ARoMATIC COMPOUNDS

PRrROBLEM 1226 A resolvable organic compound A4 has molecular formula C,oH;40. 4 does not forms
any salt with NaOH but evolve a colourless gas on heating with sodium metal. 4 gives an yellow
precipitate with NaOH/I, but does not decolourise Br,-water solution. 4 on treatment with
CrOs/HCl/pyridine produces B(C;oH;,0) which is non-resolvable but gives iodoform test. B on
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treatment with Cl,/AICl; gives C(C;oH;;OCl) as the only possible isomer. Also 4 on heating with
alkaline KMnQ, solution yields CgHgO4(D) as one of the product which evolves a gas with NaHCO;. D
on heating with ethan-1,2-diol in presence of an acid catalyst forms a polyester £. Deduce structures of 4
to D and write the formula of repeat unit of E.

ProBLEM 1227 Predict products/reagents:

COOH
O Cl
@ N v o, _HNO,
e) CHO Heat H,SO,
COOH
COOH
Br,/CHCI,
S
cH, O OMe
(e) CH, HNO, ® 4 H,S0O,
- H,S0,
3
CH,
O,N

ProBLEM 1228 Propose mechanism:

—_—
HO

ProBLEM 1229 Bring about the following transformation:

SRR say

ProBLEM 1230 An organic compound A(C,;H,40) exist in two stereo-isomeric forms, none of which
is resolvable. 4 does not evolve any gas with sodium metal but decolourise bromine water solution. 4 on
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treatment with ozone followed by work-up with (CH;),S yields B(CoH;0O,) as one of the product. B
neither forms any salt with NaOH nor does it evolve any gas with sodium metal. Also B does not react
with Tollen’s reagent. B on treatment with concentrated solution of HI forms C(CgHgO,) as one of the
product which forms salt with NaOH but does not evolve any gas with NaHCO;. B on treatment with
AICI;/Cl, gives D(CyHoO,Cl) as the only possible product. C can also be obtained by treatment of an
ester £(CgHgO,) with AlICI;. Deduce structures of A4 to £ and explain the formation of C from E.

ProBLEM 1231 Bring about the following transformation:

0O
PhCH,CH, CHO
Q- 0T -
Cl
COOH
(© — <> (d) © —>
SO,H NO,

PROBLEM 1232 An optically active organic compound 4 has molecular formula C;;H;40; and it does
not forms salt with NaOH as well as it does not decolourise Br,—H,0O solution, but evolve a gas on
treatment with MeMgBr. 4 on treatment with HI gives another optically active compound B(CyH;(,0,). B
on treatment with aqueous KOH yields another optically active compound C(CyH;,0,). C on treatment
with PCC yields D(CyHgO,) which gives positive iodoform test as well as positive Tollen’s test. D is
optically inactive and on treatment with Cl,/AICl; gives one and only one possible monochloro
derivative E(CyoH,0,Cl). Deduce structures of 4 to E.

ProBLEM 1233 Synthesize:
OH
(@) Ph—CH,—C —(=C—CH, —— fiom Ph—CH,CH,CH,Br

I
H H

Cis

CH,

Br

(b) 02N4©»(|2H—CH20H from benze;ne, chlproethane
and any inorganic reagent

(0]
() /©/{KO from ©
Cl
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(d) C;H,CH,COCH, from benzene, oxirane and inorganic reagent

0]

(e) (CH,),CCH; [ from iodo benzene and /k/

SO,H

ProBLEM 1234 Complete the following reaction:

0 TN O _
(a) _ . _HCl, y_TsoH__ o
Ph OH- DMG &

0]

CuCl, H,PO,

(b) Phk &»X—> Yy —»= 7

KCN/AcOH DIBL-H
©) o — e x—  y TOH

Ph

ProBLEM 1235 Bring about the following transformation:

(a) / \ — BY/Q\/\COOM(?

o)
(0]
(b) Ph)v - Ph/Q\
O,N
@5y —
S S

OH

PrOBLEM 1236 (a) Synthesize the following compounds starting from benzene:
COOH

F CH, NO,
F F F
(b) Write mechanism of the reaction of p-nitrofluoro benzene with (C,Hs),NH. Explain why
m-nitro fluoro benzene does not react with diethyl amine under identical conditions.
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(c) Synthesize the following compounds starting from benzene and any other reagents needed:

O
R
(i)
R/

0o 0
OMe
0
(iif) O/L Ph (iv) H2N4<;>7COOCHZCH3

ProBLEM 1237 Synthesize the following compounds starting from benzene:

OCOPh OCOPh
(a) ©/ (b)
O,N
Br
(0]
©) /@Aj\ OPh
ON
OH
- 1y
NC

(1)

NO,
O,N
OH
(H Br\@/Br
ProBLEM 1238 Synthesize the following compounds starting from benzene:

1
1 1
@ b) Q/ ©
Cl Cl Cl
Cl

ProOBLEM 1239 Bring about the following transformation:

Br
Ph NO,
O~ CC, (I
NO, Br Br
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COOH
HN NH, @) 0
(©) e
NH, 0

ProBLEM 1240 Propose mechanism:
0

e
\©\ COOMe N
NHNH, MeO {
COOMe

ProBLEM 1241 Bring about the following transformation:
CHO

Br CHO CH,

(@ ©/_. ©/ (®) ©/ .

221
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ProBLEM 1242 Bring about the following conversions:

(e

—_—

CH, CH, SOH OMe
CHO NH,
OH
OH Br o o
© © . (@ © .
Br Br
CH,OH
© OMe

PrOBLEM 1243 Predict product of the following reaction explaining mechanism of their formation:

@—CH3 +CBrcl, —M

ProBLEM 1244 Prepare the following compounds starting with either benzene or toluene:

OH
CH, HO CH, HO
@) (b) ©/ ©
CH,
cl CN
OH
%) ) @\ ®
cl CN
I
CH, NH,
CN O,N Br
(@ (h) (1)
Br Br

Br Br
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CN COOH
Br Br
Br
Br
CH, OH
NO,
(m) @i (0)
NO,
Br CH,
<>/ (@ H C@NZNOOH

CH
HO

PrOBLEM 1245 Bring about the following transformation:

(b)

—_—

NO, cl
NO,
NO, Cl CN
COOH
(©) — (@) —
NO, NO,
NH, NH,
(e) — ® — @\
Br
CH,
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NO, CH,NH,
CHO HO NO
) — (h) . /[:::T/
HOOC

CH,
Br Br
G . GQ) . \©/
Br

PrOBLEM 1246 Bring about the following transformation:

CONH, NO,
NO, Br Br
Job Qj Q"
0, Br
NH, NO,
Cl
"0~ O~
Cl Cl
Br

ProBLEM 1247 An organic compound A(CgHo) on treatment with fuming sulphuric acid yields two
isomeric products B and C. B on fusion with KCN gives D(CoHoN) which on hydrolysis yields
E(CyH ¢0,). E on treatment with hot alkaline KMnQ, yields F(CgHO,). F on heating with P,Os undergo
intramolecular dehydration to yield G(C3sH4O;). Identify 4 to G.

ProBLEM 1248 Bring about the following transformation:

CH, CH, OMe OMe
Br
(@) — (b) —
NH,
Cl CH,OH
NH CH,

NO,
© @ . @ © —
Cl
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NO, Br CH, CH,
Br Br
(e) — ® —
NO,
N02 N02 NOZ
OH CH,
o~
OH

ProOBLEM 1249 Identify the aromatic product formed in the following reaction:

CN
C,HMgBr  HCIH,0
(@) S R ——— R
COOH
) [::j/ ELi HCI/H,0
COOH
el (CH,),Cd
(©) _socl,  (CH)C
Br” COOEt
(d) CHO =
Zn/HCI

ProBLEM 1250 Synthesize the following compounds starting from benzene:

@ || (b)
\/

(© T/Qib//A\\ (d) [:::]//Q§b
NS N

OH
OH
(©

E
X
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ProBLEM 1251 Predict major substitution product in the following reactions:
\N/
NHCOCH, OMe

CH CoCl
AlCl

ProBLEM 1252 Starting from benzene synthesize the following compounds as major product:

NO,
)

COCH,

f Br
NO, NH, Cl
NO

ProBLEM 1253 How would you rationalize the following experimental result:

\ ~
N
HNO, NH,
—_—l —_—
H,S0, OH,
NO,

PRrOBLEM 1254 Propose synthesis of the following compounds starting from benzene:
COOH

O Qo

COOH

Br
FeBr3

COOCH,

\N/
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OH
(e) Br

(@
(0 ®
(h) \ () Br@so;{

CH,
;Cl
Br
NO,

-~
\N

@
CH

3

ProOBLEM 1255 Identify the starting material in the following sequence of reaction:
(0]

CH,COCI

N,H, Br,
DY —»————-»
NaOH AlBr,
Br

Br
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OMe
CH,B Br
r
@) x Br, NaOEt 3
Zn(Hg) HNO, Sn/HCl
(e) X —_— e ———
CIHH H,SO,
H,N

PRrOBLEM 1256 Predict the major product in the following reaction:

Problems in Chemistry

CH,
CH,COCI
HNO
(@) —_— (b) B e
AlCI, H,SO,
NO,
(0]
Cl
(c) Z . ) OPh Br,
AlCI AlBr

CH,
Br
(e) —2>
AlBr,
Cl

PRrOBLEM 1257 p-nitro phenol is shaken with one equivalent of D,O

in the presence of a strong acid

(perchloric acid) at 100°C for a long time. The product has two deuterium atom in it. One of these is lost

instantly when the product is treated with ordinary water. Propose a struc

ture for the original product and

explain the difference in the ease with which the two deuterium atoms can be removed from the

molecule.

ProBLEM 1258 Bring about the following transformation:

COOH
HO



Problems 229

o) — (;*Nﬁz o~ OO
NO,

PrOBLEM 1259 Complete the following reactions:

AlCl cl AICI
eaeCIRTeLan XY
Cl || €XCess
(@)
H C“/< AL
e

0]

OMe

(©

ProBLEM 1260 Synthesize the following compounds starting from benzene:

H H (0]
— H,C
CH
) 2Ms o (b) © Ph/k/
OH

PROBLEM 1261 Predict the major substitution product in the following sequence of reaction:

OH OMe
P SO
H,PO
(a) ke et RN ()| :
H,SO,
Cl
0
AICI
- Crp=-
NH, 0
H, .
(CH,C0),0 HNO, H,0
(d) S —_—

H,S0,
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ProBLEM 1262 Predict synthesis of the following products starting from benzene:

Br
T
(a) o—(—cn, (b) O
(0]

NO,
© Hﬁ‘@\/\/OH (© ©\/COOH

PhCH, CH,Ph
() ® () >:<

0 H H
CZHS

ProBLEM 1263 1,3,5-trimethyl benzene undergoes electrophilic aromatic substitution with iodine
monochloride (ICI). Write mechanism for this reaction showing major product.

PrOBLEM 1264 When allyl alcohol is treated with HF in presence of benzene, two products are
formed: 3-phenyl-1-propene and 1,2-diphenyl propane. Write equations showing the mechanism for the
formation for these products.

