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Instruction : All questions are compulsory and carry EQUAL marks

1  Answer the following : (Any Seven)

(@)

(b)
©

(d)
(e)
®
(&
)
@

)

Distinguish between germinal and vicinal coupling with
suitable example.

Discuss the advantage of 3CMR spectroscopy.

What is an IR Spectrum? When does a molecule absorb
IR light?

What is Nitrogen rule? Validate this rule using
nitrobenzene and 2,4-dinitrobenzene.

Draw the 1HNMR spectrum of p-Nitro toluene with
splitting of the signals.

Distinguish methyl propionate and ethyl acetate with
the help of 'HNMR spectroscopy.

Write the principle of Mass-spectroscopy.

Discuss types of UV absorption shift.

Write the characteristic IR frequency of m-Chloro
benzaldehyde.

Give the full-form of HMQC, HMBC, NOESY and
TOCSY.

2  Answer the followings : (Any Two)

(@)

Calculate 13CNMR chemical shifts for the followings
) HO-CH,-CH,-CH,-CH,-CH,-CH,-NH,

14

14
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(i) CH=CH-CH,-CH,-CHy-CH,4
(1) 2-Ethylhexanol

(b) Describe HSQC 2D NMR technique with suitable
example.

(¢) Discuss the (n+1) rule, its failure and solution with
suitable example.

Answer the following : 14

(a) What are the empirical rules for calculation of absorption
maxima in case of polynes?

(b) Determine the molecular formula of a compound which
gives the data in its mass spectrum.

m/z 120 (130 | 131 {132 | 133 [ 134 | 135 | 136 | 137
Rel. abundance | 30 [100 | 31 | 98 | 12 | 32 [ 1.7 | 3.5 | 0.07
OR

(@) Draw the schematic diagram of Mass spectrophotometer
and discuss it in details.

(b) Discuss McLafferty rearrangement with at least three
different compounds

Answer the following : 14
(a) Predict the 13C NMR signal for the followings:
CH

CH
0
H,C CH,H5N
(b) Explain the Mass fragmentation of Methyl butyrate,

Methyl benzoate and Acetophenone.

Answer the following : (Any Two) 14

(a) Sketch the NMR spectrum of AMX and A,B, system
with suitable example.

(b) Write the applications of IR-spectroscopy.

(¢ Write a note on Sample handling technique in IR
spectroscopy.

(d) Draw the single beam UV-spectrophotometer and
functioning it.
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Data-table for the calculation of 1*C Chemical shift

TABLE 5.1

1° (379~ —1.1
37 A —3.4
2° (3%)= —2.5
2 4% —-7.2
327 —3.7
3* (39 —9.5
4= (17) —1.5
4° (2%) —8.4

%cmhnonsl‘@’)andl'(“)demtencﬂgmboundwu

RyCH group and to a ByC

OB,
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ol <0 ]

TABLE 5.3

Repiascament of H by Y In A
or + T

Lk {ppm) on

Propane 15.8 16.3
Butane 3.4 252
Pentane 13.9 228
Hexane 141 23.1
Heptane 14.1  23.2
Octane 14.2  23.2
Nonzne 142 233
Decane 4.2 23.2
Isobutane 24.5 254
Isopentane 22.2  31.1
Isohexane 22.7 28.0
Neopentane 31.7 28.1
2,2-Dimethylbutanes 291 30.6
3-Methytipentaoe 11.5 2985
2. 2-Eimethylbaianc .5 34.3
2.2,3-Trimecthylbutans 27.4 33.1
2,3-Dimethylpentane 7.0 253

15.8

25.2

347 228 13.9

32.2 32.2 23.1

32.6 29.7 326

32.6 29.9 299

32.6 30.0 303

32.6 3.1 30.5

32.0 11.7

42.0 20.9 14.3

36.9 8.9

36.9 (L18.8,
A-HGY

38.3 16.1

36.3 (14.6,
3-CH,)
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Terminal Tnternal
@ B v
Terminal Internal Terminal Internal
2 + 9 -+ 6 +10 “+ 8 -2
CH==CH,, +20 + 6 —0.5
Ce==CH + 4.5 + 5.5 —3.5
COOH “+21 + 16 + 3 + 2 —2
COoO- +25 ~+20 + 5 + 3 -2
COOR +20 +17 “+ 3 “+ 2 -2
+33 +28 -+ 2
CONH; +22 + 2.5 —0.5
R 430 +24 + 1 -+ 1 -2
CHO +31 o -2
Phenyl +23 +17 + 9 + 7 -2
+48 +41 + 10 + B -5
+S8 +51 + 8 + 5 —4
OCOR +51 +45 + 6 + 5 -3
+29 +24 +11 +10 —5
T +26 +24 + 8 + € —5
NHR +37 +31 + B + 6 —d
+42 + 6 -3
+31 + 35 -7
+83 +57 + 4 + 4
+ 4 + 1 + 3 + 3 —3
+11 +11 +12 +11 —a4
+20 + 7 -3
+68 +63 + 9 +~ 6 —4
+31 +32 +11 +10 —4
+20 +25 +11 +10 -3
— & + 4 +11 +12 —%
=Add these increments to the shift valucs of the appropriate carbon
from Table 5.1

