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4. When ethylene glycol is heated with a mixture of concentrated HNO, and concentrated H,SO,,, it produces
COOH CH,0NO, CH,0NO,
A) I (B) CO,+H, ©) I D) I
COOH CH,0ONO, CH,OH
S. When glycerol is heated with an excess of HI, it produces :
(A) allyl iodide B) propene © glycerol tri-iodide D) 2-iodopropane
6. When glycerol is heated with oxalic acid at 533 K, it produces :
A) formic acid (1)) allyl alcohol © acrolein D) glyceric acid
7. Ethylene glycol is used in car radiators to :
A) facilitate evaporation
B) increase the temperature of the water in the radiator
© lower the freezing point of the water in the radiator
()] lower the viscosity of the water in the radiator
ILLUSTRATIONS Section - 5

m An optically active alcohol A(C¢H ,O) absorbs two moles of hydrogen per mole of A upon catalytic
hydrogenation and gives a product B. The compound B is resistant to oxidation by CrO and does not show any optical

activity. Deduce the structures of A and B.

SOLUTION :

2H,

B resists oxidation

CeH;00(A)

(0)
(Optically active) Cr

03
Clearly, A has a— C = C —bond and B should be a 3° alcohol as they resist oxidation.

Now visualise the structure of A keeping in mind a chiral centre (optically active).

OH OH
|« 2H I

Ais: CH,CH,- C-C=CH —— CH,CH, - C - CH,CH, (* : Chiral Centre)
I I
CH, CH,

Optically inactive

m 3, 3-Dimethylbutan-2-ol loses a molecule of water in the presence of hot conc. H,SO, to give tetramethyl

ethylene as the major product. Suggest a proper mechanism. Also identify the minor product.

SOLUTION :
CH, CH, CH,
| H | -H,0 | 4 H, +
CH,~C-CH-CH, —> CH,—C-CH-CH, ——> CH,—C-CH-CH, —— CH,-C—CH- CH,
| fast | | Shift
CH,OH CH,OH, CH, CH,CH,

—H+l l*H‘*
CH,=C~-CH-CH, CH,-C=C-CH,

CH,CH, CH,CH;  (Major)
(Minor) (Tetramethyl ethylene)
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m A compound of molecular formula C;HgO is insoluble in water and dil. Na,CO, but dissolves in dil.
NaOH solution. On treatment with Br,/H,O, it readily gives a precipitate of C;HsOBrs;. What is the structure of

compound ?

SOLUTION :
CH,0 [ insoluble
Na,CO,(dil) insoluble
NaOHWID o uble.
Br,

————— C,H,OBr,

The possible structures of compounds having molecular formula as C;HgO are :

_ OH
CH,

Benzyl alcohol Anisole Cresol

It can not be benzyl alcohol or anisole as alcohols and ether (o, p, m) are insoluble in NaOH. It can be only be cresol. Note

that phenols are soluble in dil. NaOH forming phenoxides.

OH ON
pd NaOH pd a
CH i~ — CH N

CH, CH,

Now cresol can be o, p or m. How to identify it ?

OH OH
~ Br, -
CH —2» CHZCH; (CH.OBr,)
6 4\CH 6 /\\ Br 3 75 3
3 Br Br

Observe that it is Sg; (electrophilic substitution) giving a tri-substituted product as —OH is a strongly activating group

(+M effect). The only possible isomer giving a trisubtituted derivative can be m-cresol.

OH OH
AN Ve Br Br
Qv
CH, CH,
* Br
(C,H,OBry)

Note that both — OH and — CHj activate same positions (i.e. 0 and p). Though, due to steric factor, bromination at the

position between —OH and —Me group is quite difficult.

