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Spectral Band

Frequency (v) = 10 (M) to 10° (G) Hz
Wavelength (A) =300 to 0.3 m
Wave Number = 3.33 x 103 to 3.33 m™!

Nuclear Spin
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Spectral Band

uclear Spin




Energy States

The case of the Spin- nuckeus
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Energy States

) p S:_l/z
CHHE

CHHH I i
(a) (b) (c)
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Energy States

va B,

V= (1/27) B,
Tn=V (2n)/ B,
Yo/ 2n=(v/B,)

Nucleus v, (rad.s'.T™") y,/2n (MHZ/T)

'H 267.51 x 10° 42.58
’H 41.07 x 10° 6.54

B¢ 67.28 x 10° 10.71
3 251.66 x 10° 40.05

3lp 108.29 x 10° 17.24
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Nuclear Energy Levels

uantum energy states _ 2d3.1’2 4
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Nuclear Spin (/)

L2 4 2 6 2
s )" < 1p3y* < 1p° < 1d;,° <257 <

14 8 4 6 )
1d; % < 1f,,° < 2p3,* < 1f5,° <2p,* <
110 6 8 ) 4
1g,,"" <2d,° < 1g,,° < 3s,,° <2d;," ...

[=1,+1, whenlI = odd/fractional number
[=1,-1, whenI'=even number
'= (i, Tig) + (1, + 1)

'H

1

/=1,A=1 '=(1/2+0)+ (0 +0)
p=1;n=0 '=1/2

, [=12+0=1/2
Isy)
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Nuclear Spin (/)

Ls, % < 1p;p* < 1p 2 < 1d5,° <2s,,% <ld;,* < 1f,® < 2py* <
1f5.0 <2p, .2 < 1g,,"" <2d,,° < 1g,,% < 3s,,% <2d;.,* ...

2p, 3¢,
/=1,A=2 /=6;A=13
p=Ln=1 p=6;n=7
I'=(1/2+1/2)+(0+0) I'=({12+0)+(1+0)
I'=1 ['=3/2
[=12+12=1 [=12+0=1/2
19F9 31P15
/=9;A=19 /. =15; A=3l1
p=9;n=10 p=15;n=16
I'=>12+1)+2+2) I'=(1/2+0)+(0+0)
['=11/2 ['=1/2
[=12+1=3/2 [=12+0=1/2
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Nuclear Spin (/)

Ls, % < 1pyp* < 1p 2 < 1d5,° <2s,,% <ld;,* < 1f,% < 2py* <
1f5.0 <2p, .2 < 1g,,"" <2d,,° < 1g,,* < 3s,,% <2d.,* ...

Sl Cly;
/=17, A=35 /=17, A=137
p=17;n=18 p=17,n=20

I'=(12+1)+2+2) '=(12+0)+ (2 +0)
'=11/2 I'=5/2
[=12+1=3/2 [=12+0=1/2

79]31,35 81Br35
/=35, A=79 /. =35; A=281
p=35;n=44 p=35;,n=46

'=(3/2+2)+(3+4) I'=3/2+2)+ (3 +4)
I'=21/2 I'=21/2

[=32+2="7/2 [=32+2=T/2
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Nuclear Spin (Periodic Table)

Tabla periddica de is6topos de RMN.

1 « Numero atémico
Ndmero de masa —» 1/2/3 3

H <« Simbolo quimico

47 [y 50
107/109 115/117
119

Ag Sn

57 72
138/139 177/479
La Hf
104 107 108 109 110

Rf Hs | Mt | Ds | Rg

60 61 62
143/145 147 147/149

Nd Pm Sm
92 94
235 239

U Pu
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NMR Spectrophotometer

Sample Tube  njcjear Magnetic Resonance (NMR) Spectroscopy

RF
Transmitter
Detecter
Printer
Absorption | ‘ H
P.B,u

Magnetic Field ‘
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Unit

6
(Vsignal - VTMS) x 10

0 (ppm) =

VMachine (MHZ)

0 = Chemical Shift

TMS = Tetramethylsilane [Me4Si]

Me

S1
Me// ~

Me
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Shielding (+/) / Deshielding (-/)

3.44

PN

3.76

@3.04

7

2.56

Shielding Deshielding 2.58

< | | > N

1.90

CH;F CH;Cl CH;Br CH5l CH;C CH3H CH;Si CHjLi

5(pm) | 427 3.06 269 213 086 023 000 -1.49
E (Pauling)| 40 3.16 296 266 255 220 190 098
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Mesomeric Factor

