Q.P. Code : 018395
[Time: 3 Hours] [ Marks:75]

Please check whether you have got the right question paper.
All questions are compulsory
Figures to the right indicate full marks
Answer all the sub-questions together and in order
Spectral correlation tables are allowed

N.B: (1
(2
(
(

3
4

~— — ~— ~—

Q.1 (a) Answer any four questions (1 mark each) 4)

i) Predict the number of signals in the *C NMR spectrum of o dichlorobenzene

ii) Predict the number of signals in the 'H NMR spectrum of hexan-3-one

iii) Draw structure of the ion responsible for the base peak in mass spectrum of n propanol
iv) Calculate the index of hydrogen deficiency for CsH;N

v) Give the coupling constant value for cis coupled protons for substituted alkene

vi) Arrange the following in increasing order of frequency for C=0 stretch

Aliphatic ketones, af unsaturated ketone, a3 unsaturated amide

N N~ o~~~

(b) Answer any eight questions (2 Marks each)
(16)
(i) Predict UV Amax of

CH3;

(i) Predict UV Amax of

H3C CH3

(iii) How will you distinguish between the following by 'H NMR spectroscopy? Give
distinguishing spectral data

H Br H H

N/

C—C\ /C:C\
Br

Cl H and Cl
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(iv) How will you distinguish between the following compounds by IR spectroscopy? Give
distinguishing spectral data

O H3C C (6] CH2
H3C—C_CH2_O—CH3 and CH3

(v) How will you distinguish between the following by mass spectrometry? Give distinguishing
spectral data

O
O

/CH3 H3C_C_CH2_CH2

\CH3

HsC——C——CH

and CH3

(vi) How will you distinguish between the following by *C NMR spectroscopy? Give
distinguishing spectral data
O

H3C_C_CH2_CH3 and H3C H2C H2C C H

(vii) Depict one fragmentation pathway for 1-methylcyclohexene?
(viii) Predict '"H NMR spectrum of the following giving d value, splitting pattern and ratio of
proton intensity. Do not give ranges.

CH3;

HsC——O \ / CH<CH3

(ix) A compound with molecular formula C4HsO4 gives only two '*C NMR signals while 'H
NMR shows only one 2 signals, at and 822. Deduce the structure and justify your answer

0O—0

(x) Predict the IR spectrum of aniline.

Answer any five questions (5x7 marks)
Predict IR spectrum, '*C NMR and 'H NMR spectrum of

)

N==C——CH,—CH,—C——0——CH,
3
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3 Q.P. Code : 018395

b How will you distinguish between following compounds using spectral techniques? Give distinguishing
spectral characteristics. If mass spectrometry is used, one fragmentation pathway must be depicted

H3C CH3 CH2_CH3

(ii) and

Write all possible structures for compound with molecular formula C4HsO and whose IR spectrum
shows a band at around 1720 cm™'. Predict '*C NMR and 'H NMR of each structure.

A compound with molecular weight 134 has a prominent band at 1693 cm™" in its IR spectrum. The
"H NMR spectrum shows two singlets in the ratio of 2:1 at 38 and & 10. '*C NMR spectrum gives 3

d signals at & 130(d), 139(s) and 191 (d). Mass spectrum shows m/z 134, 133, 105, 77, 51 and 29.
Predict the structure and justify your answer. Depict how fragments 133 and 29 are formed.

A compound with molecular weight 156 shows IR bands at 3060, 2935, 2200 and 1600
cm™.
The "H NMR spectrum shows the following spectral characteristics
0 7.3 s 40 squares
e 2.6 s 40 squares
The 3C NMR spectrum shows the following signals
0168 s, 136 s, 125d, 30 t.
Deduce the structure and justify your answer.

A compound with molecular formula C10H1203 has a prominent band at 1742 cm™ in its IR
spectrum.
The "H NMR spectrum shows the following spectral characteristics
57.9dd2H
6.9 dd 2H
f 40q2H
3.8s3H
1.4t 3H
Predict the structure and justify your answer
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Predict the '"H NMR and mass spectrum of p methoxyisopropyl benzene. Depict two fragmentation
pathways for the molecule, one involving fission and the other rearrangement

Answer any 5 questions (5x4 marks)

Distinguish between the following using a suitable spectral technique

CHs; CHs;

CHs CHs

o) and 0)

Draw all possible structural isomers of C3HsO. Predict the number of signals in '3C NMR of
each isomer

A compound with molecular formula C4HsO; has an IR band at 1150, a '"H NMR singlet at &
3.95 and one signal at 8 66.5 in its '*C NMR spectrum. Predict its structure and justify your
answer.

