- | - OC,H, + NaCl
Baeyer—Villiger Oxidation :
Ethyl acetateisformed on reacting butanonewith aperacid, Methyl propionateisasoformedin small
amounts.
O O ) 0

CHa-g-Csz + CHS-(L!-OOH —> CHa-&l.I:-Ocsz + CHa-y:—OH
Peracetic acid '
0
CH:,-g-CH,,-CH3 +[0] —> CH3-C!-I;!-1'1.‘.-OCH3
Methy! propionate
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5.2  Physical Properties:
0] Colourless, siweet smdlingsteamvoldtile, inflammableliquid.
(ii) Very sparingly solubleinwater, but solublein organic solvents.
(iii) Bailing point 78°.

5.3  Chemical Properties:

Hydrolysis:
O .
| H,S0,
CH, - C - OC,H, + HOH === CH, - COOH + C,H,OH
o 0

I I
CH, - C - OC,H, + NaOH —> CH, - C - ONa + C,H,OH
Note : In esters caustic akalies hydrolysisis rapid and complete. Alkaline hydrolysis of estersis called
“Saponification”.
Reduction:
i
RedP +HI
CH, - C - OC,H, + 4H —o-zm—> 2 CH,CH,OH
i
CH, - C - OC,H, + 4H __Na+CHOH . 2CH CH,OH

(Bouveault-Blanc reduction)

Ammonolysis:
i i
CH, - C - OC,H, + H - NH,—2—> CH, - C - NH, + C,H,OH
With Grignard’sReagent :
0] O
I | X
CH,-C-OCH,+R-MgX ——>CH,-C-R+Mg<
OC,H,

Note : Theproduct will betertiary alcohol when 2 moleof Grignard’s reagent are taken.
With Hydazine:
|cl> )
1
CH,-C-0OCH; + H-NH-NH, —> CH,-C - NH NH, + C,H,OH
Acetyl hydrazine
With Hydroxyl Amine:
] i
CH; -C~OCH, +H-NH-OH - CH;-C
Acetyl hydraxomic acid

~NH-OH + C,H,OH
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With PCI:

o) Cl o)
| | Cl Il .
CHy;-C-0  + P Cl—CHy -C~Cl + POCI, + C,H,CI
| [L_~Cl
1C,H; Cl
Claisen Ester Condensation ;
0 I 0
CH; ~C— OC,H, + H—CH, -C~ OCH, cjHsona , CH; —C— CH, -C—- OC,H, + C,H.OH

Acetoaceticester

Pyrolysisor Thermal decomposition :
; j
CHy-C-0 H =% ,CH;-C- OH + CH, = CH,
CH, — GH,

Acidolysis:

i i i
CH, - C— OC,H, + C.H,, — COOH 5 C,H,, - C~ OC,H, + CH; ~C~ OH
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BENZOICACID

BENZOICACID (C;H.COOH)
Benzoic aicd wasfirst obtained by Schielefrom gum benzoin. It isalso present in Peru basamand Tolu
balsam intheform of itsbenzyl ester (benzyl benzoate).
C,H:COOCH,CH, Benzyl Benzoate
Incombined formitisfound asbenzoylglycinein horseurine.
CsH,CONHCH,COOH Benzoylglycine
11 PREPARATION
(D) Oxidation of Benzyl Alcohal :
Benzoic acid isformed on permanganate oxidation of benzyl alcohol.

C;H-CH,OH (Benzyl alcohal) +[O] — C,H,CHO(Benza dehyde) A Nl C,H-COOH (Benzoic
acid)

2 Oxidation of Benzaldehyde:
Oxidation of benzal dehydetakes place very readily and benzoicacidisformed.

C¢H;,CHO—2 C ,H.COOH
3 Oxidation of Aralkanesand Their Derivatives:

A sidechain (alkyl group or substituent alkyl group) bonded directly to the benzeneringisconvertedto
acarboxyl group on oxidation. Dilute nitric acid or chromic acid or alkaline permangante canbeused as
oxidant.

CeHg—iC< —9L, C,H,COOH

Side chain

Benzoic acid is obtained on oxidation of many compounds like aralkanes (toluene, ethylbenzene,
n-propylbenzene, cumene; etc.) and their oxygenated derivatives (benzyl alcohol, benzaldehyde,
acetophenone, benzophenone, etc.) halogenated derivatives (benzyl chloride, benzal chloride,
benzotrichl oride etc) nitrogenated derivatives (cyanobenzene benzamide, etc.)

4 Carboxylation of Grignard’sReagents:
Benzoic acidisformed on hydrolysisof the product obtained by passing carbon dioxidein ethereal
solution of phenylmagnesium bromide.

C,H,MgBr—=%2_, C.H.COOMgBr—"°"_, C.H.COOH
5) Carboxylation of Benzene:

Benzoicacidisobtaned on heating benzene and carbon dioxidein nitrobenzene mediumin the presence
of anhydrousauminium chloride.

C,HgH + CO, —A _, CH.COOH
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(6)

(7)

(8)

)

(10)

(11)

AlkalineHydrolysisof Benzotrichloride:
Benzoic acidisformed on hydrolysisof benzotrichloride by limewater inthe presenceof iron catalyst.

C4H5CCl, (Benzotrichloride) 3OH- —X°"2, C.H.COOH +H,0 +3Cl-

Hydrolysisof Benzoyl Chloride:
Benzoic acid isobtained by hyrolysisof benzoyl chloride
C¢H-COCI + HOH —— C,H.,COOH + HClI

Benzoyl chlorideisprepared by Friedel—Crafts chlororformylation of benzene, Benzoic acid is obtained
in60% yield by the method.

C¢HsH + ci-co-c1—4<5— C;H.COCI + HCl

Phosgene
Hydrolysisof Cyanobenzene:
Benzoic acidisformed on hydrolysisof cyanobenzenei.e., benzonitrile by dilute hydrochloric acid.
C¢HsCN + 2HOH + HC| ———> CH.COOH + NH,ClI
Dehydroxylation of HydroxybenzoicAcid :
Benzoic acidisformed on dry distillation of 0—, m— or p—hydroxybenzoic acid with zinc dust. The ortho
isomeriscdled sdicylicacid.

HO-C(H,~COOH + Zn———= H-C¢H,~COOH + ZnO

Benzoic acid

Decar boxylation of PhthalicAcid :

0-Benzendicarboxylic acid is called phthalic acid. On heating its zinc of nickel or chromium salt at 200—

300° with water vapours, benzoic acid is formed by partial decarboxylation.

(59 o COOH
C_O:Zn o +Zn0 + CO,

e

O

Zinc phthalate

Hydrolysisof BenzoicAcid Derivatives:
Benzoic acidisformed on hydrolysisof esters, anhydride, acid chloride and amide of benzoic acid.
C¢H-.CO-Z + HOH ——> C,H.COOH + Z-H

Benzoyl chloride and benzoic anhydride very readily get hydrolysed by water, but with little bit more
diffucilty ascompared to diphatic acid chlorides. Hydrolysisby akadi takes placefagter.

C¢H-COCl + H,0 ———>C,H.COOH + HCl
(CHC0),0 + H,0 ———> 2C,H.COOH
Hydrolysisof benzoic esterstakes place on heatingwith an alkali.
C,H-COOEt + NaOH ———> C,H.COONa + EtOH
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1.2

1.3

14

(A)

Hydrolysisof benzamidetakes placeon boilingwith diluteacid or dkali solution.
C¢H;CONH, + H,0 + HC| ———> C,H.COOH + NH,Cl
C¢H;CONH, + NaOH —— > C,H.COONa + NH,

Liberation of ammoniagas on heating the sol ution after adding sodium hydroxide sol utionisthetest for
amides.

PHY SICAL PROPERTIES

Benzoicacidisacrystalinesolid (mdting point 122°) which is sparingly soluble in cold water, but readily
solublein hot water. It isalso solublein organic solventslike a cohol ether, etc. Itsacid strengthismore
than that of the akanoi c acids dueto weak negative inductive effect of phenyl group.

RESONANCE INBENZOICACID

The COOH group present in benzoic acid isastrong € ectron-attracting group due to which the benzene
ring isdeactivated and rate of S; reaction decreases as compared to unsubstitued benzene. Therefore,
the COOH group exertsadeactivating effect on the benzenering.

Dimerisation in BenzoicAcid duetoHydrogen Bonding :

Benzoic acidinliquid phase (in benzene solution or in molten form) existsin theform of adimer by

associ ation dueto intermol ecular hydrogen bondingin the samefashion asinadkanoic acids. Thisisthe

reason why the experimentd va ue of themol ecular weight of benzoic acidistwicethe ca culated va ue.
O—H--Q

CGHS—C<O H_O>C— CoHs

Hydrogen bonded dimer of benzoic acid

REACTIONS

Benzoic acid givesthefollowing two types of reactions.
(A)  Reactionsdueto COOH group

(B)  Reactionsdueto C;H. group

Reaction Dueto Carboxyl Group :
With Bases:
Many alkaline compoundsform benzoate sal ts on reacting with benzoic aicd.

C¢H-COOH + NaOH ——> C,H.,COONa + H,0O

2CH:COOH + Na,CO; —> 2CH.COONa + H,0O + CO,

C¢H;COOH + NaHCO;, ——> CH.COONa + H,O + CO,
Phenal (aweak acid) does not react with sodium bicarbonate, whereas benzoic acid gives effervescence
of CO,, althoughboth are acidic organic compoundstoward litmus. Therefore, distinction between
phenol and carboxylic acids can be done by using NaHCO.,

2CH-.COOH + Ca(OH), — (CH.COO0).Ca

C¢H.COOH + NH; ——— C,H.COONH,

C¢H.COOH + NH,OH ——— C,H.COONH, + H,O
With Alcohals:
Anakyl benzoateisformed by esterification on heating amixture benzoic acid and an alkanol inthe
presence of afew drops of concentrated H,SO,.

CgHsCOOH + HOR —*"_, C;H,COOR + H,0

&
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10.

(B)

With InorganicChloride:
Benzoyl chlorideisformed on the reaction of benzoic acid with phosphrous pentachl oride or phsophrous
trichlorideor thionyl chloride.

C¢H-COOH + PCl, ——— > C,H.COCI + POCI, + HCI

3CH;COOH + PCl; ——> CH_COCI + H,PO,

C¢H-COOH + SOCl, —> C,H.COCI (Benzoyl chloride) + SO, + HCI
With P,O.:
Benzoic anhydrideisformed on heating benzoic acid with PO,

2C,H.COOH % (CsH,CO),0 + H,O
Acetic anhydridea so dehydratestwo molecules of benzoic acid to give benzoicanhydride.
WithAmmonia:
Benzamideisformed on hesting benzoic acid withammonia

CgH;COOH + NH; ——— [C;H,COONH,] —55—> CH,CONH,
Benzonitrile or cyanobenzne can be obtained by heating benzamidewith P,O..
CgH.CONH,, —2%— C.,H.CN + H,O

With SodaLime:
Benzeneisobtained on dry distillation of sodium salt of benzoic acid with sodaime.

C¢H.COONa + NaOH —*— CHs+ Na,CO,
Dry Distillation of Calcium Salt :
Benzophenoneisobtained ondry distillation of calcium salt of benzoic acid.
(CH,LC00),Ca —— CH,LCOCH, + CaCO,
Hunsdiecker Reaction :
Bromobenzeneisformed on heating the silver salt of benzoic acid with brominein carbon tetrachloride
solution
C,H.COOAg + Br, —% _, CH.Br+ CO, + AgBr
Reduction by LithiumAluminium Hydride:
Benzyl dcohoal isformed onreduction of benzoic acid by lithium auminiumhydride(LiAIH,).
CHsCOOH + 4H A" _, C .H.CH,OH + H,O
Reduction by Sodium and Ethanol :
Tolueneisformed onreduction of benzoic acid by sodiumand ethanal.

CeH-COOH + 6H % C¢H;CH; + 2H,0
Readuction'DuetoAromaticRing:

Hydrogenation by Sodium and Amyl Alcohal :

The COOH group isnot affected on reduction of benzoic acid by sodium and amyl alcohol but benzene

ring of benzoic acid iscompletely hydrogenated to form Cycl ohexanecarboxylic acid.

COOH COOH

Sodium +
—_— >
‘ + 6H Amyl alcohol

Cyclohexanecarboxylic Acid

&
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Aromatic Electrophilic Substitution Reaction :
Metasubstitution products are formed on hal ogenation nitration and sul phonation of benzoicacid.

COOH COOH

Cl
2 5
FeCl3 cl

m-Chlorobenzoic acid

COOH COOH COOH
Conc. HNO3 Fuming HNO3
30° 140°
NO, O,N NO,
m-nitrobenzoic 3,5-Dinitrobenzoic acid
COOH COOH

Conc. H4SOy4
—_—>
SO;H

m-Sulphobenzoic acid

Note : Duetothepresenceof adeactivating m-directing COOH group in benzoic acid, the latter does not give

Friedel—Crafts reaction.

15 TESTS
1. Formation of Ferricsalt :

A red-brown precipitate is obtained on adding a small amount of neutral ferric chloride solution

in benzoic acid solution.
2. Eserification:

A sweet odour of ethyl benzoateis perceived on heating benzoic acid after adding afew drops

of ethyl alcohol and concentrated sulphuric acid.
3. Decarboxylation :

Inflammablevapoursof benzeneareliberated out on hegting benzoic acid after mixing it thoroughly

withsodalime.

16 USES
Benzoic acid isused asfollows:
Asagermicide.
Benzoicacid and itssatsareused in theform of medicines.
Sodium benzoateis used asapreservative of canned food products.
Benzoic acid isused in the manufacture of many synthetic dyes, likeanilinebluedye.
Ethyl ester of benzoic acid (ethyl benzoate) isused asaflavouring agent.

a bk wpheE
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EXERCISE -I

Q.1 Inthereaction sequence:
CHyC=C-H—CHMB" , oy 1 (a) —22%2 5 ()

(il)H,0/H®
(B) will be:
(A) CH,-C=C-CH, (B) CH;-C=C-MgBr
(C) CH,-C=C-COCH (D) CH,-CH=CH-COOH

Q.2 Hydrolyssof 1,1, 1-trichloro derivative (A) of dkanegivesamolecule(B) on akainehydrolysswhich
producesred coloration with agueous FeCl ;. The compound (A) is-
(A) CH5CH,CCl, (B) CH,CCl, (C)CHCl, (D) None

Q.3 Inthegivenreaction:

CH,CHO —ONECNIRCEL , (A _ Fenton (), (B) will be:
(i) H,0/H® /A reagent

(A)Aceticacid (B) Oxdicacid (C) Pyruvicecid (D) Citricacid

Q.4  Whichof thefollowingisthebest representation of thestructure of the carboxylateion -

3+ o— 3+
O O o]
A R-cZ BR-cCo (OR-cT  (D)Noneofthese

Q.5 Inthegivenreaction:

(i)Bry/KOH " CHBr, + [X], [X] will be:
(i H®
(A) CiH—CHO (B) C;H,COQH (C) CiH—CH,OH (D) CH,COOH

I
C4Hs —C—CH,

Q.6  ldentify Zinthesequence
CH,COONH, —&eatsy y L HoH) , 7.
3 4 (i)P,05

(A) CH4CH,CONH,(B) CH,CN (C) CH,COOH (D) (CH4C0),0

Q.7  Sodium bicarbocatereactswith saicylicacidtoform:

OH ONa ONa
COONa
(A) CiH-ONa (B) (C) COOH  (p) COONa

Q.8  Whichoneof thefollowing reactswith Grignard reagent to form an addition product which can be
hydrolysed to acarboxylic acid?
(A)O, (B) CO, (C) SO, (D) None
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Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Which of thefollowing will not be solublein sodium bicarbonate solution?

COOH

OH OH SO;H
O,N NO, NO,
ST e el

Consgder thegivenreaction:

RCOOAg N

which oneof thefollowing acidwill givemaximumyield of R—Br intheabovereaction?
(A) CH, - CH - COOH (B) CH;-CH,-CH,-COOH

|
CH,

CH,

|

(C) CH,-C-COOH (D) All will givesameyield
I
CH,

Inthegivenreaction:

COOH

_HBr ,1X], [X]will be

COBr COOH COOH COOH

Br Br
o5l s el

Inthegivenreaction:

CH,-COOH —UBR/redP 2 151 [X] will be:
(ii) NaCN
(iii)H,0/H® /A
(A) CH,COOH (B) COOH-CH,—CH,-COOH
CH,-CO
oL, 0 o Do
CH,-CO 7 2Nco—
2 CO
Which of thefollowingisapolyprotic acid -
(A)Aceticacid (B) Benzoicacid (C) Aicylicacid (D) Oxalicacid

Reducing praperty of formic acidisdueto the presenceof :
T T
(A)—-OH (B) _g—H (C) -C-OH (D) All of these

TheHéd-Volhard Zdlinsky reactionisused for preparing alan -
(A) p-Haoacid (B) y-Haoacid (C)Acidhalide (D) a-Haloacid
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Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Inthegiven reaction:

NH
cHy 2 COOC,H,

+ __ Pyridne X7, [X] will be:
CHyy, COOCHs

H
; :
) [iIOCH (B) [EIZ
|
H

COOC,H
- oHs
 NCcooc,H;
NCOOC,H |
©) (D) CH,
NH, \ _COOCHH;

N=CxcooC,H;

Select the compound which doesnot give acetic acid on hydrolysis-

(A) CH,CCl, (B) CH,CN (C) CH5COCI (D) CH,CH,CI

Which of thefollowing skeleton givesthe strongest acid if COOH isattached to thefreevalency -
T

(A) C-C- (B)C-C-C- (O H=~ (D)C-C-

A «=F— CH3COOH ", B. Whatisnot truefor A and B -

(A) Aishydrocarbon of general formulaCiH,,,,» while B belongsto alkanol
(B) A can beobtained by reducing CH3CH,Cl while B by itshydrolysis
(C)AisdkenewnhileBisdkana

(D) A and B both belongsto different homol ogous series

Theproduct A, B, CandDiinthereaction A+B " H_-COOH HH%ZU C+D aregivenby

the set -

(A) CO, H,0O, CO,, H, (B) CO,, H,0, CO, H,

(C) CO,, H,, CO, HO (D) CO, H,, CO,, H,0
Ozonolysisof fatty acid iscarried out to ascertain -

(A) Number of ~OH group (B) Number of — COOH group
(C) Position of carbonyl group (D) Position of doublebond

Dry digtillation of cacium acetate gives-
(A) Acetddehyde (B) Acetone (C) Ethane (D) Propane
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Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

Which of thefollowing productsisformed when adipic acid isheated -
e = CH—~— @ [~

(A) 1 C=0
CH,~CH; CH,— CH
CH, — CH,CO CH, — CH,COOH
2 % =0 o [ 7?
CH, — CH,CO CH, — CH,COOH
Inthereaction sequence:
i
®
CH,—C-H N, (a) B0, proguct, Product will be:
OH A
7 )
(A) CH,~C~-COOH (B) HOOC - C~ CHg
| |
H H
OH OH

I |
(C) Mixtureof CH, —C—-COOH and HOOC - C—CHg

I |
H H

OH
(D) CH, —CH—CONH,

Which of thefollowing compounds gives carbondioxidewith NaHCO,?
(A)Aceticacid (B) Hexanol (C) Phenadl (D) Acetylene

Whenmalonicacidishesated, it gives-
(A) Formicacid (B) Oxdicacid (C)Acticanhydride (D)Aceticacid

Amongst theacids,
(i) CH=CCOOH (if) CH,=CHCOOH and (iii) CH,CH,COCH,
theacid strength followsthe sequence

(A) (1) <(ii) > (iii) (B) (1) > (ii) > (iii) (©) (i) = (i) =(ii) (D) (i) =(i1)> (i)

Formic acid reactswith PCl 5 toform -
(A)Acetyl chloride (B) Methyl chloride
(C) Carbonmonoxideand hydrogenchloride (D) formyl chloride

Which oneof thefollowing reactions can be used for the preparation of 3-hydroxy ester:
(A) Perkin reaction (B) Reformatsky reaction
(©)Aldol condensation (D) Claisen condensation

Kolbe’séd ectrolysisof agueous potassium ethanoateleadsto theformation of -
(A) Ethene (B) Methane (C) Ethane (D) Ethyne
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EXERCISE -1

Q.1

Q.2

Q.3

Q4

Q.5

Q.6

Q.7

Q.8

End product of thefollowing reactionis— [AIEEE-2002]

cl, . ic KOH,_
CH,CH,COOH oy Alcoholic KOH,

(A) CHCHCOOH — (B) CH.CH.COOH (C) CH,=CHCOOH (D) CH.~CH-COOH
OH OH Cl OH

Intheanion HCOO—thetwo carbon-oxygen bondsarefound to be of equd length. What isthereasonfor
it? [AIEEE-2003]
(A) Theanion HCOO— hastwo resonating structures

(B) Theanionisobtained by remova of aproton fromtheacid molecule

(C) Electronic orbitalsof carbon atom are hybridised

(D) The C=0 bond isweaker than the C—O bond

Which oneof thefollowing does not have sp? hybridized carbon ? [AIEEE-2004]
(A)Acetone (B)Acseticacid (C)Acetonitrile (D) Acetamide

Consider theacidity of the carboxylicacids: [AIEEE-2004]
(a) PhCOOH (b) 0 -~NO,C,H,COOH

(c) p— NO,C,H,COOH (d) m-=NO,C,H,COCH

Which of thefollowing order iscorrect ?
(A)a>b>c>d (B)b>d>c>a (CO)b>d>a>c (D)b>c>d>a

The compound formed asaresult of oxidationof ethyl benzeneby KMnO,is— [AIEEE-2007]
(A) benzophenone  (B) acetophenone (C) benzoic acid (D) benzyl acohol

A liquid was mixed with ethanol and adrop of concentrated H,SO, was added. A compound witha

fruity smell wasformed. Theliquidwas: [AIEEE-2009]
(A) CH,OH (B) HCHO (C) CH,COCH, (D) CH,COCH
Acetic acid can be used for the preparation of :
(A) Ethane (B) Methane (C) Acetone (D) ethanol
CH,4

|
CH; - (|3 — COOH + Bry LAP> [ Product ] The product of the above reaction is -

CH,
(A) B-Dibromo acid (B) B,B’ - Dibromo acid
(C)B,B’,B”’<Tribromo acid (D) No reaction takes place
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Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Congder thefollowing reaction:

i T
H
LI
CH,-C-OH+CH;~-OH <——CH;-C-0-CH,;+HOH
Trueabout theabovereactionis:
(A) Product ishavingsmdll likefruits
(B) Nucleophilic additionfollowed by eiminationreaction
(C) fallowsA , . mechanism
(D)itisirriversiblereaction

HVZ reaction is specific for -
(A) Replacement of 3 - hydrogen (B) Replacement of o - hydrogen
(C) Replacement of 3 - carbons (D) Replacement of o - carbons

Which oneof thefollowing compoundswill give HV Z reaction?

COOH COOH
COOH
(A) @ ®) Q © }COOH (D) @

Acetic acid vapours when passed over aluminium phosphate forms -
(A) CH;CHO (B) Ketene (C) CsHg (D) C,H,

Aceticanhydrideisused as:
(A) Solvent (B) Dehydrating agent
(C) Acetylating agent (D) Antiseptic

Arrange the following compoundsin decreasing order of acidity -
CICH,CH,CH,COOH CH5CHCICH,COOH CH;CH,CHCICOOH

I I 11
(A1 >11>1 B)ia > > | ©1>m>1 D) m>1=>n

Which compound will liberate CO, from NaHCO, solution:
(A) CH,CONH, (B) CH,NH, (C) (CH,),N*OH~ (D) CH,N*H,CI-

Arrange OHCH,COOH (| ), HOCH,CH,COOH (II) and CH5COOH ( I11') in order of acidity

(A) | > 11 > (B) Il > 11 > | (C) 1> 111 > 1 (D) 11> 111 > |

Hofmann Bromamide degradetionisgiven by:
(A)Imide (B)Acidchloride (C)Acidanhydride  (D)Amide

The rate of esterfication of HCOOH (1), CH;COOH (Il), (CH3),CHCOOH (Il1) and
(CH3)3CCOOCH (1V) with ethanol follows in the order -
A)YIV>>n>1 B)1>u=>m=>1v. ©u>r>iv=>u D)In>1v=>i1>l
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18 >
HOH / H
f

I
Q19 CH3;-C-0O-CH,-CHj, Ethanoicacid + Ethanol

I sotopi c oxygen of water will be present with

(A) Ethanoicacid

(B) Ethanol

(C) After sometimeit will also be present in somemolecul es of ester
(D) Noneof these

Q.20 Intheéelectrolysisof the agueous sol ution of CH3;CH,COON@, anion goesto anode the possibility
of formation of following compounds takes place -

(A) CH;—CH,—-CH,—-CHj4 (B) CH, =CH,, CH3—CH4
(C) CH3CH,COOC,H;5 (D) All theabove
Q.21 Which of the following organic acid decol ourises bromine water aswell asformsanhydride -
(A) HOOC - COOH (B) HOOC — CH, - COCH
H-C - COOH H-C - COOH
(© [ (D) I
H-C-COOH HOOC=C -H

Q.22 Thegenera formulaof dicarboxylic acidis-
(A) (COOH), (B)(CH,),(COOH),
(C) (CHy), o (COOH), (D) (CHy), 1 (COOH),

Q.23 Theproduct A, B and C in the reaction.sequence

(H—Cﬁ—O)ZCa A, A NeOH B%Care-

0]
(A) HCHO, HCOONa, CH,OH (B) HCHO, Na,CO,, NaHCO;4
(C) HCHO, HCOONa, (COONa), (D) HCHO, HCOONa, Na,CO;4

Q.24 CH,COOH —Nane:/Mel ;cH COOH
I |

X Y

glycine glycollic acid

Here X and Y respectively are -

(A) OH, NH, (B) NH,, OH (C) Cl, OH (D) None

Q.25 Thecarboxylicacid that doesnot undergo HVZ reactionis-
(A) CH;COOH (B) (CH3),CHCOOH
(C) CH4CH,CH,CH,COOH (D) (CH3);C COOH

Q.26 Theendproduct ‘C’ inthefollowing sequence of chemical reactionsis

CHBCOOH CaCO, A heat B NH,OH s C -
(A) Acetaldehyde oxime (B) Formadehydeoxime
(C) Methyl nitrate (D) Acetoxime
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Q.27 Which of thefollowing carboxylic acidsundergoes decarboxyl ation easily?

