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s 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 portion of the page left
blank in the Question-cum-Answer Booklet must be clearly struck off.
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Qus “A’ SECTION ‘A’
1.(a)(i) WTIAAIIISIEA &I pK, A T YT & G © | ATEAT Fiforg |

pK, value of cyclopentadiene is almost similar to water. Explain. 3

1.(a)(ii) frafafaa dfie (A) 3§ ergem faftma sfufrn ft ) Afie (B) & goFm 3 6000
T g9 Bt ® | e Hif |

‘ j0 [ i0
Ph Ph
(a) (B)
Rate of hydrogen exchange reaction in the above compound (A) is 6000 times faster

than that of (B). Explain. 5

1.(b) () Trafafan it $i fifem @ Fide s e IUPAC @ fafw |

OH

Write the [UPAC nomenclature of the above compound by assigning the
stereochemistry. 5

(i) Trafafaa qeet @ sv% fgaam awar & & s 3§ afera |

(A ®) ©
Arrange the above radicals in ascending order of their dimerisation ability. 5

1.(c) aifeaw womse i Afdw smarerse & ary siftifsran Aumier i gom § SoIgw (DMF) &

o et § | AT it |
The reaction of methyl iodide with sodium azide is faster in N,N-dimethyl
formamide (DMF) than in methanol. Explain. 10
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1.(d)

1.(e)

frafafea SHt 9ifel & s WRa fagaesha afifen @ o9 St i Bifew
et = fafag |

>

The above compounds both undergo photo-induced electrocyclic reactions. What are
the structures and stereochemistry of the products ? 10

(@)

(i)

Frafafaa sififsrar & Wi sag 6t gewm = -

Cl
0 (5]
OMe
0 OMe
Oy~ il o ¢
OMe
0]
(A) (B) © (D)

Identify the major product of the above reaction. 5

Fremr srfirfsranett & s sifSrfsrn Y v AfSg it ATEgem it SR & 9 R
JoqH FRaT © | j

(A) TRR e dyamor

(B) ain f=ex arfirfeman

(C) e srfirfsran

(D) farger-Ardicremdht srfrfsran

Identify the name reaction which produces nitrogen as a byproduct.

(A) Fischer Indole synthesis

(B) von Richter reaction

(C) Stobbe reaction

(D) Bischler-Napieralski reaction -
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2.(a)(i) TFa Trawm & spEm & foa A @ A WRfes, odt-tmfes,
AA-WRAfH TR R T HH |

O Q0
| |

CH, CH,

(A) (B) ©
Based on Hiickel rule, predict the above compounds as aromatic, antiaromatic, and
nonaromatic. 5

2.(a)(ii) Frafafea afufrnst & wrafie afre Tt e 9 e The et
TUE o F HUR W UgEH @ |
(A) PhCH,~H*+ Br — PhCH, + *H-Br

+ > 7N Lo
(B) /0—®—<[‘ HCN /o K \ci
Ht
' H\ /H
© O"O R o |
H H*

H.
@ e *
(D) @NMQ, + O ———> @ + Me,N + H—OH

Identify the above reactions that show primary kinetic isotope effect and secondary

kinetic isotope effect. 5
2.(a)(iii) FrafaRea afiframst & S (A) @ (B) & vewifie @ afdifea frarfafyr 6
=TT Hifg |
0]
NaOMe LDA

A) €<——— ——

s MeOH \)L THF,—'?S"C(B)
Identify (A) and (B) in the above reactions and explain the mechanism. 5
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2.0)() SRR (A) 9 S e R (k, T ky) bR (B) & ed 57 ® | =R Hif |

cl cl H,0 HO OH
(A) \/\S/\/ ___k. d \/\S/\/

cl cl H;0 H

(0] OH
B) NNV K, E NI NN

The rate of hydrolysis (k; and k) of the reaction (A) is much faster than that of (B).
Explain. 5

2.(b)(ii) MeOH # AgClO, & @ difim (A) 3R (B) # sfafsmg @ s@w© (C)