IEERLL B A compound X(CsHgO) does not react appreciably with Lucas reagent at room temperature but gives a
precipitate with ammonical AgNO;. With excess of MeMgBr, 0.42 gm of X gives 224 mL of CH, at STP. Treatment of
X with H, in presence of Pt catalyst followed by boiling with excess HI gives n-pentane. Suggest the structure of X and give

all reactions involved.
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SOLUTION :
CsH,O —Lucas Reagent No appreciable reaction
(042 gm) AgNO, (amm) .
————— > a precipitate
M s 224 mL CH, (STP)

X ﬂ) precipitate
= X contains — C = C — H group, which is confirmed by action of MeMgBr to give CH,.

0.42

—— mol of X=0.005 mol.

84
224
224mL CH, (STP) = mol = 0.01 mol of X
22400

= 1 mol X=2mol CH,

Hence X contains two acidic H-atoms.

S+ S+
The structure of X should be : HC = C — CH,CH,CH, OH

Note that ‘X’ has to be 1° alcohol as it does not give Lucas test. Also note that 2° alcohol react with Grignard Reagent to give

alkanes, hence Lucas test is very important here.

Finally checking : HC = C — CH,CH,CH,0H —2— —— H,C — CH, — CH,CH,CH,

(n — Pentane)

>— OH > A —%5
‘ M H,0
HBr > C g D 2 B

ether

, CH,CHO H
TsCl = CH, SO,Cl : Tosyl chloride E—— F + G

1E50 (major) (minor)

SOLUTION :
LiAIH

+ TsO (averygood

> _TsCl > OTs (A) + HCI ; > OTs — 3 leaving group)
HBr >
> > H,0 > ©
ether MgBr -
(D) B)

CH CHO H/A -H,0
CH-CH,—/—— CH-CH, ——— CH —CH,
| |

() oH +OH

" Ring Expansion
<—— CH
Shift

(G) Minor (F) Major

Self Study Course for IITJEE with Online Support m 43



Oxygen Containing Organic Compounds - | Vidyamandir Classes

NI ERTDRENY Identify the products in the following reactions and comment on the stereochemistry of the products.

Et Et
| 1. Na | socl,
() H-C-OH g5 4 (i) H-C-0oH [ €
| ' |
Me Me
1. 5CI soct,
L
2. NaHS CsHN

SOLUTION :

(i) Observe that alcohol has a chiral centre.

Et Et Et
I I I
N CH3CH,B
H-C-OH —~ H-C-ONa* I H-C-0-CH,CH; (A
| | N |
Me Me Me
Note that here O — H bond breaks to give alkoxide and in Sy2 reaction ether is formed retaining the configuration
of alcohol.
Et Et Et Et
! TsCl ! | _ose !
H-C-OH —— H-C-0OTs; H-C-OTs + HS —— HS-C-H + TsO"
| | | Strong [
Me Me Me nucleophile Me
(B)

HS™ will make an S\ 2 attack from the back at a-carbon (chiral) to give an inverted configuration.

Note that TsO™ is a very good leaving group assisting Sy2 reaction.

(ii) Reaction of alcohol with SOCI, proceed by intramolecular nucleophilic substitution reaction (Syi) mechanism, hence there

is retention in configuration.

Et
I

R- oﬁ\+>s o — /+\ ﬁ) SuLEUE /UQ _o ~so@ R-CljH-C-CI
cl / g /\/ (©) Me

In second reaction product B is formed by S,2 reaction mechanism of nucleophilic substitution reaction hence there is

inversion in configuration of chiral carbon atom.

cl )
R_éﬁ\+>s9 /+\ ﬁ) e N o
Cl / \ Cl/
Et
/\/\O>\ — . c-Rr Cl—Cl—H
c + R S=0 -S0,@ |
o’ v Me

JIEEEUTDER A Give the possible products in the following reactions. Also comment upon the type of pathways.

(@) CHyCH,OH + CHyCH,CH,0H — 2245297 (b))  CHyCH,O0H +(CH,),~C~OH — 224 277
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SOLUTION :
H,S0,
(@) CHyCH,0H + CHyCH,CH,0H ——2"4——

®)

Note:

Note that both alcohols are 1° alcohols, so none of these is capable of carbocation formation (1° carbocations being poorly

stable). So here, ethers will be formed via S\ 2 pathway as temperature is around 140°C.