15
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Diamagnetic Anisotropic Effect

VARV

— —E{} }C—Dl_']

(—)
H C:E@
(—)
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Diamagnetic Anisotropy in Benzene

Circulating
electron

»Secondary magnetic
field generated by
circulating 1 electrons
which deshields
aromatic protons

Applied field B,
Diamagnetic anisotropy in Benzene

January 26, 2013 ML MLCP b2
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Non-Equivalent Protons

CHy £h

'ﬁ—‘f
L4
CH; H
L A2 K

403 K

|
i S
1

MK
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Br

Diastereotopy
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Spin-Spin Splitting
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Spin-Spin ('H-'H) Coupling

"H NMR spectrum

400 MHz in CDClI ,
o)
Ph
OHC— H Ph
Hﬂ'.
40
-
H'I.'I
.
\_
l"'1|‘] """"" L 4- !9""'
e
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Spin-Spin (H-'H) Coupling

O <« (X =H)
H)th -~
X
= =
H — > -
-
-
<« (X =Ph)
= =
-~ — —» -
‘ R —
Coupling ‘ .
=> (Constant
‘ ‘ (J) in Hz

0 R
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Spin-Spin ('H-'H) Coupling
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Hextet

Pascal’s Triangle

6 (ppm)
Singlet 1 ‘ n=0

Doublet ‘ 1

Triplet ‘1 ) ‘

Quartet ‘ 1 3 ‘“ 3 ‘“ 1 ‘ n=3
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Spin-Spin ('H-'H) Coupling

H NMR spectrum

p
400 MHz in CDCl5 0 Hf‘,
H
Hﬂ%;
H/ cl
41
-COzH | ‘ A I H, y
= ! y I ' i . T T T i | L B S (e e | ——r—Tr—r
9.4 o2 an BB BB 4 45 440 1.75 1.70
| x
9 8 9 6 5 i 3 5
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Spin-Spin ('H-'H) Coupling

'H NMR spectrum Ha Hy, H,
400 MHz in CDCls " E)&Ha
Ha I:} H-E:
43 Hy
T‘ - T
— S
frrrrrrrrrrri i i LR |
4.8 4.7 2.7
l - ;
O gg Rl 70 0 80 © B0 ¢ 40 7 80 " 20 ¢ 10 ¢
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Spin-Spin ('H-'H) Coupling

"H NMR spectrum

400 MHz in CDCl,
1.32 (1.29) H

d, Measured (Estimated) H

4.19 {4 13)

>’)< J»(kH 1.20 (1.14)

H H 2.38(2.29)

OCH,CHg CCH,CHs OCH,CHg4 CCH5CHs
A L
45 40 35 30 25 20 15 10
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Spin-Spin ('H-'H) Coupling

'H NMR spectrum H, Ha Hc He
400 MHz in CDCl4 H,
H, O,N H,
44
Hp
Jt I i -
. p.

44 43 21 20 1 10

......... I I~ ) AR
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Spin Spin ('H-'H) Coupling

'H NMR spectrum

400 MHz in CDCly |
J&E:_l

N

H b e __Jv
45 = 40 @ 35 @ 30 @ 25 = 20 = 15 = 10

ﬁ m o

210112

o
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O
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O HyH,
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Coupling Constants

1. Geminal Coupling Constant (J°) 8-20Hz
2. Vicinal Coupling Constant (/) 2-10Hz
3. Allylic Coupling Constant (JYY 2-4Hz
4. Homoallylic Coupling Constant (JS) 0.5-2Hz

5. Long Range Coupling Constant (J') below 1 Hz
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Geminal Coupling (J?)

"H NMR spectrum Me Me
400 MHz in CDCls H, Me, = ® OH Me, :
Hh Ha*i
H O 0 Me,
?3 wTETUT,
4, 4.0 39
i J\_
1.0
L W | -
¥ T e
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Geminal Coupling & Diastereotopy

3 By W, 'y i, ? 4
L | N 5
P S
ﬂ | i o I'n o0
|| I | 1I “'i ||,| |
, L I1|
U, M UL LI {ﬂ
5.2 5.1 3.6 3.5 3.¢ 0 2.

9 2.8 2.6 . o H
-0 H®
H\ B’ N
=S H6
H> ' .0 H’
H* 3
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Vicinal (J°) / allylic Coupling (J*)