T € | e i |
AcO
e 9 AcO
AcO Br

AgCIo

%)
AcO 0

% AcO OMe
@) o

AcO
AcO o
AcO
0
Br
)§ o
(B)

The reaction of the compounds (A) and (B) with AgClO, in MeOH gives the same
product (C). Explain. 5
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2.(b)(iii) Trfemr <amam guria & Frafolea siffran & g Saar 6 s fafee @ frnfafy

2.(c)(3)

2.(c)(i1)

3.(a)

3.(b)

6 =amen A |

H

\ i) hv
C——=C—/—0 > ?
ii) cis-but-2-ene

H
Write the major product of the above reaction showing proper stereochemistry and
explain the mechanism. 10

Frafafea afifren & Scag & = fafeg o frarfafy R sren $iftg |

AcOH
D’ CH,CH,0Ts —> ?
heat

(Solvolysis)
(feremaes sraeres)
Write the structure of the product of the above reaction and provide suitable
mechanism. 10

R & sodgRrnt wioeaw aflfrn # aftme wm (C-2 a1 ¢-3) f weEm
T, | TG TR F TEEdT § A Ve R e S |

Write the preferred position (C-2 or C-3) in electrophilic substitution of indole.
Explain your observation with the help of resonance structures. 5

AT = v & 5 frafafea v F oo ssn a1 vy o smasasar
BT 7 mvifae snfded @ 1 W@ aRd g et hiferg |

O_,

Would you expect the above conversion to require heat or light ? Explain using

molecular orbital diagram. 15
3-%fa-4-Seme it Freafafea o0% & dwfa frar smar @
(0]
: &
!’! OH HzC/
o N |
ky\ P A
CH, en CeH,

3 -Phenyl -4 -pentenal

(i) sagw wegadt aifis & fmfo & aifier afeshia sififrn & wer & veam
= |
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(ii) wemaedt @ 3-Hfae- 4-RAw # uRafia =4 | FF F aE@ W gE (Loss)
B @ 7

(iii) YT WHlerd 3t F e T ) veEH W W Wodw # ufederse weA
& TR |

(iv) 3@ &9 A wfier =z @ fafag |

3-Phenyl-4-pentenal is synthesised in the following manner :

0
0 I
ﬂ OH HzC/C_H
O/V A |
ey . N
CH, CH C.H;

3 -Phenyl -4 -pentenal

(i) Identify the type of pericyclic reaction involved in the formation of unsaturated
intermediate.

(ii) What elements are lost when the intermediate is converted to 3-phenyl-
4-pentenal ? :

(iii) Identify the carbon atom in the starting acrylic acid that becomes the aldehyde
carbon in the pentenal.

(iv) Write the steps involved for this transformation. 15
3.(c) EF WEUW gA K geddr & grEAA frawor sfafrar f weEla sgecEean
(faaefEefad) 6 s fifsg |
Explain the regioselectivity of a Hoffmann elimination reaction with the help of
Newmann projection formula. 10
3d) Trafafea sfifrast & ww s /sact & e fafeg | s stfva df
a1 foranfafy weafaa Hifsg |
I
(i) H,cO z | | rC\H ~
=
OCH, ”
C
"N
@ C o+ "2

Write down the structure(s) of the product(s) obtained in the above reactions.
Provide suitable justification and propose the mechanisms. ’ 10
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4.(a)(1)

4.(a)(i1)

4.(a)(iii)

4.(b)

4.(c)(1)

4.(c)(ii)

Freafefaa sifufrn @ g o sk wed wnfirer ot =t ford |

Complete the above reaction and write the steps involved in the reaction. 5

frafafaa tehiFt 6t Aoeia & SR 6t amfies ) B aRE w A e |
= a w A
(A) (B) ©) (D)

Arrange the above alkenes in ascending order of their relative rate of bromination
in methanol. 5

frafafaa aftfret & w0 R sk Sugw Ferfafy § .
Ph

BH,-THF H,0,, OH
e I, g BObE,
Ph

Complete the above reactions and give suitable mechanism. 10

frforfaa sfifer =t g & ok Sugew frafafy € .