5 AP
tarion of Carbor-13 NMR Specrra. 2nd ed.. London: Heyden. 1983,



TABLE 6.9

Cl C of Substituent
Substituent C(Attachment) c-2 C-3 C-4 (rpm from TMS}
H 0.0 0.9 0.0 0.9
CH,» 2.3 +0.7 —0.1 —2.9 21.3
CH.CH, 4-15.6 —0.5 0.0 —2.6 29.2 (CH;), 15.8 {CHj3)
CH(CHjy)» +20.1 —2.0 0.0 —2.5 34.4 (CH), 24.1 (CHy)
C(CH,), +22.2 —3.4 —0.4 —3.1 34.5 (O, 31.4 (CH,)
CH=—=CH, +9,1 —2.4 +0.2 —0.5 137.1 (CH), 113.3 (CH)
C==CH —5.8 +6.9 +0.2 +0.4 B4.0 (C), 77.8 {CED)
Coils +12.1 —1.8 —0.1 -1.6
CH,OH +13.3 -0.8 -0.6 —0.4 64.5
cn.oicn, +7.7 ~0.0 ~0.0 ~C.0 20.7 {CH), 66.1 (CH,),
170.5 (C==0)

OH +26.6 -~12.7 +1:6 -7.3
OCH, +31.4 —14.4 +1.0 —-7.7 54.1
OCHs +29.0 —9.4 +1.6 —5.3

29 +22.4 -~7.1 —0.4 -~3.2 23.9 (CH,), 169.7 (C=0}
CH +8.2 +1.2 +0.6 +5.8 192.0
CCH, +7.8 —0.4 —0.4 +2.8 24.6 (CH;), 195.7 (C—=0)
[
i
CCH +9.1 +1.5 —~0.2 +3.8 196.4 (C==0)
ECF; ~5.6 +1.8 +0.7 +6.7
COH +2.9 +1.3 +0.4 +4.3 168.0
COCH, +2.0 +1.2 -0.1 +4.8 51.0 (CH;), 166.8 (C=0)

168.5
CcCI +4.6 +2.9 +0.6 +7.0
Ce=N ~16.0 +3.6 +0.6 +4.3 119.5
NH, +19.2 —12.4 +1.3 -9.5
N(CH;) +22.4 —15.7 +0.8 —-11.8 40.3
O
il

NHCCH, +11.1 —9.9 +0.2 —5.6
NO, +19.6 —5.3 +0.9 +6.0
Ne==Cre==0 +5.7 —3.6 +1.2 —2.8 129.5
F +35.1 -~14.3 +0.9 —~4.5
C1 +5.4 +0.2 +1.0 -2.0
Br —5.4 +3.4 +2.2 -~1.0
X -~32.2 +9.9 +2.6 -7.3
CF, +2.6 -3.1 +0.4 +34
SH +2.3 +0.6 +0.2 -3.3
SCH, +10.2 —~1.8 +0.4 —3.6 15.9
SO.NH, +15.3 -2.9 +0.4 +33
S(CH,)s +13.4 L X —1.1 —1.1

bt +

*See D. E. Ewing, Org. Magn. Reson., 12, 499 (1979) for chemical shifts of 709
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Tabsie XIV & values tar the oarbBons  in cuarbonyl groups and somne ofher

multiple-bhondad onviroonmaonts (salvent shifis. L2 ppenn., are
cennimronly obmervoed for O €2)

