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PHKM-B-CHM

CHEMISTRY (PAPER-II)

Time Allowed : Three Hours Maximum Marks : 250

QUESTION PAPER SPECIFIC INSTRUCTIONS

(Please read each of the following instructions carefully before attempting questions)
There are EIGHT questions divided in two Sections and printed both in HINDI and
in ENGLISH.

Candidate has to attempt FIVE questions in all.

Question Nos. 1 and 5 are compulsory and out of the remaining, THREE are to be attempted
choosing at least ONE question from each Section.
The number of marks carried by a question/part is indicated against it.

Answers must be written in the medium authorized in the Admission Certificate which
must be stated clearly on the cover of this Question-cum-Answer [%CA) Booklet in the

space provided. No marks will be given for answers written in a medium other than the
authorized one.

Coordinate diagrams, wherever required, shall be drawn in the space provided for answering
the question itself.

Unless otherwise mentioned, symbols and notations have their usual standard meanings.
Assume suitable data, if considered necessary, and indicate the same clearly.

Attempts of questions shall be counted in sequential order. Unless struck off, attempt of
a question shall be counted even if attempted partly. Any page or [?ortion of the page left blank
in the Question-cum-Answer Booklet must be clearly struck off.
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WUs—A / SECTION—A

1. (@ () Fefafas s Wik,  E-0hks o W-0ks § afieo i
(1) e
(2) fafE=
(3) FreAta
(4) WA
(5) ARFERRTEERE YA
Classify the following as aromatic, nonaromatic or antiaromatic :
(1) Azulene
(2) Pyridine
(3) Sydnone
(4) Cyclooctatetraene
(5) Cyclopentadienyl cation 5

(i) wafy frafafes e § @ f o }, 92 e e sl @ @ R
aIT'§€I’IT=ﬁ’l‘ﬁi'll:
A
Ph” “Ph

Though the following compound contains a keto group, it does not
undergo nucleophilic addition reactions. Explain :

A,

(b) FrafaRaa sfufen & T a9 aren woad @0 87

Br NHQ
& A
@/ + :NHQ _— @/

noEdl F w9 % foe fedt oy w6 =men i)

Ph

What is the intermediate formed during the following reaction?

Br NH,
e A
@/ + :NHjp A, @/

Explain any one experimental proof for the formation of the intermediate. 10
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(c) Trafafaa suiaor & fFn s 87

Et
o ———s
Tl |

CH, CH,4
(Sy2-=gta (S)-2-=g2Teet FeirareS
e Trarfafy 6 smen i)
How is the following conversion brought about?
Et Et
E-—-OH — ‘.%—Cl
T | |
CHj; CHj
(S)-2-Butanol (S}2-Butyl chloride
Explain its mechanism. 10

(@) Trfafan sl § s 1 W o 0 et T A % aw R

K5

CH,CH;
CHj3
(ii) —_—
H H

0
sz—Cl-Iz—J'.L,—OCH3 1

(iii) CH, "

CH,—ﬁ—-OCHg, o

0]

—OCH;

+
(iv) CHz—CH,—NMe; ———>  HyC=CH, + NMe;

(v) @—E—H - > @—ﬁ—o’ + @—CHQOH
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Write the name of the reaction and reagent required for the following

conversions :

R4

CH,CH,
CHj
(ii) —_—
H H

0
;ZHQ—CHQ—lL—OCH;;
(iii) CH, il

\
CHQ—E—OCH;; o) b

+
(I'U) CH3—CH2—NM63 —_— HzC=CH2 + NMCs

(v) @—E—H — @—ﬁ—o‘ + @—CH;OH

(e) Trmfaflad sagramsfaas sifufFnedl w faem Hift

CH,4

H H
@ 100 °C hv 25°C
e — ey M —
-~ - b TR
I=t H Ir=tm <= H

(i) =l ydE R e gan/fad fa w5 qatEm @
(@) M = E=A F @IGEE TR

(i) T T BEGA waa (fm) & o1 vowe (zZ9)?
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Consider the following electrocyclic reactions :

O = ch
—_— M
e b~ — ""-_

Istep II step I step

(i) Predict the mode of ring closure/opening at each of the three steps.