A compound has m/z values of 112,114 and 116 in the molecular ion region of the mass
spectrum. The "H NMR spectrum has two doublets of equal intensity at 5 4.1 and 9.2. Deduce
the structure and justify your answer.

A compound with molecular weight 123 has following spectral characteristics

'H NMR: 8 8.1 (2H, m), 7.5 (3H, m) and it shows IR bands at 3030, 1600, 1550, 1500 cm-".
Deduce its structure and justify your answer.

Predict the IR and *C NMR spectra for p- nitrobenzaldehyde

Depict two fragmentation pathways for pentan2-one, one involving fission and the other
involving rearrangement
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018395

Q.P.Code

Proton Chemical Shifts (Values are given on the

1
officially approved 6 scale; 7= ~Pcﬁ -8
. Methyl Methylene Methine
~Substituent Group Protons Protons Proton -
HC—C-CH, 095 1.20 1.55
HC—-C—NR., 1.05 1.45 1.70
"HC-C-C=C 1.00 1.35 1.70
HC-C—-C=0 1.08 1.55 1.95
HC—C—NRAr 1.10 1.50 1.80
_HC-C~-NH(C=0)R 1.10 1.50 .90
HC-C—C=0)NR, 1.10 1.50 1.80
HC-C—(C=0)Ar 118 1.55 1.90:
HC-C—(C=0)OR 1.15 1.70 1.90
HC-C—A¢ B 1.55 1.80
HC-C=0li (and OR) 1.20 1.50 1.75
HC—-C—C=CR 1.20 1.50 1.80
HC-C-C=N 1.25 .1.65 2.00
HC-C-SR 1.25 1.60 1.90
HC-C—-OAr 1.30 1:55 2.00
HC—-C-0(C=0)R 1.30 1.60 1.80
HC-C-SH _ 1.30 .1.60 1.65
HC—C—{S=0)T. and -SO,R 1.35 1.70
HC—C—NR} “1.40 1.75 2.05
HC-C—-0O(C=0)CF, 1.40 1.65
 HC-C-Q1 1.55 1.80. 1.95
HC—-C—-0(C=0)Ar 1.65 1.75. 1.85
"HC—~C-Br 1.80 1.85 1.90
HC-CH, 0.90 - 1.30 1.50
HC-C=C 1.60 2.05 _
HC-C=C 1.70 2.20 2.80
HC—(C=0)OR (2nd NR3) 2.00 2.25 2.50
HC-SR 2,05 2.55 3.00
HC-0-0 2,10 2.30 2.55
HC--(C=0)R 2.10 2.35 2.65
zn--onz 2.15 "2.45 2.90
2.20 2.40
mn Ar ﬁ»an zwuu 2.25 2.45 2.85
HC-SSR 2.35 2.70
HC—(C=0)Ar 2,40 2.70 3.40
HC-SAr 2.40° _
HC-NRAr 2.60 3.10 3.60-
"HC-SO;R and —(SO)R 2.60° 3.05 _
HC- Br 2,70 3.40 4.10
HC-NRj 2.95 3.10 3.60
HC-NH(C=0)R 2.95 3.35 3.85
BC-Cl 3.05 3.45 4.05
HC-OH and —OR 3.20 3.46 3.60
HC-NH, 3.50 -3.75 4,05
HC-0O(C=0)R 3.65 4.10 4,95
HC-OAr 3.80 . 4,00 4.60
HC-0O(C=0)Ar 3.80 4,20

5.05.

-Methyl Methylcne Methine
Substituent Group Protons Protons Proton
HC-F 4.25 4.50 4.80
HC-NO; 430 435 4.60
Cyclopropane . 0.20 0.40
Cyclobutane 2.45
Cyclopentane -1.65
Cyclohexane -1.50 -1.80
Cycloheptane ” -1.25 :
Substituent Group Proton Shift Substituent Group Proton Shift
HC=CH. 2.35 HO-C=0 - 10-12
HC=CAr 2.90 "HO-80, 11-12
HC=C-C=C 2,75 -HO—Ar .4.5-6.5
HAr 7.20 _HO-R 0.5-4.5
HCO-0 8.1 . - HS-Ar 2.8-3.6
HCO-R . 9.4-10.0 .. HS=R 1-2
HCO-Ar : 9,7-10.5 - HN—Ar 3-6
HO—-N=C(oximé¢) 9-12 HN-R 0.5-5

Be Chemical Shifts (Values given on the'§ scale, relative to TMS.)

