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Organic Compounds Containing C, H and O

Long Answer Questions:

**7. 1. Explain the acidic natur e of phenol and Compare with that of alcohals.

li. Describethe following

a. Cannizaro reaction b. Decar boxylation.

Sol. i.Phenol isacidic in nature and is represented by the following reactions.

) . It reacts with sodium metal to liberate Ho gas .

OH ONa
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| +2Na— 2|7 || +H,
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Phenol Sodinm phenoxde

(i) It reactiswith sodium hydroxide to form sodium salt and water.

OH ONa
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~ || +NaOH —> | +H,0
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Phenol Sodium phenoxide

Comparison of acidic character of phenol and alcohoal.

Phenol is more acidic than alcohol because after losing a proton (H*) phenol forms
phenoxide ion which is stabilized by resonance whereas alkoxide (RO ) ion is stabilized by

inductive effect but not by resonance.
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. Cannizaroreaction : Aldehydes which do not have any a-hydrogen atom, undergo self

oxidation and reduction (disproportination) reaction on heating with concentrated alkali. This
reaction is called Cannizaro reaction. As a result, one molecule of aldehyde is reduced to

alcohol while another is oxidized to carboxylic acid salt.
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For Example: 2HCHO———22tM___, cH OH+ HCOONa

Cannizzaro reaction :
Methanal Methanol Sodium methanoate

2C,H.CHO—_SeNt___y o CH OH +C,H,COONa

Cannizzaro reaction
Benxaldehyde Benzyl acohol Sodiumbenzoate

b. Decarboxylation: Carboxylic acids lose carbon dioxide molecule to produce hydrocarbons on
heating their sodium salts with sodalime (a mixture of NaOH and CaO in ratio 3 : 1). This

reaction is called decarboxylation.

CH,/COONa+ NaOH+—=2 -+ CH, + Na,CO,
Sodium Sodium Methane Sodium

FOF Exaj’n pl e. ethanoate hydroxide carbonate

*2. @) Explain thefollowing with an example.
(i) Kolbe' sreaction. (ii) Reimer-Tiemann reaction. (iii) Williamson ether synthesis.
b) Describe the following
(i) Acetylation and (ii) Crossaldol condensation
Ans. a. (i) Kolbe sreaction : When phenol reacts with sodium hydroxide, phenoxide ion is formed

which reacts with CO, at a pressure of 4-7 atm followed by acidification gives ortho

hydroxybenzoic acid (Salicylic acid). Thisis called Kolbe' s reaction.

OH ONa OH
| ' 12
e L < 1 LO000H
2 ] MallH M 1 Co R iy I
e 1 | bz 1
i -:‘H:-C_..f"-l H =
Phenol Sodium 2-1 0

(i) Reimer-Tiemann reaction: On heating phenol reacts with chloroform in the presence of

sodium hydroxide to give salicylaldehyde. Thisis called Reimer-Tiemann reaction.

OH ONa —|
| [

_ I | O Ma OH
e -~ _CHCI, | - 0
" 7] CHCL +ag. NaQH (= Ty 1 ; . -CHO ¢ =~ -CHO
<t G i 22 ] NaOH (& H ZY
e L, | | —- e
o | S : o - !
Phenol Intermediate . Salicvlaldehydeo
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(iif) Williamson ether synthesis: Alkyl halides react with sodium alkoxides to form ethersis

called as Williamson synthesis. Both symmetrical and unsymmetrical ethers are prepared by
thismethod. R-X+R-ONa——R-0-R'+NaX

E.g., 1. (CH,),-C-ONa+CH,Br—— CH,O-C—-(CH,),+ NaBr

2. C,H,ONa+C,H.Cl —>C,H, —O—C,H, + NaCl

b) 1. Acetylation: When active hydrogen atom of acohol, phenol or an amine is replaced by
acetyl (CH3CO-) group to form corresponding ester or amide then the reaction is known as
acetylation. Reagents used are acid chloride or acid anhydride in presence of a base like
pyridine or dimethyl aniline.