+
In the first step, either or both of two alcohols can form oxonium ion (R OH, ) and then the second step, the other one will

make an Sy2 attack on o-carbon to give a protonated ether which eventually will give ether as final product.

+ +
Due to absence of steric factors in two alcohols, possible products are : CH;CH,OH H—> CH;CH, OH,

7r T -H,0 +
CH, ~ CH,0H, + CH,CH,0H —=—> CH, - CH, - O - CH,CH, —== CH,CH,~ 0 - CHCH,
1

2

H
¥ .. -H,0 +
or CH,CH,OH, + HOCH,CH,CH; —g:oo CH,CH, ~ O — CH,CH,CH; ———> CH,CH,0 ~ CH,CH,CH,
| 11
H
H +  OHCH,CH,CH, +
Also  CH,CH,CH,0H — CH,CH,CH,0H, —————» CH3CH2CH2—C|) — CH,CH,CH,

H

CH,CH,CH, - O — CH,CH,CH,
111

_H"

Hence the products (I, II, IIT) are formed via S\2 path.

CH3CH,OH + (CH;), ~C-OH —2%, 9

Note that one of these is tertiary butyl alcohol (3°), so it will form stable carbocation which will finally give ether as the main

product via Sy 1 path.
H,S0, +  -H,0 )
(CH;);-C-OH —— (CH,;);-C-OH, —— (CH,;);-C
3°; highly stable

-H* + CH,CH,OH
(CH,);—C —O—C,H; «—— (CH,),-C — (l) —CH,CH,

Syl product H
» A stable carbocation also give alkenes as minor product via E1 path.
_H*
(CH3 )3 —C+ _— CH3 —C = CH2
|
CH; (E1)

» IfT~160-170°C, E1 will be the major product.

Self Study Course for IITJEE with Online Support m 45



Oxygen Containing Organic Compounds - | Vidyamandir Classes
UOEEEVLLERSSY [dentify the products in the following :
OH

HOB OH™ .
(@) CH,CH=CH, > A ~B (b) a %", p . g

(Major) (Minor)

aq. KOH C

SOLUTION : B

|
(@) CH,CH=CH, — 22+ CH,- ClH ~CH,

anti-addn.
Markovnikov's

OH
(A)
]|3r
(0) .
CH3—C|H— cH, 28, oy cH-CH,
S
OH OH OH |

Sy2 path
for 1° RX.
Note that if reagent is OH™, then visualise its action as a base.

(usually alcoholic KOH is visualised as : OH™ as a base)

CH, — CH— CH,— Br —ft CH3—CH—CH2Q3 slow, ¢, — CH— CH, + Br~

ay o |
HO™ H-O o-\/‘ \O/

(Base) \J Oxirane (B)
olm o/\ o
®) <_/C1 OH (base) <_/IE1 — ] &+ Cr
Major (D)
OH Intramolecular cyclisation
as Nu~
Minor (E)

OB eV [dentify compounds A, B, C . . . . in the following reaction setup.

CH,—C =CH, —<3C%H , 4

CH,

H+
Ar—os =8
H,0

CH;ONa
CH,OH

H,S0, conc.
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SOLUTION :

(0]
CH,CO;H
CH,—C=CH, ——— CH;—C—CH,
|
CH, CH, (A)
2, 2-Dimethyl oxirane
B H + 18
(o) Co 180 H, OH
/ \ H' /+\ H,0" | _HY |
| | |
W e, CH, CH, CH, (8)

Note : » Observe that Nu~ (i.e., H,0'®) attaches to more alkylated carbon in an acid catalysed ring opening. Itis Sy typering
opening.
@,

CH,—C —/CH2 +0— CH, — [CH30" will attack at least steric hindered carbon atom in an S\2 type attack].

CH,
o OH
CH3—C|2—CH20CH3 CH30H CH3—(I?—CH20CH3 ©)
i, i,

» Observe that Nu~ (CH;0") attaches to less alkylated carbon in a base catalysed ring opening.

