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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 (QCA) 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 f?ortion of the page left blank
in the Question-cum-Answer Booklet must be clearly struck off.
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@Us—A / SECTION—A

1. (@ () FefaRea s @bk, 7-104Re o ¥A-Rifes § affeo fif
(1) e
(2) T
(3) freAta
(4) WIS
(5) WRFAIIISTESe ST
Classify the following as aromatic, nonaromatic or antiaromatic :
(1) Azulene

(2) Pyridine
(3) Sydnone
(4) Cyclooctatetraene

(5) Cyclopentadienyl cation
(i) wafy frafafes dfs § w FQ @ R, 9 ThEe e afilen @ ow@ )
e Hifv:
XA
Ph”_ “Ph

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

A

Ph” " “Ph

(b) TrafeaRaa sfufen % wwg s aren Awad =0 27

Br NH,
& A
@/ + NH, A @/

ToEdl % o9 % fou Rl g o e fife)

What is the intermediate formed during the following reaction?

Br NH2
& A

Explain any one experimental proof for the formation of the intermediate.
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(c) Traffaa suiawr 3/ fFn s @7

Et E\t
L—OH ——> L—Cl
i i L
CHj CH,4
(S)-2-=gATa (S)2-=TEa FTARTES
R frnfafy & =men Hif)
How is the following conversion brought about?
Et Et
L—OH —> -l
H' A s |
CHg CH,
(S)-2-Butanol (S)2-Butyl chloride
Explain its mechanism. 10

(d) Trfafan sl § s &1 am a6 e o A st F Tm fafe

(i) & — %o
(0]

CH,CHj
CH,3
(ii) _—
OH H

? o
/cm—cnril—ocn3 g——ocm
(iii) C\H2 _—> Q/
CHz—ﬁ—OCHs
0]

(0]

+
(iy) CHz—CH,—NMe3 ———> HyC=CH, + NMe3

(v) QE—H —> QE—O‘ + @»CHQOH

PHKM-B-CHM/25 3 [P.T.O.



Write the name of the reaction and reagent required for the following

conversions :
(i) ——y
O
CH,CHj3
CHj
(ii) —_—
OH OH
()
g (o)
Hy—CH,—C—OCH;,4
—OCH;§
(i) S —
CH2—ﬁ—OCH3 o
O

+
(iv) CH;—CH;—NMe; ———3 H,C=CH, + NMe;

v) @—E—H —> @»@—o‘ + QCHon

(e) Frafafaa wwaEfRe e w far fifvw .

H H
@ 100 °C hv 25 °C
——— PREIEEE. M ep———
s BT e

IR H 1= IIT =0t H

(i) R =T YS&E R Fer Hawv/feda e w1 gl @y
(@) M = G=A F @A TR

(iii) R T FEGSA gHE () & @1 wue (2r)?
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Consider the following electrocyclic reactions :
100 °C 25 °C
= M =
I step II step IIT step

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

(i) Predict the structure of M.

(i) Are the indicated hydrogens cis or trans? 10

2. (@ () Tefafe sifufwrnet w e i :

o
©><\ = ©Y
E(=kH
Br
H H H
EtO
E(=kD
B
D b !

ki = 7.1 Yfera e w29 st & enur W fEafafy f afteeg Aifse aun oam

D

IN 1 ANfu fag Hifvm)

Consider the following reactions :

&
EtO
Rate = ky
d ¥ Br i
©><\ Rate = kD ©Y

Based on this data, predict the

i wad obssrved fher =%,
kp
mechanism and justify your answer. 10
[ BT,

PHKM-B-CHM/25 S



(i) e sfufen w fem fifse

CH,=CH—CH=CH, —HBT 5 CH, CH (Br)—CH=CH,
+

CH3;—CH==CH—CH,Br

-80 °C W 1,2-A"N 39K Yaoidl § s9a1 8, & —45 °C W 1,4-q7N 3I9E
T @ swar 81 Nfae fag fifs)

Consider the following reaction :

CH,=CH—CH=CH, —HBT 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. ’ 5

() () Tr=faRea stvfen § g sar X wem fifv
COOC,H
@—cno . <.
\Co0C,H;

ot franfaftr i samen hifvw) afvfrn =1 am fafaw)

Identify the major product X in the following reaction :