Primary Secondary Tertiary Quaternary
Substituent Group Carbon Carbon .Carbon ~Carbon
Alkanes ) . " 3
c-C= -20 to 30 25 to 45 30 to 60 35t0 70
c-0 40 to 60 40to 70 60to 75 70to 85
C-N 20 to 45 40 to.60 50t0 70 65to75
c-s . 10 to 30 25to 45 40 to 55 .55t070
C—Halide =37 to 35 -10to 45 "30to 65 5to75
(n (€ (I (C A1) (€ ) (<n
Alkynes 70 to 100 Isocyanides 130 to 150
Alkenes 110 to 150 Carbonates 150 to 160
Aromatics 110to 135 Oximes 155 to 165
" Csubstituted 125 to 145 Ureas 150 to 170
Heteroaromatics 115to 140 Thioureas 165 to 185
C-a 135t0 155 Esters, Anhydrides 150to 175
Cyanates . 105to 120 Amides 160 to 180
Isocyanates 115to 135 Acids, Acyl nEo:nom 160 to 185
Thiocyanates 110to 120 >En5dna 175 to 205
Isothiocyanates 120 to 140 Ketones 175 to 225
.Cyanides - 10to 130 .
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Q.P.Code: 018395

10
SPIN-SPIN COUPL NG CONSTANTS
Type s _ Type ' 4. eps
Hat 220 :c-cu—("l-l-:('\ 9-13
CHt 124 H—Ce=C—H{ 9.1
o . N )
- 12-1% CH—C=C—U 2-3
“ 2 p :
s .
N “ , _/ll
CH—Ct Vg CH—C 1-3
AT . e |
C (t., (I:. /“
B ~0 c=c i
A = 6-8
- H 1) - _ \,__/
CH--Cliz— X 6.5-1.5 &
CH,

a- 6-9

CH- -N 55-70 i N - 1-3

p-0-1
{ 3 aas-10
H—-C—C—11 a.c2.4 afl 1.6-20 .

" i y aff 0.6-1.0
A ce2-4 @o)/’ an’ 1.3-18

L 1
-):_—;C/ o 05-3 M
Y
i _ afl2.0:26
u A 12 @ i 15222
C=(..\ e ‘l an’ Lﬂ;i.l'
H "o [ 2840,
c:g,: 13-18
- H . afl 1.6-58
H ® Caft 10-18
\CEC, 4-10 @ l_u:'_z..‘—‘,.l
_._.Z.._I_I I =T : _ﬂﬁ‘_}")‘t}
,:‘.t..'ﬁu o ataty L ~f49:5.7
Cre 0.5-2.5 ay 1.6-2.6
oS % [y aft 07 1.4
RN} : QNJJ W 0.3-0.5
H, - ~0 ghL S By 7.2:RS
C=C ' B 1.4-19
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Q.P.Code: 018395

11

Conjugated dienes & Trienes, Solvent: Ethanol

Parent value for Butadiene system

217 nm

or acyclic conjugated diene

Acyclic triene 245 nm
Homoannular conjugatcd diene 253 nm
“Hetroannular conjugated diene 215 nm

Increment for each substituents-

Alky! substituents or ring rc51duc 5 nm
Exocyclic double bond - " | 5nm
Double bond cxtendmg conjugation | 30 nm

' 3 Auxochrome '

-OR +6 nm
-SR +30 nm
~Cl, -Br- +5 nm
NR;, +60 nm :
-OCOCH;, 0 -

Woodward Fieser rules for aB unsaturatcd carbonyl comp_ounds -

a) Parent values
of-unsaturated acyclic or six . [ 215 nm
membered ketone : ' .
| of-unsaturated five membered ring | 202 nm
ketone - o
op-unsaturated aldehyde 207 nm
| b)Increments
i) Each alkyl Qubstltuents or ring raxdue
At.q position 10 nm
At B position 12 npm
At gamma and higher position 18 nm
ii) Each exocyclic double bond 5 nm
iii) Double bond extending 30 nm
conjugation L
1iv) Homoannular conjugated 39 nm
diene
| Auxochromes Positions
' « B gamma
-OH 35 130 50
| -OR 35 30 17
-SR - 85 -
-OCOCH; 6 6 6
-Cl . 15 12 |-
| -Br 25 130 -
"'NRi - K 95 -
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