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SARDAR PATEL UNIVERSITY
M. S¢. SEMESTER - I (Organic Chemistry) Examination
Tuesday, 23" October 2018
Time: 02.00 p.m. to 05.00 p.m.
PSO03CORC21: Organie Spectroscopy

Total Marks: 70
Select the correct answer from the alternatives given below to the each question  [08]

[1]  Electronic transition(s) expected from 1,3-butadiene is(are)

{ransitions
[a] n—o* [b] m—sm*
[c] ¢ —o* [d] Bothb & ¢
[2]  Among the following, have highest “>C=0" stretching frequency.
[a] Cyclobutanone [b] Cyclopropanone
{c] Cyelopentanone [d] Cyclohexanone

[31  DEPT-90° NMR experiment show(s) signals for

fa] only tertiary carbons [b] primary, secondary and tertiary carbons
[c] only quaternary carbons [d] primary and tertiary carbons
[4] 2-Chlor0pr6pe_ne will give PMR signals in its "H NMR spectrum,
[a] 5 - 12
[c] 4 [d]3
[S}]  Pople notation for the protons present in 1,4-dichloro benzene is
la] A;B, : [b] Aq
fe] AxXs [d] AA’BB’
[6] is a carbon analogue of DQF-COSY.
fa] HETCOR : [b] INADEQUATE .
[c] HMBC [d] HMQC

[7]  If an organic compound contairis {wo Br and-one Cl atom in its molecular
formula then relative abundance of M:M+2:M+4:M+6 will be
[a] 9:15:7:1 : b]2:2:3:1
[e] 1:3:3:1 [d13:7:5:1

[8]  Which of the following is INCORRECT for meta-stable ion peaks?
[a] They are broader than normal [b] They have relatively high

peaks abundance
[c] They mostly have non-integral [d] Position of metastable jon peaks are
m/z values

2
determined by m* =2
, —
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Q.2 Answer the following questions (ANY SEVEN)

(1]
[2]
[3]
[4]
(5]
[6]
[7]
(8]

9

fa]

[b]

[b]

[a]

Define : (i) Hypsochromic shift (if) Hyperchromic effect
Discuss effect of conjugation on Ame with suitable examples.
Discuss various bending vibrations. |
How to differentiate two geometrical isomers of cinnamic acid by 'H NMR?
Sketch the 'H NMR spectrum of propanal by taking approximate § value for
each signal and showing appropriate multiplicity.
Give full form of: (i) INADEQUATE (ii) DEPT
How will you differentiate following pairs of isomers by 3¢ NMR?
(i) Cyclohexane and 1-Hexene .
(ii) Propanal and Acetone ,
What s nitrogen rule? Which of the following compounds will follow it?
(i) C4HsN (ii) CgH 4N (iif) C4H 0N,
Explain the terms: (i) Base peak (ii) Molecular ion peak

Calculate A5 for the following compounds:
MBQN
MeO

AcO .
o ' @ (it)
o]
Answer the following questions. _
[1] How will you distinguish following pairs of compounds by IR? -
(i} Butanoicacid and Ethylbutanoate
(i) 1-Butene and 1-Butyne
(iii) Ethanol and Ethanal
[2] List the factors affecting >C=0 stretching frequency. Discuss any
two in detail.

OR
Answer the following questions.
[1] Discuss “Fermi resonance”. :
{2] Arrange following compounds in increasing order of >C=0 stretching

frequency. Explain the order assigned by you.

(o)

O : 0
()] - \j_L_ (ii:) :iO (iii) o

Answer the following questions,
[1] Draw the structures of all the possible isomers for the compound with
, molecular formula C3HgCl, How many 'H NMR signal(s) will be
produced by each isomer?
[2] List the various methods for simplification of complex 'H NMR
spectrum, Discuss “double resonance” with example.

®

[14]

[06]

[03]

[03]

[03]
[03]

[03]

[03]



[b]

[b]

[a] .