Me

NG o

N
>
NH,

Complete the above reaction and give suitable mechanism. 10

Frafafaa afifrn 4 dgifos w9 3 e g-esgll wEife e o oo € 2
T ATl IATGl h weEAr ferfay |
0

=]
\)l\ + cHcHO —25 4

How many B-hydroxy carbonyl compounds may be theoretically formed in the
above reaction ? Write the structure of the products formed. 10

S5 @ dirEgzd @ ayeny fafaw | (W sfifen § o ¥ afte o @
LERI))

Write the synthesis of benzonitrile starting from benzene (Hint : may involve more
than one step). 10
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5.(a)

5.(b)

5.(c)

gug ‘B’ SECTION ‘B’

a9 T A F HNMR @gn # e o (Reee) w1 s e € 2 =
wemt @t fufga fif |

Me
O A _
®) Me

(A)

How many signals would you expect in the 'H NMR spectrum of above compounds ?
Mark these protons. 10

o= difiel § C=C a7 smafa i gort Hifve T 7 s @ R Rz s &
forg Suaes wadieRe fra |
CH,

” //CH1

Compare the C=C stretching vibrations in the above compounds and give a suitable
explanation for your answer. 10

(i) Frafafea sfufran sigea & A 9a1 B 9fet =1 we=nfig | fvdt oft sore @
aerEal & fo B & qredafer I & sgeed @t Rdks @ s €
I &g H TS g7 dfea am fafg |

- Cu,Cl, HCI
2 CH=CH W A———>B

Identify A and B. The polymerisation of the rearranged product of B, unaided by

any catalyst, gives rise to a ‘synthetic rubber’. Name this rubber along with its
structural formula.

(i) V= @ &t el AR W F S I G B AR TWE F U g F aod
# 7@ S R, @ F R et § oK g ot € | wieefa @ e awgen %
A UET Tl B ® | s i | '

When rubber balls and other objects made of rubber are exposed to the air for
long periods of time, they turn brittle and crack. This does not happen to
objects made of polyethylene. Explain. 10
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5.(d)

5.(e)

6.(a)(i)

FY (camphor) F LiAlH, §RT HIFIT FRA TR 90% WA H G Y wwraga frern R

it erEgiaae (OH) ¥ % @Hud § | 36 sacien & foy T I9geh SEew < |

HC\ ,CH, HC\ ,CH,
LiAlH,
—
OH
HSC H,C
0 H

Camphor

Reduction of camphor with LiAlH, leads to 90% of the isomer in which the OH group

is cis to the bridge. Give a suitable explanation of this observation.

frm sfifrmst & SaR @ geem Sifse 7 fenfafy fofea

O
i h
() cH,— C— CH,———>
Vapour
phase
I
= hv
(i1) CH, € CH, =
temperature

Identify the products in the above reactions with plausible mechanism.

formr Aifirent Y SRt v =0 Fae ¥ St smafa ™ yER ©
HCI : 2885 cm!; D, : 2990 cm-!; DC1 : 1990 cm~! @ HD : 3627 em!.
o arfufern & forg ot aftads &t o &K |

HCl + D, — DCl + HD
Frafia a% f za afufrn 3§ sof g arft an senfia 2

[Given: h = 6626 x 10*]s

Veloci ¢ = 2998 x 108 ms™!

N, = 6:022 x 10%* mol™']

10

10

The frequencies of vibration of the following molecules in their v=0 states are

HCI : 2885 cm™1; D, : 2990 cm!; DCI : 1990 cm! and HD : 3627 cmrl.
Calculate the energy change of the following reaction :
HCl + D, — DCl + HD
Determine whether energy is liberated or absorbed.
[Given: h = 6626 x 10734Js
Veloci ¢ = 2:998 x 108 ms~!
N, = 6:022 x 10?3 mol™]
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6.(a)ii) =feRa i 7 wfm e ses (IR) SFgw F FAW: 1725 cm-! T 1740 em-!
R T Faw s foam ¥ | e fada, saftks wemsgee saww (IR) Qe
# 1750 cma! 9 1825 cm-! R R srasiwwr fearar & | X w9 sem @i £ 2

The IR spectra of butyric acid and ethyl butyrate show sharp strong singlet
absorption at 1725 cmr! and 1740 cm!, respectively. By contrast, the IR spectrum

of butyric anhydride shows a broad, sharp doublet at 1750 cm-! and 1825 cm-!. Why
are these so different ? 5

6.(b)(i) Trafoalea sfifsrameit # searg(al) & s fafau .