(A) CgHs-CO-CH~COOH (B) CgHg-CO-COOH
(C) CgHs — CH - COOH (D) CGH5—C|:H—COOH
OH NH,

Alc.KOH

cl,
Q.28 CH4CH,COOH —=

b

Thecompoundbis-
(A) CH5CH,0H (B) CH3CH,COCI  (C) CH,=CHCOOH (D) CH5-CHCI-COOH

Q.29 A compound undergoesthefollowing sequence of reactions:

CaHsN — 245 ¢ H0, — 5 CH:0,Cl N, C;H NO,
@ (b) (©)

The compound C is -

(A) 1-Nitropropane (B) 2-Nitropropane

(C) 2-Aminopropanoic acid (D) 2-Hydroxypropanamide

Q.30 R-CH,—CH,0H can beconverted into RCH,CH,COOH. The correct sequence of reagent is
(A) PBrg, KCN, H* (B) PBrs;, KCN, H,
(C) KCN, H* (D) HEN, PBr5, H*
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ANSWER KEY

EXERCISE -I
Q1 C Q2 B Q3 C Q4 B Q5 B Q6 C Q7. B
Q8 B Q9 C Q10 B Q11 B Q12 A Q13 D Q14 B
Q15 D Q.16 B Q.17 D Q18 C Q19 C Q20 C Q21 D
Q22 B Q23 B Q24 C Q25 A Q26 D Q27 B Q28 C
Q29 B Q30 C

EXERCISE -11
Q1 C Q2 A Q3 C Q4 B Q5 C Q6 D
Q7 ABCDQS8 D Q9 AB Q10 B Q11 BC ©Qi12 B
Q13 ABC Q14 B Q.15 D Q16 A Q.17 AD .~ Q.i18 B Q.19 AC
Q20 D Q21 C Q22 B Q23 C Q24 B Q.25 D Q26 D
Q27 A Q28 C Q29 C Q30 A
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NITROGEN COMPOUNDS

1. GENERAL CHARACTERISTICS

(@)

(b)
(©
(@)

()

(f)
@

()

If ahydrogen atom of NH isreplaced by an alkyl group then it is called primary amine
and possess-NH,,(amino) group.

Aminesare called akyl derivative of NH,.
Aliphatic aminewasdiscovered by ‘Wurtz’.

If two hydrogen atoms of NH, arereplaced thenitiscalled secondary amineand it posses
> NH (Imino) group.

If all hydrogen atoms of NH, arereplaced then it is called tert. amineand hasanitrilo N
group.

N isin sp® hybridisation and tetrahedral geometry.

Bond angleincreasesfrom ammoniato 3° amines.

NH; (107°) < RNH, < R,NH < RN

Aliphatic and aromatic amine shows chain, position, functional and metamerism.

GENERAL CHARACTERISTICS:

NH,
Ex.1 Compound isa- (j/

N

|
CH,

(A) 1° and 3° amine (B) Only primary amine
(C) 2° and 3° amine (D) Only secondary amine (AnsA)
Sol.  3-Amino—N-methylpiperidine contains primary and tertiary amino groups.

Ex.2 Thethird member of homol ogous series of dimethyl amine-
(A) CHy-CH,~NH-CH,CHy (B) CHy-NH-CH,~CH,~CH,_
(C) CH,-NH-CH(CHy), (D) 2" and 3 are correct (Ans.D)

Sol.  Compounds 2™ and 3" contains CH,-NH- group.

Ex.3 Tertiarybutyl amineisa

(A) 1° Amine (B) 2° Amine

(C) 3° Amine (D) Quaternary salt (AnsA)
Sol.  (CHg);C-NH,isprimary amine

Ex.4 N-atom inquaternary ammonium halide will have the form-

A) _ﬁ_ B) -N- (©) N< (D) —N-H (AnsA)

|
" .

Sol.  Quaternary ammonium halideisanionic compound. Hence N carriespositive charge.
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Ex.5

Sol.

22

2.3

24

Note:
25

2.6

Note:

~CONH, —=%= _CH,NH,

In above reaction hybridisation state of carbon changesfrom..... — ........

(A) sp—> sp? (B) sp —> sp?

(©) sp* —> sp° (D) sp> —> p (AnsC)

Hybridisation state of carbon changesfrom sp? to sp°.

METHODSOF PREPARATION

FromAlkylchloride:

R-Cl + H-NH, —=2° 5, R-NH, + HCI
2 00°C 2

Note: Intheabovereaction Cuzo neutralisestheevolved HCI inform of Cu2C| 5t HZO otherwise
HCI forms additional salt with amines.

From Grignard reagent :
R-Mg-Cl + CI-NH, ———— R-NH,, + MgCl,

From Alcohal :

________ 300°C
RTOH+A+NH, —f0 > R-NH, + H)0

By Aldehydeor Ketone (reaction with H, and NH 5 in presence of catalyst) :
Primary amine can be produced by passing a mixtureof & dehyde or ketoneand largeexcessof anmonia
and hydrogen under pressure (20-150 atm) over-raney nickel catalyst at 40-150°C.

R,R,C=0 + NH; “M R,R,CHNH,
Small amount of secondary and tertiary amines are al so produced in thismethod asby products.

By reaction of Aldehydeor K etones(withammonium formateor with formamideand subsequent

hydrolysisof product)

Aldehyde and ketoneswhen react with ammonium formate or formamide or theformyl derivative of

primary amineon hydrolysisyiddsprimary amineand formateions.

>C=0 + 2HCO,NH, ———— >CH - NHCHO + 2H,0 + NH; + CO,
(ammonium formate)

>C=0 + 2HCONH, ——— >CH — NH - CHO + CO, + NH,

2H,0

in alkaline medium

SCH - NH. < CHO SCH — NH, + HCOO®

From Alkanoic acid (Schimdt Reaction) :
R»ﬁfofH + NgH %%, RNH,+ N, + CO,
O

Alkyl isocyanate can also be produced by heating the mixture of acyl halide and sodium azide,
dkylisocyanate, onceitisformed, can easily be hydrolysedinto primary amineand CO.,.
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2.7

2.8

29

Note:

210

211

Mechanism : —

@
H-N-N=N
v Y., MY
R—ﬁ—0H+H®—>R_c_0H—>R—C—OHM> R-C-OH M2,
| |
s Gon b G
_ R-N @
N e 2 | RN N N
—HO-C¥YOVH « ™ H,0-C-OH ¢ 55— Il M2 I
2 ®C-OH C-OH
NG
R-N-H o 0
—H02 , R-N=C=0 — RNH, + CO,
OH-C=0 hydrolysis
alkyl isocyanate
o
R- c—C1+NaN3—>-C =N ———>0=C=N-R —2"»RNH, +CO,

rearrangenent

gz)

From Acyl halide :
R- c|:| -X +Na-N=N*=N_ —— R-C-N=N* =N~ feemanemens , 50 OH + R-N=C=0

| e
sodium azido

xco. > R-NH,

Note : Itisagood method for preparation of alkyl amine. Reactioniscalled ‘CurtiusReaction’.

From Alkanamide:

Note: Thereactioniscalled ‘Hoffmann Bromamidereaction’ discussed earlier.

By Alkyl cyanide (By reduction) :

LiAIH,
Na-+Et OH

When (Na+ Et.OH) is used as reducing agent then reaction is called ‘M andius Reaction’.

R-C=N + 4H R-CH,-NH,

From Alkyl isocyanate (Alkaline Hydrolysis) :
R-N=C=0 + 2KOH ————— R-NH,, + K,COj4

From Aldoxime (By Reduction) :

H H
R-C=N-OH + 2H —f , R_& N - OH —Z R CH,-NH,,
|l
H H
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2.12 From Phthalic acid :

O
C OH ,  _~_C. U ~"H~ 3 C OH
@[ -H,0 @[ _______ _:> N @[ N-H @[ N-R R_NHZ @ ZOH
phthal icanhydride phthd imide N-alkyl phthalimide

Note: Itisthebest method for preparation of aliphatic amines. Thereactioniscalled ‘Gabrid-Phthalimide
reaction’.

2.13 By reduction of Nitro compounds:
Nitro alkanes arereduced catalytically to primary amine.
€) ByLiAIH,

(b) By Metal and acid (commonly used Sn + HCI or Fe + HCI)
RNO, —feduction , RNH, + 2H,0

4H

Note : (i) Whenreductionwithmetd iscarried outinneutral solution e.g. withZn dust & NH,,Cl solution,
nitro compoundsare converted into N-alkyl hydroxyl.amine.

RNO, —2*— RNHOH + 2H,0
NH4Cl

N-a kylhydroxyl amine
(i) When reduction of nitroalkane is carried out with SnCl,, and conc. HCI, a mixture of
N-akyl hydroxyl amine and oxime are produced.

RCH,NO, 2" RCH,NHOH ‘+ RCH = NOH

N-Alkyl hydroxy amine  Oxime

3. PHYSI CAL PROPERTIES
@ Likeammonia, aminesare polar compounds and except 3° amines can form intermoleculer H-
bondsthat’s why they have higher boiling points.

(b) Unlike other organic compounds, amines are much moresolublein water. BecauseAll amines
form astronger H- bond with water.

(© Solubility inwater follow the order.
1° > 2° > 3°amine.
Thisisall duetoH- Bonding.

d) Boiling pointsof aminesarelesser than a coholsand acids of comparablemol. weight. Because
H- bondingin aminesislesspronouncedin 1° and 2° than that in alcohols and carboxylic acids.
Becausenitrogen isless e ectronegative than oxygen.

Thusevery question regarding boiling point can be answered onthe basisof H - bonding.
(e) Boiling pointsof 1°, 2° and 3° amines follow the order.

1° >2° > 3° amine.
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5.2

5.3

5.4

CHEMICAL PROPERTIES
(@ Almost all chemical propertiesand reactions of aminesare governed by basicity of amines.

(b) A lonepair of electron on nitrogen atom in each of amines and anmoniamakesthem basic
innature.

(© Alkyl groupsare electron rel easing group which increases el ectron density on nitrogen atom
thus, we can expect the order of basicity of ammonia

1°, 2° and 3° amines to be
3° >2° > 1°> ammonia
d) Some other factorslike steric effect, Solvation or hydration and mainly crowding on nitrogen
atom by three bulky alkyl groups, decreasesthe basicity of 3° amines to a great extent and

order follows -
RZNH > RNH2 > R3N > NH3
(2°) (19 (3°) (ammonia)

(e) Thiscan bealso explained on basisof lesser capacity of 3°amine to form H- bonds with water
which stabilizes R2N+H on becauseit hasonly oneH-atom

CHEMICAL REACTIONS
Alkylation :

I:21
+RiX +RyX RaX |
RNH2 TRNHRl T’ R—N—R2 Ti() R—ll\I—R2 X

Rs

(quartenary amm. salts.)

Reaction with Grignard reagent : Sinceprimary and secondary amines have active hydrogen, they
on reaction with Grignard reagent give dkanes

RNH, + CH,MgBr __ether . "CH, + RNH.MgBr
R,NH + CH,MgBr __eter . CH, + R,N.Mg Br
Note: Tertiary do notreact because of absence of active hydrogen.

Reaction with Aldehydes and Ketone:
RNH,, +CH4CHO -~~~ RN = CHCH, + H,0
(schiff’s base or anil’s base)

Acylation : 1°and 2° amines react with acetyl chloride or acetic anhydride to form acetyl derivatives.
R-NH, + CH,COCl ——— RNHCOCH, + HCI
R-NH, + (CH3;CO),0——— RNHCOCH, + CH;COOH

(CH3),NH + CH4COCl —— (CHa),N — COCH, + HCl

Note: (@) Tertiary aminesdonot undergo thisreaction because of absence of replacable H- atom.

(b) When Benzoyl chlorideisusedin placeof acetyl chloridereactioniscaled ‘Schotten - Baumann’
reaction.

&
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5.5

5.6

5.7

Note :

Oxidation : All threeare oxidised in different ways depending upon conditions of oxidation.
@ Primary Amine: Oxidised to adehydesand ketones.

RCHZNHZ% R-CH =NH—"2° , R-CHO + NH,
KMnO,4

aldimine aldehyde
R,CHNH,—°L, R,C=NH—"22->R,C=0+ NH,
KMnO4
ketimine ketone

(b) Secondary Amine:
[0]
2R,NH —%5, R/N-NR,

KMnO4
(tetra-alkyl hydrazine)
RoNH __caosacd . R,N-OH
(dialkyl hydroxylamine)
(© Tertiary Amine: Resistant to KMnO, but oxidised by neutral and aqueous H,O, incold
to formtrialkyl amine oxide.
Note: (i) NH,-NH, iscalled hydrazine
(i) NH,-OH iscalled Hydroxylamine

Salt formation: Amineformssalt with mineral acids
RNH, —HC ,[RNH,] * CI-
R,NH + HCl —— [R,NH,}* CI
RN + HCl  ——— [RNH]*CI™
These salts may undergo dealkylation at higher temp.
For example : C,H:NH,"Cl-—;— C,HCl + NH,

Reaction with HNO,,: Thisreaction distinguishes 1°, 2° and 3° alcohols.
(@ Primary Amime: Except methyl amine, reaction happensat ordinary temp. to evolveN,, Gas
CH,CH,NH,, + HNO;-+———> CH,CH,OH + N+ H,0
Methylaminereactsin different way:
CHaNH, + 2HNO, ——5CH,O-N =0 + N, + H,0
methyl nitrite
2CHNH,+ 2HNO,, (| —=CH5-O-CHy + 2N+ 3H,0
dimethyl ether

(b) Secondary Amine: Form nitroso amineswith HNO, (No N, gasisevolved)
RNH +HNO, —— R, -N-N =0+ H,0
(vellow)

Thesenitroso aminesformed, on warming with phenol and conc. H,SO,, giveabrown or red colour
changing to blue or green on further addition of an alkali, colour changestored . Thistestiscalled
Liibermann’snitroso test and used for identification of 2° amines.

(© Tertiary Amine: These areinert to HNO, but being basic in nature forms salts withiit.
(CHg)3N + HNO, ——— (CHg)3 N - HONO
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5.8

5.9

5.10

5.1

Reaction with water : Aminegives akyl ammonium hydroxideswhich dissociateinto ions-
RNH, +H,0 === RNH,OH === RNH,"+ OH"

I socyanide test or Carbylamine reaction :

Primary amineswhen heated with chloroform and ethanolic K OH solution, akyl isocyanidesisproduced
which have characteristic foul smell. Thisreaction ischaracteristic tothe primary amine. Thistestis
known as car byl aminetest or isocyanidetest.

RNH, + CHCI; + 3KOH ———RNC + 3KCl + 3H,0

Thereaction proceedsviatheformtion of dichloro carbene (:CCl.). Inthe absence of any lewisbase
catalyst when HCCl 5 reacts only with base, :CCl., a so produced, whichisrapidly hydrolysed into CO,
HCO, andCI .

CHCI; + OH® —— :CCl, + H,0 + CI®
(dichloro carbene)

® 0
RNH, + :CCl, ———> R - N = C + 2HCI
(alkyl isocyanide)
.cal, —2%co + HCO,® + 2C1°
H20
Reaction with Hinsber g reagent : Thisisamethodfor seperation of 1°, 2° and 3° amines Hinsberg
Reagentis
CgH5-S0O,-Cl. (Benzene sulphonyl chloride)

RNH, + Cl — SO,-CgHg —— R-NH-SO,-CH; + HCI
(@ Primary aminesform N—Alkyl benzene sulphonamide

—S0,Cl + H-N-R ———> —SOZ—N R + HCI
| N-alkyl benzene sulphonamide (ppt.)

1° amine

(b) Secondary aminesform N, N-dialkyl benzene sul phonami de

—SO0,Cl+ H-N-R—» —S0O, - N R + HCI
| N,N-dialkyl benzene sulphonamide (ppt.)

2° amine
(© Tertiary amines do not react because they do not possess arepl acable Hydrogen atom.

Mustard oil reaction: A 1° amine reacts with CS., and thenwith HgCl,, to formiso thiocyanate having
pungent smell of mustard ail.

NHR
2RNH, +S=C=S—»s= c< M, R N=C=S$+RNH,+ HgS+2HCl

akyl isothiocyanate

[ DPENSALCLASSES NITROGEN COMPOUNDS [94]

AIEEE DIVISION



5.12 Reaction with Nitrosyl chloride (TILDEN’S REAGENT) :
R-NH, + NOCI —— R-Cl + N, + H,0

5.13 Reaction with Caro’s acid [H,SOq] :
With caro’s acid, the oxidation products of primary amine are also dependent on the nature ofthe alkyl
group present intheamine.

RCHNH, — L, rcp NHOH + RCH=NOH + R - \OH
by H>SOg NOH
(N—alkyl (aldoxime) (hydroxamic acid)
hydroxyl amine)
R,CHNH, —L— R,C = NOH (ketoxime)
Yy H2SO05
R,CNH, T]Es?s_) R,CNO (nitrosoalkane)
CHEMICAL REACTION
Ex.6 Thesmél of mustard oil isgiven by the compounds-
(A) Carbylaminoakane (B) RNCS
(C) RCNO (D) RCNS (Ans. B)
Sol.  Alkylisothiocyanategivesthesmdl of mustard ail.
Ex7 R-C-NH, B:0O0 , R NH, Ceiscod , R-NH € - CgH,
. §
Thereactionsinvolved in the above reaction sequence are-
(A) Stephen and Schotten Boumann (B) Hofmann and Schotten Boumann
(C) Hofmannand Cannizaro (D) Gabrid and Schotten Boumann
(Ans.B)
Ex.8 When 1-propaneamineistreated with NaN O, and HCI the productswill be-
(A) 1-propanol, 2-propanoal
(B) Propene
(C) 2-Chloropropane, 1-chloropropane
(D) All of these (Ans. D)

Sol.  Theproductsformed inthereaction between CH;CH,CH,NH, and HNO, are
1- Propanol, 2 propanol; propene,
1-Chloropropane and 2-chloropropane

6. SEPERATION OF MIXTURES OF AMINES
6.1 Hinsberg method :
Thisinvolvesthetreatment of the mixturewith benzene sulphonyl chloride (Hinsberg Reagent) and
KOH.
(@ The primary amineformsN-alkyl benzene sulphonamide which forms a salt with KOH, which
Issolubleinwater.

H

|
CgHsSO,Cl + H-HNR —— ¢ _H.S0,-N-R + HCI
benzene sulphonyl 1° amine N-alkyl benzene sulphonamide

chloride
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(b) The secondary aminegivesN, N- dialkyl benzene sulphonamide which isinsolublein KOH
solution
(© The tertiary amine does not react at all.

6.2  Hofmann method :
Thisinvolvesthetreatment of the mixturewith diethyl oxalate.
@ The primary amineformsadiakyloxamide, whichisasolid
(b) The secondary amineformsadialkyl oxamic ester, whichisan oily liquid.
(© The tertiary amine does not react at all.

6.3  Fractional distillation :
The mixture of primary, secondary and tertiary amines, may be separated by fractional distillation
becausetheir B.P’s. are quite different . This method is extensively usedin industry.

CYANIDES, ISOCYANIDES, ALKYL NITRITES AND NITRO ALKANES

11 GENERAL CHARACTERISTICS:
(@ Compounds having theformulaRCN are called alkyl cyanides or as nitriles of the acid which they
produce on hydrolysis.

(b) According to IUPAC system, cyanides are named asakane nitriles, i.e., in the name of parent
hydrocarbon 'nitril €' is suffixed. In naming the hydrocarbon part, carbon of the— CN group is also

counted.

Formula Ascyanide IUPAC name
CH,CN Methyl cyanide Ethanenitrile
(Acetonitrile)

C,H:CN Ethyl cyanide Propanenitrile
(Propiononitrile)

C;H,CN Propyl cyanide Butanenitrile
C,HoCN Butyl cyanide Pentanenitrile

(© The compounds having theformula RNC are called isocyanide or isonitriles. The nomenclature of
isocyanidesissimilar to cyanides.
Formula As isocyanides |UPAC names
(Comman name)

CH;NC Methyl isocyanide Methylcarbylamine
(Methyl isonitrile) (Carbylamino methane)
C,HNC Ethyl isocyanide Ethyl carbylamine
(Ethyl isonitrile) (Carbylamino ethane)
C;H,NC Propyl isocyanide Propyl carbylamine
(Propyl isonitrile) (Carbylamino propane)

d) Isocyanides are also named as alkaneisonitrile.
CH,NC Methaneisonitrile
C,H:NC Ethaneisonitrile
C3H/NC Propaneisonitrile
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()

1.2

Hydrogen cyanideis known to exist as atautomeric mixture. (Diad forms)

H—C=N<=H-—-N=C

Hence, it forms two types of alkyl derivatives which are known as alkyl cyanides and alkyl
isocyanides.

R—C=N R—N=C
Alkyl cyanide Alkyl isocyanide

ALKYL CYANIDES
Methods of Preparation

0)

(ii)

)

From alkyl halides: Thealkyl cyanidesare prepared by refluxing an alcoholic solution
of analkyl halidewith potassium cyanide. The disadvantage of this method isthat amixture
of nitrileand isonitrileisformed.

RX + KCN (or NaCN) — RCN + RNC
Alkyl hdide Nitrile Isonitrile

(Major product) (Minor product)

From Grignard reagent : Grignard reagent reacts with cyanogen chlorideto form alkyl
cyanides.

RMgX + CICN RCN + M e
- g
g Nl

Grignard Alkyl Cyanide
reagent

/BI"
CH;MgBr + CICN — CHiCN + Mg\CI

Methyl Cyanogen Methylcyanide

megnisum chloride

bromide

From acid amides: Purenitriles are obtained by dehydration of acid amideswith phosphorus
pentoxide. Amidesaredistilled with phosphorus pentoxide, P,Oc.

P205

RCONH,, —22, RCN
~H,0

CH,CONH, P95 | CH,CN + H,0

Acetamide Methyl cyanide

Industrialy, alkyl ecyanidesare prepared by passing amixture of carboxylic acid and ammonia
over aluminaat 500°C.

+ o
RCOOH + NH; ——> RCOONH, —222%%C,  RCONH, —%2%, RCN

H20 Amide O Ayl
Cyanide

Acid Ammonium Salt
From primary amines: Primary amines are dehydrogenated when passed over copper
or nickel at high temperature to form alkyl cyanides. Thisisalso acommercial method.

Cu or Ni

RCH,NH, RCN + 2H,

500°C

Primary amine

&
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)

Cu orNi

CHLCHNH, — CH.CN + 2H,

Ethylamine Methyl cyanide
From oximes: Aldoximesare converted into alkyl cyanideswhen distilled with phosphorus
pentoxide or acetic anhydride. The dehydration of aldoximes occurs.

H
| P,05
R-C=NOH———— R—CN + HZO
-H,0

Aldoxime Alkyl cyanide

1.3  Physical properties:

@

()
©

(d)
©

Lower members containing upto 15 carbon atomsareliquids, while higher members of carbon
atomsinthemolecule,

Alkyl cyanidesareneutra substanceswith pleasant odour, similar tobitter a monds.

They aresolubleinwater. The solubility decreaseswith theincreasein number of carbon atoms
inthemoleculearesolid.

They aresolublein organic solvents.

They are poisonous but | ess poi sonousthan HCN.

1.4  Chemical properties:

0)

(i)

Reaction with Grignard reagent : With Grignard's reagent, an alkyl cyanide forms a
ketone which further reactsto form atertiary alcohol.

R' R’

. | 2H,0 | OH

R—C=N+RMgX -R—C =NMgX —2225 R — C = 0+ NHy + Mo
X

X X X o

R—C = 0+ R MgX > R .0 OMgX L SEN R—C —OH + Ma<_
X
R" R"

Tertiary acohol
Reduction : When reduced withhydrogenin presenceof Ptor Ni, or LIAIH,, (Lithium aduminium
hydride) or sodium and alcohol, akyl cyanidesyield primary amines.

RCN —*-" RCH,NH,

Alkyl cyanide /Primary amine

However, when asolution of alkyl cyanidesin ether isreduced with stannous chloride and
hydrochl oricacid and then steam distilled, an aldehydeisformed (Stephen’sreaction).

R_‘CaN—%M, pey=NHHCI ——2>> RCHO+NH,CI

[2+] Imine hydrochloride Aldehyde

Hydrolysis: Alkyl cyanidesare hydrolysed by both acid and alkalies. On partia hydrolysis
amides are formed while on complete hydrolysis acids are obtai ned.

RN —"2 RCONH, —>— RCOOH + NH,
Ht
Alkyl cyanide  Amide Aad
CH,CN —=— CH,CONH, —=— CHL,COOH + NH,
H H
Methyl cyanide Acetamide Acetic acid
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1.5

(iv)  Alcoholysis: When an alkyl cyanideisrefluxed with an anhydrousa cohol in presenceof dry
HCI, animido ester isformed, which on hydrolysiswith water formsester.

+
NH,
|
R-C-OR'

cl M2 , RCOOR' + NH,.CI
Ester

Uses: Alkyl cyanidesareimportant intermediatesin the laboratory synthesis of alarge number of
compoundslike acids, amides, ester, amines, etc.

RCN + ROH + HCl —»

ALKYL ISOCYANIDES

M ethods of Preparation

() From alkyl halides: Theisocyanidesare prepared by refluxinganalkyl halidesolutionin
acohol withsilver cyanide. Theisonitrileisthe main product but small amount of nitrileisalso
formed.

R—X + AgCN ——RNC + RCN
Alkyl halide Isocyanide  Cyanide
(Isonitrile) (Nitrile)
Main product Minor product
CHSCl + AGCN —— CH;NC  # CH,CN
Methyl chloride Methyl isocyanide
(Main product)
Thismethod is, thus, suitablefor preparing isocyanides.

(i) From Primary Amines: (Carbylaminereaction) : Alkyl isocyanides may be prepared by
heating primary amineswith chloroform and a coholic potash.
RNH, + CHCl; +3KOH — RNC +  3KCl+ 3H,0

Primary Chloroform Isocyanide
amine
(i) From N-alkyl formamides: N-akyl formamideswhen dehydrated with POCI 5 in presence of
pyridinegiveisocyanides.
0
RNH = &1 %) R—N=C
N-akyl formamide ’ Isocyanide

Physical properties:

@ Alkylisocyanides are colourless, unpleasant smdlingliquids.

(b) Theyareinsolubleinwater but freely solublein organic solvents.

(© Thehoiling pointsof isonitirilesarelower than corresponding akyl cyanides.

(d) Isonitriles aremuch more poi sonousthan isomeric cyanides.

Chemical properties:

0] Hydrolysis: Alkyl isocyanidesare hydrolysed by dilutemineral acids (but not by alkalies) to
form primary amines.

RN =C + 2H,0 " RNH, + HCOOH
Alkyl isocyanide Primary amine Formicacid

&
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(i) Reduction : When reduced with nascent hydrogen or hydrogenin presenceof nickd, isocyanides
form secondary amines containing methyl asoneof theakyl groups.

R—N=C + 4H ——> RNHCH,

Alkyl isocyanide Secondary amine
(i) Action of heat : When heated for sometimeat 250°C, a small amount of isonitrile changes
intoisomeric nitrile.
RNC _heat . RCN
(iv)  Addition reaction : Alkyl isocyanide give addition reactions dueto presence of unshared
electron pair on carbon atom.

R:N:C:orR—N=cC
Thefollowing are some of the addition reactions shown by alkyl isocyanides.
RNC + X,——— RNCX, Alkyl iminocarbonyl halide

(Halogen)
RNC+S —— RNCS Alkyl isothiocyanate
RNC + HQO ——— RNCO + Hg

(Alkyl isocyanate)
Distinction between Ethyl Cyanide and Ethyl Isocyanide

Ethyl Cyanide

Test (C,H.CN) Ethylisocyanide (C,H,NC)
1. Odour Notunpleasant Extremelyunpleasant
2. Solublit
. y Soluble Insoluble
in water

3. Hydrolysis |Yields propionic acifProduces ethylamine

4 .Reduction [Gives propylamine |Gives ethylmethylamine
(Primary amine) (Secondaryamine)
5.Heating at

No effect Changes to ethyl cyanide
250°C

CYNIDESAND ISOCYNIDES :

Ex.9 Alkyl halide reacts with AgGCN to form —
(A)Alcohal (B) Cyanide (C) Isocyanide (D) BothB & C
(Ans.D)
Sol.  Intheabovereaction major product is Isocyanide and minor product is Cyanide.