[b]

[b]

~ Answer the following questions,

[1] Define coupling constant. Discuss geminal and vicinal coupling
constants in detail, :

f2] In 'H NMR, generally aldehyde protons are deshielded compared fo
ethylenic protons while acetylenic protons are shielded compared to
ethylenic protons, Explain it.

OR

Answer the following questions.

(1] Discuss “effect of H-bonding on chemical shift in "H NMR” with
examples. ' ‘

[2] What is Nuclear Overhauser Effect (N OE)? Discuss use of NOE
experiments to distinguish isovanillin and vanillin.

Calculate *C NMR chemical shift for the following compounds.
Ohlfle

NS T ™

CHO

Answer the following questions.
[1] Draw HMQC and HMBC spectra for 1-nitro propane by taking
approximate chemical shift value for each signal,
[2] Predict number of signals for following deutarated solvents in Bc
NMR at 25°C. Give multiplicity for each signal.
(i)  Pyridine-ds
(i)  Dimethylformamide-d;
(i)  Dichloromethane-d,

. OR

Answer the following questions,
[1] Draw BC NMR, DEPT 90 and DEPT 135¢ spectra for Citral (I).

1275 1814 248

246

3.2 264 188
Y
2] Explain following:
(i) “CNMR spectra are recorded always as proton decoupled
spectra,
(i) FT-NMR instrument is preferred over CW-NMR instrument in
recording *C NMR spectra,

9

(i) \/\/0\/

[03]
[03]

[03]

[03]

[06]

[03]

[03]

[03]

[03]
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[a]

[b]

[b]

Answer the following questions.

I} How will you distinguish following isomers using mass spectrometry?
(1) 1-Pentanol (ii) 2-Pentanol (iii} 2-Methyl-2-butanol

[2]  Discuss following ionization techniques in mass spectrometry.
(i) FAB (ii) MALDI

Answer the following questions,
{1 Write fragmentation pattern for following compounds,

(i) n-Propylbenzene (ii) 3-Pentanone  (iii) Benzamide
[2] Write note on “McLafferty Rearrangement”.

OR

Spectral data for the compound with molecular formula C;H;,0; is
given below. Interpret the data and assign the structure for the

compound,
IR: 2960, 1725, 1715, 1160, 1030 cm™
| 'H NMR B¢ NMR
Signal () Multiplicity Protons Bc @) DEPT
1350
1.25 Triplet 3H 14 +Ve
220 Singlet 3H 28 -Ve
2.55 Triplet 2H 29 +Ve
275 Triplet 2H 37 -Ve
4.10 Quartet 2H 60 -Ve
o 172 -
208 -

Mass (m/z). 144, 129, 116, 101, 99, 74, 55, 43.

"
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Tahle 1. Characteristics absorptions for diznes sl
Base value for homo-annular diene 253 nm
Base value for hetero-annhular diene 214 nm
Increment for:

Double bond extending conjugation +30 nm
Alkyl substituent or ring residue +5nm
Exocyclic double bond +5nm
Polar groups {auxochrome);

-0Ac +0nm
-OR +6 nm
-SR +30 nm
-Cl, -Br +5 nm
-NR2 +60 nm

Table 2, Characteristics absorptions for substituted benzene

derivatives

0 G Base value
G Alkyl or ring residue 246 nm
(Ketone)
H (Aldehyde) 250 nm
-OR / -OH (Ester/ Acid) 230 nm
Increment for each substituent on aromatic
ring:
Alkyt / ring residue 0,m +3 nm
p + 10 nm
-OCHs /- OH / -OR o, m +7 nm
p +25nm
-0~ ( Oxy anion) 0 +11 nm
o m +20 nm
P +78 hm
-Cl o, m +0nm
p + 10 nm
- Br o,m +2nm
P +15nm
- NH; oc,m +13 nm
p +58 nm
- NHCOCH, o,m +20nm
P +45nm
- NHCH; o,m +73nm
-N (CHa)z o,m +20 nm
p + 85 nm
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Table 3. Characteristic absorption for o, —unsaturated carbonyl compounds (enones)

