REACTION MECHANISM

10.

11.
14.
17.
22.

24.

25.

26.

27.

28.

HINTS & SOLUTIONS

EXERCISE - 1
Single Choice

2A (g)—> B(g)+3C(g) (elementary reaction)

1 d[A] d[B] 1 d[C]
2 dt dt 3 dt

Rate= —

A+2B —X 3C (elementary reaction)

A 1dB)_tae)
Rate=-"4"""274t 3 at <AIIBI]

3
Order of reaction = 5 +(-1)=0.5.

A+B _Slow  c+D
A+B fest
R =k[A] [B] (slow step is determining step).

AlCl, is electron deficient species thus it is a Lewis acid.

Nucleophilicity o size (in a group).

The nucleophilicity order is R®> I?IH2 > CH3Oe > OHe

Weaker bases are better leaving group.

Sy 1 reactions occur through the intermediate formation of carbocations.
Reactivity towards H,O is proportional to stability of carbocation.

CH, - CH,— CH, - CH,—~OH — 1B, CH,_CH,-CH, - CH,-Br
Unbranched 1° alcohol give Sy2 reaction with HX.

<>OH _pok <}m

Itis SN2 reaction

CH,—CH,-1

N
CH, -CI OH
O/ AgNO3

SN2 mechanism is a single step concerted process and proceed through transition state is formed.
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CHEMISTRY FOR JEE MAIN & ADVANCED

29. Rateof S 2 o [R—X][Nu]
r,  [3RX][JOH"|
r [RX][OH]

r2:1.5 r,
0 0
NaNH
31.  CH~CH,-C - OCH, _ NaNH/A | CH,—CH~C — NH,
~CH,ONa

Gl OCH, OCH,
ONY> /N(;Z\ ON_/3 NO, ON NO,

 — _—>
+ CHO addition elimination

33.

36. Because rate of S 2 Ar iSAr-F > Ar-Cl > Ar-Br>Ar-1.

41. Electron releasing group and stability of carbocation will increase rate of an electrophilic addition reaction.
H+ @ @ -
45.  Ph—CH,-CH=CH, —— Ph— CH, - CH - CH, —— Ph - CH - CH, - CH,_H.0: |

Ph—(|3H — CH, - CH,

OH
52. As steric hinderance increases on carbonyl group the rate of nucleophilic addition reaction decreases.
55. According to stability of carbocation.
56. Itis E2 reaction (anti elimination).

CHz — CH—CHy — CHy —2KOH , CH_CH-CH—CH,
Cl

- Tt o-d

60. B-Hydrogen is absent.

EXERCISE - 2
Part # I : Multiple Choice
1. 1° alkyl halide is more reactive than 2° alkyl halide. So transition state in II reaction is more stable than I reaction.
2. CH, — CH — CH, —SHC=C" , CH,~CH-CH,-C=C-CH, M8l cH,-cH-cH,-c=c-cH,
/- o
o 0 X OCH, Y]
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REACTION MECHANISM

Product mixture
H,C H H H,C OHH
MeONOz MeO Q Q NG,
HOHD HH D
HC H H HOH H
MeO‘—\—\—\—’NOz MeON02
HOH D HCH D

Product mixture react with PCl5 by Sy2 mechanism and four products are formed. They are positional isomers and
diastereomers so after fractional distillation four fraction are obtained.

Correct product for (3) option.

Br OH
\H\/ _H0

L o \ ol
\)\ Acetone \)\ [Only one product]

H

y o __HO HQ o ~OH o
/K)\\ — /k)\ + /K)‘\ [Enantiomeric pair]
N
S _oHoH L Ty
% —_— K2 [Only one product]
H Sy H

Br H,CO

QH H Br H H Br
)\)\‘\ HBr /k)“\ + M [Enantiomeric pair]

If concentration of nucleophile increased Sy2 is affected, but not Sy1 because S 1 does not depend upon
concentration of nucleophile.
[C] is incorrect because more than one isomer gives a single alkene on E2 elimination.

Me
AT
Et¥: Et

(o8]
=

<
9

)| <
[¢]
o
T

Me
H,O
Ethanol/ A

.