PRrOBLEM 1265 When 2-hydroxy benzoic acid is heated with isobutyl alcohol in presence of sulphuric
acid, compound 4 is formed. The same product is formed if tertiary butyl alcohol and sulphuric acid is
used. What is the structure of compound A? Write mechanism of formation of this product.

PrROBLEM 1266 Bring about the following synthesis starting from benzene:
(*direct F.C. alkylation of nitro benzene does not succeed)

CH,

CN

(@) o)

.

NO

(©) (d) HO@COOH

NO
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OMe
3 @\ (h) HO@I
NH,

PrROBLEM 1267 Complete the following reactions:

MeOH
H—N e

+ CHSNa _MeOH _

OTs
+ @NHz Heat
NO

2

N H,0
(e) O,N F +HN—CH—C00 ——»

PrROBLEM 1268 Give structural formula for all reagents, intermediates and products designated by
letters in the following equations:

CHO OMe

Me NaBH H3O+
(a) 4 — = B
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COOH
HOOC H,PO,
(b) —= C + D
OH CH3
N
() NaH CH,I P B,H, F CrO, G H,PO, I
H,0,/NaOH H,SO,
LiAIH,/H,0
B
CHO
NaBH,/H,O H.I
(d) OH LG J M» K C—3> L
OMe
NO,
Br Cl
Na NO,
(e) H-CH(COOEYt), —* M > N
COOH COOCH, MeO CH,OH
—_—
P
OMe

CH,OH

PrOBLEM 1269 Identify the missing reagents/reactants/products in the following sequence of
reactions:

HNO, Sn/HC1 NaNoO, CuCN
@ A4d—»> B — > C—»D—» NC OMe
HC1/0°C

b OH,
(b)O,N 0 NO, + H—N —= E+F
NO,
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Icl NaNO, — Ki(aq)

(c) HN NO, —»G————*= —»p§

excess HC1/0°C

Br, NaNoO, H,PO,
— ] —> —» K

(d) CH,CH,0 NH, oo

NaNO, Kl(aq)
(¢) HO NH,——— [ —= M

HCl/0°C

233

CH,
H,/Ni NaNO,  cyCNiheat H,0"
H ON CH, ——>=N— 0—— e p— =g
HC/0°C

PRrOBLEM 1270 Write structural formula for all the products in the following sequence of reaction:

CHO
HNO NaNO CuCl/HC1
(a) - R A ﬂ— B—2 C _»u D
H,SO, HCI1/0°C

NH,
NO H,0/H,SO
(b) BAS T B i e
H,SO,, 0°C
MeO OMe e
CH,
N
ON 0, H,/Ni NaNoO, H,O/H,S0,
(C) —_— —_— H 7
HCl/0°C
COOH @_N/
d NE].NO2 \
( ) —_— J——» K
HCl/0°C
NH,
CH,
© NaNO,
e —_— —_—
CoH™N—CcH; HCl/0°C
CH,I KOH CH,I KOH
® — M —— N—»= (O —D> P+ 10)
N

|
H
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ProBLEM 1271 An organic compound A(CgH,¢) does not decolourise aqueous solution of Br, and on
treatment with Br,/FeBr; in dark yields two product in principle, B and C but due to steric reason, B
predominates. 4 on refluxing with alkaline solution of KMnOy, yields D(CgHsO4) which gives off gas on
treatment with NaHCOj;. D on treatment with Br,/FeBr; reacts very slowly to produce E(CsH;O04Br) as
the only isomer. Also D on treatment with excess of SOCI, followed by work-up with benzene solution
of AICl; produces F(C4HgO,) which does not yields any gas with NaHCOs;. F on heating with N,H,4
produces G(C4HgN,). Deduce structures of 4 to G.

PRrOBLEM 1272  An organic compound 4 (CoH,00,) does not change colour of Br,-H,O and produces
no gas with NaH. 4 on treatment with Br, in presence of FeBr; yields B(CoHoO,Br) as only isomer. Also
A gives orange precipitate with 2,4-dinitro phenyl hydrazine and produces a resolvable compound
C(CyH,0,) on reduction with NaBH,. Deduce structures of 4, B and C.

ProBLEM 1273 An organic compound 4(CyHgO,) does not decolourise bromine water solution and
evolves no gas with CH;MgBr but gives orange precipitate with 2,4-dinitro phenyl hydrazine. 4 on
refluxing with dilute H,SO,4 produces B(CoH;(0;) which forms salt with NaOH and on treatment with
excess of CH;COCI yields Ci3H40s. B is a non-resolvable compound which on heating with
N,H4/NaOH yields C(CyH,0,). C on dehydrating with concentrated H;PO, yields D(CyH;,0) as major
product. D on ozonolysis followed by work-up with (CH;),S yields E(C;HcO,) which can also be
obtained by the action of phenol with alkaline solution of chloroform followed by acidification of
product. Identify 4 to E.

PrOBLEM 1274  An oily liquid 4 is insoluble in water, but on heating with aqueous solution of sodium
hydroxide for one hour, it dissolves. From the reaction mixture, a liquid B can be distilled, which gives a
yellow precipitate with NaOH/I, as well as it is resolvable. B on treatment with acidic dichromate
solution yields C which also gives positive iodoform test. If sulphuric acid is added to solution obtained
on heating with NaOH, a white precipitate D is obtained. D gives effervescence with NaHCO; and
heating D with soda lime converts it into toluene. Also A4 on treatment with Br,/FeCl; in dark yield single
mono bromo derivative as a substitution product. Compound B on heating with concentrated H,SO,
yields stereomeric alkene, one of which on treatment with cold, dilute and alkaline KMnO, yields a meso
diol. Deduce structures of 4 to D.

PRrOBLEM 1275 An organic compound A has molecular formula C;oHy4 and it does not decolourize
bromine water solution. 4 on treatment with Br,/Fe yields three products in principle but in actual
practice, only two of these are produced as mono-bromo derivative. 4 on heating with Br, yields B
(CyoH;3Br) as the mono-bromo derivative which is optically inactive. 4 on heating with alkaline KMnO,
yields C(CsH¢O4) which does not forms anhydride on heating. Deduce structures of 4 to C.

PrOBLEM 1276 An organic compound A(CgHgOs) evolves a gas with NaHCO; as well as forms salt
with NaOH. 4 on treatment with HI yields B(C;H¢O3) which when treated with excess of acetyl chloride
(CH5COCl) yields C(Cy;HOs). B on treatment with Br,/FeBr; in CCly should yield three products D, E
and F in principle but only two products £ and F are produced in reality and £ is the major product.
Deduce structures of 4 to F.

ProBLEM 1277 An oily liquid is insoluble in water, but on heating with aqueous solution of sodium
hydroxide for one hour, it dissolves. From the reaction mixture, a liquid B can be distilled, which gives a
yellow precipitate with iodine and NaOH solution. On careful oxidation, B gives an aldehyde C, which
also gives positive iodoform test. If sulphuric acid solution is added to the solution obtained from heating
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A with NaOH, a white crystal D is obtained. D liberates a gas with NaHCO;. Heating D with NaOH/CaO,
converts it into C¢Hg. Identify 4 to D.

ProBLEM 1278  Identify the followings as aromatic, antiaromatic or non-aromatic, supporting your
answer with brief explanations.

10 S

PrOBLEM 1279  The pK , of benzylic hydrogen in A is ~ 16, whereas the pK , of benzylic Hin B is ~ 25.

Explain the difference.
H CH, H: iCH3
B

A

PrOBLEM 1280 Predict products in the following reactions and show stereochemistry where

appropriate:
OCH,
NaNH
(a) _Bn (b) —
FeBr, 3
Br
AlCI
(c) N 9% @ _ A, HNO,
lig. NH,  (CH,),S CH,COCI  H,SO,
NO,
@ CH,ONa 6 Cl, Zn(Hg)
CH,OH AICI, HCI
Br
0O
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NO, o
0 C
™~ CH.Li H.0*
© HNO. o 1, &,
H.SO €Xcess
2Oy
i AICI, 0,
(CH,),S

() I/HNO; /. gycl I
AICl,

ProOBLEM 1281 Provide a mechanism for the nitration of benzene using concentrated nitric
acid-sulphuric acid mixture. Draw an energy diagram for the reaction. Will the rate of reaction change if
benzene is replaced by hexadeutrobenzene? Why?

PrOBLEM 1282 A by product of sulphonation of benzene is diphenyl sulphone. Propose a mechanism
by which diphenyl sulphone is produced during sulphonation reaction.

PrOBLEM 1283  Synthesize the following compounds starting from benzene:

ProBLEM 1284  Provide reagents that will accomplish the following transformations:
o)

(@) — (b) —

Br Br
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OCH,4 OCH,
NO,
©) — H ) -
OH
O
H
off ) — m 0 .
(@)
Br
(2) —_—
O,N

ProOBLEM 1285 Reaction of acetophenone with Br,/FeBr; yield meta-bromo acetophenone. Does
this reaction occur at faster rate or slower rate than the treatment of benzene with bromine under similar
conditions? Why?

ProBLEM 1286 Chloropyridines undergo nucleophilic substitution with sodium methoxide to give

methoxy pyridine as:
N
CH ONa
= CH OH
N Cl

Order the following derivatives from high to low in term of their reactivity towards nucleophilic

aromatic substitution.
Cl
Cl
AN AN
= —
N N Cl* N
A C

CH
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ProBLEM 1287  Propose a mechanism for the following reaction:

-G = O

PrOBLEM 1288 Devise synthesis of indicated compound starting from benzene:

R
©>(H '

PrROBLEM 1289  Provide a mechanism for the following reaction:

CH,0 NH, CH,0
CH,COCI
— >
HCl NH
CH,

PrROBLEM 1290 Identify the followings as aromatic, antiaromatic or nonaromatic:

- )
B— b 0 " OH
S -

PrOBLEM 1291  Predict major products in the following reactions:

Cl
sto T (2)NaOCH,
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CH,COCI
—_—

so
AlCl,

)
Na/NHg
(jf‘\ o /5\ _Zn(Hg)
Tha

PRrROBLEM 1292 Predict major products in the following reactions:

KMnO, H (1) C(H,ONa
—— (b) Br
NaOH/A 2) Brz/FeBr3

e
O@

ProBLEM 1293  Nitration of toluene gives exclusively the ortho and para substitution products. Using
mechanism, explain the reason for regioselectivity.

(1) Br,/FeBr;,
(2) NaNH,/NH,

oct. (D CHCOCVAIC,
3 (2)Fe(HgyHCl
(3) H,/Rh/Heat

HSO

ProOBLEM 1294  Provide reagents that will effect the following transformations. More than one steps
may be required:

o=
N |\/VOCH3
R PN

of J—1

§
¢
(
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)@ —~an LT

ProBLEM 1295  Will the following reaction give mostly ortho/para products or mostly meta product.