For Example:

OCH, QCH,

. _COCH; 2=

OCH,, 5 0 Fhl ||

L Ll L N

- S TR

_ ) e Anhy AICI, |
CHLCOCI + | ——  Z.methoxy COCH-
.. ; = b acelophenong B
'.-||I.-||".'.:~:|. T I”I::!_n”“ = 4-methoxy acetophenone
chloride Anisole major)

li. Cross aldol condensation: Aldol condensation carried out between two different aldehydes or

ketones is called cross aldol condensation. If both the reactants contain a-hydrogen atoms, it

gives amixture of four products.

E.g.: condensation between butanal and propanal

! o] o g
CH;—CH,—CH,—(_C—H +H,—C—H NaOk b 5 1 X ! 1
) : : j._ ¢ el N CH,—OH, —CH— C—CH—C—3
Butanal i |
| Electrophile) CH, H {H_
Propanal ) ] o
{Nucleophile) 3-hydroxy-2- methyl hexanal
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*3.a) Account for the statement: Alcohols boils at higher temperature than hydrocarbons and
ethers of compar able molecular masses.
b) Explain the following terms. Give an example of thereaction in each case.
(i) Cyanohydrin (it) Acetal (iif) Semicarbazone
(iv) Aldol (v) Hemiacetal (vi) Oxime

Ans. @) Alcohols boils at higher temperature than hydrocarbons and ethers of comparable molecular

masses because of inter molecular H-bonding is present in alcohol but not in hydrocarbons

and ethers

b) (i) Cyanohydrin: Addition product formed by the reaction of aldehydes and ketones with
hydrogen cyanide (HCN) are known as cyanohydrins.

E.gQ.
H-.C H.C gy
N Basa A
C=0 + HCN —= /{. §
H./ Hydrogen H "CN
Ethanal cyvanide Ethanal
cyanchydri

ii).Acetal: Gem-dialkoxy compounds formed when an aldehyde reacts with two equivalents
of a monohydric alcohol in the presence of dry HCI gas are known as acetals. In acetal, two

alkoxy groups are present on the terminal C-atom.

E.Q.
HL¢ H+-OC,H; Hiaat dry F?]E:_. : 0C,H;
" HCI gas b + H,0
CF0 + —— PN
e | HY “OC.H;
2 H=-01CAHe Ethanal
Ethanal or ——— i diethyl acetal

acetaldehyde Ethanol

(iif) Semicarbazone: The compounds formed when an aldehyde or a ketone reacts with
semicarbazide are called semicarbazones.
Ex:
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H,C, - ‘“3 > HyC ‘ﬁ‘
‘c=I0+ H,} NNH—C—NH,—H €= NNH—C—NH, + H;0
————i L - ra
Hq‘:"/ Semicarbaride 1 ]1{_...
Propanone (Propanone semicarbazone)

(iv) Aldol: An aldehyde or ketone having at least one o -hydrogen atom undergoes self
condensation to form aldol or B-hydroxy aldehydes (or ketals in case of ketones) on reaction
with dilute alkali .Thisreaction is called aldol condensation.

E.g.

| ) 2 1
WL OO BN oH.. CH - CH, ~CHO
Ethanal |

OH
Fhydroxybutanal [(Aldol)

(v) Hemiacetal: The product formed when an adehyde reacts with one molecule of a
monohydric alcohol in presence of dry HCI gasis known as hemi acetal.
E.Q.

] Dry £ C
H,C HCl gas H, ~ 1 ~OH
C=Q + H—0C,H; —= L
H” Ethanoi H” “OCH;
Ethanal 1-ethoxy-1-hydroxy
ethane

[A hemiscetal]

(vi) Oxime: The product obtained when an aldehyde or ketone reacts with hydroxylamine in

weak acidic medium is known as oxime.