Tim
T I

m
T s
]

m

T Il
an O
T
<
(0]
+
m
T un?:%
+
m
T ""2:2

Answer is A, B and C.
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9. —As increases the alkyl group rate of reaction decreases in Sy2 reaction so first two can explain by Sy2 mechanism.

—3° Alkyl halides is favourable for Sy;1 mech.

— Alkyl halide is insoluble in water so small amount of alcohol is added to dissolve the alkyl halide in water.

12. Anionic nucleophiles are better nucleophile than their neutral nucleophiles.
13. Hydrolysis of acid derivative is S 2Th reaction and the reactivity of acid derivatives toward S, 2Th is

] 10 i i
R—C—X > R—C—0—C—R > R—C—0—R >R—C—NH,

17. In both S\;1 and E, rearrangement is possible due to formation of carbocation.
18. All the three have more acdic B~Hydrogen so in presence of strong base gives product through E, , reaction.

@ D
22 Me—CH=CH—CH2—CIﬂ> Me—CH=C/_H\‘—CH2 <—> Me-CH-CH=CH,

lEtOH lEt _OH
Me — CH = CH - CH, Me — CH - CH = CH,
| |
OEt OEt

(cis + trans)

CH, OCH, CH,
23. O{"Br CH,OH O/CH h “"OCH,
—_—>
polar protic
3°(R-X) \f‘

Racemic minture

(d + ¢) mix.

Two transition states are formed and one stable carbocation is formed in the reaction.

AH

Reaction Coordinate

24.
(1R, 38) — Cis — 1 — Bromo -3 - Retention
Methyl cyclohexane (1S, 3S) — trans — 3 — methyl
cyclohexanol
25. Strong anionic Nucleophile so mechanism is Sy 2.
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REACTION MECHANISM

T
26. X can be CH3—CH2—(|3—CH =CD,
CH,
CH, - CH,— |C = Cl - CD, (cis/trans)
CH, CH,
CH, - CH= |C - ClH - CDh, cis (d,®) &trans(d,®)
CH, CH,
CH,-CH,-C—CH-CD,
I d+e®)
CH, CH,

Total 9 alkenes are formed and after fractional distilation 6 are separated.

CH,—Br CH,—NH,
- QL7 =X
Br Br

Because aromatic halides do not give Sy reaction in normal condition.

28. Polar aprotic solvent favours Sy 2 mechanism.
H\ Br H
@ &
@ b
29. a/ A—g’ & % 2-Bond shift Q (rearranged carbocation)
CH, THs
1310 | i 131 ©
CH,; CeHis
2°(R - X)

The reaction is an equilibrium reaction and at equilibrium both reactant and product are present in equal amount
so racemic mixture is formed.

31. Nucleophilic substitution of alcohol is acid catalysed reaction.

32. K,>K, due to steric hinderance of Nucleophile.
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CH3 m C:H3
| S\ 2 . |

33 Br— CH, — (CH,), — CH — Br + CH, — NH, —~—> CH, — NH — (CH,), — CH ~ Br

X~ N
1° R—x 2° R—x
—H®lSN2
CHZ—?H2
|
CH,
product
34.  CH,- CH2—<|D +7ZnCl, — 5 CH, - CH2F|8 _ Znci, =S CH,;—CH,—Cl+ HozZRel,
H H
35. Cl-CH,-CH,-Br CH,— |CH— CH, N=C-CH,-Br CH,—CH,-Br
—1 effect Br Strong -I effect 1°(R = X)
2° (R = X)

ONa
36. +CHl —

strong anionic nucleophile and 1° alkyl halide favours S\ 2 mechansim.

37. Not any alkyl halide can give exclusively 2-Methylbut-2-ene.
CH,OH CH,CI
SOC, +50, + HCI
38. pyridine
(S\2)
OCH, OCH,

39. I= Only one T.S. So it is for S\ ;2 and AH = —ve.
IT= Only one T.S. So it is for Sy2 and AH = +ve.
III = More than one T.S. so it is for Sy1 and 1st step is rds.
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REACTION MECHANISM

40.

41.

42.