COOC,Hs .
@CHO + CH2/ ﬂ) X
\CO0C,Hs

Explain its mechanism. Name the reaction. 10

(i) FafaRen sifvfem & X 6t @@ #1 egEm ame

CSp NaOH /L
—Z >
OH CH,l /\/

I fufsean &1 am fafaw) hfae frg Hifs 6 27 w-frmeo R)

Predict the structure of X in the following reaction :

CS,, NaOH W
’ —\

Name the above reaction. Justify that it is a syn-elimination. S

PHKM-B-CHM/25 6



(¢ (i) Tr=faRaa aafufrmss & e fafew

0
AcOH
(A) ©\ NH, * @(CN A
-
NH
CO,Et

o]
X H,S0,, H3BO3
B) | P + HO—CH,CH—CH,0H FeSO,
N~ O NH, H
1) CHjl (3fafes)
< ) 2) Agy,0, H)0
(C) . 3 2 2 >
Ii, ) A
CH,3

Write the product of the following reactions :

(0]
AcOH
W ©\ NHz ’ @(CN A
il
NH
CO,Et

o)
N HQSO4, H3BO3 N
B) | Py + HO—CH,CH—CH,0H FeSO,
N~ O NH, H
1) CH3l (excess)
2) Ag,0, H,0
© < ) = 2
Y 15

CH,

(i) TwigEh At gr fefaRaa e & fffa e sma 27

0
CH3CH20H=$—g—OH
CHs

How is the following compound prepared using a Reformatsky reaction?
O

CH3CH2CH=1: —OH
CH3 5

PHKM-B-CHM/25 7 [ RT.O.



3. (@ (i) AU AERE F qF TRGENG A F Y T FA W T 9 J&I IR a1
frnfafy 1 s1gm @msw)

Predict the reaction mechanism and the major product formed when
methyl cyanide is heated with dilute hydrochloric acid. 10

() sHE, RE-2-=FR F WU AN W E-2,3-IEEEEgA @ R, SEfh
2 -2-gEA & WY Hwl-2,3-TREEeged a1 g1 faed g i

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

(b) (i) TrAfaRaa sAfufrn & 7 % s it =3ren fif

OMe
| S 1) 215 °C R
Pz 2) HCI (aq), EtOH

CO2MC COQMC

Explain the formation of enone in the following reaction :

OMe
e 1) 215 °C .
_ 2) HCI (aq), EtOH

COQMC COQMC 5 )

(i) mwmﬁmmmwmm%mmﬁ
Igma & a1 wmfufa-af

Q> = P

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

Q== O

PHKM-B-CHM/25 8



(i) Freafataa fufrn & s 9 ge 3ar i v fafe

KEL LY s,

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

ﬁ;k LY s,

5
(¢ () Trfaien s ) fer it
R—ﬂ—m T} e/ > R—N=C=0
2) a9
famge % 3wt wwiww § qeradt TRIA I ) AEER B THE 9 B sl &
Fefta fom gwiizw)
Consider the following conversion :
R—g—CI 1) NaNj/inert solvent L o
2) Heat
Show that the above conversion involves the formation of nitrene
intermediate. Draw the orbital pictures of singlet and triplet states of
nitrene. 10
(i) Trafafaa % wro &R

(1) 3B, serairrtt gioeemm g 3-wfoeenfia 3cae 3 7, wfera 2-ufoeentua Ieume

Bl
(2) TR Y TR wfeeemea il s @ € @ R
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. 10

PHKM-B-CHM/25 9 [P.T.O!



4. (@) () Teafafea sfufFrn ® = fifv .

J\ (CH3C0),0
< _/\ BF; =

0
CH3;COOH

I X 1 W faflay ofj R-Fufe = qwia g feafafy it s fafaw)

Consider the following reaction :

A\ (CH3CO),0 %
< ) BF,

& CH3COOH
Name the product X and outline the mechanism indicating the rate-
determining step. 10
(i) Tr=faRaa sifwfenst & gea sadl i quisy 3 frarfafy # Sy 1, Sy2, E1 ME2 %
®qH Sﬁl?l iﬁﬁm :
(1) (CH3)3CBr + Co,HsOH —Eg'j—c_>

(2) CH3CH = CHCI + NaNH, ——>

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

Heat
1) (CH3)3CBr + C,HsOH
(1) (CH3)3CBr + CoHg 50 °C
(2) CH3CH = CHCl + NaNH; ———» 5