E.Q.
MG . L HG
C=10+ Hu:f\'(_".IH E C=NOH + H,;0
- o
Hydroxyl
Ethanal amine Ethanal axime
(Acetaldebyde) [Acetaldoximes)
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*4. A. While separating a mixture of ortho and para nitrophenols by steam distillation, name
theisomer which will be steam volatile. Give reason.

B. Complete each synthesis by giving missing starting material, reagent or products.

COOH
#}% CHCH, —_— P 2 S0CH,
- — 5 . | Heat
i) . L\\j. KOH, Heat T COOH

0
l
= | e r_:/-“:\\l\__,/‘(‘\[é _':"'::"_{ 2\< ﬁ"'._‘_t]
ii). S St 1 g e 2\ )=

Ans. A. Ortho-nitro phenol is steam volatile. The reason is chelation due to intramolecular H-
bonding. So, it can be separated by steam distillation from p-nitrophenol. Para-nitrophenol is
not steam volatile as it contains intermolecular H-bonding.

B [Intramolecular H-bonding
" ’:,,D__ _._:.a’
O=N '1i
| ¥ T R
[ S /B " RN ¥
e “ == H—O = b N—OQ---H—O0—  W—N—0D---
; ! | e S |
ﬂ"“x..—'f 1..'f; ':.I] Intermolecular = £ L!'I

H-bonding

o-nitrophenol penitrephenal

CH,CH. Gz R
f'/"\ ¥ KMn _KMnO,
b | KOH, Heat ”M‘h.
¥ il I'_lrﬂ.‘.!lu"n
B. | Ethyl benzene Eacmiahs

COCl
COOH ., [,;xr/

| ]'
: Heat
% ~"“~COOH $ = CoC1
Phthalic acid Phthaloyl
. chloride
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&)
I cl}
C |
= = 1 Anhy AlCL . C
|+ | S — T = .
K/ 0 Friedel Crafts |-. | + HC
T reaction :%J_/' N
. Benzene Benzoyl
. chloride Benzophenone

———

by (] Qs 2 ! kﬁ;(—j

] N,
( = YR )
) J (ii] Zn-H,0 N, ’
e : A
Cyclohexvlidens Cyclohexanone
V.. cyclohexane

**5.1.Give the equationsfor the preparation of phenol from
a) Cumune b) benzene, Conc.H,SO, and NaOH
ii. write the oxidation products of acetaldehyde, acetone and Acetophenone.

Ans. i. a). Thismethod is used for the preparation of phenol on commercial scale by air oxidation
of cumene followed by acid hydrolysis..

CH, CH
|
1.C—CH H,C—C—0—-0D H
L J on
i G H 0
] — r HO Ty [
~ R " ¥ CHE—CHy
Cumens Cumena "x.,;:"?
o I.'_ hydro Phenol Propanons
[Isopropyl benzene) peroxida (ACelone)
S0.H S0, Ma
r’jj H, 50, (Cone | |¢l\” NaOH ﬁ“‘r
1 —l_ —-_ 1
. ! Haal . M -H.,O J
W "\-\.\_\:._\_’_,- F. W
Benzene Benzene Sodium benzene
sulphonic sulphonate
actd

MaHS50,, NaOH (Fuse)
¥

OH (N a
e " T
)]
"‘\-\,‘:‘-_‘,_._f,--" '-.;\-x.h;f_.-'
Phenol Sodivm phenoxide

ii. Acetaldehyde on oxidation with common oxidising agents like HNO; or KMnO, or with mild
oxidising agents like Tollen’ s reagent or Fehling solution give acetic acid.
CH,CHO—°CH,COOH
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Acetone on oxidation with strong oxidising agents at elexvated temperatures invove carbon-carbon
bond cleavage to give acetic acid [one carbon atom less by acetone].

CH,COCH, —4% CH,COOH+CO,+H,0

Acetophenone on drastic oxidation with chromic acid gives Benzoic acid.