(ii) Predict the structure of M.

(iti) Are the indicated hydrogens cis or trans?

2. (@ () Fe=faRas sfuafened = fmEr Hif .

e
EtO
't‘!'(=kH
B
HH &
EtO 3
3!=kD
B
D b 5

10

E=7.1mmw1wm%wmmﬁﬁﬁvﬂmmﬁﬁqwm

D

IW F1 AN fag Fifsm

Consider the following reactions :

EtO
Rate = kH
Br
H H
Et()
Rate o kD
B
D b

It was observed that —H=7-1. Based on this data, predict the

kp
mechanism and justify your answer.

PHKM-B-CHM/25 b

Optional Province - optionalprovince.com

10

[P.T.O.



(i) Frafafaa sfufrn w fer fifg :

CH;=CH—CH=CH, —3BT 5 CH, CH (Br)—CH=CH,
+

CH;—CH=CH—CH,Br

-80 °C W 1,2-4FN IUTE Yaoial ¥ s9a1 8, e —45°C | 1,4-A7N IR
Tufira | w9ar 8| hfvw fig fifsw

Consider the following reaction :

CH,=CH—CH=CH, —HB' 5 CH,CH (Br)—CH=CH,
+

CH3;—CH=CH—CH,Br

At -80°C, 1,2-addition product predominates while at -45 °C,
1,4-addition product prefers. Justify. i 5

() () Tr=faRea sl § 9@ sar X i geam fifvw

COOC,Hs
@CHO + CHy” R,
NCOOC,Hs

Toeh! Tpanfaty it =me Hifsrg) sififern =1 9w fafag)

Identify the major product X in the following reaction :

COOC,Hs -
@—cno + o] mans . x
COOC,Hg
Explain its mechanism. Name the reaction. 10

(i) TrfaRean sfufen & X it w= w1 sgEe T

CSp NaOH _ /L-
—_—2 —
OH CH,I 1/

Irgw il =1 T fafaw) shifvmr g $Hifvre B 77 a-froo )

Predict the structure of X in the following reaction :

CS,, NaOH -
us o T * >
8 —\

Name the above reaction. Justify that it is a syn-elimination. S
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) () Tr=fafea sfufrmes & sar fafe

0
(A) @\ NH, * @CN Acf 4
» i
NH
CO,Et

0]

S H,S0,4, H3BO;, _
(B) | P + HO—CH,CH—CH,0OH FeSO,

N NH, H

1) CH;l (sfafes)
< ) 2) Ag,0, H,O

[C) | . £2 5

bII ) A

CHj

Write the product of the following reactions :

0
AcOH
0 Ol Ol 25
e A
NH
CO,Et

0]

b H2304, H3303
B) | =] + HO—CH,CH—CH,0H FeSO,
N NH, H
1) CH3l (excess)
2) Agy0, Hy,0
B
| 15

CH,3

(ii) Trwdigeh sfufwa g Frafafaa Dfe ¥ fffa e st 7
0
CHacHZCH=T—LOH

CH,3

How is the following compound prepared using a Reformatsky reaction?

0
CH3CHQCH=1:—11,—0H

CH; 5
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3. (a)

(b)

(i) WIS AEEER F T TEEEERE T F WY ™ TR W T G e IR 99
fornfafy =1 sgum @R

Predict the reaction mechanism and the major product formed when
methyl cyanide is heated with dilute hydrochloric acid.

({) FHFA, FE-2-9ER F WY AN WH fEF-2,3-TRAMEGEA @ R, &l
2 -2-g31 % WY Hig)-2,3-sEsmsged < g hfae fag Fifv

Addition of bromine to cis-2-butene gives racemic-2,3-dibromobutane
while trans-2-butene yields meso-2,3-dibromobutane. Justify.