Ex.10 Amide on heating with P,O gives—
(A)Alkanenitrile (B) Alkyl halide (C)Amine (D) None (AnsA)
Sol.  Seetext.
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SOLVED EXAMPLES

Ex.1

Sol.

Ex.2

Sol.

Ex.3

Sol.

Ex.4

Sol.

Ex.5

An example of aprimary amineis -

(A) n-Propylamine (B) Isopropylamine
(C) t-Butyl amine (D) All of above (Ans.D)
All the compounds given above are examples of primary amine.

CHyn CH,
CH; CH, CH, - NH, cH /CH - NH, CH3—C—NH2

n-propyl amine 3 _ |
Iso propyl amine CH 3
t — butyl amine

0
For the elimination of —C— group of amide following reaction is used -
(A) Hoffmann hypobromite reaction (B) Kolbe reaction
(C) Hunsdiecker reaction (D) Liebermann’s reaction (AnsA)

For theformation of RNH,, from RCONH,, NaOH and Br,, areused asreagent. Itiscalled Hofmann
hypobromite reaction.

Which of the following is hydrolysed to give secondary amine -
0
Il

. CH . . . .
(A) Alkyl cyanide  (B) H-C-— CH3 (C) Nitro paraffins (D) Acid amide
3

(Ans.B)

The compound H-CO - N (CH,), on hydrolysis produces secondary amine .

ﬁ H,;C (ﬁ
H_C_N<CH3 + H,0 —"=» H3C>NH +H-C - OH
dimethyl amine Formic acid

The structure of intermediate acetyl nitreneis -

(A) cH,-cO N: (B) CHy~CO-N: (C) CH3-CO-N: (D) CH; — CO=N:
(Ans.C)

The structure of intermediate acetyl nitrene is CH,-CO-N. It is formed by the following reaction

NH, NH-Br rl\l
CH3—é=O%>CH3_ -0 —KOH , CH,-C=0+HBr
In-hypobromite reaction of amide, carbonyl carbon atom islost as -
(A) CO (B) CO, (C) CO572 (D) None of above

(Ans.C)
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Sol.

Ex.6

Sol.

Ex.7

Sol.

Ex.8

Sol.

Ex.9

Sol.

In hypobromite reaction of amide, carbonyl carbon atom islost as CO5~2 ion. The reaction takes
place asfollows:

CH4CONH,, + Br, + 4KOH —— CHg3NH, + 2KBr + K,CO5 + H,0O
K,CO5 isan ionic compound and ionizes as K* and CO5~2 ions.

Which one of the following will give primary amine on hydrolysis-

(A) Nitroparaffins (B) Alkyl cyanide (C) Amide (D) Alkyl isocyanide
(Ans.D)

Alkyl isocyanide on hydrolysis produces a primary amine. The reaction takes place as follows.

[
CH-NC 21,0 | CHy—NH, + H-C—-OH
methyl isocyanide pygrolysis methyl amine

The correct set of the products obtained in the following reactions-

(1) RCN reduction (2) RCN (i) CH3MgBr
_ (i) H,O
(3) RNC —fydrobss (4) RNH,, —o:

The answer is-

1 2 3 4
(A) 2° Amine Methyl ketone 1° Amine Alcohol
(B) 1° Amine Methyl ketone 1° Amine Alcohol
(C) 2° Amine Methyl ketone 2° Amine Acid
(D) 2° Amine Methyl ketone 2° Amine Aldehyde (Ans.B)

The products of thereaction 1, 2, 3 and 4 respectively are: 1° amine, methyl ketone, 1° amine and
acoohol.

The reaction of an alkyl cyanide with sodium and acohol to form an akyl amine is known by the
name of -

(A) Mendius reaction (B) Hofmann’s reaction
(C) Gabrid reaction (D) Ammonolysis (AnsA)
Cyanoakanes are reduced to primary amines in the presence of Na and ethanol. It is called
Mendius reacion
R-C =N + 4[H] _Ma/Ctson | RCH,-NH,

alkyl amine

Formadoxime on reection with Na/lEtOH gives—
(A) 1° Amine (B) 2° Amine (C) 3° Amine (D) All above
(AnsA)
Formaldoxime on reaction with Na/EtOH gives
1° amine. The reaction is representated as follows :

Na/EtOH

H-CH=N-OH — = CH3NH, + H,0

formadoxime methyl amine
This method is used for the preparation of primary amines.
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Ex.10 Which of the following compounds on reduction gives an amine -
(A) Alkyl cyanide (B) Aldoxime (C) Alkyl isocyanide (D) All above
(Ans.D)
Sol.  All the given compounds like alkyl cyanide, adoxime, akyl isocyanide on reduction gives an amine

CHzC=N —5 CH; CH,NH
3 Sn/HCI 3272
acetonitrile ethyl amine
_ 4H
acetaldoxime ethyl amine
CHyNC —% CH,-NH-CH,
Sn/HCI

methyl isocyanide dimethyl amine
(2° amine)

Ex.11 Anakyl amineis prepared by the following reaction -

RCOOH + NgH —Cone-Hz80 , RNH,, + CO, + N,
Name of the above reaction is :

(A) Schmidt reaction (B) Stephan’s reaction
(C) Schotton-Baumann reaction (D) Reimer- tiemann reaction (AnsA)
Sol.  Thegiven reaction is represented as :
RCOOH + NgH e , RNH, + CO, + N,
alkanoic acid hydrazoic acid akylamine
The abovereaction isknown as Schmidt reaction. Thisisanimportant method of preparing primary
amines.

Ex.12 N-Ethyl pthalimide on hydrolysis gives -
(A) Methyl acohol (B) Ethyl amine
(C) Dimethyl amine (D) Diethyl amine (AnsB)

Sol.  N- ethyl pthalimide on hydrolysis forms ethylamine. It is called Gabriel phthalimide reaction. It is
an important method of preparing primary amines.

O COOH C,H:NH,
NCHs +2H,0 ——> + _
co COOH ethyl amine

N-ethyl phthalamide phthalic acid

Ex.13 Gabriel phthalimide reaction is used to prepare -
(A)Primary amine (B) Secondry amine
(C) Tertiary amine (D) All of above (Ans.A)
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Sol.

Ex.14

Sol.

Ex.15

Sol.

Ex.16

Sol.

Ex.17

Sol.

Gabriel phthalimide reaction is used to prepare primary amine.

co co co
ONH Kot KR ONR_2HoH(e)
co” co” “ co”

phthalimide N-alkyl phthalimide

COOH
R - NH, + -
COOH
akyl amine(1°) phthalic acid
Assign number 1 for least to 4 for most to indicate the relative base strength of the following-

! I I WY
CeHsNH,  p-NO,CgH,NH,  m-NO,CH/NH,  p-CHZOCgH,NH,

| I 1l IV
A) 2 3 1 4
® 1 2 3 4
© 2 3 4 1
D) 4 1 2 3 (AnsA)

pP-NO,CgH/4NH, is the least basic due to electron.withdrawing group at the p—position (in
conjugation with NH,, group) p-CH;0CgH ,NH, is the most basic due to interaction of lone pair
of electron on oxygen atom of -OCH4 group with the benzene ring. As such lone pair of electron
on -NH,, group is more available.

Which compound is soluble in water-

(A) [(CHg),NH,]* CI- (B) [CH3NH,]* CI~

(C) [(CH3)sNH]* CI~ (D) All the above (Ans.D)
Amines salt are soluble in water.

Which compound will liberate CO, from NaHCOg solution-
(A) CH3CO NH,  (B) CH3NH, (C) (CHy), N*OH~ (D) CH3N+H3%|A .
ns.

The compound which will liberate CO,, from NaHCO; solution is CHgN* H5Cl~. The reaction
takes place asfollows:

CHN*H,Cl*+ NaHCO; —— CH5-NH,+ NaCl + H,0 + CO,T
methyl amine methyl amine
hydrogen chloride

Whichamine will not react with nitrous acid -

(A) Methyl amine (B) Ethyl amine

(C) Dimethyl amine (D) N, N Dimethyl ethane amine (Ans.D)
Primary and secondary amines react with HNO,, while tertiary amines do not react with HNO.,
Since N, N dimethyl ethane amine
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Ex.18

Sol.

Ex.19

Sol.

Ex.20

Sol.

Ex.21

Sol.

Ex.22

Sol.

CH,

CcH >N — CH, — CH; is atertiary amine, hence it will not react with HNO..
3

Which gas will be evolved out when [CH,CH,NH,, + (CH3),CHNH,] is treated with sodium
nitrite and HCI -

(A) Chlorine (B) Ammonia (C) Nitrogen (D) NO, (Ans.C)
Primary amine and HNO,, produces nitrogen gas.
RNH, + HNO, — ROH + N, + H,0O

Which of the following compound cannot be produced if 1-propane amineistreated with NaNO, and
HCI -

(A) Propane -1-ol (B) Propane-2-ol
(C) 2-Chloropropane (D) 2-Propaneamine (Ans.D)
In the reaction,

CH4-CH,-®CH, and CH;-®CH-CHj,
carbonium ions are formed.

As such 1-propanol, 2-propanol, 2-chloro-propane, 1-chloropropane and propene are the products
while 2-propaneamine is not obtained.

In the following sequence of reactions the product B, will be

C2H5M gBr CINH, A NaNO; B

HCI
(A) C,HOH (B) C,H:NO, (C) C,H, (D) All of the above
(AnsA)
In the given sequence of reactions; the product B, will be ethanol. The reaction takes place as

C,H:MgBr —™%_, C H.NH, ——=>>— C,H.OH + N, + H,0

MgBICI NaNO /HCI
‘B’
Which set of the following compounds on reaction with an alkyl amine gives schiff’s base :
(A) HCHO, CzHCHO, CH;CHO (B) HCHO, NH,OH, NH,, - NH,,
(C) CH3CHO, NH,0H, NH,-NH, (D) CH3COCHg, C,HOH (AnsA)

The adehydes e.9. HCHO, CgHCHO and CH3;CHO on reaction with alkylamine gives schiff’s
base

CeHsCHO! # H,NCH; ——> CgHCH = N - CH, + H,0

benzal dehyde ‘methylamine schiff’s base

Which of thefollowing does not giveasul phur compound with a1° amine -

(A) Hinsbergreaction (B) Mustard oil reaction

(©) Schotton - Baumann reaction (D) Con. H,SO, (Ans.C)

In Schotton - Baumann reacti on asulphur compound isnot produced witha1® amine
alkyl amine benzoyl chloride N-akyl benzamide
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Ex.23

Sol.

Ex.24

Sol.

Ex.25

Sol.

Ex.26

Sol.

Ex.27

Sol.

Ex.28

Sol.

Ethylamine on oxidation with acidified KMnO, gives-

(A) Acetaldehyde (B) Ethylamine oxide

(C) Ethanol (D) Acetamide (AnsA)
Oxidation of ethylamine gives aceta dehyde.

Mustard oil reaction is given by -
(A) Primary amine  (B) Urea (C) Secondary amine (D) Acid amide
(Ans.A)
Mustard oil reaction is given by primary amine. It is known as Hoffmann’s mustard oil reaction
R-NH,+S=C=S+HgCl, ———> R-N=C=S+HgS{ +2HCI
alkyl isothiocyanate
This compound alkyl isothiocyanate has a smell resembling that of mustard oil.

Which of the following compounds has a smell of mustard oil

(A) Alkyl cyanate (B) Alkyl thiocyanate

(C) Alkyl isothiocyanate (D) dkyl isocyanate (Ans.C)

A primary amine condenses with CS, in the presence of HgClI;, to form an alkyl isothiocyanate.
This compound has a smell resembling that of mustard oil. Itis called as Hofmann’s mustard oil
reaction

R-NH,+S=C=S+HgCl, ——> R-N=C=S + HgS{ + 2HCI
alkyl amine akyl isothiocyanate

Which of the following amine does not react with Hinsberg reagent -

(A) Neopentyl amine (B) Isopropyl amine

(C) Triethyl amine (D) Ethyl methyl amine (Ans.C)
Triethyl amineistertiary amine. It does not react with Hinsberg reagent.

In which of the following sequence of reaction the end product does not exhibit tautomerism-
(A) CH3CH,NH,, NOCIy.  AgNO, (B) (CH3),CHNH, _ noc AgNO»

(C) (CH3)sCNH, __NoCl, - AgNo, (D) CHgCH(NH,)C,Hg _Noci | Agno,
(Ans.C)

In the 3" reaction sequence the end product is a 3° nitro compound.
(CH3)3CNO, It'does not have o-hydrogen as such tautomerism is not possible.

The acid used for the determination of molecular weights of aminesis -
(A) H,PClg (B) Picric acid (C) HAuCI, (D)H,SO, (AnsA)
The acid used is H,PtClg. It isasolution of platinic chloride, Pt Cl, in con.HCI

2R-NH,+ H, [PtClg] —— [R NHg]," [PtClg] 2

akylamine platinichloride
Chloroplatinates on ignition leave aresidue of metalic Pt. Thisreaction isemployed in determining
molecular weight of amines.
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Ex.29 Methyl amine on reaction with chlorine in the presence of NaOH gives-
(A) Chloroform
(B) Methyl chloride
(C) N-Methyl chloramine
(D) Chloramine (Ans.C)

Sol.  Methyl amine reacts with Cl,, in the presence of NaOH undergoes a substitution of @ H-atom of
amino group by a Cl group and N-methyl chloramineis formed.

CH3NH, + Cl, —=% CH;-NHCI

NaCl, H,0

N-methyl chloramine
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EXERCI SE-

Q.1  Amide on heating with P,O gives —
(A) Alkanenitrile (B) Alkyl halide (C) Amine (D) None

Q.2  Mendiusreaction involves the reduction of -
(A) Cyanoalkanes (B) Alkyl isocyanides (C) Oximes (D) Nitroalkanes

Q3 CHLCONH, %, A 0, B

(partial)
4 reduction
C
The functional groups of B and C respectively are -
(A) —c-NH,, -NH, (B) —c -NH,, -COOH
l J
(C) -CN, -NH- (D) —c —OH, —N—

I I
0]

CcO
Q.4 @ >NH _KOH LA _cuer B —"" ,C+ D, Cand D in the sequence are -
H+

CO
(A) Benzoic acid + aniline (B) Phthalic acid + ethylamine
(C) Phthalic acid + aniline (D) Benzoic acid + ethylamine

Q.5  Which of the following would undergo Hoffmann bromide reaction to form primary amine-
(A) RCONHCH}, (B) RCOONH, (C) RCONH, (D) RCONHOH

Q.6 A reaction used in descending ahomol ogous series would be -
(A) RCONH, + Br, + KOH (B) RCH,CI + KCN
(C) RNH,, + CHCI; + KOH (D) None of the above

Q.7  In Hofmann degradation of amide the correct order of reagent is-
(A) Br,, KOH, H,0 (B) KOH, Br,, H,O
(C) H,0, KOH, Br, (D) None of the these

Q.8 Alkyl halide reactswith AgCN to form —
(A) Alcohol (B) Cyanide (C) Isocyanide (D) BothB & C

Q.9 Inthereaction sequence identify the functional group presentinA, B, C
A Sn/HCl . B HNO2 C CoH50H C6H6'

0°c
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Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

NaOH

Brp
Aqueoussolutionof A:
(A) Turnsbluelitmustored (B) Turnsredlitmusto blue

(C) Doesnot effect thelitmus’ (D) Decolourisethelitmus

Aminesarebasicin nature because-

(A) They produce OH ions when treated with water
(B) They havereplaceableH atomson N atoms

(C) They havelonepair of electronon N atom

(D) Noneof these

Minimum boiling point would be of :
(A) Ethylmethyl amine (B) Ethyl.amine (C) n-Propyl amine (D) Trimethylamine

A mixtureof 1°, 2° and 3° amine is formed in the reaction-
(A) 1° Amide + caustic potash + bromine (B) Methyl halideandammonia
(C) Cyclicimide+H;0" (D) Alkyl isocyanide+H,,

The presence of primary amines can be confirmed by-
(A) Reaction with HNO, (B) Reaction with CHCl; and alc. KOH
(C) Reaction with Grignard reagent (D) Reaction with acetyl chloride

C,HgNH,, cannot be prepared by the reduction of -
(A) C,H:NO, (B) CHaCH=NOH. (C) C,HNC (D) CH,CN

Tilden’s reagent is-
(A) CgH5SO.Cl (B) NOCI (C) CINH,, (D) (C,Hg), Zn

Acetonitrile has the structure

(A) C,H:NC (B) C,H-CN (C) CH,NC (D) CH,CN
The compound obtained by the reaction between primary amine and aldehyde is-
(A) Anamide (B) Imine (C) Nitrite (D) Nitro
R

R'-N isa

<
(A) Mixed 3° amine (B) Unsymmetrical amine
(C)-Both 1%t and 2nd (D) Quartenary salt

The akanenitriles are isomeric with-
(A) Primary dkanamines (B) Secondary akanamines
(C) Alkyl isocyanides (D) Nitroalkanes
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Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

Which of the following is obtained by reducing methyl cyanide with Na+ C,;HOH -
(A) Methyl alcohol  (B) Acetic acid (C) Ethyl amine (D) Methane

Which of the following is optically active amine-

(A) CH3NH, (B) CH3NHCH,

© CH3CHZCHZI\|I-02H5 (D) Secondary butylamine
CH,4

Ethyl iodide on reaction with potassium nitrite gives—

(A) Ethyl nitrite (B) Nitro ethane (C) Amine (D) Acid
Ethylamine can be prepared by the al except -
(A) Curtius reaction (B) Hoffmann reaction

(C) Mendiusreaction (D) Reduction of farmaldoxime

Fast heating of ureayields:
(A) Cyanuricacid (B) Carbamic acid (C) Parabanic acid (D) Barbituricacid

Thebasic character of amines can be explained-
(A) Intermsof LewisandArrhenius concept

(B) Intermsof Lowry and Bronsted concept

(C) Intermsof Lewisand Lowry Bronsted concept
(D) Only by Lewisconcept

Which of the following diazonium saltis relatively stable of 0-5°C -

(A) CHz-N=N} ®Cl™ (B) CHg-C(CHg)-N=N} ®CI™
(C) CqHs—N=N} ©CI™ (D) (CH3);C-N=N} ®CI™
Lowest boiling point will beof the compound-

(A) Ethylamine (B) Ethylmethylamine

(C) 1-Propaneamine (D) N,N-Dimethylmethanamine
Which of the following compound gives the smell of mustard oil-

(A) Alkyl isocyanate (B) Alkyl isothiocyanate

(C) Alkyl isocyanide (D) Alkyl isonitrile

The odour of akyl cyanidesis similar to —
(A) Bitter dmonds  (B) Acid (C) Fruity smell (D) None
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EXERCISEA |

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

Q.7

Q.8

Reaction:
Primary amine+ CHCI ; + KOH—— product, here product will be- [AIEEE-2002]
(A) Cyanide (B) Isocyanide (C©)Amine (D)Alcohal

Thecompoundformed inthe postivetest for nitrogen with the L assa gne sol ution of an organic compound
is- [Al EEE-2004]
(A) Fe,[FE(CN)];  (B) Nag[Fe(CN)] (C) F&(CN), (D) Na,[F&(CN);NOS]

Which one of thefollowing methodsis neither meant for the synthesisnor for separation of amines?
[AIEEE-2005]
(A) Hofmannmethod (B) Hinsbergmethod (C) Curtiusreaction  (D)Wurtzreaction

Reaction of cyclohexanonewith dimethylaminein the presence of catalyticamount of anacidformsa
compound if water during the reaction iscontinuously removed. Thecompound formedisgenerally
known as— [AIEEE-2005]
(A) anenamine (B) aSchiff'sbase (C)anamine (D)animine

Inthe chemical reaction, CH;CH,NH,, + CHCI; + 3KQH - (A) + (B) + 3H,0, thecompounds (A)

and (B) arerespectively — [AIEEE-2007]
(A) C,H;CN and 3KClI (B) CH4CH,CONH,, and 3KClI

(C) C,HNC and K,CO4 (D) C,HNC and 3KCl

Thereaction

CH;Br + NHj(excess) __hea | CH,NH,+HBr

isan example of a-

(A) bimolecular e ectrophilic subgtitution reaction
(B) unimolecular nucleophilic substitution reaction
(C) bimolecular nucleophilic substituion reaction
(D) bimolecular freeradical substitution reaction

A secondary amineisacompound which possesses-

(A) two-NH,, groups

(B) one-NH,, group attached to asecondary carbon

(C) one-NH=group bonded to two alkyl or aryl groups

(D) one-NH,, group attached to the second carbon of the main carbon chain

The IUPAC name of the compound
\

(A) N,3-dimethyl-N-propyl-3-propanamine  (B) N-methyl-N-propyl-2-butanamine
(C) s-butylmethyl-n-propylamine (D) N, 1-dimethyl-N-propyl-propanamine
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Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

How many moleculesof methyl bromide should react with ethylamine successively to convert thelatter
into aquaternary ammonium salt ?
(A) One (B) Two (C) Three (D) Four

Which of thefollowing compounds on hydrolysisyieldsacarboxylic acid and asecondary amine ?
(A) CH CH,NC (B) CH;CONHCH, (C) PANHCOCH; (D) Ph (|ZON Ph

CH,

The end product (B) formed in the reaction

AgCN .
CH.CH.Br 9 A 1. NaOH, prolonged heat
3 2 H,O*
3

(A) CH5CH,NHCH, (B) CH,CH,CH,NH, (C) CH,CH,NH, (D) CH5CH,NHCOH

B is-

Which of thefollowing compounds possessesachira nitrogen atom ?

(A) CH,CH, CHCH,€ (B) CH,CH,NHCH,CH,
NH,
(©) CHyCH,CH, NCH,CH, (D) CHCH, NCH,CH,
NH, CH,

Anamine(X) on being heated with an excess of methyl bromide produces diethyldimethylammonium
bromide. Theamine(X) is-
(A) C,HNH, (B) (C,Hg),NH (C) C,HNHCH, (D) C,HsN(CHy),

Which oneof thefollowing compoundswill produce awater-insolubleyelow oily liquid of nitrosamine
on reaction with NaNO,, and dilute HCI at 0°C ?

(A) Ethylamine (B) Methylamine (C) Diethylamine (D) Triethylamine

Which of thefollowing compoundswill liberate CO, from NaHCO, ?
(A) CH,CONH,  (B) CH,CH,NH,  (C) CHNH,*Cl- (D) (CH,),N*OH-

Thereaction of RCONH,, withamixture of Br,, and aqueous K OH gives RNH,, asthe main product.
Theintermediate(s) involved inthisreactionis(are)—

(A) RCONHBr (B) RCONBrK*  (C) R-N=C=0 (D) All of these

The end product (B) formed in the reaction

_ 1. Br, CCl, 1. LiAIH,

CH,=CH, 2/KCN (excess) 2.H,0" B

(A) CH,=CHCH,NH, (B) H,N(CH,),NH,
(C) CH,NH(CH,),NHCH, (D) NC(CH,),CN

In‘'which of the following compounds are intermolecular hydrogen bonds not formed among its
molecules?

(A) (C,Hg),NH (B) C,H;OH (C) C,H;COOH (D) (C,Hg)5N
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Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Among thefollowing compoundswhich onewill produceaSchiff baseon reactionwith cyclohexanone?

NHCH, NH, N(CH,),
&) :N: ®) O © O oY
H

Which of thefollowing reactions doesnot yield an amine ?

N
(A) RX + NH, — (B) RCH=NOH .o
+ 1. LiAIH,
(C) RCN + H,0 —— (D) RCONH, .o

The product (A) and (B) of the reaction
CH,CH,NH, + CH;MgBr — A + B

are-
(A) CH;CH,CH; and NH,MgBr (B) CH;CH,NHCH, and MgBr,
(C) CH4CH,N(CH,),, and MgBr,, (D) CH;CH,NHMgBr and CH,

Which nitrogenis protonated readily in guanidine ?

2

NH,

NH,

(A) 1 (B) 2 ©)3 (D) All of these

HﬁlzC{

Which of thefollowing statementsisnot correct regarding ethylamine and aniline ?

(A) Each has a-NH,, group

(B) Both dissolvein HCI

(C) Each reacts with amixture of CHCI; and KOH to form a bad smelling compound
(D) Each reacts with HNO, to give a hydroxy compound

Which of thefollowingismost basic ?

NH, U
(A) @ ® ) © Q () N
H

NH,

A compound (X) having the mol ecular formulaC;HgN reactswith benzenesulphonyl chloridetoform
asolid thatisinsolublein alkalis. The compound (X) is-

(A) CH4CH,CH,NH,, (B) (CH;),CHNH,,

(C) CH3CH,NHCH, (D) (CHy)5N

Which of the following may be prepared by Gabriel phthalimide synthesis ?
(A)Aliphaticamines (B) Aromaticamines (C)Aliphaticamides (D) Aromatic amides
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Q.27

Q.28

Q.29

Q.30

When an organic compound wastreated with sodium nitriteand HCI in theice-cold condition, nitrogen
gaswas evolved. The compound is:

(A) anitro compound (B) aprimary amine (C) asecondary amine(D) atertiary amine

Primary amines on being heated with CS, in the presence of HgCl,, form alkyl/aryl isothi ocyanates.
Thereaction isknown as-

(A) Hofmann hypobromitereaction (B) Hofmann eimination reaction
(C) Hofmann-Martiusreaction (D) Hofmann mustard oil reaction

a-amino acidson heating with Ba(OH),, gives:
(A) Basdtof acid (B)Amine (C) a-hydroxy acids (D) Noneof these

R-Cl1 + NH; (excess) — (X) (mgor product), the mgjor product (X) isa:
(A) 1° amine (B) 2° amine (C) 3° amine (D) 4° ammonium salt
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ANSWERKEY

EXERCISE-I
Q1 A Q2 A Q3 A Q4 B Q5 C Q6 A Q7 A
Q8 D Q9 A Q.10 B Q11 C Q12 D Q.13 B Q14°'B
Q15 C Q.16 B Q17 D Q.18 B Q19 C Q20 C Q21 C
Q22 C Q23 A Q24 A Q25 A Q26 C Q.27 A Q.28 A
Q29 B Q30 A

EXERCISE-I|
Q1 B Q2 A Q3 D Q4 A Q5 D Q6. C Q7 C
Q8 B Q9 C Q10 D Q11 C Q12 C Q13 D Q14 C
Q15 C Q.16 D Q17 B Q.18 D Q19 C Q20 C Q21 D
Q22 A Q23 C Q24 C Q25 C Q26 C Q27 D Q28 D
Q29 B Q30 A
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AROMATIC COMPOUNDS
Benzene

[1] Aromatic compounds contain high percentage of carbon. They burnwith smoky flame,
[i] Aromatic compounds havethe cyclic system and contain (4n + 2)r electrons[Hucke rule] .
Wheren=0,1,2,3, ............

Dipropylcyclopropenium n=0 2n—electron
perchlorate

Benzene, pyridine, pyrrole, n=1 6n—electron
Furan, thiophen etc.