Explain.
< OH  pno,
B —
og H.SO,

PrROBLEM 1296 Devise synthesis of the following compounds from the indicated starting materials:

N
“ © /@/\ 3
Cl
0
:: _~SO;H /@)‘\
Br

PrOBLEM 1297  Propose mechanism for the following reaction:

t

PrOBLEM 1298 When treated with H,SO,, a-methyl styrene gives the indicated dimeric product.
Propose mechanism of its formation:

Q/K —0
—_—

o-methyl styrene
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PrOBLEM 1299  Propose a mechanism of the following reaction:

CH, CH,

D,SO,

D

ProBLEM 1300  Would you expect Birch reduction (Na/lig. NH; /EtOH) of benzoic acid or anisole to
proceed more quickly, explain.

ProOBLEM 1301 Devise a synthesis of the indicated compound starting from benzene:

N—OH

Br

ProOBLEM 1302  Write products in the following reactions:

Br
HN03 Fe/HC1 NaNOz CuCN
(a) —_—— s ————=» ——
H,S0, HC1/0°C
Br
CH,COCI N,H,
(b) AL >
AICl, HCI
Fe/Br, NaBH, H,0"
(c) - >
o
(d) Na EtOH SOCl,
NH,

COOH
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ProBLEM 1303  Bring about the following transformation:

O
Br
OH
(0] (0]
i JL . /@)k

ProBLEM 1304  Provide structure of one example of the following species:
(a) An antiaromatic, (b) An aromatic cation, (c) A cyclic non-aromatic compound containing 6 Tt
electrons, (d) A neutral, aromatic heterocyclic compound.

ProBLEM 1305  Predict products in the following reactions:

HNO, Br,
(a) —_— —>
HZSO4 FCBI'3

CH,0
NO, CL/AICl,  CH,=PPh, H*
(b) Cl/AICL _ CH=—PPh,  H" _
H,S0,

KMnO, H,0" Na/NH,
(C) —_— > — 3
NaOH/heat EtOH
OH (1) CH,Li
(d) (1) CH,Li (excess) > Zn(Hg)
(2) H,0* HCI
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CH,COCI  (1)NaBH,
_—  —— >

© AlCI, (2) H;0*

ProBLEM 1306 Predict products of the following reactions:

CN  PhLi H,0*  CH,MgBr
(@) excess

HO
) D,, Ph
heat, pressure

Br, NaNH,
(C) _— —>
FeBr, NH,
Naoy _ _CHLi o MO
€XCeSss

HCI 0,
—_—
NH, /EtOH H,0 (CH;),S

_(WNBS/hy,  LiAlH,
(2) NaOCH, H,0*

H,0*
—_—

243
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ProBLEM 1307  Provide reagents that can be used to carryout the following transformations:

OCH,
H,CO

R
®) || | —

\/

RN H
(©) | —

v/ O,N 0]

ProBLEM 1308 Identify 4, B and C in the following sequence of reaction:

CcH;CHO
oo ¢ . s 19
H,0

Ph;P
CH,OCH,I k> C
BuLi

ProBLEM 1309 Nitration of 4 can give rise to seven possible products in principle (B H). However,
only three are produced. Indicate, which are formed and explain with the of aid of mechanism.

NO, NO, NO,
O,N
HNO,
—_
H,SO,
O,N
A B C

NO,

NO, NO, NO,
~ ~ NO,
D E F
NO,
NO, NO,
' i ~NO,
G H
NO,
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ProBLEM 1310  Provide reagents that will bring about the following transformations:
ﬁ
"¢ CH,
(a)

/CH

N 3
XN < > N
]
\CH3
CF, CF,

ProBLEM 1311 Propose mechanism of the following reaction:

FeBr;
+ Br2 —

SO,H

PrOBLEM 1312  In each of the following pair, select the more stable one:

(a) é or % (b) © ©
(©) @ or @ ©ﬁ ©

ProBLEM 1313  Rank the compounds in each group in increasing order of their reactivity towards
electrophilic aromatic substitution reaction:

(a) Chlorobenzene (I), fluorobenzene (I1), cyanobenzene (II1),

(b) o-dichlorobenzene (I), benzaldehyde (II), methoxybenzene (I11),

(¢) methoxybenzene (I), o-xylene (II), benzene (III).

ProBLEM 1314  Discuss the orienting effect of nitroso group ([J NO) in aromatic electrophilic
substitution reaction.
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ProBLEM 1315  Provide synthesis of the following compounds starting from benzene:

X
a) (b)
O,N

COOH

|
Cl

ProBLEM 1316  Write products in the following reaction:

Br Mg Co,
(b) — > o
H,0"

OCH,
OCH, CH MgBr H,0* d Na
excess @ NH,/EtOH

CHNCI
—>

ProBLEM 1317  Starting from benzene synthesize the following compounds:
NH,

(b)
Br

o s
) CH
Br

ProBLEM 1318 Furan undergo electrophilic aromatic substitution. With the help of mechanism,
explain the most probable site for the attack of electrophile on furan ring.
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ProBLEM 1319  Bring about the following transformations:

NO, OH
OCH,
(a) —
(b) —
CH,
N
(©) —

ProBLEM 1320  Which of the following pairs is more stable:

\ \
I I |

II

ProBLEM 1321 Arrange the following compounds in increasing order of reactivity towards
electrophilic aromatic substitution reaction:

(a) Chlorobenzene (I), benzene (II), nitrobenzene (I11),

(b) m-chloroanisole (I), p-chloroanisole (II), anisole (III),

(¢) Cyanobenzene (I), p-cyanotoluene (II), p-cyanoanisole (III).

PrOBLEM 1322 Bring about the following transformations:

0= 0-~0C

ProBLEM 1323  Starting from toluene, synthesize:

CH, - CH,
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ProBLEM 1324  Predict the direction of electrophilic attack on the following compound:

N CN

ProBLEM 1325  Provide structures of 4 and B and suggest mechanism of their formation:

Cl

c1
(2) > C H,(A) < O
AICI, 1o AlCl,
P(OMe _HCINaNo,
(b) OO o ¢ HN = INaNO,
heat B 0°C, then heat

PROBLEM 1326  Propose mechanism:

OMe
COOMe COOMe
then HC1 -
NHNH,

ProBLEM 1327  Bring about the following transformations:

T—Z 7

P CHO
(- -

/\ / OH OH
©/ (;( |\/ e CH;

o==0
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CHO
Ph COOH

OCH, OH
-
Ph
(0]
0= QLG
NHNH, N
|

ProBLEM 1328 Provide missing species in the following reactions:

Na
—_— __HBr _
liq. NH, Peroxide
KMnO4 (d) NBS
HO- /heat hv
/©)\/\ = 5) .

AlCl § H SO4

ProBLEM 1329  Propose synthesis of the target compound starting with the substrate provided:

@@a (b)©_,

O,N cl

OH
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ProBLEM 1330 Complete the following reaction:
NH,
(@) 50, (b) Sh
HNO, FeBr;

(©) — =

ProBLEM 1331  Starting from benzene, synthesize:

COOH

ProBLEM 1332  Bring about the following transformations:

(only product)
0]
(b) -
O/ 0

(c) © . ©)\NH2
(d)©/——> ©/V\

(cis/trans)
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ProBLEM 1333  Classify each of the followings as aromatic, antiaromatic or nonaromatic:

‘ A
CANN® OA © @ ©
N
N
Jo-Riss
=

ProBLEM 1334  Ordinarily barrier to rotation about carbon-carbon double bond is quite high
(= 40 kcal/mol) but the compound shown below was observed to have a rotational barrier of about only

20 kcal/mol, explain.

ProBLEM 1335  Specify whether you expect the benzene ring in the following compounds to be
activated/deactivated for electrophilic aromatic substitution reaction:
(0]

NO,
(a) (b) ©/
NO

2

(0]
JOWE @ el -en
o

(e) ®
CH,
CD,

ProOBLEM 1336 Propose a reasonable synthesis of each of the following multiply substituted arenes
from benzene:

Br
(a) (:1<<;>~N02 (b) Br@—‘\/
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(©

O

SOH

ProBLEM 1337  Predict products of the following reactions:

Br
2 b) CH COCl1
FeBr, AlCl
HNO,
H,SO @ 5\ H, SO
29y

(a)

(©

Ql% .

COOH

HNO,
Hea ®
H,S0,

CO, HCl1
—>

© AICL,

Q

ProBLEM 1338  Predict product of the following reactions:

O
NaNH, (b) Na/N H,
NH, EtOH
NO,
(0]
OH F
NaOH ON NO: CH,CH,NH,
() — (d) ?
Br,
NO,

(a)
0

O

N

8]
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Cl (0)
(© DA (0 o o
[(CH,),CH],NH FeCl,
CF,
Cl
OH
© (CH,),CHCH,CI " /@/ =
AICI, H*
OCH,
ProBLEM 1339  Propose mechanism:
/\/NHCH3 OH
0 NN
O,N NO
2 \©/ 2 H,0 OZN\i;/NO2
E—
NO, NO,
ProBLEM 1340 Classify each of the following species as either antiaromatic, aromatic or non
aromatic.
(@ b) @l © CO @ 6 © Do

(
(0 D©D © ()

ProBLEM 1341 Discuss the reasons for low energy barrier to rotation about the double bond
connecting the two rings, as compared to normal double bond.

.
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ProBLEM 1342  Suggest a method of synthesis of the following compounds starting from benzene:

COOH NO,
(b)
NO,
COOH F
OH NH,
OH
(d)
CH,
SO,H OH
()

CH,

PrOBLEM 1343  Predict product of the following reactions:

~n7

Cl
(d) — 2 =
H SO FeCl,
CH,
COOH

HNO,
—_—

H SO H,SO,
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COCH,

H
|

N CH,
(&) T oo
FeBr3 NH /EtOH

(¢}

CH, COCH,

ProBLEM 1344  Bring about the following transformations:

ProBLEM 1345 Synthesize following compounds starting from benzene:
OH

(a) (b) H,N — COOH

PrOBLEM 1346 Identify A to F in the following reaction:

Cl
HNO N,H Co(OAc)
(a) — > 4 — 2 B———= 2 »
AICI, H,SO, NaOH/heat AcOH/HBr/O,

HNO, Co(OAc), ]
(b) —> E ——— F ——————> No reaction.
AlCI, H,SO, AcOH/HBr/O,

PrOBLEM 1347  Bring about the following transformations:

(a) © — m (b) from benzene
(0]

CH,NH,
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F NO,
Br
PrOBLEM 1348  On the basis of Huckel rule, discuss the aromaticity of the followings:

O

PrOBLEM 1349  Give formula of the major organic product in each of the followings:

NH,

OCH, 0o O
F )L o L )k H,S0,
@ . O e

AlCI,

NO,

CH,C1 F
(©) _HNO, (d) . _AICk
H,SO,
Br,
(e) OH ————»
CHCI,

PrOBLEM 1350 The following compounds undergo intramolecular Friedel-Craft reaction in presence

of a Lewis acid catalyst. Give structures of most likely product in each case.