(i) Trafafaa sfufen & & F s i =men i :

OMe

P 2) HCI (aq), EtOH
CO,Me (aq)

Explain the formation of enone in the following reaction :

COQMC

Me

= 1) 218%C

2) HCI (aq), EtOH
CO,Me CO,Me

(i) mwmﬁmmmmmmﬁmm
IgHa & o wwiufa-afia

Q) == D

Classify the following sigmatropic rearrangement and comment if it is
symmetry-allowed or symmetry-forbidden :

Q> = P
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(c)

(iii)

()

(i)

Frefafaa sifufrn § a9 T e Iar f s ke

ﬁl LY s,

Write the structure of the major product formed in the following reaction :

(;'1 s

Tr=fefaa w9 ® fa=r $ifsw

R-ﬂ—Cl 1) NaN/fifS frams
2) @

feamge % 3wl saw § qwadl TR @ 7| EER B e 9 B s &
Hefig fom gwize)

> R—N=C=0

Consider the following conversion :

R i| | 1) NaNj/inert solvent .

2) Heat

Show that the above conversion involves the formation of nitrene
intermediate. Draw the orbital pictures of singlet and triplet states of
nitrene.

Frafafaa % =ror dfs

(1) T, sERrh e g 3-wfefia e 2 2, afF 2-ufwrnfia sae
& |

(2) TR ) i aftremm sl smarh @ 8 et 21

Account for the following :

(1) Indole undergoes electrophilic substitution to give 3-substituted
product, but not 2-substituted product.

(2) Chlorobenzene does not undergo nucleophilic substitution reaction
readily.

Optional Province - optionalprovince.com
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4. (@ () T=fafes sfufFrn w fEr il .

7\ (CH3C0),0 -
<0> BF;

CH3COOH
IR X & 9w fafay v w-fufe = awfy go fenfafy 6 e fafag)

Consider the following reaction :

A\ (CH3C0),0
( ) BF;

0 CH3;COOH
Name the product X and outline the mechanism indicating the rate-
determining step. 10
(i) Trafafan sfufEnsd § ger e #i quise 9 Benfafy # Sy1, Sy2, E1ME2 &
9 ¥ 3@ i
(1) (CH3)3CBr + C;HsOH 6;":'(:

(2) CH3CH = CHCI+ NaNH, —»>

Indicate the major products of the following reactions and point out the
mechanism as Sy1, Sy2, E1 or E2 :

(1) (CH3)sCBr + C,HsOH —neat
60 °C
(2) CH;CH = CHCI + NaNH, ——» 5

(b) (i) Tr=fafeaa sfufen w ffEr it

S A S X
—>
N
RO A SR A R gfE w0 o s sl st snfoae 27

Consider the following reaction :

i : ©<cjl\
N

How would you confirm that the above reaction is intramolecular by

crossover experiment? 10
(i) ¥ FTANSHA F TR0 T TR e B wE frEd g S NeRa e

R4

Draw the energy profile diagram for the conversion of benzene to

chlorobenzene giving structures of transition states. 5

PHKM-B-CHM/25 10
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(¢ () Tr=afafea afufrmst d§ o 9@ gea 3ar /3o f w=n fafe

HO OH

1) NH,OH
(B) \QL 2) AL,O; )
(©) %Mc H'
Me
OH

Write the structure of the major product(s) formed in the following
reactions :

HO OH

1) NH,0H
(B) ji 2) Al,03 ?
© Eb@"‘ R,
Me
OH

10
(i) Frefeafaa siwfea 3 sar A e fafay o s aftfaa =t = il i
CIF,C_ B Ac,0, A
Ph/ - AcONa
Write the structure of the product in the following reaction and describe
the steps involved :
CIFC . Ac0,A
P AcONa 10
PHKM-B-CHM/25 11 [P.T.O.
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@uvs—B / SECTION—B

5. (a) Slo To To AU Re To To H Iuferd s@l it w1 faflay| dho wo wo a1 31Re o To
#F fRra i ga i)

Write the structures of the bases present in DNA and RNA. Compare the
stability of DNA and RNA.