Napthalene n=2 10n—electron
Anthracene n=3 14n—electron

Aromatic Compounds: Main Source
Bituminous coal when subjected to destructivedistillation in theabsence of air [1000°—1200°C] the
chief congtituent obtainediscodl tar.
Fractional distillation of coal tar : Different fractionsare:

Fraction Temperature Main constituents
(a Light ail 80— 170°C Benzene, toluene, xyleneetc.
(b) Middleail 170° - 230°C Naphthaene,
(carbolicail) Phenol etc.
(c) Heavy ail 230° 270°C Cresols, ngphthaene
(d) Greenail 270° — 360°C Anthracene
Benzene

[i] Discoverer : Michadl Faraday
[iii] Geometry—Hexagonal
[v] C-C Bond length : 1.39A

[ii] C-hybridisation : sp?
[iv] Bondangle: 120°
[vi] C-H Bond length : 1.09 A

Methodsof Preparation of Benzene:

[1] I solation From ‘Light Oil Fraction — Industrial method :

[2] Decar boxylation of Sodium Benzoate— Laboratory Method :
Benzeneisformed ondry distillation of sodium benzoate with sodalime.

CgH5COONa + NaOH Py dstlation_, G .H,, + Na,CO;4
[3]  Reduction of Phenol : CsH;OH +zn_ By distilation , 4 +7n0
[4  Hydrolysisof BenzenesulphonicAcid : CsHzSOgH + H,0 (steam) —gie— CgHg+HoSO,

[5] Reduction of Benzenediazonium Chloride:

CgHgN,Cl + C,H:OH ——— CgHg + CHZCHO + N, + HCl
Hypophoshorusacid (H5PO,) or sodium stannite (SnCl,, + NaOH) or formic acid can also be used for
reductionin place of ethanol.

CgHsNLCl + H3PO, + H,O ———— CgHg + H3PO, + N, + HC

[)BANSAL CLASSES
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SnCl

[6] Hydrolysisof Phenylmagnesium bromide:
CsHsMgBr + H,O ——— CgHg + Mg(OH)Br

[7] Reduction of Chlorobenzene:

CeHsCl + NaOH + 2H —NAL, c H, + NaCl + H,0

[8] Trimerisation of Acetylene:

SCZHZ Ni(CO)4+(CgHs)3P ‘C6H6

In benzene

[9] Hydroforming of n-Hexane :
CH4(CH,),CH __Heavy metal oxides | C Hg+4H,

500°

Physical Properties:
Benzeneisacolourlessliquid (boiling point, 80°), having a characteristic smell. It forms a colourless
crystalinesolid (melting point, 5.4°) on cooling. It burns with smoky or sooty flame. It is lighter than
water (reativedensity, 0.8790) and isimmisciblewithwater. Being nonpolar innature. Itismisciblewith
many organic solvents, like alcohol ether, acetone, acetic acid, carbontetrachloride, carbon disulphide,
€tc.

Reaction :
Benzeneisacompound having very low reactivity, becauseit remains unaffected by many common
reagents, likeHCI, KOH, NaOH, KMnO,, K,Cr,0-, etc.
Benzene showsthefollowing typesof reactions:
[a Addition
[b] Electrophilicsubstitution

[c] Oxidation
| :|+3CI2—> CI::’ ‘::
Benzene

Benzene hexachlonde

Addition Reaction :
1. Halogenation :

Benzene hexachlorideisal so known by many other namese.g., B.H.C., gammaxene, gammane,
lindane 666 (triplesix) and 1,2,3,4,5,6-hexachlorocyclohexane. It wasfound that they isomerisa
very strong insecticide and pesticide, hencethe names gammaxene and gammane.
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2. Hydrogenation

NI/Pt/Pd

Benzene Cyclohexane

CH=0
+30;— 3L +3H,0,

Glyoxal
Benzene

3H,0, + 3Zn —> 3Zn0 + 3H,0

3. Ozonolysis:

Electrophilic Subgtitution :
A continuoust cloud isspread above and bel ow the benzenering. Dueto this, an € ectrophileisattracted
towardsthe benzenering. Thise ectrophileremoves proton (the weaker €l ectrophile) and takeitsplace
inorder to gain greater stability and formsan el ectr ophilic substitution product or SE product. This
processiscalled aromaticelectrophiIicsubstitution

B
Stronger Weaker
Benzene €lectrophile electrophile

Substitued benzene
(Sg product)

Nonarométicintermediate carbocation formedin anaromatic e ectrophilic substitution reactionisknown
asWheland inter mediate.

M echanism ofAromatic SE reaction :

Yol vy

Cycllc Secondary carbocation

Cyclic secondary carboneation formed is established by resonance.

E E E
H - H H H HG H
— +—
H H H T H H H
H H
:E;i FosT @

Thisiscalled as SE2 mechanismi.e.; substitution e ectrophilic bimolecular reaction.
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4.

5.

6.

Nitration :

Halogenation :

Sulphonation':

<60° ‘ >60° ‘ Fummg H 250,
- —H O,N O,N NO,

NO,

100°

Nitrobenzene
m-Dinitrobenzene 1,2,3-Trinitrobenzene (TNB)

CI-Cl+AICl—> & +ci-Alcl

Chloronium ion

@ (]
CeHs—H + Cl——> CgHg-Cl  +H

Electrophile Chlorobenzene

HZSO4<_—> SO, +H,0
(Conc.)

502 + H? 03H
‘ 800 ‘

Benzenesulphomc acid

Friede—Crafts Reaction :
Friedel—Crafts reaction involvesreplacement of hydrogen atom of an aromatic ring by acarbocation

species obtained from acompound in the presence of anhydrous aluminium chloride. Fridel—Crafts
reactionisawayscarried out innitrobenzene (boiling point. 211°) medium and in the presence of anhydrous

AICI,

[i] Friedd-CraftsAlkylation :

C6H6 + CH3CH2CH2 =ClI
n—Propyl! chloride

CGHG + CH3 — ClM)CGHS - CH3 +HCI
Methyl chloride Toluene

CoHg + CoHg — Cl—AMYAAC o i C H; +HCI
Ethylbenzene

__Anhyd AICls  C.Hs — CH(CHz ), + CgHg — CH,CH,CHs
Cumene (67%) n—Propylbenzene (33%)

Note : A mixtureof cumene and n—propylbenzene is also obtained on taking propylene in place of n—propyl

chloridein theabove reaction. becauseintermediate 1° carbocation rearrange to give 2° carbocation

Anhyd.
2CgHg+ CH,Cl,, A”I—CT> CgHg — CH, — CgHs+ 2HCI
Diphenylmethane
Anhyd.
3CgHg+ CHCl3 —ac, —  (CeHs)sCH  +3HCI

Triphenylmethane

[iT] Friedel—Crafts Acylation : (reaction with acyl chloride)

N BANSAL CLASSES
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[a]

[b]

Acetylation :
CgHg+ CICOCH, Anhyd AICl;  CgHsCOCH3 + HCI

Acetyl chloride Acetophenone

CgHg + (CH3CO),0 _ AnhydACk . CqH;COCH; + CH;COOH

Acetic anhydride Acetophenone

Benzoylation :

CgHg+ CICOCgHs  ANYAAICK | ¢ cOoCsHs +HCI
Benzoyl chloride benzophenone

2C¢Hg + clcoc) —ANYdACE | CoH COCsHs + 2HCI

Benzene Phosgene Benzophenone
(Excess)

The above conversions can be carried out by taking many other compoundsin place of anhydrous
AlCl,, e.g., FeClg, FeBrg, SnCl,, ZnCl,, BF;, etc.

Mercuration :
Benzene on heating with mercuric acetateforms Acetoxymer curibenzene.

CH,CO0N_

Hg + H—C6H5 —_ CH3COOH +
CH.co0” CH;COOHg-C¢H;
3 Phenylmercuric acetate
(Acetoxymercuribenzene)

Oxidation:

0.

10.

CatalyticAir Oxidation :
Oxidation of benzeneby air in the presence of vanadi um pentaoxide can be carried out asfollows:
[i] At 300° — Phenol is obtained asthe major product

H OH
V205

Phenol

[ii] At 450° — Maleic anhydride isobtained asthe major product.

o)
V,0
© +9[0] —25— | ©+2c0,+2m,0

Maleic anhydride

Silver OxideOxidation':
Mainly p-benzoquinoneisformed when oxidation of benzeneiscarried out by silver oxideand HNO;,

0
+30 %
[O] HNO; +H,0
o)

p-Benzoquinone

Combustion :
2CgHg +150, — 5 12CO, + 6H,0

&
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CatalyticPyrolysis:
When the vapours of benzene are passed through red-hot copper or iron tube at 600° biphenyl is
formed.
CegHs-H + H-CgHg —— CH—CgHs + H,

Uses of Benzene:

[1] Asanindustrid solvent. [2] Indry cleaning.

[3] Asaconstituent of power alcohal. [4] Inthemanufacture of aninsecticide and pesticide.
[5] Inthemanufacture of an explosive. [6] Inthemanufacture of dyes.

[7] Inthe manufacture of medicines. [8] Inthemanufacture of perfumes.

[9] Inthe synthesis of many aromatic compounds. [10] Asafuel.

TOLUENE

Toluene, CgH-CH4

INTRODUCTION

@ When amethyl group is directly attached with benzene ring, the compound is called Toluene.
(b) Toluene is a higher homologue of benzene.
(© It can be obtained by the light oil obtained from-distillation of 'Coal-tar'.

(d) Toluene is the compound, which is more reactive than benzene in chemical reactions.

M ethodsof Preparation
1 From ‘Light Oil’ Fraction — Industrial Method :

Toluenefraction can be collected by distillation at 110° after separation of benzene from 90% benzol.
2. By Hydroforming of n~Heptane :

Heavy metal CH,
CH(CH,);CH, oies , +4H,

3. By Dehydroxylation of Cresols:

CHg — CgHy — OH + zn _ By distilation , CH.._C H:+Zn0O

Cresol (0, m or p)
4. By Friedel-Crafts Methylation of Benzene :
CgHgH + Cl-CHz 2%, C(H—CH5 + H-CI
5. From Wurtz-Fitting reaction :—

A mixture of aryl & akyl halide reactsin ether solution with sodium and forms toluene.
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10.

6.2

@—Br +2Na + Br } cH, —20veher @CHs +2Na Br

bromo benzene bromo methane

By Decar boxylation of ToluicAcids:

CaO

CH3 —CgH; —COONa +NaOH —5 - isiiliation
Sodium toluate

(o, mor p)

CH4-CgHs + Na,CO;4

From Grignard'sreagent :—

Phenyl magnesium iodide reacts with pure methyl iodide and forms toluene.

©_—MQI+I -CHy—™— @—CH3+ Mg I,

By Hydrolysisof Toluene SulphonicAcids:

A
Conc. acid

CH; — CgHy — SO3H+HOH
Toluene sulphonic acids
(o, mor p)

By Reduction of Benzyl Chloride:

By Reduction of Toluenediazonium Chlorides:

CH3 - CGH4 - N2C| + 2H e C6H5_CH3 + N2 + HCl
Toluenediazonium chlorides
(0, mor p)

Ethanol, hypophoshorous acid (H,;PO,), sodium stannite (SnCl, + NaOH) or formic acid can beused
asthereducing agents.
Physical Properties:
Tolueneisacolourlessliquid (boiling point 111°). It has benzene—like smell. It is lighter than water and
immisciblewithwater. It ismisciblewith organic solvents, likea cohol, ether, benzene, etc. It aso burns

like benzene with smoky and sooty flame.

Chemical Propertes:

Toluene mainly gives four type of reactions :—
1. Addition reactions

2. Ring substitution reactions

3. Side chain substitution reaction

4. Oxidation reactions

&
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Addition reaction (Reactions Dueto Benzene Nucleus):
1. Catalytic Hydrogenation :

Methylecyclohexane

2. Sulphonation':

CH,

CH,
Conc. SO,0H

o- Toluene sulphonic
acid SO,0OH

p-Toluene sulphonic
acid

3. Nitration :

GH, CH,
H,SO Ne: H,SO NO, . "y so oN NO:
2 4 + 2 4 2 4
TTHNOs TTHNOs O HNO3
o—Nitrotoluene
NO,

) 2,4,6—Trinitro toluene (TNT)

2,4-Dinitrotoluene

SNt

0-Xylene

p—N |tr0t0|uene

4, Alkylation :

p- Xylene
5. FreeRadical Nuclear AdditiveChlorination :

CgHsCHg +8Cl,—™ 5 CgHsCHLClg

Toluene hexachloride

6. Nuclear Electrophilic SubstitutiveChlorination :

O

o-Chlorotoluene

p-Chlorotoluene

ReactionsDueto Methyl Side Chain :
7. FreeRadical SideChain SubstitutiveChlorination :

C6H5 CH3TO°> C6H5 - CHch Too) CGHS —CHCI2 40) C6H5 —CCI3
Benzyl chloride Benzal chloride Benzotrichloride

8. Oxidation:
Benzoic acid isobtained on oxidation of toluene by alkaline per manganateor acidified dichromate
or dilutenitricacid.
CgHs—CH3_ 3[O] —— C¢H—COOH + H,O
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If more than one side chainis present, then the same number of COOH groups will be formed for
example, phthalic acidisformed from o-xylene.

CH, COOH
DL =
CH, 2 COOH
o-Xylene Phthalic acid

Reaction dueto Whole Molecule:
9. Combustion :
CgHs—CH4 + 90,———7CO, + 4H,0

[1] Asaconstituent of aviation gasoline.
[2] Asasolvent.

[3] Inthemanufacutre of explosive.

[4] Inthe manufacture of dyes.

[5] Inthemanufacture of medicines.

[6] Inthemanufacture of perfumes.

[7] Inthe synthesisof many aromatic compounds.
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PHENOL (C.H,OH)

Phenol isa so known ascarbolic acid or Benzenol or hydroxy benzene.

In phenol ~OH group is attached to sp?—hybridised carbon

It was discovered by Rungeinthemiddleoil fraction of coatar distillation and named it carbalic acid
(carbo = cod; oleum = oil)

Itisalso present intracesin human urine.
M ethodsof preparation :

[1] From Benzenesulphonicacid:
When sodium salt of benzene sul phonic acidisfused with NaOH phenol isobtai ned.
C,H:SO,Na + NaOH — C,H.OH + Na,SO,

[2] From benzenediazonium chloride:
When benzenediazonium chloridesolution iswarmed phenoal isobtained with evolution of nitrogen.
N=N—Cl

OH
@

[3] By digtillingaphenalicacid : with sodalime (decarboxylation) :

OH
COOH OH

NaOH + CaO + N82C03

Salicylic acid

[4] From Gignard reagent : Thegrignard reagent on reaction with oxygen and subsequent hydrolysis by
acidyieldsphenol

CgHMgBr —L, C.H.OMgBr —2°, C;H.OH +MgBrOH

OH
@ﬂm%@

[6] Industrial preparation of phenol : Phenol can be prepared commercialy by :
[a] Middleoil fraction of codtar distillation [b] Raschig process
[c] Dow’s process [d] Cumene

[5] From bezene:
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[a]

[b]

[c]

Middleoil fraction of coaltar :
Codtar —actonal | Middleoil (172-230°C)

distillation

(Phenol, cresols, Naphthalene)
Cool

Naphthalene liquid
(Solid crystals seperate out) NaOH
C¢HsONa
\l/COZIHZO

C4HsOH + Na,CO,

From cumene: (I sopropyl benzene) : Curmeneisoxidised with oxygeninto cumenehydro peroxide
in presence of acatalyst. Thisisdecomposed by dil. H,SO, into phenol and acetone.

0-OH
CHaopC C(CH3)2

@ e @ o @+CH —C-CH,

Dow process: Thisprocessinvolvesakalinehydrolysisaf chloro benzene

CgHCl + NaOH «SuFe + NaCl

~300°C

Physical Properties:
Phenol isacolourless, hydroscopic crystdline solid.
It attains pink colour on exposuretoair and light.

OA R Wo " p— 0 = < >=0-——HOCH,

Phenoquinone (Pink colour)

Itispoisonousin nature but acts asanti septic and dis nectant.

Phenal issilghtly solubleinwater, readily solublein organic solvents.

Solubility of phenal inwater is much lower than a cohols because of larger hydrcarbon part in the
molecule

Duetointermolecular H-Bonding, phenol has relatively high B.P. than the corresponding hydrocarbons,
aryl halidesetc.

Chemical properties: Chemica propertiesof phenol areclassifi edinthefollowingfour categories.
1 Reactions of —H atom of —OH group.

2 Reactions of —OH group of phenol.

3 Reactions of Benzenering.

4 Other Reactions.

&
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Reactions of —H atom of —OH group

2. AcidicNature: Phenol isawesk acid. Theacidic natureof phenol dueto formation of stablephenoxide
ioninsolution.
CeHOH + H,O0 = C,H.O" + H* ,O
The phenoxideionisstable dueto resonance.

. The negative chargeis spread through out the benzene ring whichisstabilising factor in the phenoxide
ion.

. Electron with drawing groups (-NO,,, —Cl) increase the acidity of phenol while electron releasing
groups (—CH, etc.) decreasetheacidity of phenal.

. Phenol isstronger acid than a cohol sbut weaker than the carboxylic acids and even carbonic acid.
Theacidic natureof phenol isobservedinthefollowing

[i] Phenol changesbluelitmustored.

[ii] Highly electron positivemeta sreact with phenol.
2CHOH + 2Na — 2C,H.ONa + H,
[iii] Phenol reactswith strong akaliesto form phenoxides
C¢H-OH + NaOH — C,H.ONa + H,0
[vi] However phenol doesnot decompose Na,CO, or NaHCO, becatise phenol isweaker acid than carbonic
acid.
CsH-OH + Na,CO, or NaHCO4 — No reaction
Reaction dueto—OH group :

[1] Reaction with PCI, : Phenol reactswith PCl to form chloro benzene. Theyield of chlorobenzeneis
poor and mainly triphenyl phosphateisformed.

C,HOH + PCl, 5 CH.Cl + POCI, + HClI
3CHsOH + POCI; — (C,H,),PO, 2HCI

[2] Reaction with Zn dust : When phenal isdistilled with zinc dust benzeneis obtained.
C,H;OH + Zn — C,H, + ZnO

[3] Reaction with NH , : Phenol reactswith NH in presence of anhydrous ZnCl,, to form aniline.

C,HsOH + NH, %2, C.H.NH, + H,O

[4] Reaction with'FeCl, : Phenol givesviolet col ouration with FeCl, solution (netural) dueto formation of
acomplex.

CgH-OH + FeCl, — Voilet colour
* Thisreactionisused to differentiate phenol fromacohals.

[5] Acetylation : Phenol reactswith acid chlorides or acid anhydridesin alkali solutionto form phenyl
esters.

C¢HOH + CICOCH, - N°" CGH50<”:—CH3
O
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* CgHOH + CI—ﬁ—CGH5 - C6H5O—?|:C6H5
Thisreactioniscalled Schotten—-Baumann reaction.

[6] Ether Formation : Phenol reactswith alkyl haidesin akali solutionto form phenyl ethers.
C¢H.OH + NaOH ——— C,H.ONa . C,H.OR
* CgH;OH + CH,N, — 5 C.H.OCH, + NZT

[7]  ReactionwithP,S;:
5CHOH+P,S, — 5 5CH.SH + P,Oq

Reaction of BenzneRing : The—OH group is ortho and para directing. It activates the benzene nucleus.
[1] Halogenation : Phenol reactswith brominein CCl , to form mixture of 0-and p—bromo phenol.

OH OH OH
Br
+ Bl’z —_— +
T

* Phenol reactswith brominewater to from awhiteppt. of 2, 4, 6 tribromo phenol.

OH OH

Br Br
+3Br, —— + 3HBr

[2] Nitration :
[a] Phenol reactswith dil. HNO, at 5-10°C to form o—and p—nitro phenols.
OH OH OH
@ " n:_:;:z) NOz @
(40%) NO,

(10%)
[b] When phenol istreatedwtih conc. HNO, in presence of conc. H,SO, 2,4,6-trinitro phenol (picric

acid) isformed.
OH OH
S NO NO
ORI S O e
NO

2
2, 4, 6-Trinitrophencl

[3] Sulphonation : Phenol reactswith conc. H,SO, toformmixtureof 0-and p—hydroxy benzene sulphonic
acid.

OH OH OH
@ __H,50, @ SOKH + @
H
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[4]

(3]

6]

[7]

(8]

Friedel-Craft’s reaction : Phenol whentreated with methyl chloridein presence of anhydrousAlCl,
p—cresol is main product.

OH
@ + CHHCI e N @CH @
(Maln
OH OH OH

. COCH
@ Al == @ - @J«
3

o- and p-hydroxy acetophenone

Gatter mann aldehydesynthesis: When phenol istreated with liquidHCN and HCI gasin presence
of anhydrousAlCl, yieldsmainly p-hydroxy benzaldehyde.

HCl + HCN A5, HN = CHCI

OH

OH
@ won 2 4 )
H = NH HO

Reimer-Tiemann reaction : Phenol on refluxingwith chloroform and NaOH (aqueous) followed by
acid hydrolysisyieldso-hydroxy benzaldehyde. When CCl, isused sdlicylic acidisformed.

ONa OH
OTH o @CHCI = @:CHO ~io CHO

Salicylaldehyde

_NOH i o
monmq) @CCI @:COONa ”’0 COOH

Salicylic acid

Kolbe’s Schmidt reaction : Thisinvolvesthereaction of C;H.ONawith CO, at 140°C followed by
acid hydrolysissdicylicacid isformed.

ONa OCOONa

OH
COONa COOH
& CO 140°C Re arrangcmcnt )

Salicylic acid

Hydrogenation : Phenol when hydrogenated in presence of Ni at 150-200° C forms cyclohexanol.

OH
OH éH\C OH
@ + 31—!2 ﬁx—)ﬁ? Hzg H,

HO &, o

CH

2

¢
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[9]

[10]

[11]

Friesrearrangement reaction :

When phenyl ester isheated in nitrobenzene sol ution, in the presence of anhy. AlCl, then rearrangement
takesplaceinwhich acyl groupistransferred at 0 - & p-positions of phenolic group. Up to 60°C, para
product is obtained mainly and above 160°C ortho products are obtained as major product.

CH,OH + CH,COoCI —  CH,0COCH,
OH
60° C : @
OCH,

CH;OCOCH, —gjixs>—]

OH

COCH,

T ‘
100° C

Couplingreactions:
[a] Phenol coupleswith benzenediazonium chloridein presence of an alkaine sol ution to form adye(p-
hydroxy azobenzene)

o >—nNa + {0 »-oH—", 5 »>N=N—_0 »OH

p-hydroxy azobenzene (Orange dye)

[b] Phenal coupleswith phthalic anhydridein presence of conc. H,SO,, toform adye (phenol phthalien)

o O KD
0=C C OHX : > OH =
C T = O >-OH
1 {o> -
!_ _I—_{@— OH Phenolphthalien (Colourless)

Condensation with for maldehyde : Phenol condenseswith HCHO (excess) in presence of NaOH to
form apolymer known as bakelite.

OH OH OH
@ + HCHO — > + @’ KhioH
OH (205
(40%) Polymerisation

H&(Z(?; CHZ—@— OH
H, CH,
OH@CH@ OH
,Hz ; H,

Polymer bakelite (Phenpl formaldehyde resin)

[ DPENSALCLASSES AROMATIC COMPOUNDS [130]

AIEEE DIVISION



[12]

[13]

[14]

L iberman’s nitroso reaction : When phenol isreacted with NaNO, and conc. H,SO, it givesadeep
green or blue colour which changesto red on dilution with water. When made alkaline with NaOH
origina green or blue colour isrestored.

Thereactionisused asatest of phenol.
2NaNO, + H,SO, ——— 2HNO, + Na,SO,

OH OH (0]

- H,0 .
- — (RZ‘S‘L,' Green phenol——> Red Indophenol ion—*L_, Bjue Sod. salt

[H+HONO NO N-OH

Quinone mono-oxime (Red colour)

Reaction with acetone:

T Bis - Phenol-A
CH__t -C - CH3 p-p’ isopropylidene diphenol

Oxidation :

OH
[1] In presenceof air : @ —= o< »-0

Benzoquinone (red)

OH meso tartaric acid

CH(OH) COOH
[2] KMNnO,: O |

CH(OH) COOH

Test of Phenal :

[1]
[2]
(3]

[4]
(3]

6]

Phenol turnsbluelitmusto red.
Aqueous solution of phenol givesaviolet colour with adrop of ferric chloride.

Phenol givesLieber mann’s nitroso test.

. NaNO
Phenol inconc. H,S0, —eese o 2ae— Red colour —M20exeess , Blye colour

excess of water

Aqueoussolution of phenol givesawhite ppt. of 2,4,6 tribromophenol with brominewater.
Phenol. combineswith phthalic anhydridein presence of conc. H,SO, to form phenol phthalein which
givespink colour with akali.

With ammoniaand sodium hypochlorite, phenol givesbluecolour.
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Differ encesbetween phenol and alcohol (C,H,OH):

[1]
[2]
(3]
[4]
(3]

[1]
[2]

(3]
[4]

Phenol ismoreacidic than diphatic a cohol dueto resonancein phenoxideion.

Phenol givesviolet colour with FeCl, whiledliphatic a cohol doesnot give.

Phenol givestriphenyl phosphatewith PCl. whilediphatic alcohol givesalkyl chloride.
Phenol has phenolic odour whereas a cohol has pleasent odour.

Phenol on oxidation gives quinonewhilea cohol givesadehyde or ketoneand acids.

Uses of Phenol :

Phenol isused:

Asan antisepticin sogpsand lotions.

In manufacutre of azodyes, phenolphthaein, picircacid (explosive), cyclohexanol (Solvent for rubber),
plastic (bakelite) etc.

Inmanufactureof drugslikeaspirinsaol, phenacetin etc.

Aspreservationforink.

Test/ Reaction Alcohol Phenol
1 | Litmus test No reaction | Blue litmus red
2| FeCl3 solution No reaction | Violet colour
3| Benzene No reaction | Yellow or orange azo
diazonium salt dye
4| Br water No reaction | 2.4, 6 -tribromophenol
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BENZALDEHYDE

Benzaldehyde, C;H.CHO, QOil of bitter AImonds
Benzaldehydeis present intheform of glucoside called amygdalinin bitter almonds. Onemolecule of
amygdaliniscomposed of one mol ecul e of benzal dehyde, two molecul es of glucose and one cyano
groups bonded to oneanother. Banza dehydeis obtained on hydrolysisof amygdalin by diluteacid or by
anenzymeemulase.

Method of Preparation
[1] By Oxidation of Benzyl Alcohol : Benza dehydeis obtai ned on oxidation of benzyl aclohol by dilutre
nitricacid
C¢HsCH,OH +[O] _obtHNos  CH.CHO + H,0

[2] By Catalytic Dehydrogenation of Benzyl Alcohol : Benzal dehydeis obtained on passing benzyl
alcohol vapour over copper catalyst or zinc oxide heated to 300°.

CgH.CH,OH —=122%°, C.H.CHO +H,

300°

[3] By AlkalineHydrolysis of Benzal Chloride: Benzaldehydeis obtained by hydrolysis of benzal
chloride, i.e, benzylidinechlorideusing diluteakali:

CgHCHCI,, + 2KOH ———> [C(H;CH(OH),] + 2KClI

Unstable

[C;H.CH(OH),] —=——> C_H.CHO + H,0

[4] By Ozonolysisof Styrene: A mixtureof benza dehyde and formal dehydeis obtained on ozonolysis of
styrene.

o
N Hp0 _ _
C,HCH=CH, + 0, ———> CH;~CH CH, —2— C,H,CH=0 + CH,=0

0—o0
Styrene ozonide
[5] By Dry Digtillation of Calcium Saltsof Acids: Benzal dehyde can be obtained by dry distillation of
amixtureof calcium benzoate and cal cium formatetaken inequimolar ratio.
(CsH,LO0),Ca + (HCOO),Ca — > 2CH.CHO + 2CaCQ,
Barium saltscanaso be used in place of calcium satsof carboxylicacids.