CH,
| @
(CH)C—fIJH cH, —EL, CH, - c|: CH-CH, ——CH, - ? ClH CH,——CH,—-C=C - CH,
Br CH, CH, CH, CH, CH,
(2° carbocation)
(CHa)ac—lCH—CHai>(CH3)3C CH=CH,
Br
{ § CHT / 5 Ag,0
ﬁ CH, A—2> N 7
PN
HC  CH, cHcH,
CH, /’\V CH,
e (Vv s2 |
CH,—C—0 + CH,—CH,—Cl ———— 5 CHs—?—O—CHZ—CsHS
&,
EXERCISE - 4
SO,
(a) H,0; (b) F®; (¢)Br%; C)
NO,

Protic solvent  (c,f,h) ; Aprotic solvent (a,b,d,e,g)
(b, 2)

CN™ and NH, are nucleophile.
b,c,d, e, f,h

a,c,d
(a) Nucleophilicity o Size.

°
I°>Br>cl°>H,0
(b) +I and +M group increases nucleophilicity.

ONa ONa ONa ONa
ejelele
:OCH,  CH, cl NO,
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10.

11.

12.

13.

14.

(a) 2-Bromopentane ; (b) 2-Bromo-2-methylbutane
Reason : Carbocation stability order is 3°>2°> 1°,

(a) Rate of S 1 reaction o [(CH,),CBr]
(b) Rate of S 1 reaction oc [(CH,),CBr]

(a) Rate - doubled ; (b) Rate - tripled
@7?H - CHz - CH3 & <§>7CH2 —CH - CH3
|
Br (A (8) Br

(A) is predominant since intermediate @ gH — CH, — CH; (benzylic carbocation) is more stable due to

conjugation than @ CH, - (@3H — CH, (secondary carbocation).

As the size of the substituents on the a C increases, the tetrahedrally bonded intermediate becomes more crowded.
The greater the crowding, the larger is AH of the TS and the slower is the reaction.

i i
(a) CH,~C—-OCH,+HCl (b) CH,~C—OH + CH,CH,OH

NO, group at ortho & para position to Cl group facilitate the nucleophilic attack for substitution reaction.

I>11>1
C“,Ha CH, CH,
H ] SO,y ‘ OCH, + CH,0 H
Lh Lh h
I n
@) (IDHZ—CHZ—CHZ—CHQ—CHa = CHa—(ID—CHQ—CHQ—CH3 > H3C—IC—CH2—CH3
Br 1° Br 2° Br 3°
1-Bromopentane 2-Bromopentane  2-Bromo-2-methylbutane
1 " on
®)  CHs-CH-CHCH~Br > CHy-CH-CH-CH, * CHy-G-CH-CH,
1° 2°  Br Br 3°

1-Bromo-3-methylbutane  2-Bromo-3-methylbutane  2-Bromo-2-methylbutane

Steric factors are controlling. The usual S, 2 order is 1°>2°>3°.
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15.

16.

17.

18.

19.

20.

21.

22.

o
(3) CH,~CH-CH-CH,
cl

(D> {n)>1av)> (D)

o
CH,~C—CH,

(@)

Br
Ye

Br
Br
© /\(\ @
S—CH, OH
NO, ON NO,
(a) +NaCl (b) +NaCl
NO, NO,
(|:N
(a) Ph—CliH—Ph (b)Ph—(lz—CH3
OH OH
2(b&d)
IBr
__HBr CHS—(IJ—CHZ—CHS
CH,
CH.-C=CH- CH, —
| ?r
CH,€ BT CH,~CH-CH-CH,
Peroxide |
CH,

B Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035

+91-9350679141



CHEMISTRY FOR JEE MAIN & ADVANCED

CHCICH, CH,CH,CI
23, X)= ; )=
24, Since the reactivity towards ionic addition oc stability of carbocation intermediate.
H® a
I CH,-CH=CH-CH, ———» CH; -CH-CH, —CH,4
CHa CH
I Te=cH w0 T on,
CHj cHy”
CH,4 CH,
| |
M  Ph-C=CH-CH; —"° , Ph_C-CH, - CH,
®
Ph Ph

| |
IV  Ph-C=CH-CH; —H” 5 Ph-C-CH,-CH,
®

Stability of carbocation intermediate : IV >II1>I1>I. reactivity of alkene : IV >II1 > 11> 1.
25. CH,CH,CBr,CHBr,
26. CH,CH,CH,CHBEr,
27. MI<I<II