O
X(id — o @g -
(0]
OMe cl
o O~ —

o Cl
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ProBLEM 1351  Synthesize the following compounds starting from benzene:
(a) 2-bromo-4-nitro toluene, (b) p-bromoanisole, (¢) p-nitrobenzene sulphonic acid.

ProBLEM 1352  Bring about the following transformations:

COOH
COOH
O =) -
COOH
SO,H
COCH, OCH, OCH,
NO,
© ©i> . (@) —
OCH,
CH,0
Cl Cl E
Q-0 O
NO, COOCH,
Br
OH NO,
® S (b © — @\/\/
cl

C
o
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ProBLEM 1353  Starting from benzene, synthesize the following:

Br
Br
Br
CN
D
NO,
OMe
(e) F@—COCHZCH3 )
CH,OH
NO, CH,
Cl Br Br
(€9) (h)
Br

ProBLEM 1354 Complete the following reactions:

NH,
@ NaNO, CuCl
HCl/0°C HCI
Br
NO,
CN
HNO,
(b) —_—

H,S0,
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NaBH, -
(c) —_— —
H,0

KMnO, _ NaOH

(d) - >
H,0/NaOH  CaO/heat

Cl

CHO
63} EtOH H*
1 mol C¢Hq

ProBLEM 1355 A sequence of reaction has been carried out on benzene as described below. Provide
reagents which are needed for each observed transformations and give a structure of product £ which
results.
0]
OH

H H
©—A> 0" Yo 2= 0" Yo _C
L L]

OH OH
CHO D ©></\ COOH HY
— —E

ProBLEM 1356 Each of the following reaction is reported to yield single predominant product. Write
structural formula for one of them.

(a>©+wﬂ>
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NHOAc o
CH,CH, )J\
Cl

(b)

AlCl,
CH,

OH

(c) i,

CHC,
CH,
C(CH,),

@ @
CH(CH,),

CL/AlCI,
(e) ON —_—

ProBLEM 1357  As written, the following synthesis has certain flaws. What is wrong with each of
them?

CH, COOH
(1) Br/Te
@ (i) K,Cr,O,/H"
(iii) Li/Et,0
(iv) CO,/H,0
COOH

(i) HNO,/H,SO,

(b) =
(ii) NaNO,/HC1/0°C

(iii) CuCN

Cl

CH,
CN
Cl
(©) (i1) CH,4 5 _
(iii) Sn/HCI
NH,

(iv) NaOH/H,0
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Cl
(i) L/EL,O
@ (i) HCHOMH,0 COOH
(iii) Li/Et,0

(iv) CO,/H,0

ProOBLEM 1358 Bring about the following transformations:

Cl COOH
Cl COOH

-0—0Q O

COOH COOH

Cl OCH; F
OCH,
© . (d) — /O/
HOOC
OH

ProBLEM 1359 If we do the electrophilic bromination on the compound below, only one product
(major) will be formed. Predict structure of the predominant product in each case:

(@)
Fe
CH,0

Br,
(©) —OCH, ——>
FeBr,



262 Problems in Chemistry

ProBLEM 1360  Write product (major) in the following reactions:

0
Cl NO,
NH B H,SO
() e () .
NaOH S0O,/100°C
MeO
OMe
NH, OMe
OMe
NaNO, HPF, Heat L
(c) — e b —(d) —
5 H,50,/0°C CuCl,
T

NO,
(0] Cl
(e) ©/ j< . O/ _AICL

ProBLEM 1361 In the following sequence of reaction, every steps has certain flaws. Correct them by
providing appropriate reagents:

Br Br Br Br
NO, NH, NHCOCH,
HNO,/H,S0, CF,CO,H Ethanal
(A) (B) H* (C)
Br Br
NH CH,CH,CH,CI
NHCOCH
NaNO;, * HO LiAIH, 3 AICI,(D)
B —— - -
H,S0,/0°C (E)

COOH COOH

(F)
Br (i) LVEt,0 Br
CuBr (11) CO,/H,0 F,
—_—
Fe
H) F
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PrOBLEM 1362  On the basis of Huckel rule, decide whether the following species are aromatic or not:

o 1
=

© _ (d)
Q@

ProBLEM 1363 The following series of reaction was performed during synthesis of E. Provide
appropriate reagents needed to perform the indicated transformations:

CoCl1

S gt
Q)rwm

ProBLEM 1364 Two, isomeric, aromatic lactones 4 and B have molecular formula CyH;O,. Both 4
and B dissolves in dilute NaOH solution but none gives gas with NaHCO;. Both 4 and B gave violet
colouration with FeCl,. Reaction of 4 with NaOH followed by work-up with CH;I yields C(C,,H;,0,).
Selective demethylation of C with BCI; followed by aqueous work-up yields D which is also an isomer
of A. D showed presence of an intramolecularly hydrogen bonded hydroxyl group. Complete hydrolysis
of either 4 or C with dilute H,SO, produced the same compound E(C4gH¢O5 ). Oxidising E with alkaline
permanganate followed by acidification of product yields F(CgH,O,). Heating F* with sodalime
followed by acidification of product yields 1,3-dihydroxy benzene. Identify 4 to F.

PROBLEM 1365  Write the major product in the following reactions:

Cl fiNO, b) O,N L
_
(a) 11,50, (b) O, Fe
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CH,CI Cl,/Fe
3

NO,

PrROBLEM 1366 Bring about the following transformation in good yield.
Cl

NH,
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Solutions

AROMATIC COMPOUNDS

CzHSOTH—CH3 C,H, 7(; CH, C,H, (|:| CH,

A B

o
HOOC@COOH +C@C—OCH CH,01-

OOH
I
@—CH=CH—C—CH3
O,N COOH
COOH
w U

OCH,

(g) X: HNO,/H,SO, followed by reduction with N,H,/OH™ /Heat.
Y : Reduction with N,H,/OH™ /Heat followed by nitration.

%:
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1228 Ph g + .
) OH, !/ > — Product
1 ©/\ —> ©)\ ag. KOH
OH _H'
H; H3

Ph NS
—H* PhCH— C CH,
- -

I
1230. CH3O©\C: CHCH3 CH3OOﬁ—CH3 HO ﬁ—CH
A B o C
]
C—CH3 o C—CH,
O E
(@)
Ph
1231. (a) PhCH,COCI
AlCL AlCl
Cl
Ph
N,H,
OH-/Heat

Cl
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(b)

H,SO,
(C) 5 Heat

SO,H

1232. /@\
H3C—TH

CH,OH
OC,H,
y
H3C—TH/ : > CH,OH
OH
c
Cl
CH,
CHO
0

599

OH T)H

CH~__ CH,CI CH—CH,
CH, AICI,

PCC
— > Product

COOH
o - ©/
—_— ——>
HO,S

3

HNO,
— =
H,50,
NO,
H3C(|1H/©\ CH,I
I
B
CH,
CHO
0
D
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Problems in Chemistry

OH
C,H;ON (CH;COO),Hg  NaBH
1233. (a) PhCHZCHQCHZBrLZL PhCH,CH=— CH, #» — PhCH,—CH—CH,
C,H,OH 2
OH
Pd/BasO | HO' CHC=CN
Product <——— Ph—CH —(|t—CH3 < <" PhCH, C—CH, <<€
2
C=C—CH, )
Cl Cl
0
HNO /\
(b) e Mg, o OzNOCH2CHZOH 2B product
29V ether CCl,
NO,
ﬁ
—Cl
AICI ||
(c) +Cl, —
AlCl
AlCI M i
(@) CeHg +Cl, TR CH,@. % CoH MECI Ox‘gafe C(H.CH,CH,0H mC
H;
@) OH
[

, 0
C6H6CH2—C—C6H5 M ¢ H cH, CH—C H;

I
O . AICI, A
(CH3)3CCH cocr | P

PN )4
soc12 07 CH;
(CH,),CCH,COOH

T H,0%/Na,CrO,
B,H/H,O
/&/ —— 22 > (CH,),CCH,CH,0H

rCotls MeCl

—

NaOH
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0 o)
1234. (a) Ph -\
x No v z

0 0 0
I e
(b) Ph—C—CH, Ph—C—CH,—CH,—C—Ph Ph o Ph
z

0 0
©  py /{k/\ CN  Ph /{k/\ CHO Ph /@
X Y OZ

AICI Cro,Cl
1235. @ (| ) —= [/ \§_CH e N/ cro _CHiCOOMe
o 0 A0 o C,H,0Na

Heat

Product <——— / \7CH: CH—COOMe

O o}

)J\/ Aot )k/\ HOCH,CH,OH
—_—
(b) pp +KCN =25 pp CN  H/Heat o.__O

h></\CN

P
(0]
H PO H ()Jr CH3MgBI‘
Product <=——* :
Ph
(@)

ON
HNO NaBH
©) I\ s [\ cheoc T, Product
g~ HSO, z s> AICI,
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NO,
1236. (a) _HNO, Zn-HCI HNO,
H,S0, > e
CH cocl
NHCOCH, NHOC—CH,
<NO: - mo HNO, cnel
0°C H,S0, e
NO,
K F F
HBF, KMnO,
— -
A NaOH
NG, COOH CH,

Problems in Chemistry

X
=i

HNO, HBF,
- €
0°C A

A H
O\ + F
O/N:C>+/ + :IlI—Et
¢ \/ |

(Positive charge at p-carbon activate

the nucleophilic attack)

o . Ck
(0]
< “N—Et

Et

O (@)
© @ © + {%0 AIC,
O

Et
O,N —N< + HF
Et

CH,OH
—> Product
H*/Heat
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CH,CI HNO, Zn-HCI
— CH —_— n-
AIC, 3@ HaSO, CH3@ N H@

COOC,H, COOH
_CH,CH,OH
OHC NH, <10 CrO,Cl,
Ac,0
NH,
]
OH O—C—Ph OCOPh
.
1237. (a) H,80, KOH H,0" PhCOCI _HNO,
A H,S0,
NO, N,Cl
HNO,  Br, Zn-HCI NaNO, H,0
(b) — e 1 s s ol
H,SO,  AlBr; HCI/0°C o1
Br Br
I
O—C—Ph
PhCOCI
-

Br
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CH, COOH
CHC > HNO, KMnO, H,0* PhOH
(©) ——> — > ——— Product.
AlCI, H,S0, NaOH H*/Heat
NO, NO,
NO, NHCOCH,
HNO Ho
(d) — - Zn-HCl  CH;COCl  HNO;, 0
H,S0, T T T Thso, —
NO,
NaNO NaNO,
b — s Product
HC1/0°C Heat
NO,
HNO
(e) > Zn-HCl_ CH,COCI_ HNO; ,
H,SO, 3 > —>H SO e
OH
. KCN NaNO _ H,0 NaNO
Product <—& o2 A < HCI - 2. )
HCl/0°C boil HCl/0°C
NO2

OH

dilute
Conc. H,SO
H it e _H,50,
FeBr3 reﬂux
NaNO
1238. (a) +HNO,/H,SO, — Zn HCl aNoO,
FeCr, HC1/0°C