J17.0 Hz

6.15 6.10 6.05 6.00 5.95 5.90
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Karplus Equation (J°)

¢

n ~4 -10 -1
& 7 :
the dihedral angle ; ;
o €0 9% 4 180 270 300 360
J>=8.5c0s*0-0.28 (Hz) 90°>0>0°
J>=9.5cos*0—-0.28 (Hz) 180°>0 > 90°
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Electronegativity vs J°

E=3.16

PR E=344 1 g T

>S<c1 ™. >%<c1

CI HO
He He
CI CI
J ., =7.9-(0.7 AE) J., =7.9-(0.7 AE)

~7.9-10.7 (3 x 0.61)] =7.9-0.7[(2x0.61)+0.89)

= 06.62 Hz =5.79 Hz
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Ring Size vs J?

H
n
H
n V&
1 [05-1.5
2 |2.5-3.7
3 151-7.0
4 |8.8-11.0
5 190-12.6
6 |10.0-13.0
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Calculating Coupling Constant(s)

300 MHz (CDCl5)
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Calculating Coupling Constant(s)

300 MHz (CDCly)
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Calculating Coupling Constant(s)

O3

o H
300 MHz (CDC13)
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Calculating Coupling Constant(s)

O 0)

Nllll' S
-|IHb

O H*

300 MHz (CDCl5)
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Integration

S
O// \O
NO,
I | | | I | :
PPM 8.10 8.00 7.90 7.80 7.70 7.60 7.30
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Z6T'8

Integration

NO,

—— 980’8
—— Z80'8
— 6£0'8

PPM
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Working Out J

z .
3.7 4.7 4.5 4.7 3.7 4.7

. 4.2 3.2 4.2 4.0 4.2 3.2 4.2

@ 0.5 0.5 0.5 0.5 0.5 0.5 0.5
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Working Out J

SiMe3 Me / SiMe3
H Br
I ! 7
/,
Br L '
(o ] H v
N~
O a H O
H

12.5 5.8
3.8 2.0 10.5 2.0 3.8 2.0

‘ 1.4 3.2 1.4 9.9 1.4 3.2 1.4

@ 0.6 0.6 0.6 0.6 0.6 0.6 0.6

Prof Dr Abdul Rauf Raza



Working Out Splitting Pattern

O

H=2.72 (1H, dddd, J = -19.8, 2.7, 2.7, 2.7 Hz)

H=6.67 (1H, dddd, /=10.2, 5.7, 2.4, 1.5 Hz)
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Working Out Splitting Pattern

O
O :Iﬁ H

H

‘H =6.74 (1H, dddd, /=10.2,5.4, 1.2, 1.2 Hz)

sl

H 2.29 (1H, dddd, J=12.3,54, 1.2, 1.2 Hz)
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Predicting 6 of a 'H

Table 4.23 'H Chemical shifts in methyl, methylene and methine groups

Methyl protons Oy Methylene protons Oy Methine protons Oy
C R-CH, 09 | R-CH,R 1.4 |R-CHR, 1.5

C=C-C-CH, .1 |C=C-C-CH,-R 1.7

O—C—CH, 13 |0O-C-CH, R 19 |O-C-CHR, 2.0

N-C—CH; 1.1 |[N-C-CH-R 1.4

0.N-C—CH; |16 |0O.N-C-CH,-R 2.1

C=C—CH, 16 |C=C-CH-R 23

Ar-CH, 23 | Ar-CH,R 27 |Ar-CHR, 3.0

0=CC=C-CH, 20 |0=CC=C-CH,R 24

0O=CC(CH,)=C 1.8 | 0=CC(CH,-R)=C 24

C=C-CH, 1.8 |[C=C-CH,R 22 |C=C-CHR, 2.6

RCO-CH, 22 |RCO-CH,R 24 |RCO-CHR, 27

ArCO-CH, 2.6 |ArCO-CH-R 29 | ArCO-CHR, 3.3

ROOC-CH; 20 | ROOC-CH»R 2.2 |ROOC-CHR, 2.5

'ArOOC—CH, 24 | ArOOC-CH,-R 2.6 |

N-CO-CH, 20 | N-CO-CH,-R 22 |N-CO-CHR, 2.4

N=C-CH, 20 |N=C-CH,-R 23 |N=C-CHR, 27
N N-CH, 23 |N-CH,R 25 |N-CHR, 2.8

ArN—CH; 30 | ArN-CH, 35

RCON—-CH; 29 | RCON-CH,-R 32 |RCO-N-CHR, |4.0

N-—CH, 33 |N—CHR 33

0,N-CH, 43 |0O,N-CH,R 44 |O,N—CHR, 4.7
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Predicting 6 of a 'H