B2, i ORI mligzliatic aldebhydes ed 3 14 S L w1

Ao el TR

2 CE > aryl and comjugated aldehydas® 4 S R

Be—C—R3 dinmikyl ketones 25 -218

A — T — R

Ar —— L2 = AT aryl and conjugated Ketones LR A R

P S

[
M sweloheranones dedvatives ROB-2T13
o
Qf oy clopantanone derivatives A2 20

bicyelic kotones FIS219
[
i sirarie quinones 18433147
£
B O R . - N -
cagbonylis acids aned galts Ia6G-181Y
FR o LIPS
B LR aliphatic asters 1GP-1 75
e o w(':()QAr} ostoers wWitlh corguwgatiorg fn
ym(fﬁ)f.)m«mm’f the acid or slochol moiety IGA-1G9
T
%’ {;) taefrrrees 370178
_F.d
o L e AR e LR e anhivairicies, wlf classes FHI=1TS
-——-‘(Z‘Qﬁwf asreicfes, all clustes including Iactans &R FoF
Table 3.7 {corntinmed }
e @ N e Poad F Y e Y imides 168184
e € O acyl chiorides, afl cilasses t6T-1 72
— N — OO N ureas 153163
Eand ©REEE e & BEeng & S carbonates 152—-156
nitriles 1ia4—-124
isonitriies 1536—158
isooyanates 1Z20-130C
oo =NOH oximes 148158
—_—
TG = NNHCOONTH, semicarbazones 158160
P e L hydrazones 145149
e == — imi 157—175
A ==N R imines
FIO e
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Table 3.18 ‘{nf}ucncu of functional group X on the chemical shift position (8) of
earby carbons in alkane chains

P C ST St SOt
o <) ¥

ov—shift B-ghift y-~shift
b ] E } § i
®
X X—CH > X —CH— X—-—-(IS—--
® ®
1° or 2= or 3"
~—CHs o G 3 & —3
- R: see table 3. 11
axtal —CH, 1 — - 3 —G
equatorial— CH 3 & — - < L8]
{in cyclohexanes)
—CH == C#H, 22 i6 12 7 -2
— C=CH 4 - — 3 —3
oy, AT 23 i7 i1 i0 -3
T 70 - - ] -
—C1 31 35 42 16 5
- BT i9 28 27 1t e 3
e § -7 to 20 — — 11 —2
~——WH,, — MHR, —NR, 29 24 18 11 b
Rl a L& 652 e — 3 -5
e~ INHCOR., — NRCOR. i0 - — 8] 0
— Ny 25 — e 7 -3
—CN 3 4 - 2 -3
— 8 2 — - 2 -2
Rl ¥4 5 1 50 45 40 2 —3
—OR 50 24 17 10 -5
e MO R 52 50 45 7 -6
—~(\OOH,—-COOR,~;--CON< 20 16 13 2 -3
——COR, ——CHO 30 24 17 2 —3
e ST B eSS, N Q 50 — - 3 <}
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Table 3.16 Influence of functional group X on the chemical shift positions (8) of
nearby carbons in alkcene groups and benzene rings

Base values. ethylene (8 123} and benzene (5 128)

X/ O (ipml

P ERO

Fr—— e ta

C e § C—2 \\para
% Alkenes % — Benzenes i
-1 Co2 Ll oreho meta para
Lpso)

—CH, 10 —8 o o o -2
R, 16 —8 15 Q 0 -2
r, e 23 -8 21 o o -2
—CH == CH, 15 —~6 o 8] [+ -2
—CH=CH — — —6 4 o s ]
—~Ceklg, —AYr 13 —11 13 —1 1 —1
——F 25 —34 35 - 14 i -3
~C} 3 -6 (] Q % —2
—Br —8 - 1 -5 3 2 —2
B { —38 7 32 1c 3 -1
N, — e 18 —13 H - 10
——NHE —_ — 20 — 14 1 — 3G
—NR, - — 22 —-16 H - 10
—NQO, 22 —1 20 -5 H [
~—NHCOR, ~—NRCOR — — 30 -7 ¥ g
—CN —15 is —16 4 1 (3
-—SH — - 4 H § —3
— OV - — 27 — 13 3 -7
—OR 29 —39 30 —15 H -8
~——OCOR 18 —27 23 -:6 3 -2
——-COOH,——COOR,-—CON< 4 9 2 2 o s
~COR, —CHO 14 13 ;] 1 H &
—SO3H, —SO,N{ - - 1% o 4
~—PMe, — - 14 1.6 [¢] —1
—~BPAr, - - 1:3 S [¢] 0
Faelrle 313 S valuces for the carbons in alkynes (sp)

REPFPRESENTATIVE ATLKYINES

acctyiene Cethyne) COF Z=sSCrY & 72

B == O TR 7 EEE D e R o B g C E5CFL

283 -2 82 a3 7S

Tkl ~— C EFSC ~—— R, Ce¥iyg — COESC ——~Cla¥ils

86 20

EMPIRICAL PREDICTIONS FOR OTHER ALK YNNG CARBONS

Chevmical shift (3 = 72 + E(increments for carbon aborns)y

Lo i il SR o == aul A oo S o, PR . SR <.
& r a8 (= o s’ > &7
increments 0.5 O 8 7 — G 2 1 +0.5

base valwe 72
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