—> Product
KI
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Cl Cl
HNO,
Zn-HCl ~ NaNO, aq
b . —_— > — —— Product
(b) Cl,/FeCl; —> H,S0, HC1/0°C K
NO,
NO, NO,
cl, Zn-HCl  NaNO, aq
c) — 2 e —— — "% —> Product
FeCl,(excess) HC1/0°C KI
Cl Cl
NHOAc¢ NHOAc
NO
H, 2
1239, (a2 HNO,  ZnHCL  chcocl Cone. H,80, ~ HNO, _
—>H2SO4 Blockmg H,SO,
N,*Cl-
PhL N NO, g, O+
LiCl + N, + - - Reflux
HC1/0°C
NO,
B Br Br
(b) Zn-HC1 NaNO
aqueous HC] /0°C I—I3PO2
Br
COOH
NaOH NaNOZ(excess) H,0
CaO/Heat " Horoc Boil
NH

Y-

Tautomer
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H NH, H NH,
N/ N+
N: $H3 N
CH H,0
1240 Q Z.(fgo . Qy . o
MeO MeO o~ —h
CH,CH,COOMe L
CH,COOMe
H NH
N+ ?
N
— B
-
MeO 3
MeO HC
CH,COOMe 1
CHZCOOMe
@ s g Qe -
CH,COOMe CH COOMe
M CH,0 H,0"
1241.(a) PhBr (L *0. T2 °° pEGH,0H "°C  Product
ctner
Cr0O,Cl
(b) PhCH, [, > 2 Product.
Ac,O
Etard’s reaction
OH
H,0*
(c) +cHel, — MO P o product
Reimer-Tieman
reaction
OH OH
Conc H,SO, AICl(excess) H,0"
(d) R Y — > Product.
CH,COCI Reflux
SO,H
OH
Hz H, CrO
(e) C H,ONa
——— > Product

C,H,0H
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(f) PhCHO
0
© © N A
0
CH, CH,
1242. (a) _HNG, Zn-HCI
H,S0, —

NO,

OH
+ LiAIH
KOH H;0 4
H,SO,
NH,

%?

hMgBr  H;0° PCC
—_— — > P

607

HCN H,0"
—_—

—3—» Product

©)5 Zn(Hg) ©/>

COOH HOOC
@@ -
O

CH,
H,0 HCl
Boil HCN/AIC,

OH

CH,

H,0"
CHO
OH

OH

NO,

Br
Br Br
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OH OCOCH, OCOCH, OH
@ CH,COCl AlCI, H,0"
Protection CH,CH,CH,CI
OH OCH,
© Conc H,SO,  koH H,0* (i) NaOH Conc H,SO,
A A (if) CH,Cl1 Blockmg

SO,H

CH3
H,O* H,ClI
Product <KOH NBS 3 CH,C
aq Reflux AICl,
1243.PhCH, Br + CHCI,;.

NO,
Conc H,SO, Zn-HCl NaNoO,
H SO

HCl1/0°C

H,O
Product <2—|

SO;H oil

CrO Cl,
ACz H SO,

1244. (a)

CHO CH,

N,H,
_—
OH-
NO, NO,

H,O _
Product =20 <2NO Zn-HCI

Boil HCl/0°C

Conc H,SO H,O"
— T i KO—H> —— > Product

Heat
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Zn-HCI_ NaNO, CuCl
— “» —>» Product
H SO, HCI/0°C

(Excess)
NaNO CuCN
Zn Hel —>a 2 s Product
HCI1/0°C
[from (d)
NO,
Na2 NaNO KI Zn-HC1 NaNO,
HC1/0°C HCl/0°C
1 H,0 |
Product.
[from (d)] ol
NO,
NaNO, _ CuBr Zn-HCl NaNO,  KCN
—— ——— —> Product.
HC1/0°C HCl/0°C
Br
[from ()]
CH, CH,
NO Br
HNO, 2
h) Toluene —— Zn-HCl NaNO, CuBr
( ) HZSO4 > —O> —_—
HCI1/0°C
(excess)
NO, Br
H.Cl
Product. <C;C]
AlCI,
NO, NO,
Br,(excess
(i) HNO, Br(excess) _ JnoHC
H,SO, FeBr, —— > Product

Br Br
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NH, NHCOCH,
(]) HNO3 Zn-HCl1 CH3COC1 Conc HQSO4 H o+ BI'Z
H,S0, Protection FeBr,
SO, H
Br NH, NH,
B Br Br
Br rN O cupr " Br no- kou
a ubr - -
< fusion
HCl1/0°C
OH OH SO, H
NH,
HNO, _ Zn-HC CHCOCL HNO  HO_ B,
(k) H,SO, H,S0, FeBr,(excess)
NaNO, Zn HCI CuBr NaNOz
-2
HCl/OOC HC1/0°C
KCN
Product
CH, CH,
Br Br
O Conc H,SO, Br,(excess) H,O" KMnoO,
FeBr3 reflux NaOH
H,0*
SOH —— > Product.
NH,
Br Br
H,0* NaNoO, K1
(m) e P R
Reflux HC1/0°C aq
SO,H

[from (j)]



Solutions

CH,
NO,
Br
() s
FeBr;

[from (a)]
CH,
NO,
( 0) SnCl,
NO,
[from (h)]
CH,
NO,
(p) NaN02
HCI1/0°C
NH,
[from (0)]

HNO,  Zn-HCI

(@) Toluene —

H,SO,
(r) Hﬁ@N;GI
[from (q)]
NO,
Na,S
1245. (a) —
NO,

L

NO,

611
CH,
NO,
Br
CH,
NO, NaNO, H,0 NO,
—_—
HCl1/0°C Boil
OH
CH, CH,
NO, NaNO c CN
HCl1/0°C aq

Br Br
NaNO
—2 H,C N,"Cl- _Phenol __ Product
HC1/0°C

Product.

NH,
H,PO,  zn-HCI CH,COCI HNO,
H,SO,
NH,
H,0" CF,CO,H
—_— ———» Product.
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CrO,Cl,
—Cl1 —> Product.
OH /Heat A1C1

NaNO
— Ll Product
HCl1/0°C

——— Product
HCl/0°C aq

©\ —-
H,0* Zn-HCI ~ NaNO, ~ KCN
NO, ——» S —Z»

CN

F, H
() HN cH, O, CH, —2 = oN
FeBr;
Br
Zn-HC1
N CH, <——J

CH, .
NaNO, H,PO,
&) 0y Iy
HC1/0°C
Br Br
NH,
0
/
CH
\
(0] - NaNO .
HOCH,CH,0H Zn-HCL_ >, KCN_ LiAlH,
HCl0°C  aq
CH,NH,
HO* CHO
—_—

Boil
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Solutions
NO, NHCOCH, NHCOCH,
(h) Zn HCI CH COCl CH <l
AlCl
No2
KMnO,
-
NaOH/Heat
COOH
CH, CH, CH, CH,
. HNO, 7n-HCl  CH,COCI HNO H,0*
2Oy H,S0,
NO,
NO, NHCOCH, NH,
CH,
CF,CO;H
—_—
NO,
NO,
NH
2 NH,
Br Br
_ B B
(k) B0 NaNO,  HPO, '
HC1/0°C
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CH,
CH,CI
1246. (a) i _HNO,
AlCL, H,S0,
NO,
(b) HNO3 Zn-HCl
H,S0,
NO,
HNO
(c) B Cl,
H,80, FeCl,

Problems in Chemistry

CH, COOH
NO, NO,
KMnO,
_— =
NaOH/Heat
NO, NO,
CONH,
NO,
NH,
—_—
A
NO,
NH,
Br, Br " crcoH
—
H,0
NO
Br 2
Br Br
Br
NO, NH,
Zn-Hg CH,COC1
Cl Cl
NH,
Br, H,0*
—_—
FeBr,
Cl



Solutions

Cl
AlICI1
@ © L5 3 e
XCESSs sto4
Cl
CZHS C2H5 C2H5
SO,H
1247.
A B
SOH
C
O

COOH
@ O
COOH

F

1248, (@ Hﬁ@cl _Me_ CHO_ HO'
Ether

OMe
Br
(b) KNH, _ Q OMe
NH,
CHO
AICI, Cl,
(c) +CO +HCl —> TAICL

615
cl
NO,
Cl
C,H, C,H;
CN COOH
D E

H3COCHZOH

CHO CH,

N,H,/OH-
— >

Heat
Cl Cl
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NO, NHCOCH,
HNO,
(d) — Zn- HCl CH COCl Conc H,SO,
H,SO,
H,
HNO, H,0* NO,
H,SO, Warm
Br
Br Br
Na2 NaNO CuBr
FeBr3 HC1/0°C
NO,
NO,
7zn-HCl CH; COCl HNO H, O*
() H3C—<;>—NO2 o, s m» H,C — NHCOCH, ——>
2 Oy
NO,
NaNoO, H, PO,
— ——> H,C
HCl/0°C
CHO CHO
© CO/HCI HNO,
—
Heat H, SO H,S0,
NO,
CH, CH,
H,0
N,H, 7n-HC1 NaNO, 2 :
OH-/Heat HCl/0°C boil

NO, OH
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0 0) 0O

m il il
1249. (a) Ph—C—C,H; (b) C,H;—C—OEt (c) C;H;—C—CH, (d) C,H,CH=CH—COOEt

O
Cocl
1250. (a) CH, + )\ AlC Zn(Hg)
HCI
/\)L AICl, Zn(Hg)
(b) C6I—I6+ Cl HCI

0 0 0
© © + 0 +AICl, —» LI ©i
HO
0 5 n
Zn(Hg) N
— |
HCI —

AICl,
(d) +CHCl — GHONa_
. GHOH
AlCl
(e) +Cl, _»
Ether

(D © +CH,COCl ——» d NaBH, ©)\

NHCOCH, Me

Cl Br
1251. (a) (c) (d)
COCH,

Br COOCH,
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CH CH
. ’ CHs CH,
NO
Conc. H,S0, HNO, S NO
1252. (a) —_— —_— dilute
H,SO, —H SO’
Yy
(Heat)
SO,H SO,H
NO, NO, NH,
HNO Br Zn-HC1
(b) — 2 . o »
sto4 FeBr3
Br Br
CH,CH,
2 CH,CH, Br—CHCH,
© C,H.Cl
AICI, H, SO —>
COCH,
aq PCC
— = ——
KOH
NO,
COCH, COCH, CH,CH,
N,H,/OH-
(d) CH3COC1 HNO3 204
AICI, Tsoo Heat
2oy NO
NO, 2
NO, NH,
(e) Zn-HCI

[from (d)]
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NO,
cl,
H —> —
H,SO, AlCl,
Cl
I "
H* NO,*
1253. @—N< — @—TTCH3 — NJr—CH3
H

O,N

(meta directing)
NH,
— > Product.