CH,
|
B: CH;—C—CH, ——=
| | HpSOy4

sOH OH

Visualise Pinnacol - Pinnacolone Rearrangement in glycols.

T e
CH,—C—CH, —— CH,—C—CH,
| O ®

sOH OH OH
(3° C*: More stable)

CH,
H |
CH,—C —(@ZH2 (1° C*: Less stable)
|

S so not formed.

1sOH

CH, H CH, H CH, H

| | . |
CH,—C—C—OH — CH;—C—C=0OH —— CH,—C—C=0 (D)
C O

|\ | |
o t i
Note that the wrong answer is : CHy; —C—CH,CHj,

I
180
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| |VE e s K0 Tdentify the products A, B, C and D and describe the pathways.

(CH),~C—0-CH, — 2+ 4+B
conc.(0°C)

HI

anhydrous
in ether

+D

SOLUTION :
conc. HI = solvent is HZO.

CH3 CH3
! Ht o SNl * 1" (Nu”)

CH; -C- 0-CH; —— CH;-C — O-CH; —~- (CH;), -C +CH;0H ———> (CH3};C-1
| I

ot . (B)
CH, CH, H 3°C" ; stable (A)

When solvent is ether, it being less polar favours S, 2 path with I" as a strong nucleophile will make an S 2 attack at -CH,
group (no steric hindrance).

CH, CH,
| HI | + ’/?‘ (Strong Nu")
CH,-C-0-CH; —— CH,-C-0-CH; ———— CH,I + (CH;); -C-OH
| | (D) ©
CH, CH,H
U URLER I Jiensify A, B, C, . . . . in the following reactions :
ph Me
I .
@ ph— C—C—Me H»SOy conc. A LiAlH y B H»SOy Econc.) C
| | 170°C
OH OH
(CH,), - CH-COCl Zn-Hg 1. NaOH
) OH > A > B > C
AICI, HCI 2. Me,SO,
_ NBS KOH (aq.) 1. Na HI (conc.)
(c) CH;CH =CH, cc A B N C v D+ E
SOLUTION :
CeH;5 CH;
| |
(@) C¢gHs— C — C —CH; I:O—Sncc)'> ?  Itis acase of Pinnacol-Pinnacolone type of rearrangement.
| | 2904

OH OH

Observe that first visualise the most stable carbocation and then follow migration in order : H — ph — R.

C4H, CH, C,H,CH, C,H, CH,
|

+ CH -
C6H5—(|:—(|:—CH3 -1, ¢H—C—C—CH —» CH,—C—C=0H

—_—
“H,0 O] shift |
OH OH \cﬂ CH,
C,H,CH,
| e
CH;—C—C=0 2

| (A)
CH,
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Rewriting (A) as :
ph O ph OH ph
| ” LiA1H4 | | H" | +
ph—C—C—Me i ph—Cl—CH—Me — ph—C—CH—Me
l\l/[e Me B H0) Me
ph
ph Me Me™ shift
Neo e Lan ‘_‘
Cc=C «— ph—C—CH—Me
h/ \M : |
p (C) € Me
(highly stable C*)
OH OH
5 ol (CH,), - CH-COClI (A) Zn-Hg (B)
. -
®) AIC, HCI
0=C-CH(CH,), CH,CH(CH,), (para being more stable is major)
O —Me O™ Na®
NaOH
©) Me,SO,
-—
CH,CH(CH,), CH,CH(CH,),
(0]

o _ s _
R-O-S-OR+ph-0 % ph-O-R +0-SO,R
‘ (a good

leaving group)

+
Note : In general, RCO does not undergo rearrangement but if R is 3° then it breaks as mentioned below :

AlCl + +
(CH,), -C-CocCl — (CH,); - C-CO +— (CH;); -C-C=0 (Resonance)

As an electrophile «—— | (CH,), - (JE +CO

3°C*: highly stable

OH
AlCI,
+ (CH,),-C-COCl ——+

C — Mg,
Note: IfRis 1°or2° (RCOCI); it will be simply Friedal craft acylation.