[6] By Grignar d’s Reagent : Banzaldehydeisformed by thereaction of phenylmagnesium bromidewith
ethyl formate:

CgHs-MgBr + EtO-C-H ——— > CH.~ le—H + EtO-MgBr

|
O O
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[7] By Rosenmund’s Reaction : Benzaldehydeisformed by the reduction of benzoyl chloridein the
presence of palladised barium sulphate.

Pd
C6H5— |(|:—Cl + H2 W CGHS_ ﬁ:—H + HCI
@]

[8] By Sephen’s Reaction : Benza dehydeisobtaned on reduction of benzaldimine, whichisformed on
reduction of benzonitrile (cyanobenzene) by stannous chlorideand conc. HCI in ethereal solution.

CsHs~C=N + 2H ———— > C¢(H; - CH=NH ——— > C ,H-CH=0

Benzaldimine

[9] By Oxidation of Benzyl Chloride: Slow oxidation of benzyl chloridetakesplaceon passing astream
of carbon dioxide through the agueous sol ution of copper nitrate or lead nitrate and benzaldehydeis
formed.

Ho0 Cu(NO3)
C6H5CH2CI ——>C(2)2 CeHCH,OH — 5 ~oas = Pb(Ngj)z C6H5CHO

[10] By Sommeet Reaction of Benzyl Chloride: Benzyl chlorideisrefluxed with urotropinein agueous
acoholicsolution, whenaproduct isformed. Thisproduct issubjected to hydrolysisby steam-distillation
after adding small amount of an acid, when benza dehydeisobtained.

CcHCH,Cl + (CH,)N, — 0, {CeHCH,(CH,)N 37 CI‘H—+>[C6H5CH2—

EtOH
N=CH,] ——>

C,HsCH=N-CH,(N-Methylbenzaldimine) — "% __, CH,CH=0

Distillation

[11] By GattermannAldehydeSynthess: Benzaldehyde can a so be obtained by heating benzene, HCN
and HCl inthe presence of anhydrousAlCl.,.

C,HH + [HCN # HCl]———— CH.CH=NH + HCl
C,HCH=NH—*°_, C,H,CH=0

Physical Properties

Benzadehydeisacolourless, volatileoily liquid (boiling point 179°) having characteristic odour of bitter
amonds. Itismisciblewith organicliquids, likeacohal, ether, etc., and immisciblewith weater. 1tssolu-
bility inwater isvery low. It ispoisonousand volatilein steam.

Reaction : Benza dehyde givesthefollowing two typesof reactions.
[A] Reactionsdueto a dehyde group
[B] Reactionsdueto benzenering
[A] NecleophilicAddition on Aldehydegroup :
Nucleophilic addition on -CHO group in benza dehydetakes place asfollows.

Nu Nu
5+  O—
CH—CH=0 + E—Nu———> CH; - J:H—o—+ Ef ————> CgHs — J:H- OE
Oxide ion Adduct
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[B]

[A]
[1]

[2]

(3]

[4]

(3]

6]

[7]

Electrophilic Substitution ReactionsDueto BenzeneRing:

Aldehyde group bonded to the benzenering is deactivating and meta-directing group dueto strong
negative mesomeric effect (-M effect). Therefore, the attack of an electrophile on aromatic ring of
benzal dehydetakes Place at Slower rate as compared to unsubstituted benzene. and m- S substitution
product isformed under strong conditions, i.e., not easily.

Reaction DuetoAldehydeGroup :

Reduction : Benzyl dcohol isformed on reuction of benza dehyde by sodium amalgam+ HCl or Zn+
HCI.

C¢H.CHO + 2H —— C,H.CH,OH
Oxidation : Benzoic acid isformed by slow auto-oxidation of benzal dehydein the presenceof air and
light. Other oxidants bring about oxidation very fast.

C¢H;CHO + [O] ——> C,H,COOH

Duetoits easy oxidation, benzal dehyde behaves a s reducing agent. However. It isweaker reducing
agent ascompared to diphatic adehydes. It restores pink colour of Schiff ’s reagent, gives white precipitate
turning grey with mercuric chloride solution, and it reducessilver ionsof Tollenreagent, i.e., anmoniacd
slver nitrate solutionto metdlic silver. But it doesnot givered precipitate of cuprousoxidewith Fehling’s
solution and Benedict’s solution due to strong steric hindrance of benzene ring.

With Sodium Bisulphite: Thereaction of sodium bisulphitewith benzal dehyde gives benzal dehyde-
sodium bisulphiteadduct, whichisawhitecrystalinesolid.

CeHCHO + NaHSO; —— C,H.CH(OH)SO,Na
With Hydrogen Cyanide: Manddlic acidisobtained on hydrolysisof mandelonitrilei.e., benzal dehyde
cyanohydrin, formed by addition of hydrogen cyanide on benzal dehyde.

i i i
C,H.— C + HON —=% GH,— C — CN—"2 4 C,H.— C — COOH

(0] OH OH

Mandelonitrile Mandelic acid

With Alcohols: Anaromatic acetd isobtained on heating amixture of benzal dehyde and dcohol inthe
presence of dry HCI gas.

CeH,CHO + 2HOC,H, __bwHclgas . CH.CH(OC,H,), + H,0
The above aromati ¢ acetal obtained from benzal dehyde and ethanol iscalled phenytal.

With Thiols: Arometic thioacetal sareformed by reacting benza dehydeand thiod cohol sinthe presence
of dry HCl gas.

C,HsCHO + 2HSC,H, _ byHcisas , CH.CH(SC,Hy), + H,0

With Ammonia: On hegting benzal dehyde with ammoniaacomplex compound called hydrobenzamide
isformed.

\ CBHRCH:I!Q
T CH—C5H5 —372(? C‘:H—C!;Hi
CGHQCH:N
Hydrobenzamide
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(8]

[9]

[10]

[1]

[12]

[13]

[14]

With Primary Amines: Schifff’s bases are formed on heating benzaldehyde with primary amines. The
reaction of benza dehyde and aniline givesaSchiff ’s base, named benzlideneaniline or benzalaniline of
N-phenylbenzaldimine.

C¢Hs—CH=0 + H,N -C;H, —*— C4H; ~CH=N-C,H, + H,0

benzylideneaniline

With Hydroxylamine: Benzaldoximeisformed by thereaction of benzal dehyde and NH,OH.

CgHs—CH=0 + H,N-OH ———> C¢H; ~CH=N-0OH + H,0

Benzaldoxime

With Hydrazine: Benzladehydehydrazoneisformed by thereaction of bena dehydeand NH,NH.,.

CgHs~CH=0 + H,N-NH,, ——> C¢Hs — CH = N—NH, -+ H,O

Benzaldehydehydrazone

With Phenylhydrazine : The reaction of benzladehyde and C,H.NHNH, gives
benza dehydephenylhydrazone.

CeHCH=0 + H,N-NHCHy ——> CgHsCH=N-NHCeH; + H,0
benzaldehydephenylhydrazone

With Semicarbazide: The reaction of benzaldehyde and semicarbazide gives benzal dehyde
semicarbazone.

CgHs—CH=0 + H,N-NH-CO-NH,—=> C¢H; - CH=N—NH-CO - NH, + H,0

Benaldehyde semicarbzaone

With Phosphor usPentachloride : Benzaldehyde reactswith PCl to form benzal chloride, whichis
aso cdledbenzylidenedichloride.

CeH-CH=0 + PCly —— CH_-CHCIL, + POCl,
With Phenal :

Conc. H;80, l—Hgo

Oron
p.p’—Dihydroxytriphenylmethane
Theabove product isatriphenylmethan dye:
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[15]

[16]

[17]

[18]

[19]

With N,N-Dimethylaniline : If thereaction of benzldehydeand N,N-dimethylaniline is carried out in
the presence of afew dropsof conc. H,SO, or anhydrous ZnCl,,, then agreen col oured triphenylmethy/l
dye, caled Malachitegreenisobtained.

........ /CH';
Ot

H*O +
' /CH.‘
\CH,

Cone. H;50), l -H,O

_CH,

/’ \CHa
.
‘ Mt

Malachitegreen
(p.p"—Bis—[dimethylamino]triphenylmethane)

Cannizzar0’s Reaction : Dueto abseceof o hydrogen atomin benza dehyde, oxidation of onemolecule
to benzoateion and reduction of the second mol ecule tobenzyl a cohol takes place on adding strong
solution of causticalkali at room temperature

2CH.CHO + OH- —» C,H.C00 + C;H.CH,OH

Tischenko Reaction : When benza dehydeisheeted in the presence of an duminium akoxide (ethoxide,
isopropoxide, etc.) takeninaninert solvent (CCl ,, Xylene, etc.), benzyl benzoateisformed by bimolecular
addition.

H H
] AI(OR);

C;,H;H-C + O—C_CﬁHs——-ﬁ CyH<— ﬁ O——C —CgHs
O H @] H

Benzyl benzoate

Benzoin Condensation : When benzal dehydeis heated with agueous a coholic KCN solution, aketonic
secondary acohol, benzoinisformed by bimolecular condensation.

C,HsCHO + C;H.CHO —— =" CH.COCH(OH)CH,

H20,EtOH,A

On Oxidation of benzoin with conc. nitric acid, the secondary al cohol group is converted to aketone
group and adiketone, called benzil isformed.

CgH.COCHOHCH, + [0] __coretmos , C;H.COCOCH, (Benzil) + H,O

Claisen Reaction : An o, B—unsaturated aldehyde (or ketone) is formed on the condensation of

benza dehyde with an aldehyde (or aketone) having at least two o hydrogen atoms, in the presence of

diluteakali cinnamal dehydeisobtained on the condensation of benza dehydewith acetal dehyde.
CsH.CH=0 + H,CH-CHO —— C4H;CH=CH-CHO + H,0O

Cinnamaldehyde
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[20]

[21]

[22]

[B]

[23]

Benzalacetone, i.e. benzlideneacetoneis obtained on condensation of benza dehyde with acetone.
CH:CH=0 + H,CHCOCH, __Dbi.akali , ¢ H.CH=CHCOCH, *+ H,O

Benzalacetone
Perkin’s Reaction : When benzaldehydeisheated at 180° with an anhydride and the sodium salt of a
carboxylic acid, then an unsaturated carboxylic acidisformed. For example, Cinnamicacid isobtained
on thereaction of acetic anhydride and sodium acetate on benza dehyde.

C.H:CH=0 + H:CH‘“‘CO\ CILCC )(e) C:H:CH=CH-CO \ HOH
00— /% CsH<:CH=CH—-COOH + CH;—COOH
CH;-CO” -H0 CH;—CO Cmnanue aad

Acetic anhydride Benzalacetic anhvdride

Knoevenagd Reaction : When benza dehydeisheated with ma onic ester in the presence of pyridine.
then cinnamic acid isformedinthefollowing steps.

/COOEI Pyridine /COOEI YHOH /COOH %
C.H:CH=0 + H;C\ T“—> Cr;H:.CH:C\ -—;E(—)I? CszCH=C\ T C.HsCH=CH-COOH
2 2 CO,
COOEt COOEt COOH ) Cinnamic acid
Malonic ester Benzalmalonic ester Benzalmalonic acid

Malonic ester contains one reactive methylene group. whosetwo reactive hydrogen atomstake away
the oxygen atom from benzal dehydeto form awater molecule. A reactive methylenegroup is present
between two strongly el ectronattracting groups (like CO. CN. etc.), dueto which the hydrogen atoms
of methylenegroup acquire atendency of getting released intheform of protons.

Reformatsky Reaction : When benzaldehydeis reacted with bromoacetic ester in the presence of
zincindry ether. then cinnamic acidisobtained in thefollowing steps.

Ether
C,,H;——ﬁ]—l C'HQ_COOE‘ > CﬁH_q—(i:H—CH:—COOEt

O+Zn+ Br OZnBr
HOH HOH
——> (H;—CH-CH,—COOE{ ———->

-Zn(OH)Br (l)H -EtOH

A
C«Hs:—CH—CH,~COOH —> C:H;~CH=CH-COOH

H Cinnamnc acid

Reactions Dueto Benzene Ring :
Benzaldehyde givesthefollowing S: reactions.

Halogenation : m-Chlorobenzaldehyde (or m—Bromobenzaldehyde) is formed on heating benzaldehyde
with chlorine(or bromine) inthe presenceof AIC.,.

CHO CHO
Clp
AICI3
Cl
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[24]

Nitration:
m-Nitrobenzaldehyde is formed on nitration of benzaldehyde by fuming nitric acid.

CHO CHO
Fuming
HNO3
NO,
[25] Sulphonation : Benzal dehydeundergoes sulphonation on heating with conc. sulphuric acidtoformm-
formylbenzensulphonicacid.
CHO CHO
Conc.
HySO4
SO,OH
[26] Friedel-Crafts Reaction : It should be noted that due to strong deactivation of benzeneringin
benzaldehyde. Friedel—Crafts reaction does not take place.
USES: Benzaldehydeisused
[1] Asadeodorant.
[2] Inthemanufactureof synthetic dyes, and
[3] Inthe synthesisof many aromatic compounds.
Somelmportant Point :
Uses:
S.No. Formaldehyde Acetaldehyde Acetone
1 QlSlnfgctant an_d preservatlve.for In the preparation of dyes polish, Solvent for cellulose,
biological specimens. (formalin)|varnishes
5 Urotropine. a urinary antisentic In the manufacture of ethanol, In the preparation of sulphonals
pine, Y P acetic acid, synthetic rubber etc. |[(hypotic)
3 Formamint, for throat treatment  |For the preparation of In the preparation of chlororform,
(formalin + lactose) metaldehyde (a solid fuel) iodoform

Distinction between Aldehydesand K etones:

Test Aldehyde Ketone
Schiff's reagent Pink colour X
Tollen's reagent Silver mirror
Fehling Solution Red ppt. X
NaOH solution Brown resin X
Mercuric chloride Black ppt. X
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NITRO BENZENE

(&l
o]

[c]
[d]

Introduction:

Aromatic nitro compounds are obtai ned when hydrogen atom or atoms are of aromatic compound
replaced by -NO, (nitro) group.

Aromatic nitro compound are of two types.

[i] Thosecompoundsinwhich nitro group isattached directly to the benzenering eg. nitrobenzene.

[1i] Those compounds, inwhich nitro groupisattached to asidechain whichisdirectly attached to the
benznering.

NO, CH,NO,

| II
(nitro benzene) (phenyl nitromethane)
Nitrobenzeneisalso called as ‘oil of mirbane’ or “artifical oil of bitter almond’s.
If hasasmell smilar to benzal dehyde.
M ethodsof Preparation :
From Benzene(Nitration) :

H,S0C e
@ + HO=NO, — =2~ @ NOz 4 1,0 + energy

vap. phase
Note :
[i] Thereaction speciesis "NO, (nitroniumion)
[ii] Theabovereactionislab method of nitrobenzene preparation.

Physical Properties:

[a] Itisydlowish, oily liquid, insolublein water and solublein organic solvents.
[b] It hasodour like bitter amonds.

[] Itissteam volatile and poi sonousin nature.

[d] Itsboilingpoint IS211°C.

Resonancein nitrobenzene:

[a] Thegroupswhich can attract the e ectron from benzenering or deactivate the benzenering or make
el ectron dificient to the benzenering or shows—I effect or shows —M effect or —R effect are called as
metadirecting groups. They do not show Friedel Craft reaction.

.,/O +
€g. - N \o , —l(l3—H, —]C|J—OH, —SO:,H, —C =N, —F, NH;
O (@]
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[a]

[b] Thegroup which can donate the electron to the benzenering or activate the benzenering or make
electron efficient to the benzenering or shows+ | effect of + M or +R effect arealwaysortho and para
directinggroups.

H

€J. -NH,,-N-R, -O-H, -0-R, -X:, - CH,; -CH,-CH, €C.

[c] Resonating structures of nitrobenzene.

o\ ;o o\w /o o\w/o = o\w/o ‘"* o\w/o &
cX | - |
A i =

@

Itisevident from the above structuresthat ortho and parapositionsare e ectron deficient and attacking
electrophilieisalso electron deficient, so it does not attack on ortho and parapositions but attacks at
metapostion.

Chemical Reactions: Chemical reaction of nitrobenzene areclassified in three groupsasfollows:
1. Reaction of -NO,, group
2. Reaction of Benzenering
3. Other reactions
Reaction of -NO, group :
Readuction :
Acidicmedium:
Reagents: S/HCl or SnCl./HCI or Zn/CH,COOH etc.
CgHNO, %, C.H.NH, + 2H,0

aniline

Propbaleintermediatesteps:
CsHsNO, +2HO> CeH,NO 2, C.H.NHOH _+H422”O> CeH:NH,

nitrosobenzene  phenyl aniline
hydroxylamine
[b] Neutral Medium : Reagents: Zn/NH ,Cl or Zn/CaCl, or Al-Hg/NH ,Cl etc.
CcH,NO, —*— CHNHOH + H,O
Phenyl
hydroxylamine

¢
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[c] AlkalineMedium : Reagents: Zn/NaOH or SnCl./NaOH, or Glucose/NaOH etc.

2C,HMNO, —2 5 CH-NO —H:*; CeHs=N=N=CgHy 21, CoHy—~NH
I I
CsHs;—N azobenzene CgHs—NH
azoxy benzene hydrazobenzene

[d] Electrolyticreduction : [Medium: conc, H,SO,]
CgHsNO, —_3':3-> CeHsNHOH [earmangement {p - amino phenol)

Reaction with AICI, : Nitrobenzene behaves asweak base and makes acomplex compound with

duminiumchloride
&
@ / +ACl, —» “SAlcy
\ \ G-~
2. Reaction of Benzenering:
Halogenation :
NO,
NO,
AICl,
+Cl-Cl — =2
Cl
m-chloro nitrobenzene
Nitration:
NO, NO,
H,S0O,4(conc.)
+HO - NO, i
NO,
m-dinitrobenzene
(vellow crystalline solid)
NO,
+ HO - N02 2100°C
T.N.B (explosive in nature)
Sulphonation:
NO, NO,
|
@ +HO-80,H ——= P
SO,H
fuming m-nitrobenzene sulphonic acid
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3. Other Reactions: Nitrobenzene showsnucleophilic substitution reaction a so. It isaccomplishesinthe
following way. M echanism of nucleophilic subgtitution reaction — In nitrobenzenenud eophileatackes
at 0- & p—positions as these are the electron deficient centres.

o o)

~
o, (™o A\+/ ./

| A 2
N )T 1 d | = o

| S

P
e C:H NUJ Nu
Reaction with Solid KOH :
NO,

" NO,
@ + KOH (solid) __4_, @»OH 4 @
OH

(o- & p-nitrophenol)
Reaction with Sodamide:

NO, NO,
& - ethanolicsolution N H2
+ Na-NH, A > +
NH,

(o & p-nitro aniline)

NO,

Reaction with Ethanal :

NO,

+ C,H;OH ——> 0-and p-nitro phenetole

Test for Nitrobenzene:

[Mulliken and Barker ’s method|

Thea coholicsolution of nitrobenzeneishesated with zinc powder and ca cium chloride. Thishot mixture
onfiltrationin Tollen’s reagent gives a black precipitate.

CHsNO, (dcohalic) + Zn+ CaCl, —*— [C,H,NHOH] filter inAgNO, + NH,OH — 2Ag{
Black precipitate
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ANILINE

1 Introduction:
[a Anilineiscalled phenyl derivativeof ammonia
[b] Itwasinitialy obtained by thescientist “Unverdorben’.

[c] Anilineisaso caled amino derivativeof benzene because when ahydrogen aomisreplaced by NH,,
group, anilineisobtained.

2. Method of Preparation :
From Nitrobenzene (Reduction in acidic medium) :
[a] Lab method :

O

C6H5—N< +6H SRS, C HNH,
o

[b] Industrial method::

/o

CoHs—NY  +6H —=+H, CHNH,
)
From Benzamide:
C6H5—ﬁ—NH2 + Br, + KOH (ac.) ——> CH,NH,, + K,CO, + KBr + H,0
o)

Note: Theabovereactioniscalled as ‘Hofmann hypobromite reaction’.

From Chlorobenzene:
[a] WithNH,:

CeH+Ci+HENH, —=22 CH. NH, + HCl

Note: We use Cu,O to neutralizethe formed HCI otherwise HCI formsadditiona sat with aniline.
Cu,0 + 2HC| ——> Cu,Cl,+H,0

[b] Withsodamide:

CeH:£Cl + Nat+-NH, — 2 -— C,H.NH, + NaCl

-------------- 200°C

From Phenol :

SRV ! hy. ZnCl
CeHs+QH £ Hi-NH, —=55c7— CgHg-NH, + H0

From Grignard reagent :

CoHe-MgEl+ €G- NH, ——— CHNH, + MgCl,

chloramine
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From phenyl isocyanate (By alkalinehydrolysis) :

S iy 1o P
CiHs—N$C=0 + I ————— CgHgNH, + K, CO,
L—___K=OFH

Note: Theabove methodiscalled as ‘wurtz method’.

From Benzoicacid (Schimdt reaction) :

A
CeHs— C —O—H+ N3H 57 oo CeHsNH, + CO, + H,0+ N,
I ’
o)

By reudction of azo and hydrazo compoundswith sodium dithionite:
> 2 CgH NH, + 4 NaHSO,

CeHs —N=N—CgHs + 2Na,S,0, +4H,0

By curtiusreaction :

CeHsCOCI + NaN,————> C¢H,CON, + NaCl
CeH:CON, + H,0 ——— CgHNH, + CO, +N,

By Gabriel Phthalimidereaction :

COOH i I 6 Ch.a &
0 s C[ Ny M, N _KoH A0 e
COOH -H0 il 410 d -H0 o’ Co”

phthalic acid phthalic anhydride phthalamide potassium phthalamide

>~ca.
phthalic acid + H,N — C4H, <20 Q - N-CegHg Ceftl |

~

anilne N-phenyl phthalamide
3. Physical properties:
[a] Anilineissolublein organic solventsaswell asin water.
[b] Solubility inwater isdueto hydrogen bonding.
[] Itiscolourlessand poisonousliquid.

4. ResonanceinAniline:
Anilineislessbas c than ammoniaand primary amine becauseit possessresonance

@ .
NH, NH, NH,

CNHz N)Hz ﬁ H, -
> == i
A HG@ @‘v N
AN > iy L L\:}y
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Itisevident fromtheabovesturcutresthat I.p. on N atomisde ocalised and aniline behaves asaweak
base. Inthese resonating structure, itsortho and parapositionsare el ectron richer (dueto presence of
negative charge) so e ectrophileattacks onthesepositionsonly. That’s why we can say it is ortho & para
directing.

5. Chemical Reaction :
Chemical reactionsof anilinearebroadly classifiedinthefollowing two ways:
5.1 Reaction of -NH, group
5.2 Reactionsof benzenering
5.3 Other reactions

51 Reactionsof -NH, group :

Alkylation:
H H R’ T *
I | - o '
CgHs— N —H+X—R' ——=—> CH;—N — R’ ,,,ﬁ>5,_Fi_,(;6|.;5_|li —R —XR | CeHs _II\E“R e
R'
quaternary salt

Acetylation :

H H

I

CGHS‘""‘" N """H"‘Cl_C"“‘CHa —HCI—") CGHS— IN —_ C—CH3
) I

(o

N-phenyl acetamide Or acetanilide
Note: Theproduct formed isimportant becauseit isused in preservation of -NH,, groupin aniline.

Schotten—baumann reaction :

H H
I I
CeHs— N —H+Cl—C —CgH; ——pgr > CeHs— N — C —CgH,
I I
0] 0]
N—phenyl benzamide or benzanilide

Reaction with Hinsbergreagent :

H H
I I
CeHs— N —H+ Cl— SO, —CHy ———> CH; — N — SO,— CH,
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Hoffmann Carbylaminereaction (I socyanidetest) :

i

CeHs — NS | + CHCy + KOH (ale) ——— CgHy—N = C+ HCI + H,0

Thereisocyanideshasvery offensivesmell. Reactionisused for testing of primary amines.

Reaction with Phosgene:

H H
| gy |
CeHs—N -H Ct CeHs—
- C=0""Zner C=0
e —NEH ) Gt
H H

Reaction with Car bondisulphide:

[a] Whenanilineisinexcess:

H H
Cably—N R T ot C—

+1 + Hsl-c=s———~> C=S+H,0+K,S
CeHs—NTH  H—O7K | CeHs— N

' i’

N, N'—diphenyl thio urea

B sl - #
52 SO & - i g

[+ | +*S$4C=8_H&% , CH,—N=C=8 + 2H,0+K}S
CaHs_N'E}'{__.li—._,O:II'E}L__I

phenyll iso thio cyanate

Note: Thereisothiocyanate hasodour like mustard oil soreactioniscalled ‘Hoffmann—mustard oil
reaction.

Reaction with Grignard reagent :

R— Mg —X + CoHs — :l\|- H———— R—H +C,H;NHMgX
H

Reaction with Sodium metal :

H
i
CeHs— N —H+2Na ——5, > C,H,— N—Na

|
H

N- phenyl sodamide
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Reaction with HNO, and HCI (Diazotisation) :

CgHs — N ITH+0oN -—EQ_i_-l ZH]C? o6 ? CgHg—N=N—ClI
| benzene diazonium chloride

- ———

Note: Itisanimportant compound because we can obtain anumber of aromatic compoundsfrom
benzenediazonium chloridelike.

C,H,OH /A
— » CgHg + N, + HCI
HOH
— CH.OH
HCI/ Cu,Cl,
—» CHCI
HBr/Cu,Br,
» CHBr Sandmeyer reactions
HCN/Cu, (CN),
CH;—N=N—Cl—- CH.CN
KI/aA
CHJl
HNO,
= CHNO,
H
Sn/HCI |
— CH—N—NH,
B-nephtol
> orange ppt. (A dye)
Salt formation :
- +
H H

I

+8

CoHs— N: + H > CI™* — | CH;s —THH* Cr-
|

H conc. H
‘anilinium chloride

o H +2
CgHy— N: +H,SO, ——— |CeHs —N—>H" | 50,2
l
H H
2
anilinium sulphate
H H H
® |
CeHs— N: + H—=> AuCl, ——— | C4H; —N—>H|AuCI,
! :

anilinium chloraurate

H H +2
| |

CeHz— N: + H,PtClg ———— |CeHs —N—>H|  PiCIy2
l |
H H

2

anilinium chloroplatinate

Note: By the help of thissalt wecan ca culatethe mol. wt. of primary amine.
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Reaction with Benzaldehyde:
CgHNH, + CgH.CHO — 5 CH-CH=N-C¢H,
(schiff baseor anil)
5.2  Reaction of benzenering:
Halogenation :

Anilinedoes not show ha ogenation or nitration directly dueto presence of active hydrogenon—-NH,,
group sofor nitration, hal ogenationsfirst we preserve—NH,, groupwith acetyl chlorideor by theformation

of acetanilide.
o] 0 0 0
B I ] {l
T - H-N-C - CH, H-N = C - CH, H-N - C = CH,
Br
. CS,(nonpolar)
+ ) R
-HG Br-Br{FeBry) O *
Br
NH, NH,
Br H,0
¥ -CH,COOH
Br :
Note:

[i] Paraproduct alwaysyield more:
[ii] If reaction occursinthe presenceof polar medium like brominewater, then product will bewhite ppt.
of 2,4, 6tribromo aniline.