O
AlCI
1254. (a) © + /\)kCI _3> NaBH HZSO4
Heat

B,H, PCC
—° > — > Product.
OH7/H,0,
NO,
(b) NS FeSO,
H SO
Heat NO
COOH
CH,Cl1 (excess)
(C) KMHO
A1C1 NaOH/Heat
COOH
CHO CHO CH,
A
@ COJHCI_ Cl, Zn(Hg) | Mg, _—
AlCl AlCI, HCl Ether

Cl Cl
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CH,
O
H,0* [\ M +
cr
CH, OH

OH
NO, NH,
HNO, Br, Zn-HCl
(e —_— —— A
H,SO, FeBr,
Br Br
CH, CH, CH,CI

CH Cl
Br
() _5h cl,
AlCl FeBr3 hv

Br
0
AlCI
(®) +CH,COCl —> HNO,
H,S0,
NO,
CH,CH, CH,CH,
(h) N . AlCl, Conc H,S0,
CHCH,Cl ———> “Hso, |
CH,CH,
NO

2
C,H,ONa I, H,O"
Product =*—"—— <2 <> —

C,HOH hv Heat

SO,H
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Br
© +Br, FeBr, © Conc. H,S0,
SO,H
()] ZnHCl CHCOCL  _CHCI_ H,0
H S0, AIC,

CH,I ©
CH,

(@)

1255. (a) (b) ©)

O
X X
0 CH, Br
NO, Cl CH,
1256. (a) (b) () (d) (e) /EI
Br
NO,

N
X

Cl

OCOPh
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oD OH
H,0
1257. — =
D D
NO, NO,

COOH
CH,CI KMnO,  HNO,
1258. (a) e Ty, Ty
AlCIy NaOH/Heat H,SO,
Heat NO, NO,
® 1, C@ HNO, Zn-HCI. NaNoO, CuCN Hﬁ@CN
H,S0, HCI/0°C
H.,O"
—3 > Product
CH,
NO,

CH,CI HNO,
(C) —_— —_—

AICI, H,S0, (Heat)

NO,
O
O
d +
@ cl OH
NaBH,
CH,
COOH
AlCl KM O
© +cnol A i
NaOH/Heat H SO
COOH

NH
—3» Product

Heat

NO.
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'O OO OO

S o

COCH,
CHO __
1260. (a) © + CO/HCI AlCl3 ©/ C,H,C=CNa _ H3O+
OH
N,H —
C=C_C}H, 2ty PCC C=C—CH;=—
OH-/Heat
Pd-BaSO,
Product
|O 0]
AIC1 Zn(Hg) HF
(b) © n 0—=> A ©/j arg
HOOC HOOC
(0] (@)
CH,CI
— =
AlCl,
CH
(0]
O

Cl I
AIC1 CH;MgBr  H,0*
(c) PhH + /ﬁ( —» Ph—C—CH,CH, e Y Product.
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OH OMe 0 NH,
@ <> I | I i cn,
1261. (a) (b) () O O (d)
HOOC
cl SO.H NO,

COOH COOH

CH,C1 KMnO Br
1262. (a) S 2 —
AICl,  NaOH/Heat FeBr,
Br

CH.),CHOH SOCl1
Product <(—3)2—— 2
O

(0]
YolvatNsgsiives
o

HOOC |
O
N,H
2 > Product
OH/Heat
CH,
CH,CI Cl M
(© — 2 e T\j> CI—Ij_ —CHZCI —g> R
AICl, ether \ /
(excess) O
H,0*
CH, —> Product
NO,
0]
HNO, Cl, Mg /\
(d) —_— > ———> —_—
H,S0, AlCI, ether

Cl

NO, NO,
—_— —_—
OH CH,COOH
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© © Lonel Ak, /© Alcl, /©)5 a0y

HOOC
o

\
0

NaBH
Product <« <224
Heat

O
/\/ Cotls
1264. +HF — CH,——CH—CH," —7>
Allyl alcohol
Product <_ @
COOH
OH
CH,
1265.
H3C—T
CH,
Cl
AlCl HNO, Zn-HCl ~ NaNO, CuCN
1266. (a) ——» —  » ———=» ——> Product.
H,SO, HC1/0°C

AICly
Qo = @ @



626

NO,
HNO Cl
©) — —1 > Zn-HCI NaNO, CuBr Product.
H,S0O, AICly HCl/0°C
Cl
CH, CH, COOH
NaNO
(d) LHCA HNO, KMnO,, Sw/HCI a :
AlCl, H,S0, NaOH/Heat HC1/0°C
H,0
——— Product.
NO, NO, Boil
NaNO H.O*
©) R - : LueN, - Product
HCl/0°C
NO, [from (d)]
NO, NHCOCH NHCOCH
HNO
© 3 Znoncl,  CHLCOCL
H,S0, o,
Heat
Product <1BFs NaNO, H3O*
Heat HCl1/0°C
NO, NH,
(8) ﬂ» Na,S NaNO
e HC1/0°C
Heat NO,
OMe
i H,0
LiAlH, CH,CI KOH
Boil
NH, NO,

Problems in Chemistry
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(h) O - HNO, HNO, Sn-HC1_ NaNoO,
H,S0, HC/0°C
NO, I
H,0
Boil
OH

NO, NO,
N
< \ C,H,S
NO,

NO,
NO, NO, ‘Th
NHPh N—Ph
(©) (d)
O,N NO, 0, NO,
CH,0H o\ 1e CH,OH
CHO (b)
Nseatlee
A B 0 0
OMe OMe OMe OMe OMe
©
HO HO O \
O OH
E F G H I



628

CH,0H
CH,O0”
OMe
(d) OH o OMe
OMe OMe OMe
J K L
NO,
(e) CH(COOEt),  Br CH(COOE),
M
NO,
N
(f) NaH/CH;l(excess) LiAIH, Br, /FeBr,
0 P 0
OMe OMe OMe OMe
1269. (a)
A
NO, NH, N,Cl
B c D
@ﬁ )
E

(d) CH,CH,0 —@NHQ CH,CH,0 4@7 N,Cl CH,CH,0

Problems in Chemistry

Br
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L

M
() HZNQ CH, CH3—Q7 N,CI
CH, CH,
N 0
cm—@— CN CHs—Q COOH
CH CH
3 P 3 Q
CHO CHO CHO CHO
et ol
Cl
N02 NH2 N2C1
C D
A B
N,HSO, OH
MeO OMe MeO OMe
E F
CH; H, CH,
H,N NH, NI N,Cl  HO oH
(c)
G H I
COOH
() ©i N—N —@— N < (e) No reaction (L)
N,Cl
J COOH K
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N N
| He e, g
CH, o
M
Br
CH, CH, CH, COOH
=L, AL X
CH;  Br CH, CH, COOH
A B ¢ D
0
- i :COOH ‘ ' ‘ ~
Br COOH
E G
0
F
¢ OMe OMe
1272.
Br
A
B C
0 0 OH
0 0
OH OH
1273.
4 0 p OH c OH
OH
D E

|(|) CH3

1274. H c@(:—o_ H—CH,CH, /\( /ﬁ( —@COOH

C D



Solutions -

COOH
1275. 9
A

COOH
B
C
COOH COOH COOCOCH,
O
1276.
OMe OH O CH3
A B C
COOH COOH COOH
i :Br Br.
OH OH OH
F
P Br
E

0
|

1277 oo CH,CH,0H CH;CHO CgH,COOH
. B C D
4

1278.(a) Aromatic, cyclic and fully conjugated with six Tt-electrons.
(b) Antiaromatic, cyclic and fully conjugated with 41t-electrons.
(c) Non-aromatic, cyclic but not fully conjugated.
(d) Antiaromatic, cyclic and fully conjugated with 41t-electrons.

1279.Conjugate base of 4 invoke aromatic character in the middle ring therefore, deprotonation of
benzylic H in 4 is favoured. On the other hand conjugate base of B does not bring any stability by
aromaticity deprotonation of benzylic H is not as favoured as in case of 4.

CH,
H,C H
S
A

Aromatic anion
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@fﬁm

H H H
W . W @
O O O 0

NO,

non-aromatic anion

CH,0 Cl

NO, o
o
(g (h) CH;
O,N

2



Solutions 633

CHO
o
I

1281.Nitration of benzene proceeds by the following mechanism:

(0] O

N\/\/‘o S0t = N+ +HSO; == 0—N—0
GV on, 10 = O

/
nitrontum 10n
O
O—SO H
(0]
” Slow
+ Nt —— > O<—> N0<——>
”,) Rate determining
step
0 Resonance stabilized 0-complex
NO,
fast
H
NO,
+
Reaction energy diagram:
The reaction proceeds at same I
rate for both benzene and o,
hexadeutrobenzene since C—H =
bond cleavage is not occurring 5 | CoHs NO,
in rate determining step. HNO;
H,SO,

Reaction coordinate
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1282.Sulphonation of benzene proceeds by the following mechanism:

I I I
0] S—O- S—OH X S*
N K =T =Y
O/SEO +0 0o "
(0) 0]
| i ||
S S
CH, | HSO,~ ||
0] n (0)
(diphenyl sulphone)
O (0]
|
“~cn
CH,COCI1 3 Na/NH 0
1283. T%’ ml’ (_(;}ES» Products

1284.(a) CH,COCI/AICl;, Br, /FeBr5, (b) PCC/CH,Cl,, NBS/hv,
(c) H,/Rh/Pressure, NalO,, (d) CH;COCI/AICl,, HNO,/H,SO,,
(e) (CH;),CHCOCVAICI,, Na/NH,/EtOH, Zn(Hg)/HCl,
(f) NBS/hv, Mg/ether, CH,O, PCC(g) Br, /FeBr;, HNO,/H,SO,.
1285.The reaction will be slower with acetophenone than with benzene as the acyl group is a
deactivating group in electrophilic aromatic substitution.

0] O O (0N
N _ _
- - - -
+ +

Acetophenone

As shown above, electron withdrawing ([J R) effect of acyl group decreases the electron density
from the aromatic ring making it less susceptible for attack to an electrophile (Br * in bromination
reaction).
Also, acyl group, by resonance, brings positive charge on ortho and para positions, hence,
meta-positions are relatively richer in electrons compared to the ortho/para positions. Hence,
electrophile, if attacks at all, it attacks at meta positions only.

1286.The mechanism of substitution reaction is:

AN X N
| . — A OCH; —= +CI
— - Ve —
N OCH,4 N Cl N och,
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On the basis of above mechanism, it can be concluded that the order of reactivity will be:
A<C<B.

The reason for the above order are :  For the pyridinium salt, one of the resonance forms bear no
charge. This will be a stable, neutral species and the activation energy is, accordingly, low relative
to others 4 and C.

/ -
/_\OCH — OCH, —= OCH, —» Cl
Ny .
N7 N OCH,

Cl |
CH3 CH CH, CH,
stable, neutral
species =
— |
N
T|\T OCH,
CH,

In the case of 3-chloropyridine, the negative charge on intermediate can’t be delocalized,
therefore, this reaction would be expected to be slower than 4-chloropyridine where the negative
charge is delocalized.

Cl Cl
2 2
+ OCH OCH; = OCH; =» OCH,
L = NS -
N N

N

Cl OCH, Cl OCH,

) —[ |

/ 11
N N

(mor_e stable)

ﬁj
S AN g
SOlaSOENLIe)

1287.