Base values:
Acyclic o8- unsaturated ketones 215 nm
Six membered cyclic o, - unsaturated 215 nm
ketones
Five membered cyclic a,B- unsaturated 202 nm
ketones
a,B- unsaturated aldehyde 210 nm
a,f- unsaturated carboxylic acid/ester 195 nm
increment for:
Double bond extending conjugation +30 hm
Homocydic diene component ~ 1439 nm
Exocyclic double bond +5 nm
Alkyl substituent or ring residue
o +10 nm
B +12 nm
y & higher | +18 nm
Polar groups:
-OH a +35 nm
B +30 nm
. ] +50 nm
-0COCH; { a, B, 6 +6 nm
-OCHs o +35 nm
B +30 nm
y +17 nm
5 +31 nm
-SR B +85 nm
-Cl a +15 nm
B +12 nm
-Br a +25 nm
B +30 nm
-NR3 B +35 nm
Solvent corraction:
Ethanol +0 pm
Methanol +0nm
Chioroform | +1 nm
Ether +7 nm
Water -8 nm
Hexane +11 nm
Cyclohexane | +11 nm




Characteristic Infrared Absorption Frequencies

Bond Compound type Frequency rangs, o | -
cH Alkanes 2850-2060 N
1350-1470
C-H Alkenee 3020-3084 (m)
__________ 675-1000
C.H Aromstic rings 3006-3100 (m)
§75-870
|__CH Alkynes 3300
C=C Alkenes 1640-1680(v) |
C=C _Alkynes 2100-2260 (v)
cC [ Aromatio rin 1500, 1600 (v)
0 Aleohols, sthers, carboxylic soids; esters [080-1360
C=0 - Aldehydes, ketones, carboxylic acids, 1690-1760
esters .
O-H Monomeric aloghois ,phenols 3610-3640 (v}
Hydrogen bonded aleohols, phenols 3200-3600 (broad)
Carboxylic acids 2500-3000 (broad)
N:-H Amines 3300-3500 {m)
CH Amines 11801360
‘ CaN Nitriles 2210-2260 {v)
“NO, Nitro compounds 1515-1560
: 1345-1385
CHARACTERETIC PRoToN CHEMICAL SHIPFTS
i
| yp& of proton M. ] Shiﬁ’ PPm
8
Cyclopropane 0.2
Primary RCH, 0.9
Secondary R,CH, i.3
'rertiary R)CH . l .5
Vinylic C=C—H 4.6-5.9
Acetylenic C=C—H =3
Aromatic Ar—H 6-8.5
Benzylic Ar—C—H. 2.2-3
Allylic C=C—CH, 1.7
Fluorides HC~F 445
Chlorides HC-—Cl 34
Bromides HC—Br 2.5-4
Todides_ HC—1 24
Alcobols HC—OH 344
Ethers HC—OR 3.3-4
Esters RCOO—CH 3.7-4.}
Esters 'HC—COOR 2-2.2
Acids HC—COOH 2-2.6
Carbonyl compoisiads © HC—C=0 2-2.7
Aldehydic 9-10
‘Hydroxylic 1-3.5
Phenolic 4-12
Enolic CmC—0OH 15-17 .
Carboxylic RCODH 10.5-12
Amino RNE, 1-5
s e




‘Bable 5.1 The ¥C Shilt Parameters in Some Lineac and  Table 53 Incremental Substituent Effeats (ppm) on