[iii] Anilineoniodination gives para—iodo product only.

Nitration :

NH,

NH,
@ +conc. HNO, — H,80,—» @ (m-nitroaniline)
NO,

Note : [i] Metaproductsisformed becauseintermediateaniliniumionisformed whichismetadirecting.
[ii] If nitration occurswith conc. HNO, then product will beyellow ppt. of 2, 4, 6-trinitroaniline.

Sulponation :

®
NH, NH,HSO NHSO,H NH,

@ + H,80, (fuming) ——— @ 180-200°C. @ rearrangement
A

aniline hydrogen sulphate

SO,H
sulphanilic acid

Note: Sulphanilic acid isused as hypnotic drug.
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Reduction:
NH NH,

2
Pd/Pt/Ni
£ 3H, =7
2 200°C

cyclo hexyl amine

Reaction with benzenediazonium chloride:

NH2©—H+CI—N=N—@ L @-—-N N—@

p-amino azobenzene

5.3  Other reactions:
Oxidation : Anilineformsdifferent compounds on oxidation asfollows:

Na,Cr,0,
cone. H,SO,
Na,Cr,O, 0 =C% o
dil.H,S0, ' ==

p-benzoquinone

aniline black

H,O,, 50°
C,H,NH, a , CH.NO,
CF,COOH
NaOCl O -
p-aminophenol

H,SO,

> CgHNNO + C,H.NO,
air oxidation

, red—brown colour

Test for Aniline:
N=N—¢

10% NaOH OH
+ B —naphthol

[a Aniline —5 27— CoHNLCI

a-phenyl azo —naphthol (orange—red dye)

[b] Aniline+ NaOCl— p-Aminophenol —'9" Purple-colour

[c] Aniline <=8 Phenyl isocyanide

(most unpleasant smell)
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SOLVED EXAMPLE

Ex.1

Sol.

Ex.2

Sol.

Ex.3

Sol.

Ex4

Sol.

Ex.5

Which of the following is not correctly matched-

(A) Hydrolysis of phenyl magnesium iodide — benzene

(B) y-Isomer of BHC— lindane

(©) (2n + 4) © Rule- aromaticity

(D) Trimerisation of propyne- mesitylene Ans.(C)
The Hucke rule to account for aromaticity is closed ring of (4n + 2) & electrons.

Benzene can be directly obtained from-

(A) Acetylene (B) Ethene and butadiene
(C) Chlorobenzene (D) All the above Ans.(A)
See Text.

Ozonolysis of benzeneyields -

(A) Glyoxa (B) Glycerine (C) Glycaol (D) Glycerol  (Ans.A)
Ozonolysis of benzeneyields glyoxal. Benzene adds three mol ecul es of ozone and forms benzene
triozonide which on decomposition with water gives three molecules of glyoxa

CgHg + 303 —— CgHg Og

benzene ozone benzene triozonide
H-C=0
CgHg Og —tHO . 3 |
H-C=0

benzene triozonide glyoxal

An aromatic compound contains .... T ectrons
(A) 4n (B) 4n + 1 (C)4n + 2 (D) 4n + 3 (Ans.C)
An aromatic compound contains (4n + 2) © electrons. It is according to Huckel's rule, which

represents the aromaticity of the molecules. Aromatic compounds possess a sweet smell whichis
characteristic and different from other fragments.

The term aromatic compounds is now used for benzene and the compounds structurally related to
benzene, evenif they do not possess a sweet smell.

Which of the following will show aromatic character -

00 O

A%

(A) 1, 1 and 111 (B) 1 and 111 (© Il and IV (D) All the four
(Ans.C)
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Sol.

Ex.6

Sol.

Ex.7

Sol.

Ex.8

Sol.

Ex.9

Sol.

Benzene has 6r electrons (2 from each double bond) present in cyclic continous form.

J O

benzene furan

Furan also has 6r electrons present in continous cyclic cloud, note that one of the pair of electrons
present in sp? orbital does not involve in overlapping of the sextet; while the unused pair of
electrons present in p orbitd isinvolved in overlapping forming sextet.

Which of the following is not afriedel craft's reaction —

(A) Cg Hg — OH + Cl — COCHz —> CgHsOCOCH,

(B) Cg Hg + CICOCH, __Ack | CgH-COCH,

(C) Cg Hg + CH3Cl _Ack | Cg Hg— CHy

(D) Cg Hg + CoHsCl __Ac , CgHg — CoHs [Ans. A]

Friedel craft reaction occursin the presence of lewis acid. Note that carbon directly links with
benzeneringin friedel crafts reaction.

Toluene may be prepared by :—

(A) Toluic acid (B) Cresol

(C) Toluene sulphonic acid (D).All the above [Ans. D]
Toluene may be prepared by all the above compounds described earlier.

The chlorination of toluene in presence of ferric chloride gives predominantly—
(A) Benzyl chloride (B) m—Chlorotoluene
(C) Benza chloride (D) 0- and p- Chlorotoluene [Ans. D]

CH, CH, CH,
Cl
cl,
—’ +
FeCl,
Cl

In presence of halogen carrier, substitution occurs in benzene nucleus.

Chlorination of toluene in the presence of light and heat followed by treatment with agueous NaOH
gives=

(A) 0— Cresol (B) p — Cresol

(©) 2,4-Dihydroxytoluene (D) Benzyl acohal [Ans. D]

CgH5CHo + Cl, —aieat , ¢ H CH,Cl —2aNot , C H CH,OH
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Ex.10

Sol.

Ex.11

Sol.

Ex.12

Sol.

Ex.13

Sol.

Ex.14

Sol.

Ex.15

Sol.

(I)7CH3 CrO,Cly A_"° . B

[Where ¢ = CgH]

The functional group present in B and name of the reaction would be —

(A) —CHO, Gattermann aldehyde synthesis (B) —CHO, Etard reaction

(C) -COCH,, Friedel Craftsreaction (D) —CHO, Oxo reaction [Ans. B]
The compound ' B ' is benzaldehyde and the reaction is called Etard reaction.

The correct order of reactivity towards electrophilic substitution is-

(A) Phenol > Benzene > Chlorobenzene > Benzoic acid

(B) Benzoic acid > Chlorobenzene > Benzene > Phenol

(C) Phenol > Chlorobenzene > Benzene > Benzoic acid

(D) Benzoic acid > Phenol > Benzene > Chlorobenzene (Ans.A)
Presence of o-, p- directing groups in benzene nucleus activates ring for SE reaction. Presence
of m-directing group deactivates ring for SE reactions. Also hal ogens are deactivating gp. due to
— IE. inspite of 0-and p-directing nature.

Which among the following is the strongest o-, p-directing group in benzeneis -
(A) —-OH (B) —Cl (C) —-OCHg (D) -CH,4 (Ans.A)
—OH gp. posses the maximum tendency to throw electron pair towards benzene nucleus.

The compound represented by the molecular formula C,HgO are -
(A) Only alcohal (B) Only ether
(C) Only phenolic compound (D) All the three types of compounds (Ans.D)

Benzyl alcohol, anisole and 0 —, m—+, p— cresols can be written by the molecular formula
C.H.0.
718

Indenify A, B, and C in the following reactions-

OH OH
oH OC2H5
@ e (b) —2,B (g C —S, @
COOH

(A) Sodalime, benzene, potassium phenoxide

(B) Zn, benzene, sodium ethoxide

(C) Zn, cyclohexanone, sodium ethoxide

(D) None of the above (AnsA)
Sodalime, benzene, potassium phenoxide are the A, B and C compounds respectively.

Rate of substitution reaction in phenol is -

(A) Slower than the rate of benzene (B) Faster than the rate of benzene

(C) Equal to the rate of benzene (D) None (Ans.B)
— OH group is activating group towards electrophilic substitution reactions.
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Ex.16 Which isleast solublein water -
(A) Phenal (B) Ethanol (C) Benzoic acid (D) Benzene (Ans.D)
Sol.  Benzene can not form H-bonding thus, it is least soluble.

Ex.17 Which of the following reagen (s) cannot be used to distinguish between phenol and benzyl acohol-

(A) NaOH (B) NaHCO4 (C) Br,/CCl, (D) FeCl, (Ans.C)
Sol.  Only phenol reacts with NaOH, NaHCO, and FeCl; none of the two compounds react with
Br,/CCl,.

Ex.18 Phenol condenses with formaldehyde to form-
(A) Bakdlite (B) Asbestos (C) Polyacryladdehyde (D) Polyester (Ans.A)

Sol.  When phenol and formaldehyde react in presence of dilute alkali, p-hydroxybenzyl alcohol is
obtained as a major product on further heating for some time, a cross-linked polymer, called
phenol- formaldehyde resin or bakelite is formed.

Ex.19 @OH + CHCl; + NaOH —— @OH
CHO

The above reaction is called -

(A) Gattermann Kosch aldehyde synthesis

(B) Gattermann aldehyde synthesis

(C) Reimer Tiemann reaction

(D) Ledrer Mannase reaction (Ans.C)
Sol.  The above reaction is Reimer Tiemann reaction.

Ex.20 In Etard’s reaction toluene is oxidised to benzaldehyde using —

(A) H,0, (B)Cl,

(C) Chromium trioxide or CrO,Cl, (D) KMnQ, (Ans. C)
Sol.  CrO; or CrO,Cl, and a mixture of K,Cr,O, + H,SO, + NaCl can also be used.

Ex.21 In Perkin reaction —
(A) Benzadehyde reacts with acetic anhydride in the presence of sodium acetate forming cinnamic

acid.

(B) Benzaldehyde reacts with acetaldehyde in the presence of sodium hydroxide to give
cinnama dehyde.

(C) Cacium salt of benzoic acid on dry distillation gives benzophenone.

(D) None of these (AnsA)

Sol. Perkinreaction can be shown as —
CgHsCHO + (CH5CO),0 __chscoona . CHCH = CH — COOH + CH3COOH

Ex.22 Benzaldehyde and formaldehyde differ from acetaldehyde in their reaction with —
(A) NaOH (B) HCN
(C) 2,4-Dinitrophenyl hydrazine (D) Semi carbazide (AnsA)
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Sol.

Benzaldehyde (CgHs — CHO) and formaldehyde do not have a-hydrogen atoms so they give
disproportionation reaction with NaOH but CH;CHO does not give it.

Ex.23 When an adehyde was heated with akali, part of it was converted into an alcohol and part of it

Sol.

Ex.24

Ex.25

Sol.

Ex.26

Sol.

into an acid. The aldehydeis—

(A) An diphatic aldehyde other than formaldehyde

(B) An diphatic aldehyde or sdlicylaldehyde

(C) An aromatic aldehyde other than salicylaldehyde

(D) An aromatic adehyde or formaldehyde (Ans.D)

The aldehydes which do not have a-hydrogen atoms show disproportionation reaction. These
aldehyde may be aliphatic adehyde (formaldehyde) or aromatic aldehyde.

Product obtained on the addition of an agueous akali to benza dehyde followed by acid hydrolysis

iIS—

(A) Benzoic acid (B) Benzyl dcohol  (C) Benzyl benzoate (D) All of the above
(Ans.D)

Benzaldehyde reacts with acetaldehyde in the presence of a base to give —
(A) Crotonadehyde (B) Cinnamaldehyde (C) Crotonic acid (D) Cinnamic acid
(Ans.B)

Benzaldehyde reacts with acetaldehyde in the presence of a base to give cinnamaldehyde. It is
called crossed Aldol condensation or Claisen's condensation

HO CH=CH.CHO

OH"~
+ CH,CHO —
-H,0

benzaldehyde acetaldehyde cinnamaldehyde

In the reaction between benzal dehyde and formal dehyde, point out the wrong statement
(A) Benzaldehyde is reduced to benzyl alcohol

(B) Formaldehyde is oxidised to formic acid

(C) Benzyl formate is formed

(D) Thereaction is known as crossed aldol condensation
(Ans.D)

In the reaction between benzal dehyde and formal dehyde the wrong statement is that the reaction
isknown as crossed adol condensation. Actually the reaction is called Crossed Cannizaro's reaction.

CgHsCHO /++ HCHO —&°_,
(2)HCI
benzaldehyde formaldehyde
CgHsCH,0OH + HCOOH

benzyladcohol formic acid
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Ex.27 Which of the following will undergo adol condensation —

Acetadehyde Propanal dehyde
1 @)
Benzal dehyde rideuterosacetal dehyde
©) (4)
(A)1 B) 1,4 124 (D) All of them(Ans.C)
Sol. CH4;CHO CH,CH,CHO
(1) (2)
CgHsCHO CD4CHO
©) (4)

Benzaldehyde has no a-hydrogen atom, remember that CH;CHO and CD4CHO both behave
similarly in chemica properties.
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EXERCISE |
Q.1 Solventusedinthe, Friedd Craft’sreactionis:
(A) Nitrosobenzene  (B) Nitrobenzene (C) Benzene (D) Toluene

Q.2  Whichof thefollowingisnot an aromatic compound:
/N @ [ /N
(A) q (B) (©) . (D) o

Q.3  Benzeneisobtained when phenol isdistilled with -
(A) Copper turnings  (B) Aluminiumdust  (C) Zinc dust (D) Pumice stone

Q.4  Whichoneof thefollowing isthemost basic compound :
(A) CH-NH,, (B) CgHs-NHCH,;  (C) CH-N(CH,), .. (D) C;HN(C,H,),

Q.5 Friedel-Crafts reaction does not occur in case of —
(A) Toluene (B) Benzene (C) Naphthalene (D) Pyridine

Q.6 Toluene may be prepared by -
(A) Friedel craft'sreaction (B) Wurtz=fitting reaction
(C) Grignard reagent (D) All of the above

Q.7  Themain product of the reduction of benzal dehyde with Zn-Hg/conc. HCl is-

(A) Benzyl alcohaol (B) Cyclohexyl methanol
(C) Toluene (D) None of these
Q8 CH, CHgCOCI , » __Zn-Hg o

AICI, HCl

Theend product inthe above sequenceis:
(A) Toluene (B) Ethyl benzene (C) Boththeabove (D) None

Q.9  Which of thefollowingwill undergo sulphonation at fastest rate ?

(A) 6 (B) @ ©) é (D)

Q.10 Ozonolysisof toluenegives-
(A) Twomoleculeof glyoxae
(B) Threemoleculeof glyoxale
(C) Twomoleculeof glyoxae and onemolecule of methyl glyoxde
(D) Two moleculeof methyl glyoxaleand onemoleculeof glyoxde
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Q.11 m-Bromotolueneisprepared by:
(A) Bromination of toluene
(B) Frieddl Craft'sreaction of bromobenzenewith CH,CI
(C) Bromination of nitrobenzene and subsequent replacement of -NO, group with methyl group
(D) Bromination of aceto-p-toluidinefollowed by hydrolysisand deamination

Q.12 Phenal reactswith conc. HNO in the presence of conc. H,SO, to give—
(A) Metanitrophenol (B) Ortho nitrophenal
(C) Ortho and paranitrophenol (D) Picricacid

Q.13 IntheLiebermann’snitroso reaction changesin the colour of phenol occursas.
(A) Brown or red-greenish red-deep blue (B) red-deep blue-green
(C) red-green-white (D) white-red-green

Q.14 Remer Tiemannreactioninvolves-

(A) Carbanionintermediate (B) A carbeneintermediate
(C) Carboniumionintermediate (D) Freeredica intermediate
Q.15 Methyl group attached to benzene can be oxidised to carboxyl group by reacting with:
(A) Fe,O, (B)AgNO, (C) KMnQ, (D) CrQ,
Q.16 Theformylating agent in ‘Gattermann Koch’ synthesisis -
(A) CO+HCI (B)CO+H, (C) HCI'+ HCN (D) CHCI; + ac.KOH
CH=CH,
Q- 17 A Br, KMnO, B
CompoundA and B respectively are:
(A) o-Bromostyrene, benzoic acid (B) p-Bromostyrene, benzaldehyde
(C) m-Bromostyrene, benzal dehyde (D) Styrenedibromide, benzoic acid

Q.18 Benzaldehydeisoxidised and reduced simultaneously in the presence of —
(A) NaHCO4 (B) NaOH (C) Na,COg4 (D) HCI

Q.19 Benzadehyde can be converted to benzyl alcohol by —
(A) HCI (B) NaOH (C) LiAIH, (D) B and C are correct

Q.20 Benzadehyde condenseswith acetic anhydrideto give cinnamic acid in presence of —
(A) Sodiumacetate  (B) Sodiumchloride  (C) Sodiumbenzoate (D) Sodium meta

Q.21 HCHO and CgHsCHO can be distinguished by —
(A) Fehlingsolution  (B) Tollen’sreagent  (C) KMnO, (D) All of these

Q.22 _Nitrobenzenehasasmdl smilar tothat of :
(A) Benza dehyde (B) Formadehyde (C) Acetaldehyde (D) Sdisylddehyde
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Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

How many = electron aretherein thefollowing species:
S]

)

(A)2 (B) 4 €6 (D)8

Benzeneisaresonance hybrid mainly of two Kekule structures. Hence:

(A) Half of the molecules correspond to onestructure, and half of the second structure
(B) At low temperatures benzene can be separated into two structures

(C) Two structures make equal contribution to resonance hybrid

(D)Anindividua benzene molecule changesback and forth between two structures

Which of thefollowing groupisdivaent:

(A) Benzoyl (B) Benzyl (C) Benzd (D) p-Tolyl
Which of thefollowing isnot the property of benzene:

(A) Characterigticsmell (B) Inflamnmable

(C) Additionreactions (D) Colourless

Theintermediate formed in the reaction of benzene with an electrophileis—
(A) Wheland intermediate (B) o— complex
(C) Benzenium cation (D) All the above

AnhydrousAlCl; isusedinthe Friedel — Craft'sreaction becauseit is-
(A) Electronrich

(B) Solublein ether

(C) lonisableto chlorideand duminiumions

(D) Electron deficient

Acetyleneon polymerisation gives-
(A) Mesitylene (B) Benzene (C) Ethyl benzene (D) Propyle benzene

Nitration of toluene takes place at -
(A) o—Position (B) m—Pogtion
(C) p—Position (D) Both o-and p— positions
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EXERCI SE-|

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

Bottles containing CgHgl and C;H;CH,| lost their original labels. They were labelled A and B for
testing. A and B were separately taken in test tubes and boiled with NaOH solution. The end solution
in each tube was made acidic with dilute HNO; and then some AgNO; solution was added.
Substance B gave aydlow precipitate. Which one of the following satementsistruefor this experiment?
(A) B was CiH.| (B) Addition of HNO, was unnecessary

(C) A was CH.| (D) A was C;H-CH,| [Al EEE-2003]

Which one of the following undergoes reaction with 50% sodium hydroxide solution to give the
corresponding acohol and acid ? [AIEEE-2004]
(A) Phenol (B) Benzadehyde (C) Butana (D) Benzoic acid

p—cresol reactswith chloroform in akaline medium to give the compound A which adds hydrogen
cyanideto form, the compound. B Thelatter on acidic hydrolysisgiveschiral carboxylicacid. The

structure of thecarboxylicacidis- [AIEEE-2005]
CH, CH,
CH(OH)COOH
(A) (B)
CH(OH)COOH
OH OH
CH, CH,
CH,COOH
© (D)
CH, COOH
OH OH
Fluorobenzene (CgH:F) can be synthesized inthelaboratory - [AIEEE 2006]

(A) fromaniline by diazotisationfollowed by heating thediazonium sat withHBF,,
(B) by direct fluorination of benzenewith F, gas

(C) by reacting bromobenzene with NaF solution

(D) by heating phenol with HF and KF

Phenyl magnesium bromi de reactswith methanol to give- [AIEEE 2006]
(A) amixtureof benzeneand Mg(OMe) Br  (B) amixtureof tolueneand Mg(OH)Br
(C) amixtureof phenol and Mg(Me)Br (D) amixture of anisoleand Mg(OH) Br

OH O-Na+
(Oj +CHClz + NaOH — @:

CHO

Theédectrophileinvolvedintheabovereactionis- [AIEEE 2006]
(A) dichlorocarbene(:CCl,) (B) trichloromethyl anion (COC|3)
(C) formyl cation (GHo) (D) dichloromethyl cation (CHCl,)
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Q.7

Q.8

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Thestructure of the compound that gives atribromo derivative on trestment with brominewater is-
[Al EEE 2006]

CH20H CHs

CHs CHs
OH
®) @ ®) @ © @ o) @
OH
OH

Thereaction of toluenewith Cl., in presence of FeCl, givespredominantly- [ATEEE 2007]
(A) benzoyl chloride (B) benzyl chloride
(C) o-andp-chlorotoluene (D) m-chlorotoluene

Phenol, when it first reacts with concentrated sul phuric acid and then with concentrated nitric acid,
gives [AIEEE 2008]

(A) o-nitrophenol (B) p-nitrophenol (C) nitrobenzene (D) 2,4,6-trinitrobenzene

Tolueneisnitrated and theresulting product isreduced with tin and hydrochloric acid. The product so

obtained isdiazotised and then heated with cuprous bromide. Thereaction mixtureso formed contains-
[AIEEE 2008]

(A) mixtureof o—and p-dibromobenzenes (B) mixtureof o- and p-bromoanilines

(C) mixture of 0- and m-bromotoluenes (D) mixtureof o- and p-bromotoluenes

The major product obtained on interaction of phenol with sodium hydroxide and carbon
dioxideis - [AIEEE 2009]

(A)sdicylddenyde  (B)dicydlicatid  (C) phthdlicacid (D) benzoic acid

Which of thefollowing are classified asaromatic?
(A) 1,2, 3-Triphenylcyclopropeniumcation  (B) Cyclooctatetraenyl dianion
(C)Azulene (D)Annulene

CgHNO, —"2/HeL, A TeR2MEL 5 B, Benzene, Intheabove sequence B — Benzeneissuitably
00

obtained by using:
(A) Ethanadl (B) H3PO, (C) Boththeabove (D) Methanol

Whichof thefollowing reactions of benzene provesthe presence of three carbon-carbon double bonds

init:

(A) Formation of atriozonide withozone

(B) Hydrogenation of benzeneto cyclohexane

(C) Formation of C;H,Cl by addition of chlorine

(D) Formation of nitrobenzene on heating benzenewith amixtureof concentrated nitric acid and sulphuric
acid
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Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Which of thefollowing can beused in Friedd Craftsreaction to generate e ectrophile?
Cl

(A) (B) CH,=CH-Cl (C) CH,CH,CI (D) CH,=CH-CH,Cl

Anilineispurified by :
(A)Azeotropicdidtillation (B) Steamdidtillation
(C) digtillation in presence of magnesium (D) Fractiond crystallisation

The replacement of ahydrogen atom in benzeneby akyl group can be brought about with thefollowing
reagents.

(A)Alkyl chlorideandAlICl, (B)AlkeneandAlICl,

(C)Alkanol and dkali (D) Alkanol and acid

CgHsNH,, CHCI; and KOH givethemain product :
(A) Phenyl cyanide  (B) Benzylcyanide  (C) Benzyl carbylamine (D) Phenyl isonitrile

Benzenereactswith n-propyl chloridein the presence of anhydrousAlCl, to give predominantly:
(A) n-Propylbenzene (B) Isopropylbenzene
(C) 3-Propyl-1-chlorobenzene (D) Cumene

Anilineondirect nitration produces:
(A) o-Nitroaniline (B) m-Nitroaniline (C) p-Nitroaniline (D) 1 & 3arecorrect

Which of thefollowing does not gives Friedd-Craftsreaction?
I(J\B]Meg

NH, NO,
(A) © (B) @ (©) © (D) ©

Which oneof thefollowingisnot an azo compound :-
(A) Methyl orange (B) Benzenediazoniumchloride
(C) Phenalphthalein (D) p-hydroxyazobenzene

The good method for converting benzeneinto propyl benzeneis:

(A) CHg + CH,CH,CH.CI + Anhyd. AICI,

(B) CsHg + CH,CH,COCI +Anhyd. AlCl; and then treatment with Zn/Hg/HCI
(C) CHg + CH,CH,COCI +Anhyd. AlCl; and then treatment with H,, Ni
(D)CgH, +Anhyd. AICI, + cyclopropane

Which of thefoll owing statementsisincorrect for e ectrophilic substitution.

(A).Ortho-and para-directing groupsincrease e ectron density at ortho-and para-positions
(B) Meta-directing groupsincrease e ectron density at meta-position

(C) Meta-directing groups decrease  ectron density at meta-position

(D) Ortho-and para-directing groups decrease € ectron density at meta-position
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Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

Nitration of anilineiscarried out after acylation, because:
(A) Oxidation can beavoided

(B) Reection becomes managesble

(C) oand p-nitroanilinesare obtained in good amount
(D) All theabove

Which of thefollowing statementsis/arenot true?

(A) All ortho-paradirecting groups activatesthering

(B) All ortho-paradirecting groups except halogensactivatethering

(C) All meta-directing groups have n-bond ontheatom directly attached to thering
(D) All metadirecting groupsare deactivating.

Nitration of anilinecomesunder :

(A) Nu-addition (B) Nu-substittion  (C) E -addition (D) E-substitution

Falsestatementis/ are :

(A) Although benzene contai nsthree double bonds, normally it does not undergo addition reaction.

(B) m-chlorobromobenzeneisanisomer of m-bromochlorobenzene.

(C) Inbenzene, carbon usesdl thethreep orbital sfor hybridization.

(D) An electron donating substitutent in benzene orientsthe incoming e ectrophilic group to the meta

position.

Urethanesare estersof —
(A) Carbamicacid (B) Citricacid (C) Maonicacid (D) Succinicecid
Amongst thefollowing, themoderately activatinggroup is

R
(A)—NHR (B) —NHCOCH,  (C) —0—%— R (D) —CH,
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ANSWERKEY

EXERCISE |
Q1 B Q2 B Q3 C Q4 D Q5 D Q6 D Q7. C
Q8 B Q9 B Q10 C Q11 D Q12 D Q.13 A Q14 B
Q15 C Q16 A Q17 D Q.18 B Q19 D Q20 A Q21 A
Q22 A Q23 C Q24 C Q25 C Q26 C Q27 D Q28 D
Q29 B Q30 D

EXERCISE-II
Q1 C Q2 B Q3 A Q4 A Q5 A Q6 A Q7 D
Q8 C Q9 A Q.10 D Q11 B Q.12 ABC Q13 C Q.14 ABC
Q15 CD Q16 B Q.17 ABD Q.18 D Q19 BD/ Q20 B Q.21 BCD
Q22 C Q23 BD Q24 BCD Q25 A Q26 ABC Q.27 D Q.28 BCD
Q29 A Q.30 BC
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BIOMOLECULES

Introduction:

€) All common activities of aliving organism (bioactivity) involve reactionsof certain organic
compounds (mostly organic). Such compoundsarecaled ‘biomolecule’

(b) The synthesisof abiomol ecul esinsidethe body isknown asanabolism whileitsdegradation to
simpleproductsisknown as ‘catabolism’ and two process collectively are called metabolism.