4ol , +C0,+H,0

**6. 1. a. Explain why is ortho nitrophenol more acidic than ortho methoxyphenol?
b. Explain how does the OH group attached to a carbon of benzene ring activate it
towar ds electrophilic substitution?

ii. What is Tollen’sreagent? Explain its reaction with aldehydes.

Ans. i. a. Nitro (-NOy) group is an electron withdrawing whereas methoxy (-OCH3) group is

electron releasing in nature. o-nitrophenol produces H* ions easily but methoxyphenol does
not. Thisis because o-nitrophenoxide ion is stabilised due to resonance. This is not true with

o-methoxyphenoxide ion. The two negative charges repel each other thereby destabilising it.

0—H e
"ﬂ}‘wﬁr"’ M .l; ;f'ﬂx‘-:‘_':- .-.-\ﬂ_. . O 1] 1.']&‘
E — | St A OCH ' e
'\-\..H.-‘_':::'f & "-\.,\._;::::' L "\-t';w.n"'- ' | ‘\:.:‘x s 1 J_- A
r|-|1|-|:!.|- I ..I — || 1
phenol - e
b. In the presence of attacking electrophile, -OH group exerts +R effect on the benzene ring. So,

electron density in the ring increses and activates benzene ring tomward electrophilic
substitution particularly at the ortho and para positions.

A0—H ®O—H o5 H
{ ) = e
o] A I | & H O—H
.-""f'h-":w. o 2 ;—R____‘ € _||
Lo ¥ e . —q M
J i | ! P o
- o i | | |J F=Tr " e Ty
L ; . | |
. "Ji, -ﬁh"’; & L - [ a = s |
b o R -
= Sy S

ii. Ammonical silver nitrate solution is called Tollen’s reagent. It acts as amild oxidising agent. Any
aldehyde on warming with Tollen’s reagent gives a bright silver mirror due to formation of metalic

silver and the aldehydes are oxidised to corresponding carboxylic acids.
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RCHO+ 2 Ag(NH.,),]" +30H —2—RCOO +2Ag+2H ,0+4NH, .

Ketones donot give silver mirror. Hence Tollen’'s reagent is used to distinguish aldehydes from
ketones.

*7.i. Writethe mechanism of hydration of etheneto yield ethanol.

ii. Predict the products formed when cyclohexane carbaldehyde reacts with following

reagents.
(i) PhMgBr and then H3O* (ii) Tollen’ sreagent

(iii) Semi carbazide and weak acid (iv) Zinc amalgam and dilute hydrochloric acid

Ans. i. The mechanism involves 3 steps

Step |: Protonation of alkene to form carbocation by electrophile attack of H30*

HoO + HY —— H30™

piios H H

Fa
.,

I |
ke el + H |r‘.\?'|-_|—|_;="—1' I-” -'-]]:k.."
-~ e o -, L1

-~

Step I1: Nucleophilic attack of water on carbocation formed.
H 7 ™ H H

—C—E +Hy) = —C—C—0O—H

Step I11: De protonation to form corresponding alcohol

H H H :["H-l

| S 1.0
—C—C— (- H+ Byg—F—C—(—+ {0

't

O 1
| R— OH
: c SOMgBr o
=y P (= 1;
" ~H i s % ?( giis ; i “'».{"‘] 2
_ +C HMgBr - | - H H,0 | H
LH? Phenyl 5 o T
|LI: :';:-Ia],l‘f-,l: rnr::_mﬂﬁ!]‘.;rrl e Cyelohexy i"_;'_lhn}nil"i carhinol
AT Baldenyas BrCOTENAL e =
1)
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0 o
J% |
~H : _ e O~ +2Ag +4NH,+ 2H,0
+ 2 [Ag(NH,),] + 30H — sl
- mirror
Cyclohexane- Tellen's Cyclohexane
carbaldehyde reagent carboxylate ion
1)
O