For Example : OH
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. KOH -+
(¢) CH,CH=CH, 2—35» CH,- CH = CH, — CH, - CH=CH, —%» CH,=CH - CH,0Na
4 | N
(A)

B
Br OH ®)
CH, =CH - CH,~O - CH, <—‘M"Br

S\2
©) )
HI (conc) ;o Syl +
CH,=CHCH, -0 -CH; ———— CH,=CHCH, -0 -CH; —— CH, = CHCH, + CH,OH
© I!I allyl carbocation (E)
(Resonance Stabilised)

CH, = CHCH,
(D)

m (a) How will you convert cyclohexanol to 1, 4-Dibromo-2-cyclohexene in not more than 4-steps ?
(®)

How will you prepare 2, 3-Dimethyl-2-butanol from 2-Propanol as the only starting organic material ?

SOLUTION :
Br
(@) Q OH > > > >
Br
H,SO, conc. 1, 4-Dibromo-2-cyclohexene
A

«{, 4-addn.)T B, (40°C)
Br
NBS EtO™
—_— —_—
Q ccl, <:> EtOH @

allylic substitution

CH; CH,4
I
(h) CH;CH-CH; ——> CH3—(|Z - CH-CH,
|

OH OH
2, 3-Dimethyl-2-butanol
2° alcohol —— 3°alcohol
(Think of Grignard reagent)

CH, CH,
L
CH; CH - CH; — 2 CH, ~ CH - CHy —"=2%, CH, - CH - CH; — =222, CH, ~C - CH-CH,
| | | 2 |

OH Cl MgCl OH

W Propose mechanism for the following reactions.
H30+ \ H
(a) (|:H ~C=CH —— CH=CHCHO (b) —
OH OH 0
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SOLUTION :
(@) @?H C=CH SN @CH C=CH —> @CH C=CH
OH (is resonance stabilised)
+ +
@CH—@ECH -— @CH=C=CH
1 1I
Looking at the product. ... .. Pick the structure II.

1 \Tautomerises

i
@ CH=CH - CH (Final Product)
N g N
) —_—
OH OH,
> e

Observe carefully that this step will lead to nowhere as 6H2 is attached to phenyl ring. So think of alternative path.

—_—
E-effect
OH

@fj\ —H*
-—
(0)

lllustration - 14 CH,CH = CH, 12.1221/_H20 A CH3ICVECH B _CH3l |~ HI(cAonc.) D+E
. a

SOLUTION :
Br
1. Bry/H,O | OH (as base) .
CH,CH = CH, ———— CH,CH-CH, —————» CH, - C\I;I - /CHZ (Oxirane)
I
HO (A) Y
Y+ _
CH,— CH— CH,"+ CH,C = CNa —HC=CH

Ny’ Na
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Visualise base catalysed (Sy2) ring opening (consider steric factors).

CH,I
CH3—CH—CH2—CEC—CH3 2 sz_> CH,;CH-CH,-C=C-CH,
| . i
ONa Williamson's O- CH3 0°c
Synthesis

CH, - CH-CH,-C= C-CH,

I
+(|)—ng
H —
CH, CH - CH, - C = C — CH, + CH,] SIZ

| N

OH

Note : I” as strong Nu~ will attack at the least hindered CH; group.

ANSWERS - IN-CHAPTER EXERCISES
1. B 2. C 3. B 4. B 5. AC 6. A 7. A 8. C
A |9 A 10.C 11.B 12.D 13.B 14. AB 15. A 16.C
17.C 18.C 19.B 20.B
B 1. C 2. D 3. D 4. B 5. AD 6. C 7. A 8. B
9. AC 10. AC 11.B 12.C 13.B
C 1. B 2. D 3. D 4. C 5 6. A 7. C
D 1. A 2. B 3. A 4. C 5. D 6. B 7. C
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