(0]
| (i) NaBH,, H,0, OH
0 C— OCH, > A
(i) H,0, H
Me O
(i) HC=CH, BuLi 3
(i) H', H,0 '
HO
OMe
N
a, NH,(1)
Et,0, EtOH
Write the structure of product(s) in the above reactions : 10

6.(b)(ii) Tgereh it fFefedt (saem) & = Afoma R 7 wwerEe (smzAnfEes), TR
e (fafvsanfes) qo serawa (@fFes) gt & &= siR Tan |

What is meant by “Tacticity’ of a polymer ? Distinguish among isotactic, syndiotactic
and atactic polymers. 5
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6.(c)(i) TF W A e smufasw g Ci¢H,NO & 78 fraffea IR @ HNMR

IR(cm!) = 1690

'HNMR(CDCl,, 400 MHz) : §1-11(t, J = 7Hz, 6H), 1-29(d, J = 7Hz 6H),
2.40 (g, ] = THz, 4H), 2-55(t, J = THz, 2H), 2-65(t, ] = 7 Hz, 2H),
3.12(septet, 1H), 7-21(d, J = 8Hz, 2H), 7-81(d, J = 8Hz, 2H)

Afie 6 e fraffa i |

An organic compound having molecular formula C;sH,;sNO gave following IR and
'HNMR data :

IR(cm 1) = 1690

'HNMR(CDCl,, 400 MHz) : §1-11(f, ] = 7THz, 6H), 1-29(d, J = 7Hz 6H),
2-40 (g, J = 7THz, 4H), 2-55(t, J = THz, 2H), 2-65(t, J = 7 Hz, 2H),
3-12(septet, 1H), 7-21(d, J = 8Hz, 2H), 7-81(d, ] = 8Hz, 2H)

Determine the structure of the compound. 10
6.(c)(ii) et & Fafga WieHt 1 9% 'HNMR &gn & Imafes gia 7 & SgaR el
w1 A o |

Assign and arrange the lettered protons in the increasing order of their
chemical shift value in 'HNMR spectrum. 10

7.(a) (i) 2-Srartatarsfefen-3 meese §i e fafag |

(ii) ~afFreierss aan fFe vt seld T B § ? DNA $ae Rferd 601
fBR & 91 SRl & IJeohg HIT |

(if) ETEONM T EEM @R T & Hed giEgoW aaed @ fearn |
(i) Draw the structure of 2'-deoxycytidine-3~monophosphate.

(i) Why nucleotides and nucleic acids are acidic ? Mention the factor(s) that
stabilize the DNA duplex.

(iii) Show the hydrogen bonding in between cytosine and guanine base pair. 15
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7.(b)() Trfefea sififsrn 3 wsft dwfea Scamst 6 wewm & S 37 ToT H SrgEHhE AR

feard € |
[N\ o_—m o
L/ Vapour
phase
Identify all the possible products in the above reaction showing the sequential
pathways of their formation : 10

7.(b)(ii) 1,3-eTerEA foerma et fRuM W qd [ SER o)t @ | it S 6
Sufeafd # 366 nm W 1,3-eTerE F W RUA 99 I 1 AER a=a § |
39 TWEIER Gy |

/TIIL—’EF@

N(CH,CO
366 nm
Path IT

1,3-Butadiene solution on irradiation with UV light follows path I. However,
irradiating 1,3-butadiene in the presence of benzophenone at 366 nm follows path IL.
Give a suitable explanation. 3