28. (a) @ (b) @
29. <:>:CH2

30. (a)CH;~CH=CH-CH; ;E2  (h)CH;—~CH=CH-Ph ;El (c)CHs—CH=CH—(f—Ph;E1cB
o)

3. I<II<IL
CH,
% @CHC=CHCH, @) (©) CH-C=CH,
CH, CH,
33. CHgz —CH—-CHp - CH3 — 129 , cH, CH=CH-CH, + CH,=CH-CH,CH,
|
OH

lHCI/ZnCIz

CH3 —CH-CHy —CH3
|
Cl
(d+@)

Y=3, Z=2
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REACTION MECHANISM

34. Mechanism
CHs CH3 CH,
| H® | | @
CH; -C—CH-CHy —— CH3; -C —CH-CHj W CH,-C-CH-CH,
| | ‘ C|)H
CH3; OH CH3 OH, 3
® (2° carbonium ion)
P CH, H CH, CH,
CH; shift e ||
Z="" N CH,- ¢ . CH, —a CH, - C = C - CH, (Major product)
| —_
CH,
(3° carbonium ion
more stable)
I|3r
35. (8) CH, — CH — CH, — CH, (b) CH, — ?H — CH,— CH,
(8) Cl R
(¢) CH,— CH— CH,— CH, (d) CH, — ClH — CH,— CH,
|
Cl Ie
(Racemic mixture)
K_—/—\
‘/\T Me(()a
36 Cl-CH,~CH,~CH-C-Ph —— C-Ph
: A [ I
O ¢}
37. In a period nucleophilicity depends upon electronegativity but not on size since there is no such large difference in

atomic radius. In polar aprotic solvent anions are not solvated therefore in a group smaller anions / atoms being less
stable react faster. But in polar protic solvents smaller atoms/anions are highly solvated herefore larger size nucleo-
philes react faster.

Me

CH,-S—-CH,-CH,
38. (@ (b) CH3~CH,~CH,~CH,~C=C-CH, (©) 7 " NH,

Et

H
| B N
39. (a) CH, - Cl - CH,-CH, W CH,-C - CH,—CH,

At equilibrium, reactant and product will be in equal amount i.e. reacmic mixture.

(b) CH, — CH — CH,—CH, _KOH CH, - CH — CH,—CH,
| |
OH OK

It is an acid base reaction so no change at chiral center.

Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035
+91-9350679141



CHEMISTRY FOR JEE MAIN & ADVANCED

40.

41.

42.

44.

45.
46.

47.

; @
(¢) CH, - (|3H—CHZCH3 _Add_, cH, - CH - CH,CH, -3 CH3—CH—CHZCH3|_S|2—(1)> CH, - CIH — CH,CH,
OH . Sabn 2 " OH
\_2H 2 . "
Racemization

(a) (P+Q)= PhCH,OH+PhCH,I (b)(X+Y)= @ CH,-1 + HO @

(€) (W)= QO—Me (d) ()= (CH5),CHOCH,CH,CHj

(a) Rate will be doubled

(b) Rate will be increased to six times

(¢) Elimination product dominates

Say after completion (100%) of reaction, there will be 66.66% S 1 product (Racemic mixture) and 33.33% S 2 product
(inverted product)

So enantiomeric excess = 33.33 %

Pure (S) -2-butanol has + 13.5° sp.rotation

33.33x135° _,

o

So observed rotation =

100
. Sn1 0.24x107° [RX]
S\ = g2 551 ¥ 100 T 47x1075[RX] [5]+0.24x10 5 [RX] 100
0.24
= 27x51024 X100=1.01%
o i
CH, - CH,— C — CH, — CH, —SOVOlysSiS | cH. — CH = C - CH, — CH, (more stable)
& x)
(|3H2 — CH, CH, - CH,
solvolysis
CHs—CHz—(|3—CH2—CH3 Y > CH,—CH=C-CH, - CH,
Cl (Y)
Greater product stability accounts for an increases in elimination.
(a) PhCMe, Br (b) PhCH, - CH, Br (¢) PhCMe, Br

For reaction (a) the transition state is more polar than the reactant therefore the activation energy decreases. While
for the reaction (b) the transition state is less polar than the reactants therefore activation energy increases.