" CH=N—NHCONH,

f,r_‘ H‘]—[ 9
L - JNII JNHC {}NH _.. * H;-ED
Semicarbazide

Cyelohexane Cyclohexane
carbaldehyde semicarbazide

L&
I

L“"H _~_~CHy
+ 4 [! il ZI'I..']':[q HCl + H?‘}
F]met—:bt n

; ti
Cyclohexane reduction '\-'IPH:!_.rJ cyclohexane
carbaldehyde

Short Answer Questions

1. Arrange thefollowing in theincreasing order of their acid strength.

Benzoic acid, 4-nitrobenzoic acid, 3, 4-dinitro benzoic acid, 4-methoxy benzoic acid.
Ans. Increasing order of acidic strength is:

4-methoxy benzoic acid < benzoic acid < 4-nitrobenzoic acid < 3, 4-dinitrobenzoic acid.

reason: -NO, group is electron withdrawing group while -OCHj3 is an electron releasing group.

2. Write equations showing the conversion of
i. Acetic acid to acetyl chloride
ii. Benzoic acid to Benzamide.
Ans. i
3CH,COOH + PCl, —3CH,COCI + H,PO,
CH.COOH + PCl,——CH,COCI + POCI, + HCI T

ii.C,H.COOH + NH,——C,H.COONH, —*—C,H.CONH, + H,0
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**3.Writereaction showing e—halogenation of carboxylic acids and give its name?

Ans. RC H,COOH +Cl, —=* s RC H(CI)COOH .This reaction is known as H.V.Z

i.e. Hell-volhard-Zelinsky reaction. carboxylic acids having a—hydrogens only give this reaction.
HCOOH, C,H.COOH , CCI,COOH etc do not give HVZ reaction asthereisno o-hydrogensin them.

4. Complete the following reaction sequence?

)

I i) CH, M
i G Ty D L

S &' Bk s oS .| Na metal 2
(i) Hatld (4] Ether r LE] j-'i:jf|
Ans.

0 OH llera (i-"(-H-:

| | procss A

I o 1 z| Ma metal CH;—Br 1 2l 3

oM, —€ i, D CHMeBr g ¢ o, = CH;—C—CH; ——— CH;—C—CH,
Propancne (i) H A0 3 Ethar _ .
"H, CHjy CH,
Al [B] 2-methyl-2-methoxy
2-methy] propane-2-ol propane

5. Write chemical reaction for the preparation of phenol from chlor obenzene?

Ans. chlorobenzene reacts  with sodium hydroxide followed by acidification give phenol.

Cl O Ma OH
| |
g 8 "f.'.-\.:'\-
T 621 K [”f“‘*" 1o B
[ MNaOH — | —_—
- an0 atm L. e
- i - =
Chior Soadium Fhen
rerene phenoxide

6. What is meant by hydrobor ation-oxidation reaction? I llustrate it with an example?

Ans. The addition of diborane to alkenes to form trialkyl boranes followed by their oxidation by

akaline HoO» to form alcohoals is known as hydro boration-oxidation reaction. For example
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CH,—CH=CH, + {H—BH,); — CH;—CH—CH,
Fropense Dibroanes [
H BH

| CH,—CH=CH,

aH, G, , OH CH; —CH=0L_H

- (CHy—CH;—CH,); B =t

I no n
(CH,—CH, —CH,), BH

3CH,—CH,—CH,—O0OH + B{OH),

Propan=1-0l Bonc acid

7. What happens when benzene diazonium chlorideis heated with water?

Ans. When benzene diazonium chloride is heated with water phenol is formed.

M., Cl OH
i |
- H,O e
|\) —wam > | ) +Ma s HQ
. LU o
S e
Benzene Fhenol
A ZOnNIE
chilorics

8. When phenol is treated with bromine water, white precipitate is obtained. Give the

structure and the name of the compound formed.

OH CH
;_f‘l";__h‘ Hr,,x_\ /l'*,_-.-*"j[

[ s o

~F T

Fhenol Llh-
2.4 6-tnbramophenol

(White precipitate]
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