HSO,~
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O
HO CN
AlCI, HCN NaH
1288. + CH,COCl ——> —_— CH,CH,Br
O

S ed Ty e ) e

¢) 0
CH,COCI LiAlH,
PN -
dH
0
CH,0 N CH,0
’ Ng | 3
CH; H HN OH
CH,0 CH,0 W<H
CH,
CH,0 CH,0
, = . H
NH HNy (- OH,
CH,;0 /<D CH,0
CH; H H
l CH,
CH,0 )
s Product
NH
CH,;0
H
CH,

1290.(a) Antiaromatic, fully conjugated, planar with 4 Tt-electrons.
(b) Aromatic, planar, fully conjugated, 6Tt-electrons (two from ring oxygen).
(c) Non-aromatic, planar fully conjugated, 7Tt-electrons (one from radical).
(d) Non-aromatic, not fully conjugated.

Cl Cl
01 @ D/\/ . \©i\/ N
ON NO,
OCH,
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O
O
HO,S NO, O,N
OCH,
COOH
COOH
(@]
Br NH,
©) (d)
OCH,
SOH
NO,
NO, OCH,

1293.The o-complexes formed by attack at ortho, para and meta positions are as follows:

1292. (a)

CH, CH, CH, CH,
HNO, * 1
- e
“Hso, NO, NO, NO,
e H H H

2° 2° 3°
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CH, CH, CH,
+
para
attack
+ +
H~ 2° NO, H 3° TNO, H” 2° NO,
CH, CH, CH,
+
meta +
attack NO, NO, NO,
H H b H
20 20 20

1294.(a) CH,CI/AICl;, NBS/hv, CH;0ONa,
(b) CH;COCV/AICI,, Fe(Hg)/HCl, Na/NH, /EtOH,
(¢) H,SO,/H,0" /heat, KMnO ,/NaOH/heat,
(d) CH;(CH,),COCVAICl,, NBS/hv, CH,ONa, RbvH, /A.
1295. 00 B(OH), is a meta directing group due to following resonance phenomena:

HO\B/OH HO\ﬁ/OH HO\E/OH HO\E/OH

O-0~0—~0U-

The above resonance structures reveals that [J B(OH), withdraw electrons from ortho/para
positions deactivating the ring for attack of electrophile. Even, if the compound is subjected to
electrophilic attack, it occurs at meta position.

CH, CH,Br
CH.CI
1296. (a) ey g NBS__ NaNs _ product
AICL,  AICI v 52
cl
SO,H
_HSO/HO _cH,cocl

(b) Product
dlsulphonatlon F eBr3 AlCl



Solutions 639

(‘\ | | OH
1297. CH—CH,—Br —> C6H5—(|3]OQ§— ? C¢H,CHO + /S\

—H*
ot <1 O‘ B
+
H

CH, CH, CH, ] CH,
1299. + Dt — - —H_
+
_H D H” > D b
D
CH, [ cH, CH, ]
D H H
_H*
~ - D = D
+
D . D D
D* —
CH, CH,
D D D D
H A,




640 Problems in Chemistry

1300.Benzoic acid.
The mechanism involves addition of electrons to form a radical anion in the first step as:

COOH COOH COOH COOH

EtOH
+e —>

COOH COOH
EtOH
Stabilized by
electron withdrawing group
O
1301. N o AlCh_ HO_ AlCl
o
0 | |
C
OH Zn(Hg) OH
CH,Li(2 mol)
H,O
Br
o
NHOH _ product

Cl
1302. (a)

enantiomers



Solutions
Br Br

Br
NO,
CH,COCI HNO
—> 3 3
130 © Febr i, TS0 —
O o
Br Br
OH N,CI- NO,
H,0/A NaNO, H* Fe EG+
HCl/0°C H;0* HCI H
O:|
o o 0

641

0
o_ _O o_ _O
EG H,0*
o _HNO,
H H,SO, \

Zn(Hg)/HC1

HNO, CrO,Cl,
—_—
H,SO, Ac,0 02N
(0]
OZN/©)‘\

(Etards reaction)

N
1304. (a) A (b) ©+ (c) @ (d) |
N/

O,N
l (Alternatively) (o/p directing)
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NO,

Cl

Br
NO,
1305. (2) (b)
O,N
NO,

OCH,

(c)ﬁb— COOH (d) ©/\ (e \(Q/
Ph
1306. (a)
HO OH
OH OH
C
X 0)
(d) | )
=
N

OH

CHO )
CHO+ CH,OH OCH,

F;

1307.(a) (CH;),CHCOCI/AICI;, Ph,P=CH,,
(b) O;/Zn—H,0, Zn(Hg)/HC],
(¢) Br,/FeBr,, HNO,/H,S0,, Mg/ether/oxirane/H;0", PCC/CH,Cl,,
(d) Alternative : CH,Cl/AICl;, H,SO,/HNO;, NBS/hv, Mg/ether/CH,0, PCC/CH,Cl,.
1308.CH,OCH==PPh, C(H,CH=CHOCH,; C H;CH,CHO
A B C
1309.0nly B, D and G are formed. In order to rationalize, we need to see the sigma complex in each case.
In sigma complex leaging to C, E, F, H, one of the resonance form places the positive charge onC,,
which is the carbon bearing nitro group. These products are then all disfavoured.
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NO, NO, NO, NO,
N NO

e
o-complex of B o-complex of D o-complex of G

In none of the resonance forms of the above 0-complex it is possible to place positive charge (+) on
carbon bearing J NO, group.

Sigma complex of remaining four places positive charge on C-bearing [1 NO, in one of their
resonance form:

NO,

NO, NO,
O,N ~ O,N O,N
- -
h +
NO

og-complex of C

O,N

-

not favoured resonance form

o o) O

O O
1310. (2) _EG _ e I Pd/C
H* A H,

NH,
. O:|
H,0*
Product <———— O

CF, CF,

HNO, _Fe/HCI; NaNO, CeH N(CH3)2 Prod
(b) I roduct

H,SO, T Haec

NO,

N, ClI-
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1311.Br, +FeBr; > Br' +FeBr,

OH OH OH
H,C CH, H,C CH, HC CH
+ Brt — —
+
Bro=s=0
Br

SO,H |
| OH +HBr + SO,

&7

1312.(a) I, (b) 1, (¢) I, (d) I, they are all aromatic.
1313.(a) HI<II<IL (b) II<I<II, (c) I <II<I.

NO NO
" +
1314. R R H DI H < H
attack
E
*N=0
_para _

0-complex is stabilized by +R effect
of —NO functional group.

NBS
1315. (a) +CH CH Cl — ©/\ /O/\
H, SO

C,H,ONa
C,H,OH

(®) + —2 4> —— > Product
NaOH/A  H,SO,
(0]
(0]

Product



Solutions
CH,
AlCI,
(c) + CH,Cl —
OH
/\
1316. (a) |
\/

CH Cl
AlCl SO,/A

H
1317. (a) 50,

Cl

AlCl,

(b) Br, SnCl,
H, SO FeBr; HCl

645

CH,
NO,
Cl, H,S0,
FeCl, HNO,
Cl
COOH
KMnO,
_—
NaOH/A

i _NO,
Cl

CH; CH,
OH
m o E>><
/\ / OCH,
@ | | () OH N=N
\/

+

NaOH H,O
_NaOH_ 0 o product

fusion

N,H, Br,
—2 1
NaOH/A FeBr;
Br
NBS/Av C,H;ONa

—_—
CH,OH Product
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1318. @32

o
1

Problems in Chemistry

attack at C-2 O< O< O<

Three resonance structures

attack at C-3 6 6

Two resonance structures,
less probable.

Therefore, electrophile is most likely to attack at C—2 position.

NHCOCH, N,CI-
+ NaN
1319. (a) _Zn-HCl_ CH CocCl1 CH Cl H,0 aNO,
AlCl HCl/0°C
CH,
H,O0
——2—» Product
OCH, 0
HCl CH,Cl
(b) Na/NH 3
EtOH Na/A
0O
CH,=PPh,
Product -=———
OH
(c) %» Mg CHO_ Ho PCC
ether CH,CL
NH i
CH,I (excess) 2 <_N}_L:_
Product =————— Pd-C/H,



Solutions

647
1320.(2) II, (b) L
1321.(a) HI<I<II, (b) I<II<II, (c) I<II<IIL

/\/ Cl

_AICL, _ Zn(Hg) CH,CI

1322. (a) || — ——3 Product
HCl AICI,
NHCOCH,
(b) HNO, _@_» M» E> H3O+
H,S0,  HCI

H,S0, H,0
CH,CH,0Na NBS/Av
Product - - H2N
CH,CH,0H

CHO CHO
/ﬁ(CI

Cro, 0 EG

1323. "Ac.O > - = N
2 or AICI, H
(0]
HO" /Pd (CH3)2NH

Product <—

AN
N CHJ CH,
CH3/ \CH3

CN CN CN
X - AN + X
1324. —_— H - H
ortho attack
~ E E
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CN
AN Y CN
-~ H - H ’
E E

destabilized by CN

CN CN
£ o N
—_— -
meta + <> <>
attack
H E H E

Meta attack of E* avoides the electron withdrawing effect of [ CN group as positive charge can’t
interact directly with CN group. Therefore, meta attack is favoured over ortho/para attack of
electrophile.

N
A
COOMe
COOMe
S eEe .

w T

NH
OMe
Me
COOM
{cooMe H* ¢
“H,0
N N OH
NH, NH,
OMe

COOMe 7NH COOMe

NH
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OMe OMe
COOMe H* COOMe _yg+
s S
r> ~
N N
|+
H
OM
¢ N COOMe
NH, +NH,
N
H
M, CH,0O PCC
1327.(2) PhBr ML, M0, T 2 Product
Et,0 CH,(Cl,
ag. NaOH
(b) PhO CH,mmNBRRY, o PCC product
CCly CH,(Cl,
CrO4
or Ph0 CH,ME- 0 Ph CHO
Ac,O
(Etard’s reaction)
OH
CHCl,/NaOH
(¢c) Ph—OH - - —>
Reimer-Tiemann Reaction
CHO
OH OH
H.SO CH,COCl H,0*
(d) — Reflux HO
O
SO,H
CH,
OCH, OCH, OH /O
(@) H,/Ni H,0 PCC
Heat Reflux CH,Cl,
(0]
Cl, EtONa
heat Fon . Product

Cl
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OH OH
(f) Ph—cHo mi™8H, off®m, e HON  ppcpp mi2>%*  ph—C—ph
CH2C12 - 11,0 -
CN COOH
0
(@) N 0 AICl, Zn(Hg)
HCI1
COOH COOH
HF
—_—
©\ + /|/ij H+ Heat
NHNH, G N
H

COOH
1328. (a) @ m

o §.