Estimation of '"H Chemical Shifts in Alkanes

For R'R°'R’'C—H, §, =150+%¢ (4.23)

Table 4.24 Substituent constants z for Eq. (4.23)

R z | R z R z |R* %

H- -03 | CH,=CH- 0.8 |NC- 1.2 | AcO- 2.7
Alkyl- 0.0 Ph- 1.3 |H,N- 1.0 |[C- 2.0
CH,=CHCH,- 0.2 'HC=C- 0.9 |O.N- 3.0 |Br- 1.9
MeCOCH;~ 02 |OHC- 12 |HO- |17 [ 1.4
HOCH»- 0.3 ‘MeCO- 12 |MeO- |15  |MeS- 1.0
CICH,- 0.5 | RO,C- 0.8 | PhO- 23 |[MeSi- |07
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Predicting 6 of a 'H

~
/ﬁf//

NO,

O = 1.50+ 0 (Et) + 1.20 (CN) + 3.0 (NO,)
O = 35.70 ppm

oy = 1.50+ 0 (Et) + 1.50 (OR) + 2.0 (Cl)
O = 5.00 ppm
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Predicting 6 of a 'H

Estimation of 'H Chemical Shifts in Alkenes

REJ:I H
)_< 51—[ =325+ Zzgem + Ezrri's + E'Z!‘rans
R trans R gem {4‘24}

Table 4.26 Substituent constants z for Eq. (4.24)
Substituent R Zeem Zeis B

H H- 0 0 0

C Alkyl- 0.45 —0.22 | -0.28
Ring-alkyl-* 0.69 —-0.25 20.28
N=CCH>- or RCOCH,- 0.69 —0.08 ' —0.06
ArCH-~ 1105 -0.29 |0.32
R,NCH» 10.58 —0.10 0.08
'ROCH,- 0.64 —0.10 —0.02
HalCH,— 0.70 0.11 | —0.04
RSCH»— 0.71 —0.13 —0.22
Isolated RCH=CH- 1.00 —-0.09 |-0.23
Conjugated CH=CH-" 1.24 0.02 —0.05
Ar- 1138 0.36 007
OHC- 1.02 0.95 1.17
Isolated RCO— 1.10 14 0.87
Conjugated RCO-" 1.06 0.91 0.74
Isolated HO-C- 097 141 071
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Predicting 6 of a 'H

N
HOOC

O = 5.25+0.45 (gem) + 0.75 (cis) + 0.71 (trans)

O =7.16 ppm
N
>\*H
COOH

Oy = 5.25+0.97 (gem) + 0.75 (cis) - 0.28 (trans)
Oy = 6.69 ppm

Prof Dr Abdul Rauf Raza
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Predicting 6 of a 'H

Estimation of '"H chemical shifts in substituted benzenes

o m
=727+%z,
R@ P % ’ (4.25)
Table 4.29 Substituent constants z for Eq. (4.25)
Substituent R | Zortho Zinata Zpara
H H- 0 0 0
C Me— —0.20 —0.12 —0.22
Et- -0.14 —0.06 -0.17
Pri- —0.13 —0.08 —0.18
Bu— —0.02 —0.08 —0.21
H,NCH,— or HOCH,—CH,— —0.07 —0.07 —0.07
CICH,~ 0.00 0.00 0.00
FiC- 1032 0.14 10.20
R0 0.64 0.13 0.10
CH,=CH- 0.06 —0.03 —0.10
Ph— 0.37 0.20 0.10
OHC- 0.56 0.22 0.29
MeCO- 10.62 0.14 10.21
H,NCO- 0.61 0.10 0.17

Prof Dr Abdul Rauf Raza

52



Predicting 6 of a 'H

H

e COOH

Cl H
H

O =7.27+0.85 (COOH) - 0.48 (OMe) - 0.02 (Cl)
Oy = 7.62 ppm
O =7.27+0.85 (COOH) - 0.44 (OMe) - 0.02 (Cl])
Oy = 7.66 ppm
O =7.27+0.18 (COOH) - 0.09 (OMe) + 0.03 (CI)
O = 7.39 ppm
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Predicting 6 of a 'H