(b) (i) TfaRaa sifufrn w fomr Hifsm :

O = O,
—
N

TR WA R A9 8 g w0 R Iude sl stiae-snfoas 27

Consider the following reaction :

o™ = OC,
e
AN

How would you confirm that the above reaction is intramolecular by
crossover experiment? 10

(i) S ¥ FARNSSE F T F GHE0 a1 hi G fEd g F9 WEEa ARa
BRI

Draw the energy profile diagram for the conversion of benzene to
chlorobenzene giving structures of transition states. 5

PHKM-B-CHM/25 10



¢ () Tfaiea sfufEnet § s a0 g Iar/3amEi 6 g= fafag

HO OH ‘
(A) |IE HySO4
\Hk 1) NH,OH
2)ALO;
(C) Me H 3
Me
OH

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

HO OH

.H
(A) Conc. HpSO4

Ok 1) NH,OH
(B) j) 2) ALO;

Me H' ;
Me
OH

10
(i) FrafaRaa sffrn 3 sar 6 g fafey ik s aftifaa =wo % 9ol Hif
CIFRCL _  Ac0,A
PR AcONa
Write the structure of the product in the following reaction and describe
the steps involved :
CIF2CL A0,
Ph” O —AcoNa 10

PHKM-B-CHM/25 11 [ P.T.O.



@us—B / SECTION—B

5. (a) o THo To TUT 3IRo To To H IRy @l =t Tea fafaw| Ho Te To qom Mo TWo To
# Rrar it g i)

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

stability of DNA and RNA. 10

(b) Tr=fafaa afufen 8 & P, Q 1 R it @1 F1 AR Y :

CHs,
1) 0sO
H3C—JD=CH——CH2—CEC—CH3 Na, NHfl o, 11 0804

S

2) NaHSOj;, Q
H0 l}no‘,

Predict the structure of P, Q and R in the following sequence of reactions :

CH,
1) 0sO
H;C—C=CH—CH,—C=C—CH, _N&NHsl)_, 1) 0sOs

5
7

2) NaHSO;, Q
Hy0 lHIO4
R

10
() TR sl # v/ ) i

() CgHsCOCOOC,Hg + CH;CHOHC,Hs —2

(i) CHzCOCOOC ,Hg +CH,0H —

Write down the product(s) in the following reactions :

() CeHsCOCOOC,Hg +CHZCHOHC,Hy —¥

(i) CH;COCOOC,H; +CH50H — Y, 10

PHKM-B-CHM/25 12



(d) Tr=fafed e & UV Sag A frm @i &1 Ay, s gme

COCH,4
COCHj,4
TN
CH,3
CH,3
A B

i (Y ) (:/(

A B
_ CH,=CH CH;3 CH,=CH H
(iii) N=r 3R >=<
A B
NH, NH,
w 7 .
O,N
NO,
A B

O O
(v) R
A B

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

COCH,4
COCH;
() and @[
CH,
CHj
A B

PHKM-B-CHM/25 13 [ PTO.



CH,=CH

) e <CH3 - CHp=CH, __H
H H H” \CH3
A B
NH, NH,
(iv) /©/ and ©/
O,N
A B

O 0
(v) and
A B

10
(e) Trafafaa <ffet &% 'H NMR Hegw 3 fv Reme R 37

I I I :
TAH FH A TEGEA H Aead HIg 3R 3% EERe gt (Rwe) ¥ wed W A =afm
HIR|
In 'H NMR spectrum of the following compounds, how many signals will be
observed?

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

PHKM-B-CHM/25 14



6. (@) () S=irae FEEES 0 TR R e uftef % agere, s ifaefiea s v, § wfefd
Tt =t 6 =TEn Fifsm)

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

(i) TRy (QfR), Tha Faey (feremiRf®s) au ey (smsaiefaes) aiferemsdHl
% shferer TUIeml o1 IR FEA % SR T SAM RIS

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

(b) A A % e fRom w A B @ ¢ % a9 A Brafaty fafae -

B A A0

B C

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

OH
PO 5
HO
O
A

B c 15

(c) TFrafafaa sfufen w7 & A, B, C au D & 9gaH HIf :

Br
NaBH, OH c
A eon L ?
° 1mCPBA

e aAfufwr w9 & wom o fi Grafaty fafaw)

PHKM-B-CHM/25 15 [P.T.0O.