7.(c)(i) AR (A), (B), (C), (D) @41 (E) ® &= forfaw |

N

i. CS,, NaOH 5
gy () sy (R)
i. Mel

OH
OMe

OMe

mcpba
—> (O)
CH,(Cl,, 0°C

COH  pyoac),
~—=F {5
CO,H s
CH,

CrO;-Pyridin
() oo,

Write the structure of the compounds (A), (B), (C), (D) and (E). 10
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7)) i few wu sffsra s @, Frafafea v @1 ST

s OH
e

() (A) @1 (B) & s fafg |
(1) wegadt (A) & sifemw 6 s sEer qan st fafag |

From the reaction sequence below, answer the following questions :

OH
Pyridine

(I) Write structure of (A) and (B)

(II) Write the oxidation state of Osmium in the intermediate (A) and its geometry.
5

OH

OH

7.c)(ii) TrfaRaa sfifrasi & (A) T (B) Fit wx=m fafaa |

OH ou o
sl oY
OH —M

BF,Et,0
H 3'Eh0,
S (MeO),CH

(A)

om

HIO,

(B)
Write the structure of (A) and (B) in the above reactions. 5

8.(a)(Q) Tomaferfam ditfire # -

/
P
.
() ¥ 3 (EI) @@l & ded WK sae &« & 9ed |
(i) m/z=58 W A A H TWAAT FAKY |

(iii) SRk 3mad F Fmior & GRE S 9 (metastable) Fraeardt sEA % m/z 79
H T W |
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For the following compound :

()
(i1)
(iii)

Identify the site of initial ionization under EI conditions.
Draw the structure of ion having m/z = 58 value.

Calculate the m/z value of metastable ion formed during the formation of
above ion. 10

8.(a)(i) IMIRF TA C,H,,0 I Th FidA & TIAHF G S0 9 WE wehrer o
Amax = 249 nm TR M e ¥ |

Draw the structural formula of a ketone with MF C,H,,0 that absorbs in the UV
with 4., =249 nm. 5

8.(b)(i) (A) Fwfafaa & & &l &1 3] gemaRa Yol SFen feamem ? s IR @

(B)

sitfarea qiforg |
H,, HC], BrF, CH, and H,O

Which of the above molecule(s) will show a microwave rotational spectrum ?
Justify your answer.
1216 1316

CO & WYH YUAIHE @MY 3-84235 cm-! R <@l 1 w@fd CO &
3-67337 cmr! R fe@n | S uivrens fRRiE W A |

1216
The first rotational absorption of C O was observed at 3-84235 cmr! while that
13 16
of CO was observed at 3-67337 cm~!. Find their rotational constants. 10

8.(b)ii) frafafea dfit # srafa Weit & forg siifia fared (7 in Hz) = stgem womd |

H, O Ha H, OCH,
>=< Cl H,
G &Cl GE
H,
(A) (B) ©)

Estimate the expected splitting (J in Hz) for the lettered protons in the above
compounds : 5
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8.(c)i) URiersd T ¥ 'HNMR @ I Gide 9% a1 d Fdteia (-CH,) fevme
) a1 10 mm 3R ¥ (=CH) frmer H 91 22 mm o 7€ ® | wioest # Hied
iR T w9 F wlowm e K |

In the 'H NMR spectrum of acetyl acetone the height of the integration curve at
methylene (- CH,) signal was found to be 10 mm and that of methine (= CH) signal
was 22 mm. Calculate the percentage of keto and enol form in the sample. 10

8.(c)(ii) W@ WA TR A it f Frafafea St @ S8 fanfe foar sowea
?7?

CH, H
(D (D)

How could the above pair of isomeric compounds be differentiated by mass
spectrometry ? 5

8.(c)(iii) coz%mﬁﬁnﬁﬁﬁﬁﬁmwmﬁﬁﬁaﬁmﬁmmmm
s () ST | 3P & T sreReh wiEa FOE! A IR WK |

How many fundamental vibrational frequencies would be expected to be observed
in the IR spectrum of CO, ? Sketch them. Identify the IR-active vibrations with
justification. 5
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