10
(b) T=fafaa sifufen 9 d§ P, Q a1 R A WM # IFgAA WY :
CHj
H3C—(':—-CH—CH2—C-C—CH Ra, NH(l, ., 1) 0802
2) NaHSOa,
Hy0 lHIO4
R
Predict the structure of P, Q and R in the following sequence of reactions :
CH3
Hsc—é—cr{—cnz_—c-c—cn Ne, NEsO)., 1) e SR
) NaHSOs,
Hy0 lmo‘;
i 10
(c) Tr=foafaa sifufrmet & 3amr/3aEt #i fafag :
(i) CgHsCOCOOC,Hs +CH,CHOHC, Hs —Y
(i) CH;COCOOC Hg +CH,0H — Y,
Write down the product(s) in the following reactions :
() CgHsCOCOOC,Hs +CHZCHOHC Hs —2¥
(i) CH;COCOOC,Hs +CH,0H —, 10

PHKM-B-CHM/25 12
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(d) Frfafes el F UV SEg & A :1 Ay, s ame

COCHj
COCHj4
Qo X
CH,
CH,3
A B

(ii) O—O o U

A B
 CHp=CH CH, CH,=CH H
(iii) >=< #r M
H H H” \CH3
A B
NH, NH,
(v Q/ .
0,N
NO,
A B

O 0]
(v) 3t
A B

In UV spectra of the following pairs, which compound will have higher A ... ?

OCH;
COCH;
() i @:
CH;
CHj
A B

PHKM-B-CHM/25 13
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CHj CH,=CH H

(iii) >=( and >=¢

H H H CH;

A B
NH 2 N H 2
(iv) /O/ and
O,N
NO,
A B

O 0
(v) and
A B

10
(e) Tr=fafga Nt % 'H NMR ®agn § fraa fema e 317

I i ar :
TAF FE A FEGeA F Aaa Fiv R R tart g (Ree) ¥ Tgd w9 A =afln
Hifs)
In '"H NMR spectrum of the following compounds, how many signals will be
observed?

I i I
In each case, label and arrange the hydrogens in the order of increasing
chemical shift, 10

PHKM-B-CHM/25 14
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6. (@) () iae wwETEe ZR TN R e uftred ¥ agerd, foem gifeefea s @, 3 affea
fafim =it it =men it

Explain the various steps involved in benzoyl peroxide-initiated
polymerization of ethylene to give polyethylene. 10

(i) T (fE), Wi e (RremidfRs) au aneawy (gaefas) aiferergia
& st oIt 1 IR HE F SNER W SAH A

Predict the physical properties of atactic, syndiotactic and isotactic
polystyrenes based on their structure. 5

(b) dfE A F yle feom w A B a ¢ F 9 i frnfafy fafag -
OH
D FO LD
HO
A B C

Write down the mechanism for the formation of compounds B and C from
compound A on photoirradiation :

B D

B c 15

(c) Tafafaa sfufern #= # A, B, C a1 D i vgam HIfT

Br

OH
i —lmcpm
D
Irgw Al w9 | wem = i Geafafy fafaw)
PHKM-B-CHM/25 15 [P.T.O.
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Identify A, B, C and D in the following reaction sequence :
Br

OH
NaBH,4 H* O
Ajeon > >B >
1mCPBA

D

Write the mechanism of the first step of the above reaction sequence.

7. (o) FeAE-Hn P w1 3w = fefafes Dt $ A, F 59 T S

& o

Calculate the value of A, in the following compounds using
Woodward-Fieser rules :

& & o

(b) Fefafaa sfufem w0 3 X, v @ z 6 g w1 sEE TRy

CHO
‘ﬁ/QIN LiAlH; x 1) BH3/THF >y CrO3

THF, 0 °C 2) HO, HyO,, HyO H,S04

Predict the structure of X, Y and Z in the following sequence of reactions :

CHO
’YOWC(N LiAlH, . ¥ 1) BH3/THF >y CrO;

THF, 0 °C 2) HO, H;0,, Hy0 H,S04

PHKM-B-CHM /25 16
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() (i) = awEFE e %, e nftes g3 C,H;,0, &, NMR Wzt sifime 99 faw
R

(1) 'H NMR : § 2:0 (3H, s), 293 (2H, t), 43 (2H, t), 7°3 (5H, s)

(2) 'H NMR : § 1-23 (3H, t), 372 (2H, s), 413 (2H, q), 7-3 (SH, s)

3 3H A IR We § 1730 cm ™! W fu firew 2wia €)1 W SN e A
e fafan |

Given below are the NMR spectral characteristics of two isomeric
compounds with molecular formula C,yH;,0, :