Identify A, B, C and D in the following reaction sequence :
Br

OH
NaBH +
A M—OH“_> O/ H,p L,
¥ 'mCPBA

D

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

7. (@) FeE-bn T w1 swEm W Efafan D % A, F aE f o it

& o

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

& o

(b) Frfafaa sifufem om0 & X, v a0 Z i G # S o

CHO
ﬁ/%fN LiAH; 1) BH3/THF sy _CrOs
o}

THF, 0 °C 2) HO, H,0,, Hy,0 HySO4

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

e i S 1) BH3/THF Cro
)|/O\I((N L1A1H4 > X 3 >Y 103 > 7

THF, 0 °C 2) HO, H,0,, Hy,0 HyS04

PHKM-B-CHM/25 16
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()

(i) < T AR %, FEw anfas g3 Cp0H;,0, §, NMR Wzt stfirasm = fiu
TR

(1) 'H NMR : & 2:0 (3H, s), 2:903 (2H, t), 43 (2H, t), 7-3 (SH, s)

(2) 'H NMR : § 1-23 (3H, t), 372 (2H, s), 413 (2H, qg), 73 (SH, s)

3 A1 N IR W § 1730 cm ™! W T fomiw firer <wia 81 9 <41 Dfte B
= fafaw)

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 (5H, s)

(2) 'H NMR : & 1-23 (3H, t), 3-72 (2H, s), 413 (2H, q), 73 (5H, s)

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

(i) TR 1T 11 % FoHE W § vgE R w9 m/z 58 91 m/z 92 W i §
T @ ATt FEATE fafay qon g 9 W fam=m fifs .

CHs
I: (L/ ’ m/z 58
H: ©/\/ m/z 92

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,
I: O)\/\( ’ m/z 58
(0]
1 O/\/’ m/z 92

10

10

PHKM-B-CHM/25 17 [P0,



8. () AF IF wWHifees faega =1 fowom 0 ® Afms 17, 117 a1 IV ==a 8\ gfomd siffean
o 1787, 1740, 1715 A91 1685 cm ™! W FEIMA (Vo) F8 a0l 81 § C=0

T ARl @ gafta A § Fiés A qo g wro df

hv RN =z
EtOH " "
o) 0 kCOOEt kCOOEt
I I v

I

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 N =
EtOH * *
0 0 kCOOEt kCOOEt
I III v

15

(b) () 2,2-TEARE AEEFAEEEA f ReTEEEe TEA % |y AR § 9e fyada @ s @
Td S aTe IR T Wagdt stiehe ffafaa @

IR (v,cm™Y) : 1740, 1160

'H NMR (5) : 36 (3H, s), 1'2 (9H, s)

Mass (m/z) : 116, 85, 59, 31
FHR % T IR hl GG Ferferg | g Gfaa Ieare T 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™Y) : 1740, 1160
'H NMR (8) : 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



(ii) ﬁnﬁt&aﬁmﬁﬁaﬁmwﬁwﬁwuﬁrﬂbﬁ ARE FAHER afeda T

Ha _ COOCH; Ha _COOCH; CHz  _COOCH;
CHjy’ \Hb Hy \CH3 Hp \Ha
I I i

Arrange the following compounds in the order of increasing coupling
constant values (JHa—Hb) :

Hg _-COOCH; Hq _COOCH;3 CHg _COOCH;
CH;” H, Hy” CHj; Hy” H,
I I i S

(€ () 2-FN-2,3-TERNYA A F TEESReicqT A O IR 94 FHa §| AR i 6
'H NMR @1 IR @zt sfest g M1 3l &1 fadtes 3 o g £

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. 10

(i) SEUIA R F FHHE W 3t 3@ yHER R d
m/z 74, m/z 59, m/z45 m/z 31, m/z 29
Qued gitew it = Hifs)

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. 5
(i) Tr=fafaa sfest % g1 HC1 A ey wvad i o R
I1=2-70%x10"%" kg m?
1 amu. =1-661x10"%7 kg

Using the following data, calculate the bond length of HCI :
I=2-70x10"%" kg m?
1 amu. =1-661x107%7 kg 5

* %k K

PHKM-B-CHM/25 19 2555—474
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