(© Nowadays, carbohydrates are defined asthe opticaly active polyhydroxy a dehydes or ketones
or Substanceswhichyield theseon hydrolysis.

Carbohydrates:

@ InthesecompoundsH : O=2: 1 (sameaswater).

(b) Animd cdll — Glucose, Glycogen. (forms of carbohydrates).

(© Plant cell — cellulose, starch form (In plant cells carbohydrates are stored in form of starch).
(d) It’s formulais : C (H,0),.

(e Thesearecalled hydrates of carbon.

Classification
Carbohyrates
J Are of 3 types
| _ | 4

Monosaccharides Oligosaccharides Polysaccharides
Monosoccharides:
@ Initn=m
(b) Therenamingisof following type—
S.No. Formula Group Aldolase Ketose
1 C;H O, Triosase Gylcerddehyde Dihydroxy acetone
2 C,HgO, T etrosase Eryithrose Erythrulose
3 C.H,,O. Pentosase Ribose Ribulose
4 CsH50¢ Hexosase Glucose Fructose.

Becausein monosaccharides- CHO (Aldehyde) group ispresent soit keep reducing nature. They are
reduced by Fehling (Cu,O), Benedict solution.

(© Inadolaseadehydegroupispresent and all central moleculesareasymmetrical (chira).

(d) In ketoseketone groupis present and except 2" carbon al molecules are asymmetrical.

(e Thesearefoundintwo isomeric formsL—form and D—form

® Simplest sugar — Glyceradehyde

(0) M onosaccharides are of two types

\

Cyclic Non-cyclic

&
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(h) Cyclic compound are of 2 types:

Pyranosase Furanosase
Ring made up of 6 members Ring made up of 5 members
0] Pyranosase and furanosase name was Coined by Howorth on basisof thermodynamics.

()] Body sugar iscaled asglucose.

(k) Fructose, Mannose and gal actose are hexoses.

()] Water hydrolysi s of monosaccharides cannot take place.

(m  Mainisomericforminitisa—isomers, o, 3 iSOmMers — Anomeres.

0] Derivativesof Monosaccharides: Following arederivatives of monosaccharrides.
(@ Deoxy suger : If 1 hydrogen occupiesthe position of one— OH or one — OH is replaced by one -H
than deoxy sugar isformed.

— ET oD
H—é—OH H—é—OH
H—é—OH H—é—OH
H—é—OH H—é—OH
bH OH
Deoxyribose Ribose

(b) Amino sugar : ~OH group of Aldolase is replaced by -NH, group thanit is called asamino sugar.
EQg. D—glucosamine, D—galactosamine

(i) Sructureof Glucose& Fructose Glucoseisadohexoseit isamonomer of larger car bohydr ate.

sructure
CHO
|
H—— OH
H—C—OH
| H—— OH
HO —(|J —H Ho—al \Y ©
H—C—O0OH H—— OH
| .
H_|C_ o CH,OH [0 -D- Glucopyranose]
CLLOL [@-D-(+) - Glucose | [B -D- Glucopyranose]
2 (Haworth structure)

(Fischer formula)

FRUCTOSE (LAEVULOSE), CH .0,
Fructoseisaketohexose. It isobtained a ong with glucose by the hydrolysis of sucrose..
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Structureof Fructose

()

Fructose hasthe molecular formulaCH,,O, and onthe basis of itsreactionsit wasfoundto containa
ketonic functional group at C—2 and six carbon atoms in straight chain as in case of glucose.
It belongsto D-seriesand is alaevorotatory compound. Therefore, fructoseis correctly named as

D-(-)-fructose. Itsopen chain tructure may bewritten as.

CIIHZOH
C=0
OH——H
H——OH
H——OH
CH,OH

D-(-)Fructose

Fructose also existsin two cyclic forms which are obtained by theaddition of -OH at C—5 to the

( >C = Q) group. Thering thusformedisafive membered ring and isnamed asfuranosewith anaogy
to thecompound furan.

I— 2| 1
1.2 HO—C—CH,OH
HOH,C—C—OH

ho—l—y o HO=F—H O
H—4—on H~4—OH
H—2 H<>

5 6

CH,OH CH,OH

B-D-(-)-Fructofuranose
0o-D-(-)-Fructofuranose

The cyclic structuresof two anomers of fructose are represented by Haworth structures asgiven

OH H OH H

a-D=(-)-Fructofuranose B-D-(-)-Fructofuranose

Oligosaccharides:

Itisformed by combination of 2to 9 mono saccharide units.

Disaccharides:

@ Thedisaccharides are sugars composed of two moleculeof sameor different monosaccharides.
(b) Generdly onemolecule of water isreduced informing disaccharides.

(© Reectioniscaled asdehydrogenation

(d) Generd Formula=C (H,0), ,

) Monosaccharides attach called asmonomers.

() Bond present in between themiscalled asglycosidicbond.

&
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Somel mportant Disaccharides:

_ CH,OH H  CH,OH
(i) Maltose —  [Glucose + Glucose = Maltose| l/ \I |/ \'
H H
(i)  Lactose —» |Galactose + Glucose = Lactose| I\ H/L J\OH H/I
> 5%inmilk (only mammals) HO Jy s . L
(i) Sucrose—>  |Glucose+Fructose=Sucrose| I__ 6.1, 4- glycosidic bond
> Itisacommercid or kitchen sugar.
) _ Maltose
> Itiscalled invert sugar or (cane sugar)
> Hydrolysisof sugar iscaled asinversion of sucrose
> Equimolar mixtureof glucoseand fructosecaled asinvert sugar.
(iv)  Trehalose
> Itisthemajor sugar of insect haemolymph. Among plants,.it isfoundin fungi and yessts.
(i) Trisaccharides: (Threemonomers)
@ Manotriose = 2 Galactose + 1 Glucose
(b) Raffinose =1 Glucose+ 1 Galactose+ 1 Fructose
> Itisfound in cotton seed.
(© Melanoxylose= 1 Fructose + 2 Glucose
(iii)  Tetrasaccharides(Four monomers)
> Stachyose = 1 Glucose + 1 Fructose + 2 gal actose
3 Polysaccharides
@ Polysaccharidesyield more than 9 mol ecul es of monosaccharideson hydrolysis.
(b)  Generd Formula=(CH,,0;),..
(© Thesearelinear polymersand al so highly branched
(d) Thesearenot called as sugar. because are not sweet in taste.
Excep. - Inulin issweet.
(e Glycosidic bondis present between monomers
) Suffix - ‘an’ is present in last part of there names.
Polysaccharides
J two types
Homopolysacecharide Heteropolysaccharides
) Homopolysaccharides:
€) There monomersare of onetype of monosaccharides.
(b) Thesearesmpletype polysaccharides.
(© Physialogically important homopol ysaccharides.
CHZOH HZOH
J 4 ’ 1 4 ° 1
(A) Sarch CH,0H . Hy0H . IHZOH . Ho0H .
feTeNere
Formula of Starch
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> Sored food of plant

> Itismost improtant food source

> Itisfoundinnorma amount inall typesof food sourcelt isinsolublein water.

> It givesbluecolour withiodine

> Itsmonomer isao—D glucose.

> Itismixtureof two compounds.

\! .
Amylose Amylopectin

(@ Amylose:

> They givebluecolour withl.,.

> Itis15%to 20% in starch.
(b) Amylopectin:

> Branch of 24-30 glucose monomers.

> GivePurplecolour with ..

> Itis80-85%.
(B) Glycogen:

> Stored food of animals.

> Called asanimal starch. , )

> Givered colour withl,, ) i W et TP s
©) Celulose: }7') |<:,‘H i ﬂ@_";{.ﬂ; K S

4 H OH . H OH H H OH "
> Itismainly foundinplant cdls.
> Itismainconstituent of cell wall. Structure. of Cellulose

Prepar ation of Glucose

1. By Hydrolysisof Cane-sugar
Inlaboratory glucose can be prepared by hydrolysis of cane-sugar in the prsence of acohol using dilute
hydrochloric acid. Glucose and fructose areformed in equal amounts. Glucose, beinglesssolublein
ethyl acohol than fructose, crystalizesout.

C12H 22011 + HZO H—+> C6H1206 + C6H1206
Sucrose Glucose Fructose
2. By Hydrolysisof Starch
Glucoseisobtaned, on commer cial scale, by hydrolysisof starch by boilingit with dilutesulphuricacid
at 393 K under apressure of 2-3 bar.

(CgH,Og),, + NH,0 ——"—— nC.H,,0,

393K,2—-3bar 6 12

Starch Glucose
Evidencesthat support thelinear structureof Glucose

1. Reduction

HOH,C . (CHOH), . CHO + H,—— HOCH,,(CHOH), . CH,OH
Sorbitol
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Reaction with Hydrogen | odide

HOCH,— (CHOH),- CHO——  H,C - CH,- CH,— CH,~ CH,— CH,

n-Hexane
Oxidation
HOH,C . (CHOH),. CHO +[Q] —Bulto HOCH, .(CHOH), . COOH
Gluconicacid
PROTEINS
€) Proteins are polymers of amino acids.
(b) Protein is 3/4 part of dry weight of tissues.
(© Protein forms structure of body.
(d) C, H, O, N are necessary present in proteins.
() InsomeproteinsP, S, Fe, Cu, |, aso may be present. They are called trace € ements.
® 70 types of Amino acidsare known. But in proteins about 20 typesof amino acids are used.
other amino acidsare called non-proteiniousamino acid for e.g. citruline, ornithine
Chemical Structure:
@ Amino acidscan begiven by thegenera formula.
R R
H 2N_(::_C_OH or H2N—(::—COOH
Mo '
R = Alkyl group.
(b) If 'R' Changesamino acidsformed a so changes.

eg. IfR=H — Glycine (Simplest A: Acid)
If R=CH;— Alanine
If R = CH,OH — Serine.

'R’ group attach with the carbon than that carbonis called o. - carbon.

H
NHZ—C::—COOH or NH,-CH,-COOH
H
Glycine
CH,OH CHs
NH2—C|3—COOH NH2—C|I—COOH
H H
Serine Alanine
(© Aminoacids have also NH, group. Whichisbasic and a so COOH group. Whichisacidic. So
Natureof AminoacidisAcidic+Basic
(d) AminoAcidsareamphotericinnature. Sofor it agpecia termiscoined called Zwitter ion.
G They havefollowing structurein solution
R
H3N+—c|:—coo—
i
[Zwitter 1on]
[Net charge on it is zero]
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(A)
()

(if)

Classification of Amino Acids:

According to synthesis amino acid is of two types-

Essential amino Acids::

= These are taken by food. Not synthesized in the body.
= These are asfollows

(2) Leucine (2) Isoleucine
(3) Lysine (4) Methionine
(5) Phyenyl aanine (6) Threonine
(7) Tryptophan (8) vdine

Arginine and Histidine are semiessential amino acidsie. they are bartly synthesized in tissues.
Non - Essential Amino Acid :

@ These are synthesized in body.

(b) These are not required in food.

(© These are asfollows

(2) Alanine (2) Aspargine
(3) Aspartic acid (4) Cistine
(5) Glutamic acid (6) Glutamine
(7) Hydroxy proline (8) Glycine
(9) Proline (10) Serine
(12) Tyrosine

(d) Except glycine all Amino Acid has 2 optical image (1 and 2)
(e Optical isomerism are those which hasasimmilar common formulabut there images opposes
to each other.

® For it chiral carbon atom is necessary. Chiral carbon atom isthat carbon atom whose four
valency are not satisfied by same group or atoms.

() In Glycine chiral carbon atom isabsent. It is optically inactive.
(p)] L-form synthesize protein.

Peptide bond :
€) Two or morethantwo amino acid linked and form apeptide.
(b) Thebond present in between peptidesiscalled peptide bond.

Itis of 3 types
Y

3 Vo oo
Dipeptide Tripeptide Polypeptide
(Man=2)  (nan=3) (Nan>3)

(© A peptide bond isbond between -NH4 of oneAmino acid and -COOH of another amino acid.

R R R R
| | | |
H—N—|C— ——N—|C—C—OH _H0 H—N—|C— C-N —cl:—c—OH
| | I
H H y) H H g H H l') F|| H g
Amino Acid Amino Acid Peptide Bond
Formation of Peptide Bond
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4 Configuration of proteins:
€) Biological nature or function of protein was confirmed by its conformation.
(b) This conformation is of 4 types

Primary Secondary Tertiary Quaternary

(A)  Primary Structure:

Thistype of structure was given by Friedrich Sanger in 1953 in Insulin (of.one chain)
Primary structure is conformed by a single polypeptide chain in a linear manner.

All amino acid are attached in a straight chain by peptide bond.

No biological importance & soon changed to other forms.

yudd

(B)  Secondary Structure:
= In it structure of straight chain from irregular changes to form coils.
= H-bond + peptide bond present in secondary. structure.
= This H bond is present between hydrogen of Amino group and oxygen atom carboxylic
acid group.
= This structure is of two types

v v

a-helix B- pleated sheet

e / /
N N N
/ /
RCH RCH RCH
g_ c \ \
S s So. SN f=0
Lo N H— N H—~ N
HCR N\ \
C/ H}:R H/CR
o’ /\N —H- Oéc\N/H "OﬁC\N/H“‘
RGH RCH rRCH
_ Cso jeN Nes
R HR e
N SN ZC_
0] a-helix
= Chainisspira
= 3.7 atoms in one coiling
= Right handed circular.
Eg. » Myosin, Keratin etc.
(i) B-pleated sheet
= Structure of proteinisnot arranged in asequence.
= Polypeptide chain areparallel to each other
— H - bond form by near chains Eg. Silk fibres.
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(C) Tertiary structure:

=

=

()

(iv)

=
=

Inthisstructureof protein atomsarehighly coiled and form aspherica form

Ex.  Albumin

Thisstructureisformed by 4 regular hydrogen bondswhich makesaregularity init
Hydrogen bond :

Hydrogen bond

They areformed between oxygen of acidic amino acid and H of basicamino acid.
Hydrophobicbond -

Non - polar sidechainsof neutral amino acid tendsto be closely associ ated with one another in
proteins.

Present in between the amino Acid.

These are not true bonds.

lonic bond :

|onic bond

These aresalt bondsformed between oppositely charged groupsin sidechainsof Amino acids
Eg. Aspaticacid

Glutamic acid
Disulphide bonds:

Relatively stable bond and thusis not broken readily under usua conditions of denaturation.
Formed between the -SH group of Amino acid Ex. Cystine and Methionine.

(D) Quaternary structure:

=

=

When 2 or more polypeptide chainsunited by forces other than covalent bonds (i.e. not peptide
and disul phide bonds) are called Quaternary structure.

Itismost stablestructure.

Ex. Haemoglobin

5 Types of proteins

=

Classification of proteinisbased uponthree generd properties shape, Solubility and Chemical
compasition.

Proteins
2
\! ) v
Simple Conjugated Derived
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()

(A)

(B)

(i)

(iii)
@

()

Simple proteins

= It isformed of only Amino Acids
= Types
v v
Fibrous Globular
Fibrous:
= Itisinsoluble

= It is of elongated shape.

= Itis highly resistant to digestion by proteolytic enzymes.
= Their main function - Protection.

Ex.  Collagen, Keratin etc

Globular :

= Theseare spherica and ovd inshape. Chainsare highly coiled
= Thesearesoluble.

Ex.  Albumin

Conjugated Proteins
= These are complex proteinsin which protein molecul eis combined with characteristic non-
amino acid substance.
= Non-amino acid or Non - Protein part is called as prosthetic group
Ex. Nucleoproteins
(Protein + Nucleic acid),
Phosphoproteins (Protein+ (PO;)?)
Eg. —» Casein of milk., Vitelline of egg - yolk

Derived proteins:
Theseareobtained asaresult of partial hydrolysisof natural proteins.
Eg. — Proteose, Metaproteins, Peptones

Denaturation of Proteins

When aproteininitsnativeform, issubjected to aphysical changelike changeintemperature, or a
chemical changelikechangein pH, the native conformation of themolecul eisdisrupted and proteinsso
formed are called denaturated proteins.

Thedenaturationmay bereversibleor irreversible. The coagulation of egg on boiling isan example of
irrevers ble protein denaturation.

However, it hasbeen shown now that in some cases, the processisactually reversible. Thereverse
processiscalled renaturation.

Test of Protein :

€) With conc. HNO; on heating giveyellow ppt. Which on more heating give sol ution On adding
NH,OH Red colour gppears. Itis Xanthoprotictest.

(b) (NH,OH) +dil. CuSO, proteingiveBlueviolet colour. Itisabiuretetest.
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7 Biological Importance of protein :

@
()
(©
(d)
(€
®
()

Component of plasma membrane.

All enzymes are protein.

Many hormones are protien.

Antigen and antibody are protein.

Actin and myosin protein are important in muscle contraction.
Proteins are important in growth, regeneration and repairing.
Cdorific value 4.0 kcal.

8 NucleicAcid :

@
(b)
(©

(d)
€

()

@

@
()
(©

(d)

Thesearespecial typeof acidswhich are present in nucleus & cytoplasm.
Control helpinmetabolic activity of cell
They ared sofoundin Mitochondria, centrioleand chloroplast.

DNA (Deoxy Ribo Nucleic acid)

Types— Theseare of 2 types |:>)
RNA (Ribo Nucleic acid)

Itisdiscovery by First of all in puscellsof WBC iri'1869 by Friedrich Mei scher.

Fischer discovered Nitrogen basesin 1888

Nitrogen Base

\ 2
Purine Pyrimidine
Levanfound sugar
2 types
Ribose (RNA) Deoxyribose (RNA)

Altman coined theterm “nucleic acid”

DEOXY RIBONUCLICACID (D.N.A.) :

Itisfoundin Nucleus
Doublehelical structure of DNA wasgiven by Watson Crick. (a)
Chargaff toldthat ratioof Aor Tand GorC =1

| N | I

DNA made upof 3 units
i
Nitrogen base Deoxyribose sugar Phosphoric acid (H,PO,)
I

! v
Pyrimidine Purine
[i] Thymine [i] Adenine
[ii] Cytosine [ii] Guanine
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(e Nucleoside
When nitrogen base combined with deoxyribose sugar it constituteanucleoside.

Deoxyadenosine— It isapart of Nucleotide.

L

|
o]

b

i

® O

w

) Nucleotide
() Nitrogen base + Sugar + Phosphate — Nucleotide
(h) Itisaunit of DNA
0] All nucl eotides combined and form achain called polynucl eotides by which RNA and DNA
formed.
(A)  Function of DNA:
) Self-Replication or self-Duplication
(i) Protein Synthesis
(i)  Mutation >

(B) Replication of DNA:
€) The synthesisof new DNA moleculesfrom preexisting DNA iscalled replication.
(b) It occursinmitosisand meiosislin S phase of interphase.
(© DNA replication issemiconservative proposed by Watson and Crick.

(C) Significanceof DNA :
Chromosomes are mainly composed of DNA, RNA and histone protein.
Amongthesemolecules, DNA isthemain hereditary materid.

10. RibonuclicAcid (RNA).:
Found in cytoplasm aswell asin nucleus.
Cytoplasm — Intheribosome (heigher amount)
Occourence
Nuceglus— Nucleus
(A)  Typesof RNAand their Functions:
Thereare 3 main typesof RNA molecules
M Messenger RNA (MRNA)
(i) Transfer RNA (tRNA)
(iii) Ribosoma RNA (rRNA)

) Messenger RNA (MRNA)
Discovered by Astrachan, Huxley.
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11. Enzymes:
Proteinswhich areused asacatayst in biochemical reaction isknown ashiocataysts.
(A)  Sructureof enzyme
€) They areglobular proteins.
(b) With having tertiary structureit can becollected ascrystals.
© In the presence of enzymesbiochemicd reactionsis compl eted with body temperature, normal
pressure and normal pH 7 inthe body.

(B)  Specificcheracteristics:
Enzymes havefollowing two specific cheracter as:
@ Specificity (ii) Effidency

(C)  Specificity of enzymes
@ Generdy oneenzyme can catayze only onebiochemical reaction.

(b)  ltcanincreasesrateof reaction upto 102 times.
(© In some cases one enzyme can catal yzes more than onereaction and onereaction can be catalyzes
more than oneenzymeal so.

eg. EnzymepresentinYeast (Zymase) can fermant both glucoseand fructoseinto .alcohol and dso

cane-sugar can be hydrolyses by invertaseand sucrase enzymes.
(D) Efficiency of enzymes

€) One molecul e of enzyme can convert millionsof substrate molecul esinto product per second.

eg. Carbonic anhydrase enzyme present in red blood carpcells can convert 6 lac mol ecul es of
carbonic acid into carbondioxide and water per second.

(b) With having tertiary structureit can becollected ascrystals.

(© Enzyme can bestored at |ow temperature.

(E) I mportanceof enzymes
Inthethousands of enzymes presentsinbody if even asingleenzymewould be absent or damaged than
complex diseasein results.
€g. Scacity of Phenylaaine hydroxyl ase enzymein human body isresult in phenyl ketonuriadisease.

11. VITAMINS
It has been observed that certain organic compounds arerequired in small amountsin our diet but their
deficiency causes specific diseases. These compoundsarecalled vitamins.
Classification of Vitamins
Vitaminsare classfied into two groups depending upon their solubility inwater or fat.

() Fat solublevitamins:
Vitaminswhicharesolubleinfat and oils. But insolubleinwater arekeptin thisgroup. Thesearevitamins
A, D, EandK.They arestored in liver and adipose (fat storing) tissues.

(i) Water solublevitamins:
B group vitaminsand vitamin C aresolublein water so they are grouped together. Water solublevitamins
must be supplied regularly in diet because they are readily excreted in urine and can not be stored
(except vitamin B,,) inour bodly.
Someimportant vitamins, their sourcesand diseases caused by their deficiency arelisted intable.
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POLYMERS

21

22

2.3

()

(i)

INTRODUCTION :
A polymer isacompound of high molecular massformed by the combination of large number of small
moleculesand processiscdled polymerisation. Thesmall moleculeswhich congtitute the repegting units
inapolymer are called monomer units. Theselargemol eculehavere ativemol ecular massesintherange
10% - 106.
eg.

NCH,=CH, —— [-CH,~CH,],..

ethene polythene.

Where n is as high as 10°. The number of monomers units in a polymer is called the degree of

polymerisation.

CLASSIFICATION OF POLYMERS
Polymersareclassified on thefollowing basis -

Classification based on monomers:

€) Homopolymer : The polymer formed from one kind of monomer is called homopolymer.
eg. Polyethylene

(b) Copolymer or mixed polymer : Polymer formed from more than one kind of monomer
unitsiscalled copolymer.
eg. Buna- S

Classification based upon origin or source:
Thereare of two types based on source

€) Natural polymerswhose sourceisanimal and plants are called natural polymers
eg.  starch,cellulose, protein etc.

(b) Synthetic polymer s :- These are man made polymers synthesised in the laboratory from
low molecul ar weight compounds.
eg. Nylon, dacron, bakelite, synthetic rubber, polystyrene etc.

Classification bassed on structure :

These are of three types based on structure —
0] Linear polymers

(i) Branched chainpolymers

@iy  Crosslinked polymers

Linear polymers: Inwhich monomer unitsarelinked together to form long straight chains. The
polymeric chainsare stacked over oneanother to give awell packed structure. Such polymershave
high densities, high tensile strength and high melting points.

€g. : Polythene, Nylon and polyesters

Branched chain polymers: Inthistype of polymers, themonomeric unitsarelinked to congtitutelong
chains(caled mainchain). Therearesidechainsof different lengthswhich congtitute branches. Branched
chain polymersareirregularly packed and they have lower tensilestrength and lower melting pointsas
compared tolinear polymers.

eg. : Amylopectin (Component of starch)

&
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(iii)

24

@

(b)

25
(@)

(0)

©

(@)

Crosslinked polymers: Themonomeric unitsarelinked together to constitute athree dimensional
network. Crosslinked polymersarehard , rigid and brittle because of their network structure.
eg. : Bakdite, Formaldehyderesin etc.

Classification based on synthesis :
These areof two typesbased on synthesis-

Condensation polymerisation: In thisthe monomer (same or different) unitslink witheach other by
theelimination of asmall molecule (e.g. water, methyl alcohol) asaby-product. Thepolymerformedis
known as condensation polymer. Nylon and terylene are the most common examples.

Sincethe condensation pol ymerisation proceeds by a stepwise intermol ecular condensation, itisalso
known as step polymersation and the polymer formed is known as step growth polymer.

Addition polymerisation : Thisinvolvesthe self addition of several unsaturated mol eculesof oneor
two monomerswithout loss of any small muleculeto form asinglegiant molecule. The polymer formed
isknown asaddition polymer. Polytheneisthemost common example.

Differencesbetween Addition and Condensation Polymers

S.N. Addition polymers Condensation polymers

1. Formed by addition reaction. Formed by condensation processwith
elimination of smal moleculeslikeH, 0.

2. Molecular massisawholenumber multiple  -Molecular massisnot whole number multiple

of themonomer. of themonomer units.

3. Generdlyinvolveone monomer unit. Generdly involve morethan onemonomer
unit.

4. Monomersare unsaturated mol ecules. Monomer unitsmust havetwo active
functiond groups.

5. They aregeneraly chain growth polymers. They are generally step growth polymers.

Clasdfication based on intermolecular forces:

Elastomers: These arethe polymers having el astic character. The polymer chainsin such type of
polymersare held together by weskest intermol ecul ar forces. Theseforces permit the polymer to be
stretched under stress but they regain their former shapewhenthestressisrelieved. Theelasticity of
such polymers can be further modified by introducing few crosslinksbetween thechains.

eg. : Natural rubber

Fibres: Thesearethe polymerswhich have quite stronginterparticle forces such as H-bonds.
eg. : Nylon, Dacron etc.

Thermoplastics: Thesearethe polymerswhich can be easily moulded into desired shapesby heating
and subsequent cooling to room temperature. Theintermolecular forcesin thermoplastic polymersare
intermediate to those of e astomersand fibres. Thermoplastic polymers soften on heating and become
fluidsbut on cooling they become hard.

€g. . Polyethene, Polystyrene

Ther mosetting polymers: These are the polymerswhich become hard and infusible on heating.
Hesting resultsin excessve crosslinking between the chainsforming three dimensiona network of bonds.
eg. : Bakelite, Melamine
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METHOD OF POLYMERISATION

(@ Addition Polymers:
0] A polymer formed by direct addition of repeated monomer’s without the elimination of any.
byproduct molecules.
(it) Inthistype, the monomers are unsaturated compounds and are general ly derivativeof ethene.
(iii) The addition polymershave sameempirica formulaastheir monomers.
Ex. Nylon 6, 6, Terylene, bakelite etc.
Chain growth polymerization :
0] Thereisaseriesof reaction each of which consume areactive particle and produce another,
smilar particle, each individua reactionthusdepend uponthepreviousone.
(D) Thereactive particle can befreeradical, cationsor anions.
(i) The polymerization start when amol ecule of monomersreact withaninitiator toformanactive
intermediate.
(v)  Thisactiveintermediateisadded to another monomer forming another intermediate. Inthisway
chain propagati on continue and ultimately apolymer isformed.
€) Peroxide—— Rad"——Chaininitiating step
(b) CH, — Rad - CH, — CH,*
Chain Propagating step
(© Rad - CH, —— Rad-CH, - CH, - CH, - CH5*
Chain Propagating step
(d) Rad— CH,—-CH,—-CH,—CH," ——
[—CH2 — CHZ—] n + Rad' —_—>
Chainterminating step
Example:
Polyethylene, Polypropylene, PV C, teflon, etc.
Monomer Polymer Uses
H H
AN /
N
H H Polythene Bags, toys etc.
Ethylene
H\ ~H
AN
H CHj Polypropylene Beakers, mill cartons etc.
Propylene
H\ ~H
2 N
H Cl Polyvinyl chloride (PVC) Rain Coats, pipes, tiles etc.
Vinyl chloride
/C:C\ Poly acrylonitrile
H CN ’
(PAN) Orlon Carpets etc.
Acrylonitrile
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H” @ Polystyrene Thermocole, insulating, materia etc.