Ryanched Hydrocsrhons Replacement of H by Y in Al Y is Terminat or
R s | iprpnld {4 1,7, - Tight)
B Atoms Subfr {poni) (A) i . i S
o o Y
" +9.1 Yo ¥ pe ¥
B +94 B R
¥ =25 4 8 B
b +0.3 Terminal Taternzl
12 {3y -1 “ T ) ~
1" {4y ~34 o B v
L U e
; g«;‘ mgi ' ¥ © Teeminsl Tnternnl  Terminal h?l.ermﬂ _
F12) -37 £ 9 e +I0 +8 -2
: ) %3 +20 + 6 -05
(" =13 + 45 + 55 -15
Tahle 52 The 1C Shifts for Some Linear and +21 +16 + 3 P12
Branched-Chain Alkangs (ppm from TMS) Coo” 125 +0 o+ § 3 =2
: : iy ((VOR +20 +17 # 3 + 2 =2
Corntpound ¢l €2 €3 G4 G5 CoCl +33 138 2
Methane -13 COR ) 24 4 S B
Ethane 37 CHO +3] 4] =3
Propang 158 163 158 Phenyl 423 +17T 49 + 37 -2
Butane 134 22 32 O & 49 =] +10 + 8 -5
Pentane 139 28 M7 22E {39 OR 4% +51 + R + 5 =4
Hexane Wl 231 32 2 231 peoRr + 5] 145 G + &5 -3
Heptane 140 232 326 297 6 N, +29 +24 @11 1y =3
Octane M2 232 828 298 299 NH,- S S v + 6 =3
Nonane M2 233 3246 300 33 NHR +37 +3 + 8 + 6 el
Decaiie M2 237 & 3] WS NR, + 42 +h -3
Isobutane 25 254 NR, =3 + 5 -1
isupentane 22 031 3200 1L N +63 + 57 + 4 b4
Jsohexane 27 M0 20 WY 143 N v 4 +1 43 v 3 -3
Neapantane a7 28 5H + 1) +11 +12 +1t —4
2.2-Dimethylbutane 1 /6 mE  BY SK + 4 + 7 =3
3-Methylpentans 115 9.5 369 {IBS, F + 68 F 63 + = B =4
. 3CHy & +3 +3 U =10 -4
23-Dimethylbutane 195 343 Br +HL =25 +1] 4+ -3
223 Immethylbmane 274 331 X3 el I - & 4+ 4 'F-II 12 =~}
23 Dimethylpentane 70033 (144,
3CH,)

EMPIRICAL PREDICTIONS FOR OTHER ALKYNE CARBONS

Chemical hift (8) = 72 + T(increments for catbon atoms)

C—C=C=C—C=C—L=C~C—C

$ v B «a o oy ¥
increments  +0.5 0 5 +7 -6 ¥2 =1 205
base value 72

®



Table 3.16 Influence of functional. group X on the chemical shift positions (6)}ﬁ

nearby carbons in alkene groups and benzene rings

- . - .. x\__ /:’o ho
J"f-;,{-f;' :'* ' . /.,.._.\ © m—-mela

&

Base values:  ethylene (3 123) and benzene (6 128) . |

X Cc—1 (ipso).

Cl C=12 \pam
i Alkenes - Benzenes :
'eml €2 C—1  omho  mew pare
{ipso) a{_
—CH, 10 -8 9 0 0 -2
R, F~ 16 -8 15 0 0 -2
e 23 -8 21 0 0 -2
—CH=CH, | BT -6 9 0 0 -2
—CH=CH . - - -6 4 0
<C My, ~Ar 13 —1) 13 -1 1 -1
—F 25 ~34 35 -4 i -8
1 3 -6 6 0 1 -2
—Br -8 -1 -5 3 2 -2
— 38 7 -3 10 3 1.
—NH, - - 18 -1 | ~10-
—NHR - - 20 ~14 1 ~10
—NR, - - 7 ~16 1 -10 .
—NO, 22 -1 20 -5 ! 6
—NHCOR, —NRCOR - - 10 -1 v 4
—CN \ -15 15 —I6 4 t 6
—SH - - 4 1 1 -3
~OH - - 27 -13 ) -7
~0OR 29 -39 30 ~15 1 -8
—QCOR 18 =27 23 ~& i -2
—coou.-<':oon.—-cou< 4 9 2 2 0 s
~-COR,—CHO 14 13 9 1 6
-—so,u,—so,n( - - 16 0 0 4
—PMe; - - 14 1.6 0 -1
-‘?Afg - - 9 5 0 0.