Ph ""‘\Nl—’Ie Ph_¢\,
F)h\_/B_2> Ph\/:{98—> Ph—C=C-Ph (o.=Elimination)
r r
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W N -

10.
11.

12.

13.

14.

15.

16.

17.

18.

EXERCISE -5

Part#1: AIEEE/JEE-MAIN

Among the given option CI is the best leaving group hence the rate of reaction will be fastest in case of RCOCI.
According to stability of carbocation.
Steric hinderence.

CH3—C|JH—CH2—CH3—>CH3—CH=CH—CH3

Br (major)
H r
CH, - Cll - CH, CH, +Br, —™ , CH, - (|3 — CH, - CH,
CH, (|3H3
3°(R-X)

2-Bromo-2-methyl butane

Generally, molecularity of simple reactions is equal to the sum of the number of molecules of reactants involved in
the balanced stoichiometric equation. Thus, a reaction involving two different reactants can never be unimolecular.

For endothermic reaction, AH = ve AH=E o E,itmeansE, <E -
As steric hinderance increases around carbonyl group, rate of nucleophilic addition reaction decreases.

Since this reaction will follow S 2 pathway so stronger the base better its nucleophilicity.
The correct order of nucleophiles would be :
CH,0 >OH >PhO >AcO

In aryl halides the C—X bond has partial double bond character due to resonance so it will not give S reaction

The reactivity of a compound towards S, 2 reaction decreases as the crowding at the C-atom containing leaving
group increases.

Br
cH, ¢ =CH— s cH- C = cH,—BZs cn-c = ch,—Hs cH-C-ch, —B25 cH o cH
3T = LI 2 3_|— 2 3_|_ 3 3_|_ 3
Br Br Br
CH;Cl show complete stereochemical inversion during an Sy2 reaction.
1 1 d(A) 1dB) _d(A) _1dB)
—A— 2B —_— = y o =
2 = T2 dt 2dt 0 L_dt 4 dt

Reaction of alcohol with HCI and anhydrous ZnCl, is an S reaction.
3¢ alcohol react faster with HCI and anhydrous ZnCl, since it forms more stable carbocation intermediate.

Rate of S 1 reaction o stability of carbocation

CH CH CH
_CH—CH-cHZ ~'® Conc.H,SO —CH,— <G 4 Vil
Ph—CH, ICH CH\CH 229 , Ph—CH;, (I3H—()H\CH3 Ph_CHz_CH_CH\CH

OH ° %)Hz 8
HOshift 9 ~CH; USRI Ph ~_~CH(CH,),
Ph—CH-CH,~CH — > >c=C + =
TUNCH, AT T ey, BT TH

Trans Cis
(Major) (Minor)

0 C,HO™ -0

CH,—CcZ  —=—=——» cH,—Cc7 + CI
~Cl N0 —CH,
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19.

20.

21.

22.

24.

25.

(C] (€] (C]
RS is more nucleophilic than R—O® due to larger size of orbitals and polarization but RS is less basic than R—O
as the negative charge get stabilized due to larger size of sulphur atom.

Cl,/hy
H,C — C —CH - i
:C ? CH, monohalogenation ~ single product.
CH,
neopentane

SbCl @
CI-CH-CH, TI—5> Ph—-CH-CH, + SbCl; — Ph—-CH-CH, + SbCl,
Il-’h oluene (carbocation) (|3|

) (d + I) mixture

The reaction of alcohol with Lucas reagent is mostly an S 1 reaction and the rate of reaction is directly proportional
to the carbocation stability formed in the reaction, since 3° R—OH forms 3° carbocation hence it will react fastest.

1

stericover crowdingin transition state
For any S 1 reaction activity is decided by ease of dissociation of alkyl halide

R-Xi>t R +X"
Higher the stability of R® (carbocation) higher would be reactivity of S 1 reaction.

Rate of SNz reaction oc

® @ ®
CH, -CH, -CH, < CH, -CH-CH, —-CH, < p-H,CO-C,H, -CH,

Hence correct orderis : [II <I<IIT ]

) 3
OG- O
o -Etl H

(8,2) OH

X

It is nucleophilic substitution reaction.