Solutions 651

0 0
O
AlCI
1329. (a) + M s I Cl,
cl AlCl,
Cl
Product HNO,, H,50, N,H,
OH/heat
Cl
OH
Br )
) LI Mg O CHCHLCHO_ _HS0,
FeBr, EL,0 (i) H,0* heat
0}
H +
Product B NaBr <MCPBA

Br

N

NH,
1330. (a) (b) + (©

Br
NO,
Br
NO,
1331. HNO, Fe Ac,0 HNO, H,0" NaNO,
H,SO, HCI H,SO, HC1/0°C

OZNAQ—NQQ
H,SO, NaOH _ 3 4 H, O+
SO, fusmn NaOH
COOH

(I)
—> Product
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Br,
1332. (a) CrO,Cl, FeBr,
Ac,0
MeO (Etard’s Reaction) MeO MeO
Br
(only product)
Ph,P =CH,
_—
MeO
Br
O
Ph,P=—=CH
(b) 3—2> Product
1 equiv.
O
OH
N/
|
CH,COCl H,NOH LiAIH
(©)  CgHy : > = ——> Product
AlCL,

NBS NaOH_ _PCC CH;CH,CH== PPh,
CH,CI,

= Product

1333. (a) Non-aromatic, (b) Aromatic, (c) Aromatic, (d) Nonaromatic, (¢) Aromatic, (f) Aromatic.
1334. Since, both rings are aromatic with the following resonance structure:

both the rings are now aromatic hence double bond character between the
rings are very less, therefore less barrier to rotation,

1335. (a) Deactivated, (b) Deactivated, (c) Activated, (d) Activated, (¢) Deactivated, (f) Activated.

A B0 pduet
—_— _> roduc
1336. (2) AICE HNO,



Solutions 653

o

) © Cl  Zn(Hg)  NBS/Av
FeBr3

—— Product
AlCI, HCl CCl,

H,SO Zn(H
50, - ZolHy) b quct
AlCl SO, HCI

1337. (a) ©
O,N
0
COOH

5\ © <>\/ ® @\
CHO
OH

1338. (a) /@\ (b) (©) A\é/é

NHCH,CH,

N NO,
(e)
NO,

OCPh

o JOT

) P
o »
o
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Cl
HO
(8 (h)
OCH,
1 CH,
0y NHCH, +N o N—CH,
Y o 0 H A o
1339. O,N §< O,N /ﬁ/o ON N
_H*+
bo I \O* L \O‘
NO, NO, NO,
AN O~
H,0
ON NO, =, Product
—_—
NO,

1340.(a) Non-aromatic, (b) Non-aromatic, (¢) Antiaromatic,
(d) Antiaromatic, (¢) Antiaromatic, (f) Aromatic,
(g) Aromatic, (h) Aromatic.
1341.Since, double bond is in resonance and involved in aromaticity as:

Here, both the rings are aromatic, therefore, this resonance form is
a major contributor. Due to this resonance structure the double

— bond between the two rings has acquired significant single bond
character giving low energy barrier to rotation.
CH,CI (excess) KMnO H,O0*
1342. (a) CH, ——> H, CH, ———> o, Product
AICl, NaOH/Heat



Solutions

© H,SO /heat

NO,
CF,COH
-
NO,
F

HNO,

Em—
H,SO,

OH

e
L s

(@) HNO(; Fe/HC[_ CH,COCI

H,S0,

Fe CH,COCI
—_—

CcO
HCV/AICI,

655

NO, NH, NHCOCH,

Zn CH,COCI

—_— —_—

HCI
NO,

NHCOCH,

€XCeSss

NH, NHCOCH,

H,0"

heat  NaNO, Sn

HBF,  HCI

HNO,

H,S0,
NHCOCH,

CHO CH,

HNO,
H,S0,

Fe/HC1 NaNO, H,0

el _he§> Product
NH,

NHCOCH,

NO,
NHCOCH,

H,SO
29Uy

@oz

NHCOCH,

HNO,
H,SO,

HCI
SOH

N;C NHCOCH,
NO,
NaNO

HC1/0°C

dil. HCI1
-

SO,H

NHCOCH,

H,S0,
SO,

dil. HCl.  CF,COH
—_—

Product
SO,H
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1
(0] O
CHO -
CH
__ HNO Fe/HCl
CO/HCl_ (CHy),C= CHg + —_— D T
(f) © W ) 2I—IF ﬂ» H,SO,
3
l_l

O

JiLHCL <0 NaNO,
NaOH/heat b011 HCl/0°C

1343. (a) (© ///J[::::::[//ﬁ\\w1///

Br O,N 0

0, NO, NO,

Cl
(d) 4 (N
CH, O,N
Cl

NHCOCH,
(© (h) CH3CO—C>— COCH,
Br
CH,



Solutions 657

EG
1344. H
AICl, AlCl

0 ]

O e} \)k O. 0
H,0* H;0" H Mg

- € .=

Et,0
Cl
O
Y
N,H
24 o _PCC _ product
NaOH CH,CI,
heat
HO
(0]
CH Cl /\”/ Zn
1345. (a —> —
(@) AlCl AlCl H,SO, HCl
NO, NH,
NaNoO, H,O
— T =
HC1/0°C boil
OH
CH, COOH
®) CH,CI HNO, KMnO, H,0" NH,HS 4
—_— > —_— _—
AICI, H,S0, NaOH/heat Product

NO, NO,
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0 0
COOH
1346. (a)
A B C D
NO, NO, NO,

Co(OAc), ] ] ]
= _
(b) ACONHBIO, No reactlor} since there is no a—H
to phenyl ring.
E
NO,
F
Br Q
FeBr A/ +
1347. (@) vy, LB, e N mo
Et,0
% Product
CH,CI,
OH
(0]
HNO
) (CH,),CHCOCI s Zn
AlC, H,80,  HCI
NH,
; CuCN NaNO
Product <A, - 2

HCl/0°C

CN

Br Br
NO: NaNO
© Br,  H,S0, HNO, dil. HCl_  Fe/HCI aNo,
FeBr; SO, H,SO, HCl/0°C
NaBF
%» Product
SOH SO,



Solutions 659
NHCOCH,

Cl
@ HNO, Fe CH,COCl  HNO, O, _ZwHCI
H,80,  HCI H,S0, AlCI,
NO,
NO, NHCOCH,
@/\/ Sn/HCl <>/\/ CF,CO;H <>
-
NO,
1348.(a) Non-aromatic since, it has a sp3 carbon. (b) Aromatic.

_C
Z" S CH,

F

o0 @ @? C&Q
By

OMe 0

OMe
(©) CH,Ph

(Minor)

(Major) H,P



660

CH Cl H, SO
1351. (a)
AlCl
H SO, NaOH
fus1on
C
o )

Problems in Chemistry

H
dll HCl LO3> Product
FeBr3 H,S0,
SO,H SO;H

— Product

NHCOCH,

3 Fe/HCl CH COCl H SO dil. HC] CF3CO3H
0, ——— Product

SO H,O"
1352. (a) 3 Lﬂo“» = = Product
H,S0,  NaOH
KMnO +

(b) LBucl e 9% product
AICI, NaOH
_ CH,COCl1

(©) % —— " » Product
AlCI, AlCI,

_+BuCl __HNO,
@\ Al cL, 1,0, Product
3 NaNO, CuCN H,SO, CH,0H Product
HCl/0°C H,O Ht/heat



Solutions
CH,Br
@ AICI,
Br,
(g) FeBr,

(h)

(@

1353. (a)

@ O LOY

Py
Py

661

HNO NaNO Heat
3 Fe/HC] 2 —> Product
H,S0, HBF,/0°C
HNO, cl, NH, NaNO,  H,0
it P . —_— - Product
H,S0,  AICL H,S HCI0°C  boil
AIC, - _HNO, N,H,
P t
H,SO, NaOH/heat roduc
AlCL HNO3 Zn-HCl ~ NaNO, HZQ NaOH
H SO, HCl/0°C boil
CH,I
— Product
Br 0 Br

H SO,
FeBr3

O
PO

SOH

SO,H
dil HC1 Zn(Hg)
_— H—Cl> Product

Br, (excess Zn(H
(b) 2 ( )> M» Product
AICl, FeBr, HCI
/\)l i
cl SO, Cl  dil. HCl
(c) 2 e —_—
AICl, H,SO, AlCl,
Zn(Hg) Mg D,0
— 3 —~ » —* = Product
HCl Ether
; NaNO
) H,SO, = Fe/HC] Aczo, HNO, ditHcl - s . _CulN_ product
HNO, - > H,S0, HCl1/0°C
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NO,
Ac,0 i
© HNO, Te/HCI 6,0 CH,CH,COCI_  dilHCl _ NaNO,
H,S0, AICL, HC1/0°C
HBF
P Heat
Y cH,I NaOH CH,I NaOH
0 | 3 H,SO NaOH_ S cH H, a0
\/ AICl, SO, Heat hv/CC] aqueous
X\ B, HNO. HS AcO Cl,  dilHCI CECOH
(2) | e 3y L T —2 3 ————» ————» Product
A e H,S0, NH, FeCl,
X CHJI SO,  Bry(excess) HCI(dil)
(h) | —» > —— 3 ——— Product
\/ AICl;  H,SO, FeBr,

(hke Fries rearrangement)

H;{\)L
Cl

1355, A: QO and AICL,; B:  MeMgBr/H,0; C:  H,SO,/H,0;

0 O
D: Ag,0/H,0; E: \V\J<Ph

—— 45 Product



Solutions

663

NHOACc
1356. (a) CH,CH,
(b)
o)
CH C(CH
3 (CHy), a1
OH
© O O (@) ©) ON O O
Br CH, CH(CH,),
NO,
Cl Cl COOH
1358. (a) HNO, Li/Et,0  CO,/H,0 NH,/H,S NaNoO,
H,S0, > HC1/0°C
CuCN_ H,0°
— > ThHo > Product
Noz N02 2
Cl
(b) MgELO_ CO, CH,I KMnO, _ poooy
H,0  AICl,  NaOH/heat
cl OCH,
HNO, _ CH,ONa Fe/HCI  NaNO,
(C) —_— 3
H,80,  CH,0H HC1/0°C
O,N
OCH,
H,0
boil
F
OCH,
HNO; _ CH,ONa Fe/HCI  NaNO,  CuCN
(d) s SOl
H,80,  CH,0OH HC1/0°C
OaN OCH,
NaOH_ H,0*
NaOH_~ H, 0" _
HO0  H0

HOOC



664 Problems in Chemistry

Br

YO G 2O

3
O,N

1360. (a) (c)
NO, Br

SO,H NO,

S
$<@@@

1362.(a) Aromatic,
(b) Not aromatic, it has a sp” carbon which prevent delocalization,

(c) Aromatic,
(d) Not aromatic.
1363.A: KMnO,/NaOH/heat; B: SOCI,; C: Et,NCH,CH,OH;D: Na,S.

- L
G e

COOH

COOH



Solutions 665

1365. (a) Cl O O NO, (b) O,N

o

Cl

(¢) H,CO O O CH, d) O,N

X

Cl NO,
Cl Cl Cl
Cl _
1366. s o NH/OH
AlCl AICI,
O/C ~
Cl Cl

HNO, NH,HS
H,SO,
NO, NH,
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