Influence of functional group }ﬁ«on the chemncal shift posmon (5) of
neéarby carbons in alkane cham

X-—ch-(:mc
o F oy

ol ~#hifl C feshift  y-shift :
L

——
sy

X X~CHy~ x#c!mé» x—-u%:m

° o 2 or 3°

—CH, 9 6 3 % -3

~—R: see table 3.11 : - .
axiwl—CH, 1 - - 5 -6
equatorial—CH, - 6 - - 9 ¢
{in cyclohexanes) .

—CH=CH, 22 16 12 7 -2
—~C==CH 4 L _ 3 3
~—=CHy, —AT ' 23 17 1} 10 -3
—F ' 10 - - 8 -7
e 3 35 42 16 —&
—Br 19 28 37 ¥ 8
— I ~Tto2Q - - 1t -2
—NH,;, —NHR, —NR, : A pL 18 il -
—NG,; ' 62 . . 3 -5
—NHCOR, —NRCOR 10 - - Y a
~—NH,* _ 25 - - 7 -3
—CH 3 4 - 2 -3
—SH 2 - - 2 -2
—0OH 50 45 490 9 -3
—OR ’ 50 e 17 {4} -6
—0OCOR 52 50 45 ? ~6
—-coéu.e—cooa..—-f-corq{ L .20 16 13 2 -3
~COR,~-CHO 30 24 17 2 -3
-—SO,H.—-SO,N< 50 - - 3 o



TABLE42  Incrementad Shifks for the Acomatic Carbon Ators of Munosubstituted Benzenss (ppm lrom berizene at 128.5 ppm), PC

Chascal Shifls of Substiivents i pprt from TMS?
Cd L of Substitnes
Subsiftuent {Altachrient} 02 C3 C4 * {pprs from THMS)
H 00 0 oD 00
CH, 93 (7 ~{h] ~19 13
CHCH, 156 3 00 16 TT{CH, IS8(CH)
CBCH), p.iN 10 00 -1 34 (CH)YL 24 (CH,)
C(CHy), 02 3 ~04 -3 ML), 3LA{CH,)
CH=CH, 94 22 -3 137.1{CH), 13.3{CH,}
Ca=CH ~358 03 04 SI0{C)LTIR{CH
Cf,Hs ' kR SN ~.1 -8 o
CH,OH 133 43 -4 ~0.4 6.5
CHO{C==0ICH, 17 A 5 w0 07 (CH,). 661 (CH,), 170,5{Ca=0)
oH %6 AL L6 13 ;
OCH, 34 ~14.4 Ik -1 541
OCH; B0 =44 14 =53 . _
O{C==0)CH, N4 21l i 32 239 (CH,), 169.7 (Co=D)
(C=0M 82 .2 it 59 0
(C=0)CH, % A X 28 ME(CH,). 1957 (C=0)
(C==0)C,H 01 3 -7 33 1964 {C=0}
(C=0}F, ~5.6 P 37 67
{C==D)0H 29 L3 i 43 168
{CaQ)OCH; 20 3.4 0.8 48 SLO(CH,), 1668{Ce=0) -
{C==0C 46 29 05 10 1685
{CamD)NH, 50 -1 4 34 '
CaaN -16 34 014 43 1155
NH, 192 -124 -85
N({CHy), 74 ~137 i ~11.8 403
NH{Ce==0)CH, 1L 99 £ 56
NO, 19.6 -33 6.0
Ne=(=0) 57 -3 i 28 1295
ft 3. ~1d3 £ 45
Cl b4 02 2
Br ~54 14 i 19
I -3 59 -13
CF, 26 31 i 14
$H 13 06 i/ ~33
SCH, 0.2 -8 54 ~36 158
S0,NH, 153 ~2% 04 33
SHCHy) 134 4.4 =1} -1

*Ste Eving, DI (1979, Orp. Maga. Resot, 2,49, for T8 chemial stk . -ancusbsties besenes
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