(1) 'H NMR : & 2:0 (3H, s), 293 (2H, t), 43 (2H, t), 7-3 (SH, s)

(2) 'H NMR : 8 1-23 (3H, t), 372 (2H, s), 413 (2H, q), 7-3 (5H, s)

Both of these compounds exhibit a peculiar peak in IR spectra at
1730 cm™!. Deduce the structures of these two compounds. 10

(i) R TN 11 F FoAHE W § vgE R w9 m/z 58 U1 m/z 92 Wi §
T @ve Al ht A faflae agn g 9 W faaem fifs

CHj
2 i (( ’ m/z 58
I O/\/ 592

In the mass spectra of compounds I and II, prominent peaks at m/z 58
and m/z 92 are observed, respectively. Write the structures of the
fragment ions and discuss their formation :

CH,
1 WOK »  miz 58

10

PHKM-B-CHM/25 17 [ P.T.O.
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8. (a) A IF wiFifes faemm =1 fRom =0 | e 17, 117 9o 1V 533 §) gfomd sl
faem 1787, 1740, 1715 @1 1685 cm ™' W FEINA (Vo) T8 a1 §1 T C=0

T4 il i gefa Dfet § ffd Hifse qan g s s .

hv S =
—_ + +
EtOH kcmost kcocnat
I v

I n

Ethanolic solution of compound I on irradiation leads to the formation of
compounds II, III and IV. The resulting reaction mixture exhibits bands at

1787, 1740, 1715 and 1685 cm™! for vo_q. Assign these C=0 stretching

frequencies to the corresponding compounds giving reasons :

hv S =
_ + +
EtOH kCOOEt kC()(}Et
I w

(b) (i) 2,2-SEAE GEEFEEEE 6 AuTREe oTRA ¥ |y AR § aog fad @ ok
Td T AT I ol e siiee Fefafa @

IR (v, cm ™) : 1740, 1160
'H NMR (§) : 36 (3H, s), 12 (9H, s)

Mass (m/z) : 116, 85, 59, 31
FNOT % WY IR H T Fawiferg | g wfaa Ieare i wa fafag)

2,2-Dimethyl cyclopropanone undergoes ring opening when attacked
by methoxide ion and the product obtained possesses the following
spectral data :

IR (v, cm™') : 1740, 1160
1H NMR (3) : 36 (3H, s), 12 (9H, s)

Mass (m/z) : 116, 85, 59, 31

Deduce the structure of the product with reasons. Write down the
structure of another possible product. 10

PHKM-B-CHM/25 18
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(%)

fc) (i)

(@)

(iii)

Preafirfan At 1 3% o R T (Jyy_p,) 3 ST T, e e

Ha _COOCH; Ha _COOCH, CHz  _COOCH;
CHz” H, Hy” NCH; Hy” H,
I I m

Arrange the following compounds in the order of increasing coupling
constant values (Jy _y,) :

Ha _COOCH; Ha  _COOCH; CH3 _COOCH;
CHy” H, Hy” NCH, Hy” H,
I 4 oI

2-FAN-2,3-TEARE = & Fegitee m A 9 39r 99 g 81 =men fit
'H NMR @o1 IR @it siteet g 36t 3l 1 e 8/ o= w5 81

2-Chloro-2,3-dimethyl butane on dehydrohalogenation can lead to the
formation of two products. Explain how the two can be distinguished
using 'H NMR and IR spectral data.

TR SR F FwH Wt sifwe 39 v R mn R
m/z 74, m/z 59, m/z 45 m/z 31, m/z 29
@ued wieey i =re i
The mass spectral data of diethyl ether is as under :
m/z 74, m/z 59, m/z 45 m/z 31, m/z 29
Explain the fragmentation pattern.
Frafafaa sfeet ¥ grn HCL it siey wvard 6 oA A
I1=2-70x107%7 kg m?
1 amu. =1-661x107%7 kg

Using the following data, calculate the bond length of HCI :
I1=2-70x10"%" kg m?2
1 amu. =1-661x107%7 kg

* &

10
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