Mexiglass Transparent objectslenses etc.

Methyl methacrylate

F F

C=C
F Teflon (PTFE) Chemical equipment

F / AN
Non stick cookware

Tetrafluoro ethylene

4 NATURAL RUBBER
(@ ItiscisPolyisoprene
HC H
H3C\ / H H3C\ / H 3 \ / 1,4-addition H3C\ / H H3C\ / H H3C\ / H
c-c*+ c-C t C-C — c=C c=C C=C
/2 3\ /2 3\ 2* Ny A /N /N
HzC1 EHZ H2Cl 4CH2 H, i bl —H,C CH,—H,C CHy —H,C CH,—
Isoprene cis-polyisoprene (natural rubber)
(b) Guttapercha:
//C—C\ + /C—C\\ + //C—C\ _ /C=C\ /C:C\ /C=C\
H,C H HC  CHy,  H,C i —H,C H HC  CHy— H,C H
trans- polyisoprene (guttapercha)
5. SYNTHETIC RUBBER
() BunasS: Itiscopolymer of 1, 3 butadiene and styrene. It is obtained by the polymerisation of butadiene
and styreneintheratio of 3: 1inthe presence of sodium
CH:CHZ
nCH,=CH-CH=CH, + n _HeatNa _cH,—CH=CH-CH,~CH-CH,-),
Buna-S
Butadiene styrene

Uses: Buna- Sisalso vulcanised and used in making tyresfor the vehicles. It isalso used as rubber
solesand in making water proof shoes.

&
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(i) Buna-N :
CN

| CN
NCH,=CH-CH=CH,, + NCH, =CH _ Copolymerizaton_,

+CH, ~CH=CH-CH, - CH, - ch)ﬁ
1,3-Butadiene  Acrylonitrile Buna-N
= Itisusedinmaking oil sedls, tank lining, etc.
(i)  Neoprene

Cl Cl

Chloroprene Neoprene

Vulcanisation :

In vul cani sation rubber is heated (3 hrs) it with sulphur (3-10%) at atemperature of 125-140°C.
Rubber hydrocarbon combineswith the sulphur atomsto form the sul phur bridges. Theresulting
product istough, non-elastic and resistance to heat. It becomes non-abrasive and not affected by

chemicals.
5
s
Ry C(CHe)-CH-CH,
—CHy—C(CHg)=CH—CHy— ‘s L
—CHy-C(CH3)=CH-CH,— _ Vlcanisation L

I
~CH=C(CH)-CH-CH,~
S

|
S

6. STEPGROWTH POLYMERISATION

0] Thistypeof polymerizationinvol veaseriesof reaction each of whichisessentia ly independent
of the proceeding one.

(it) A polymer isformed simply because the monomer happen to undergo reaction at morethan
onefunctional group.

(ii1) In the caseof polyester, adiol for example, react with adicarboxylic acid to form an ester
but each maiety of the simple ester contain agroup that can react to generate another ester
linkage and hence alarge molecule, which itself can react further, and so on

~0-CH,-CH,-0-C-C
HOCH,CH,OH + HOOC — COOH ——» Il
00

n

T o c (CH,),~C-0—H _r_, [ 072~ =0t
CH,—OH I 24 O 0)
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6.1 Condensation polymers:

0] A polymer formed by the condensation of two or morethan two monomerswith theeimination
of asmplemoleculelike-
H,O / NH etc..

(it) Inthistype, each monomer generally contain two functional group. Ex.Nylon 6, 6, Terylene,
bakeliteete

@ Polysters: These are the polymers having ester linkage (— (”:—O—)
Example: Terylene:

T/ f
NHO—CH,—CH,—OH + nHO—C@ C-O-H

Ethylene Glycol terephathalic acid
—nHzo
O
Il (|?
(-O—CH,—CH,—0-C Cn
terylene

(b) Polyamides: Such polymers have amide linkage (—g—ll\l—) inthechain
H

| |
nH,N—(CH,)g—NH, + NHO—C—(CH,),~C—OH

Hexa methylene diamine Adipic acid

H
. I I [
0] Nylon -66 [—N—(CH2)6—N—ﬁ—(CH2)4—C—]n +nH,0 Heat
o)
(nylon 66)

Uses: Nylon 66 have high tensile strength soit isused in the manufacture of carpets, textilefibresand
bristlesfor brushes. It isused inmaking el astic hoisery.

(@] NOH
O Oxidation Cj NH,OH @
—) —
—H,0

(i)  Nylon-6

Oxime
O
H,SO,
b Backmann rearrangement
Carpolactum
H,0 H,N — (CH,)s; — COOH
Heat
(0]
” Heat
(—NH—(CH,); —C—),
(Nylon-6)
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(© Phenol-formaldehyderesins( Bakelite)

OH OH
CH, CH,
OH
+ HCHO 22, N OH L
2 OH 2
CH CH,
OH OH
Bakelite

Because bakeliteishard and isagood eectrica insulator, it isextensively used on making el ectrical
switches, fuse holders, etc.
d) Glyptal or (alkyd resin) : The most simple glypta (polyethylene phthalate) formed from the
polycondensation of glycol and phthaicacid.
0 O
Ll

HOOC COOH I
—0-CHCHz0-C C— 4 pH,0

N[HO-CH,—CH,OH] + n SN

Uses : Itisusedinthemanufactureof paints

(e) M e amineformaldehyderesin : Melamineformal dehyderesinisformed by the co-polymerisation of
melamineand formaldehyde.

NH\ng\rNHz NH\T/N\rNHCHZOH [ _HN Ne . NH z—CHz—_
NYN ﬂ) N O N Polymerization N O\Nr
NH Y \|/
2 NH; NH
|
L —n

Meamine intermediate
Uses: Itisused for making non breakabl e plastic crockery i.e cup platesetc.

7. MOLECULARWEIGHT OFPOLYMERS
Therearetwo types of average molecular weight in case of polymers.
(a) Mn = Number average mol ecul ar weight.
(b) My =Weight average molecular weight.
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(@)

Number average molecular weight (i)

_ __ Total weight of the molecules
(Mn) ~  Total number of molecules

If: n, molecules of mol. wt. M.
n, molecules of mol. wt. M.,
ng molecules of mol. wt. M. Then

—:nlM1+n2M2+n3M3+———

Mn
Ng+Ny+Ng+———
M_n _ Z:n‘ M|
Zn

(b) Weight average molecular weight m,,

M = WM, + WMy + WaMs + — — —

v Wi+ Wy + W3 +———

[Weight = no. of molecules x molecular weight]

Where : w,; = weight of the molecules of mol. wt. M,

w, = weight of the molecules of mol. wt. M,,

w, = weight of the molecules of mol. wt. M,

NOTE :— Polydispersity index (PDI) istheratio of weight average mol massto no. average mol

mass PDI = My /Mn

For natural polymers PDI = 1i.e. Mw=Mn

For Synthetic polymers PDI > 1i.e. My >Mn
POLYMER THEORY
Ex.1 Theproduct of addition polymerization reaction is-

(A) PVC (B) Nylon (C) Terylene (D) Polyamide  (Ans. A)
Sol.  PVC(polyvinyl chloride) isan addition polymer whilenylon, terylene and polyamidesare condensation

polymers.
Ex.2 A raw materia used in making nylon-6,6 is-

(A)Adipicacid (B) Butadiene

(C) Ethylene (D) Methyl methacrylate (Ans.A)
Sol.  Nylon-6,6isacopolymer of adipic acid [COOH(CH,),COOH] and hexamethylene diamine.
Ex.3 Polymerisationof chloroethylene givesriseto the polymer -

(A) Polyethene (B) PVC (C) Teflon (D) Nylon (Ans.B)
Sol.  Chloroethyleneis CH, = CHCI (vinyl chloride) whose polymer will be PV C (polyvinyl chloride).
Ex.4 Rubber is heated with sulphur and the processis known-

(A) Gavanization (B) Vulcanization (C) Bessmerization (D) Sulphonation (Ans.B)
Sol. Itisused for making tyres.
Ex.5 ¢ Monomer of orlonis:

(A) vinyl chloride (B) styrene (C) propylene (D) acrylonitrile  (Ans.D)
Sol.. . AcrylonitrileisCH,= CHCN
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SOLVED EXAMPLES

Ex.1

Sol.

Ex.2

Sol.

Ex.3

Sol.

Ex.4

Sol.

Ex.5

Sol.

Ex.6

Sol.

Ex.7

Sol.

Ex.8

Sol.

BIOMOLECULES

Which of thefollowing isnot areducing sugar-
(A) Glucose (B) Sucrose (C) Mannose (D) Fructose Ans:(B)
Sucroseishot areducing sugar becauseit doesnot reducefehling’s solution.

Which oneof thefollowingisthereagent used toidentify glucose-

(A) Neutrd ferricchloride (B) Chloroform and a coholic KOH

(C) Ammonicd slver nitrate (D) Sodium ethoxide Ans. (C)
Ammonicd dlver nitrate (Tollen’s reagent) oxidises glucose to gluconic acid anditselfreduced to metallic
dlver.

Followingis/aretheoligosaccharides-

(A) Glucose (B) Sucrose (C) Lactose (D)Cdlulose Ans. (B,C)
Oligosaccharides are the compoundswhich give 2 to 10 monosaccharides on hydrolysis. For example
- sucrose, lactose, maltose etc

-N-C- groupischaracteristic of -
[l
H O

(A)Cdlulose (B) Nucleicacid (C) Proteins (D) Phospholipids Ans. (C)
—-N=C-

Peptidebond[ |l ]ischaracteristicof proteins:
H O

ThepH vaueof asolutioninwhich apolar amino acid doesnot migrate under theinfluenceof electric
fiddiscalled-

(A\) Isodectronic point (B) Isoelectric point

(C) Neutrdisation point (D) None Ans. (B)
Isodlectric point isthe pH at which structure of amino acid hasno charge.

Thesmplestaminoacidis-
(A) Glycine (B)Alanine (C) Guanine (D) All theabove Ans. (A)
Simplest amino acid isglycine (o— amino acetic acid H, N— CH,— COOH).

Themain structural feature of proteinis-
(A) Egterlinkage (B) Ether linkage (C) Peptidelinkage  (D)All of these  Ans. (C)
Themain structura festure of proteinsisthe presence of peptidelinkage.

The primary structure of apolypeptideisdetermined by-

(A) Thenumer of disul phite bondsin the polypeptide

(B) Thenumber of amino acidsin the polypeptide

(©) Theorder of amino acidsin the polypeptide

(D) Thelength of the polypeptide Ans. (C)
The primary structure of apolypeptideistheinformation of order of different amino acidsin that

polypeptide.
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Ex.9

Sol.

Ex.10

Sol.

Ex.11
Soal.

Q.12

Sol.

Ex.13

Sol.

Ex.14

Sol.

Ex.15

Sol.

Ex.16

Sol.

DNA moleculeconsistsof unitsof -

(A) Base—sugar (B) Base— sugar— phosphate

(C) Base— phosphate (D) Noneof these Ans. (B)
DNA hasnucleotideunit, i.e., Sugar + base+ H; PO,

The processof formation of RNA from DNA isknown as-
(A) Trandation (B) Transcription (C) Replication (D) Mutation Ans. (B)
Theprocessof formation of RNA from DNA iscalled transcription.

The organic compound which will answer Fehling’s solution test is-
(A) Ethanadl (B) Acetone (C) Mdtose (D) Benzaldehyde Ans. (C)
Maltose, being reducing sugar, reduces Fehling sol ution.

Themain point of difference between DNA and RNA is-

(A) Presenceof thyminein DNA and RNA

(B) Presenceof deoxyriboseand thyminein DNA, riboseand uracil in RNA

(C) Presenceof ribose and thyminein DNA, deoxybribose and uracil in RNA

(D) Presenceof deoxyribosein DNA andribosein RNA Ans. (B)
DNA has deoxyribose sugar, RNA hasribose sugar with three bases common as adenine, guanineand
cytosine. DNA hasfourth basethymine; RNA hasuracil.

POLYMER
Which oneisused asaheterogeneous catayst inthe polymerization of ethyleneinto polyethene-
(A) Walker catalyst (B) Ziegler-Nattacata yst
(C) Wilkinson’s catalyst (D) Ruthenium catalyst (AnsB)

Inthe polymerisation of ethyleneinto polyethylene Zeigler—Natta catalyst (Triethyl aliminium + Titanium
tetrachloride) isused as heterogeneouscatayst.

Natura polymeris-
(A) Polyester (B) Glypta (C) Starch (D) Nylon-6 (Ans.C)
Starchisnatural polymer of D glucose.

Whichisasynthetic rubber-
(A) Buna-S (B) Neoprene (C) Boththeabove (D) None (Ans.C)
Buna— S and neoprene are synthetic rubber.

Thermosettsare-

(A) Cross- linked polymers

(B) Do not melt (or soften) on heating

(C) Cross-linkingisusualy devel oped at thetime of mouldingwherethey harden irreversibly
DAl (AnsD)
Ex of thermosettsisbakelite
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Ex.

Sol.

Ex.

Sol.

Ex.

Sol.

Ex.

Sol.

Ex.

Sol.

Ex.

Sol.

17 Di—n-butyl phthaateis-

(A)Pladtiszer (B) Thermoplastic

(C) Polymer (D) Thermosetting plastic (AnsA)
Di—n—Dbutylphthal ateisplastisizer added to PV C to makeit soft.

18 Natural rubber is-

(A) Transpolyisoprene (B) Cispolyisoprene

(C) Cisandtransisoprene (D) Noneof these (Ans.B)
Natura rubber isahomopolymer of cis-isoprene.

19 Thestructua formulaof monomer of poly methymethacrylate (PMMA) is-

CH,
|
(A) CH,=CHCOOCH, (B) CH, = C - COOCH,
(C) CH4COOCH=CH, (D) CH3COOC = CH, (AnsB)
|
CH3

Formula2™ s of methyl methacrylate, themonomer of PMMA.. or Plexiglass.

20 Whichoneof thefollowing compoundsis polyester-
(A) Bakdlite (B) Nylon 6,6 (©) Terylene (D) Rubber  (Ans.C)
Teryleneisapolyester fibre made up of by the polymerisation of ethyleneglycol and pterephthalic acid.

21 Nylonisclassified asacondensation polymer because-

(A) Initspreparation asolid isformed fromliquid monomers

(B) Itsstructure containsthe peptidelinkage, -CONH—

(C) It can be prepared from aqueous sol utions of its monomers

(D) A smdl moleculeisdiminated initsformation from itsmonomers (Ans.D)
Nylon is acondensation polymer because in the reaction of adipic acid with hexamethylene
diamine, smal moleculeH,Oiseiminatedinitsformation.

22 Theprimary structure of apolypeptideis determined by-

(A) Thenumber of disulphide bondsin the polypeptide

(B) Thenumber of amino acidsin the polypeptide

(C) Theorder of amino acidsin the polypeptide

(D) Thelength of the polypeptide (Ans.C)
The primary structure of apolypeptide istheinformation of order of different amino acidsin that
polypeptide.

&
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EXERCISE-|

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

Q.7

Q.8

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

BIOMOLECULES

Which of thefollowing bonds determinesthe secondary structure of proteins ?
(A) Electrovaent bond (B) Covaent bond (C) Hydrogenbond (D) Coordinate bond

Which of thefollowingiscalled the power house of theliving cell ?
(A) Golgi bodies (B) Nucleus (C) Mitochondria (D) Lysosome

Which of thefollowing part of thecell isthe centre of protein synthesis?
(A) Plasmamembrane (B) Golgi bodies (C) Ribosome (D) Lysosome

Which of thefollowing bondsisrespons blefor the coiled structure of proteins?
(A) Dipeptidebond  (B) Peptidebond (C) Hydrogenbond (D) lenicbond

Which of thefollowing diseasesisdueto the deficiency of vitaminA?
(A) Scurvy (B) Nightblindness (C) Beri-beri (D)Anemia

Which of thefollowing compoundsis not the component of abalanced diet ?
(A) Vitamin (B) Hormone (C) Carbohydrate (D) Fat

Insulin belongstowhich of thefollowing families?
(A) Antiseptic (B) Vitamin (C) Hormone (D) Enzyme

Which of thefollowing actsasabiocatayst ?
(A) Enzyme (B)Aminoacid (C) Nitrogenmolecule (D) Carbohydrate

Which of thefollowing enzymes convert starchto maltose ?
(A) Invertase (B) Zymase (C) Mdltase (D) Diastase

Which of thefollowing isan example of an adohexose ?

(A) Fructose (B) Glucose (C) Sucrose (D) Ribose
Glucose and fruCtOSE are .. ... vviieereeeereeeeeeenneenenn of each other

(A) homologues (B) functiona groupisomers

(C) mirrorimageisomers (D) nonisomers

Which of thefollowing disaccharidesisfoundinthemilk?

(A) Sucrose (B) Galactose (C) Lactose (D) Matose

Which of thefollowingisinvert sugar ?

(A) Mixtureaof glucoseand galactose (B) Mixtureof glucoseand fructosein equimolar ratio
(C) A type of cane sugar (D) Opticaly inactiveform of sugar

Whichof thefollowing factorsisnot adenaturant of enzymes?

(A) Heat (B) Mechanical energy

(©) Highsalt concentration (D)pH 7

Which of thefollowing isan exampleof apentose sugar?
(A) Fructose (B) Arabinose (C) Glucose (D) Gdlactose

[ DPENSALCLASSES Biomolecules & Polymer [190]

AIEEE DIVISION



Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

POLYMER
Which of thefollowing is not acopolymer -

(A) Plexiglass (B) Buna-S (C) Nylon-66 (D) Dacron
Polymerisation in which two or more chemically different monomerstake part iscalled-
(A) Addition polymerisation (B) Copolymerisation

(C) Chain polymerisation (D) Homopolymerisation

Chemica nameof melamineis-

(A) 2,4-Diamino-1,3,5-triazine (B) 2-Amino-1,3,5-triazine

(C) 2,4,6 -Triamino-1,3,5-triazine (D) 1,3,5-Triamino-2,4,6-triazine
Carprolactum is used to prepare which of the polymer -

(A) Nylon — 66 (B) Melamine (C) Nylon-6 (D) PMMA
Thefibre obtained by the condensation of hexamethylene diamineandadipic acid is-
(A) Dacron (B) Nylon 66 (C) Rayon (D) Teflon

Of thefollowing which isastep growth polymer-

(A) Bakelite (B) Polyethylene (C) Teflon (D) PVC
Bekdliteis:

(A) Addition polymer (B) Elastomer (C) Thermoplastic (D) Thermosett
Perlonis:

(A) Rubber (B) Nylon (C) Terylene (D) Orlon

Nylon-6, 6 is made by the polycondensation of :
(A)Adipicacid + Hexamethylenediamine (B) Phthdicacid + Glycerol

(C) Phenol + Formaldehyde (D) Urea + Formaldehyde

An example of anatural biopolymer is-

(A) Teflon (B) Neoprene (C) Nylon-66 (D) DNA
Natural silk isa-

(A) Polypeptide (B) Polyacrylate (C) Polyester (D) Polysaccharide
Peptide bond is akey feature in-

(A) Polysaccharide. (B) Proteins (C) Nucleotide (D) Vitamins
Neoprene rubber is obtai ned by the polymerization of :

(A) 1, 3-Butadiene (B) 2- Methyl -1, 3-butadiene

(C) 2- Chloro-1, 3 butadiene (D) Styreneand butadiene

Which of thefollowingisnot anatura polymer

(A) Starch (B) Cellulose (C) Glyptal (D) Glycogen
Which of thefollowingisnatural polymer:

(A) Polyisoprene (B) Polybutadiene

(C) Polyethyleneterephthalate (D) Polyethylene
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EXERCISE-II

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

Q.7

Q.8

Q.9

Q.10

BIOMOLECULES

RNA contains- [AIEEE-2002]
(A) Urasil, Ribose (B) Thiamine, Ribose

(C) Cytocine, Deoxyribose (D) Adenine, Deoxyribose

Complete hydrolysisof cellulosegives— [AIEEE-2003]
(A) D-glucose (B) L-glucose (C) D-fructose (D) D-ribose
Thereasonfor double hdlical structure of DNA isoperation of — [ATEEE-2003]
(A) Hydrogen bonding (B) Electrostatic attractions

(C) vander Waal’sforces (D) Dipole-dipoleinteraction

Coordination compounds havegregt importancein biologica systems, Inthiscontext which of thefollowing
statementsisincorrect ? [AIEEE-2004]

(A) Chlorophyllsaregreen pigmentsin plantsand contain calcium

(B) haemoglobinisthered pigment of blood and containsiron

(C) Cyanocobalaminis B, and contains cobalt

(D) Carboxypeptidase-A isan enzymeand containszinc

Which baseispresentin RNA but notin DNA ? [AIEEE-2004]

(A) Uracil (B) Cytosine (C) Guanine (D) Thymine

Insulin production and itsaction in human body arerespons blefor thelevel of diabetes. Thiscompound
bel ongstowhich of thefollowing categories? [AIEEE-2004]

(A)A co-enzyme (B) A hormone (©)Anenzyme (D)Anantibiotic

Identify the correct statement regarding enzymes: [AIEEE-2004]

(A) Enzymes are specific biological catalysts that can normally function at very high temperatures
(T~1000K)

(B) Enzymesarenormally heterogeneous catal yststhat are very specificintheir action
(C) Enzymesare specific biological catdyststhat cannot be poisoned
(D) Enzymes are specific biologica catd yststhat possesswel |-defined active Sites

In both DNA and RNA ;heterocylic base and phosphate ester linkagesareat — [Al EEE-2005]
(A) C,' and C;' respectively of the sugar molecule
(B) C5'and C,' respectively.of the sugar molecule
(C) C5'and C;' respectively of the sugar molecule
(D) C,' and C;' respectively of the sugar molecule

The pyrimidinebases presentin DNA are— [AI EEE 2006]
(A) cytosineand guanine (B) cytosineand thymine
(C) cytosineand uracil (D) cytosineand adenine
Thetermanomersof glucoserefersto— [AIEEE 2006]

(A) amixtureof (D)-glucoseand (L)-glucose

(B)enantiomersof glucose

(C) isomersof glucosethat differ in configuration at carbon one(C-1)

(D) isomersof glucosethat differ in configurationsat carbonsoneand four (C-1 and C-4)
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Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

The secondary structure of aproteinrefersto— [AIEEE 2007]
(A) a-helical backbone

(B) hydrophobicinteractions

(C) sequenceof a-amino acids

(D) fixed configuration of the polypeptide backbone

o-D-(+)-glucose and 3-D-(+)-glucose are [AIEEE 2008]
(A) epimers (B) anomers (C) enantiomers (D) conformers
Thetwo functional groupspresent in atypica carbohydrateare: [AIEEE 2009]
(A) — OH and —COCOH (B) — CHO and -COOH
(C©)>C=0and-OH (D) — OH and -CHO

POLYMER
Monomersare converted to polymer by — [AIEEE-2003]

(A) Hydrolysisof monomers

(B) Condensation reaction between monomers
(C) Protonation of monomers

(D) Noneiscorrect

Nylon threadsare made of — [AIEEE-2003]
(A) Polyamide polymer (B) Polyethylene polymer

(C) Polyvinyl polymer (D) Polyster polymer

Which of thefollowingisapolyamide? [AIEEE-2005]
(A) Nylon-66 (B) Teflon (C) Bakdite (D) Terylene

Which of thefollowingisfully fluorinated polymer- [AIEEE-2005]
(A) Teflon (B) Neoprene (C)PVC (D) Thiokal
Bakditeisobtained from phenol by reacting with [AIEEE 2008]
(A) CH,CHO (B) CH,COCH, (C) HCHO (D) (CH,OH),

Buna-N synthetic rubber isacopolymer of - [AlEEE 2009]

Cl

I
(A)H,C=CH-C=CH,ad H,C=CH-CH=CH,

(B)H,C=CH-CH=CH,axd H;Cs - CH =CH,
(C)HL=CH-CNandH,C=CH-CH=CH,

(D) H,C=CH-CNandH,C=CH-C=CH,

I
CH,
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Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

Thedisaccharidepresentinmilk is:

(A) Matose (B) Lactose (C) Sucrose (D) Céllobiose
Inaulinis:
(A)Anaminoacid (B) Protein (C)Acarbohydrate  (D)Alipid

Glucosewhen heated with CH,OH in presence of dry HCl gasgives o and B—methyl glucosides because
it contains:
(A)Anddehydegroup (B)A-CH,OH group (C)Aringstructure (D) Fivehydroxyl groups

The commonest disaccharide hasthemolecular formula:
(A) C10H1809 (B) C10HZOOlO (C) C18H22011 (D) C22H22011

Itisbest to carry out reactionswith sugarsin neutral or acid medium and notin alkainemedium. Thisis
becausein akalinemedium sugarsundergo one of thefollowing changes:

(A) Racemisation (B) Decomposition  (C) Inverson (D) Noneof these
Thefibre obtai ned by the condensation of hexamethylenediamineand adipicacidis:

(A) Dacron (B) Nylon’66’ (C) Rayon (D) Teflon

Natura rubber isbasically apolymer of or the monomer of natural polymer rubber is:

(A) Neoprene (B) Isoprene (C) Chloroprene (D) Butadiene
Rayonyarnsareobtained from:

(A) Polymethylene (B) Polyesters (C)Cdlulose (D) Styrene
Polymerisation inwhich two or more chemically different monomerstakepartiscalled :
(A) Addition polymerisation (B)Copolymerisation

(C) Chain polymerisation (D) Homopolymerisation

Which of thefollowing polymerscontainsnitrogen :
(A) Nylon (B) Polythene (C)PVC (D) Terylene

Which of thefollowingisteflon:

i g § o
AT BINSE (©) —%‘—l‘j (D) —‘f—i-
HH, HH |, FF, F Cl
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ANSWERKEY

EXERCISE - |
Q1 C Q2 C Q3 C Q4 C O5 B Q6 B Q7-C
Q8 A Q9 D QOB Q11 B Q12 C Q13 B Q14 D
Q15 B Q16 A Q17 B Q18 C Q19 C Q20 B Q21 A
Q2 D Q23 B Q2 A Q25 D Q26 A Q27 B. Q28 C
Q20 C Q30 A

EXERCISE - I
Q1 A Q2 A Q3 A Q4 A O5 A Q6-B Q7 D
Q8 D Q9 B Q0 C Q11 A Q12 B ©18 C Q14 B
Q15 A Q16 A Q17 A Q18 C Q19 B Q20 B Q21 B
Q2 C Q23D Q24 C Q25 B 02 B 027 C Q28 B
Q29 A Q30 C
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