Table 4.31 'H Chemical shifts of protons attached to elements other than carbon®

Structure Oy Structure Oy
NH RNH,; and R,NH 0.5-4.5 OH Monomeric H,O |~1.5
ArNH, and ArNHR 3-6 Suspended H,O ~4.7
RCONH; and RCONHR 5-12 ROH 0.54.5
Pyrrole NH [7-12 ArOH 14.5-10
'RCO,H [9-15
51H Me;S51H 4.0 R,C=NOH 9-12
Ar;S1H ~3.5 Intramolecularly H-bonded 7-16
OH _
snH R;SnH ~5.3 SH R5H 1-2
PH (RO)P(=0)H ~6.8" ArSH -4

Prof Dr Abdul Rauf Raza
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3C NMR

Broad Band ’C-NMR = CH; + CH,+CH+C
DEPT-45° ’'C-NMR =CH; + CH,+ CH
DEPT-90° °C-NMR =CH

DEPT-135° 3C-NMR = CHj3 + CH (+ve Phase)
+ CH, (-ve Phase)

DEPT = Distortionless Enhancement
by Polarization Transfer
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Application

H
N
/S\\
o O
NO,
_‘_th—JJIJJ L 1l
o6 & a8 B o M
oo W 200 L¥,] W a
' | [ | |
PPM 7.0 6.0 5.0 4.0
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Application

s e T
= o & = o ¥ =
=] (=2} B w o Wl o
[=] (=] W = W w W

| T | T | T | T | T | T | T | T | T
PPM 7.90 7.80 7.70 7.60 7.50 7.40 7.30 7:20 7.10
N\S
~
7 S0
e S
NO, .
| | | ' \ — ,
7.980 7.970 7.960 -.50
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Application (BB)

PPM 130 110 90 70 50 30
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Application (DEPT-45)

ii

PPM 130 110 90 70 50 30

IQ\\ /ZE
O
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Application (DEPT-90)

H
H
H
H
//S\\O
O
H H
NO,
| | | | |
120 100 80 60 40
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Application-II

c

ooo'T

208'T

2E9'2
0T

BEBS'T
9/%'0
BZ6'T

PPM 7.0 6.0 5.0 4.0 3.0

| ' | ' | ' | ! | ! | ' | '
7.60 7.50 7.40 7.30 7.20 710 7.00
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Application (BB)
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Application (DEPT-45)




Application (DEPT-90)

Prof Dr Abdul Rauf Raza

64



Application (DEPT-135)




Double Bond Equivalent

Double bond equivalent (DBE)=C, - (H,/2) - (X,,/2) + (N,/2) + 1

O MOI FOTmU.la — C30H27N3O5

DBE =30-(27/2) - (0/2) + (3/2) + 1
NH DBE = 19
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alculating Number of Cs

SA-11-45 Pos_full #1-35 RT: 0.00-0.50 AV: 35 NL: 1.10E8
T: FTMS + p NSI Full ms [100.00-2000.00]
100 418.2002 440.1822

75 O\)\ ;
N

COOH

60
55

50

* m/z=417.19 amu
Mol. Formula = C,(H,,NO,

Relative Abundance

35

30 419.2036 441.1855

25
20
15

10

420.2065 442.1885
413.2111 417.1872 421.2312 425.2130 429.5284 434.1966  437.1926 | 443.1915 447.343
T T T T T T T T T T T T T T T

T T T T T T T T T T T T T T T T T T T T T T
415 420 425 430 435 440 445
m/z
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Calculating Number of Cs

m/z = 418.2002 amu [M+H] (100%)
m/z = 419.2036 amu [M+H] (29%)

% of Shadow 1
Number of Cs = 0 O1 Shadow 1on

1.1% (Natural abundance of °C)

Number of Cs = 29

26.4
1.1

Prof Dr Abdul Rauf Raza
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=10 =

a4

324

28
28
24

224

18
1.5
144

12

s
L
04

02

Calculating Number of Cs

+ES] Scan (rt: 81033 min) Frag=140.0v ST-21Hd

* S0EE

NO,
511.2056
[
I |I =] F -y
_ ) __t L\"x R I R _JINI'L_ e
soha sio sth2  s5thde  sthe  51ha a1 512 5114 5118 s511s sz sth2  s5the 5

Coounts v Mas=-to-Change (miz)
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Calculating Number of Cs

m/z = 509.20 amu
Mol. Formula = C30H27N305

31% [M] > 100% (x 3.23)

10% [M+1] —— 32.3 %

@\ Number of Cs = % = 204
NO
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