Part # 11 : IIT-JEE ADVANCED

0
OH
< < 2 = H.0® |
Ph Ph CH, CH, CH, H -HC-C=CH, _'8%Y CH,—C—CH,
1 I 1 |
Ph Ph

Concentrated H;PO, is a dehydrating agent.
-

Ph,C—CO W Ph,C—OH +ROH

The reaction proceeds by S 1 Mechanism :

Ph,C-OR+H® f PhCO°HR f PhC® === PhC-O°H, —"" 5 PhC-OH
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REACTION MECHANISM

Greater the electron releasing effect of the attached groups greater is the stability of intermediate carbocation, &
faster is the rate of reaction.

If two ph — groups are replaced by MeO —@ grops, strong +M effect of MeO— groups stablize, the carboca-

tion better there by making the reaction faster.

CH

o .
5. (B) &C4<:>b{ﬂ/ 'iz&ﬂﬁéHp—<:jf{H=O+H—ﬁ—H
0

(CH,0)

It gives Cannizaro rxn but not haloform rxn

O
CH2 Ozonolysis C//_ CH3 +H—C—H
CH, (

CH,0) d
It gives haloform but not Cannizaro rxn.

_-CH,

© §:>yﬂ' Wmmwag:jf{H=O+GL—CH=O
CH,

CH, (CHO)

It gives Cannizaro rxn but not haloform rxn.

CH, CH, O (0)
/ Ozonolysis Il Il
< _— C —CH,+CH,— C—CH,
CH
3 (CH0)
It gives haloform rxn but not Cannizaro rxn
6. (A) Benzylic acid and 1° halides both follow S22 mechanism.

(B) Benzylic 2° halides can undergo inversion of configuration.
(©) The order of reactivity would be IV > 1> IIl if both Sy1 and S 2 are considered suitably for substates.
(D) Benzylic and 3° halides both follow Sy 1 mechanism.

CH,. ,CH, CH,
i - O 150,0°C @
(i) CH,MgBr (excess)CH, —n
CH, CO.Et =515
®) (®)
7.
il
CH, C—CI/AIC],
(R)

)
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Me OH Me \\\\Br Me |
_PBr TNl
Et,0(S,2) Acetone
(5+2)

JNaN (DMF) (S,2)

M\O\\\S

CH,

H,C CH, HC CH, HC CH, '

10. P: - _ B >< +

HC oNa HC Br H,C on ¢ A

(4)
ey
HC CH,
CH,
\ H.C Br
CH, CH, )
H,C CH, oH:
MeO Na’
R: E
H.C CH,
H,C Br
H,C CH, HC CH
SN*
+MeBr ——>
S:
H3 C ONa H;C OMe
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REACTION MECHANISM

(@)
CH3 @ﬁ —CH L1AlH @C CH
O

CH,—CH se/+\‘CH CH
s~ a}\zo/ : _H0 , CH,—CH,-S-CH,-CH,—OH

S2' mechanism

(I?H3 ?Hz
Ph—CH, CH OH —X— Ph—CH,—CH— OK

Sy
RetentloansCl Retent1onl,CH CH Ts
CH,
CH, |
e Ph—CH,—CH—OCH,CH,
Ph—CH,—CHLOTs o
I?iwvcrsion CH,0%

g
Ph—CH,—CH—OC,H,

By the question (B) is correct answer.

(€]

[C]
Ph—OH —2% 5 pPhO —M=5% 5 phOoMe

Br Br
P ) + Ph—CH,—NH P h)AQOE\NH Ph —— Ph™ 47 NH “Ph

Example of pinacol-pinacolone rearrangement.

Given compound is ‘S’ in configuration due to Walden inversion on attack by 1® we get ‘R’ configuration.

Sterically hindered base leads to elimination product.

CH, . ?H ?H
CH3—$—CH2—I Y CH;C—?HZ O CH3-8:-CH2—CH3 —1o CH3—(|3—CH2—CH3
CH, CH, CH,
J:><”CP12Q1 <CH
OH aq.AgNO; OH BondShlft
HC H,C H,C O H
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13 Example of pinacol pinacolone rearrangement.
» Q FH /- CHOH O$+ +H0(H>; Q +H®
0~ "OC.H, @ 0 Q 'LOH ©)
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REACTION MECHANISM
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