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Spectral Band

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

Nuclear Spin

lllll

Cleasalmversdign= ' pporks

PR P @ Tagreic Pe i of
ttt ", agrfse o n essag ate
SARCONNN IOYYY) 22

Prof Dr Abdul Rauf Raza



Prof Dr Abdul Rauf Raza



Spectral Band

uclear Spm

aaaaaaaaaaaaaaaaaaa



Energy States

The case of the spin-34 nuckeus
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Energy States

A L ps=-1
SN 111 N 1i111

M—»hv I

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

D E,

vaB,

v = (y,/2m) B,
Ya=V (21) / B,
Yo/ 2= (v/B,)

Nucleus vy, (rad.s’'.T-") vy, /2n (MHz/T)

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

B¢ 67.28 x 10° 10.71
19 251.66 x 10° 40.05

3lp 108.29 x 10° 17.24
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Nuclear Energy Levels
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Nuclear Spin (/)

1o 2 4 2 6 2
s % < 1p3,* < 1p,7 <1d;,° <2s,* <

174 8 4 6 )
1d,,* < 1f,,° < 2p;,°* < 1f;,° <2p,)* <
10 6 8 ) 4
1go,"" <2d5,° < 1g,,° < 3s,,° <2d,;," ...

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

lH1
/=1;A=1 I'=(1/2+0)+ (0+0)
p=1;n=0 ['=1/2

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

151/22 < 1173/24 < 1171/22 < 16115/26 < 251/22 <1d3/24 < 1f7/28 < 2173/24 <
1£5,0 <2p, % < 1g,,"" <2d,,° < 1g,,° < 3s,,* <2d.,* ...

p, 3¢,
/=1,A=2 /=6;A=13
p=Ln=1 p=6;n=7

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

19F9 31P15
/=9;A=19 /=15 A=3l1
p=9;n=10 p=15n=16

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

151/22 < 1]73/24 < 1171/22 < 16115/26 < 251/22 <1d3/24 < 1f7/28 < 2]73/24 <
1f5.0 <2p,* < 1gy,"" <2d,,° < 1g,,° < 3s,,% <2d,,* ...

35C117
/=17, A=35
p=17;,n=18

'=(12+ 1)+ (2 +2)

'=11/2
[=12+1=3/2

['=(3/2+2)+(3+4)

['=21/2
[=32+2=7/2

Prof Dr Abdul Rauf Raza

37C117
/=17, A=37
p=17;n=20

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

81Br, .
/. =35; A=38I
p=35;n=46

'=(32+2)+(3+4)
['=21/2
[=3/2+2="7/2
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Nuclear Spin (Periodic Table)

Tabla periddica de is6topos de RMN.

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

73
138139 177/179 181 183

La Hf Ta w

H

« Simbolo quimico

81
203/205

Tl

113

Nh

60 61 69 70
143/145 147 147/149 169 171/88
Nd Pm Sm Tm | Yb

92 94 101 102
235 239
U Pu Md | No

712 4
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NMR Spectrophotometer

Sample Tube Ny jear Magnetic Resonance (NMR) Spectroscopy

//
RF
| Transmitter
Printer
----- Absorption __l ﬂ
: ' .‘ : = B,

Magnetic Field
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Unit

6
(Vsignal - VTMS) x 10

o (ppm) =

VMachine (MHZ)

0 = Chemical Shift

TMS = Tetramethylsilane [Me,Si]

Me

S1
Me// ~

Me

Me
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Shielding (+/7) / Deshielding (-/)

3.44

PN

3.76

@3.04

N
// \2.56

Shielding Deshielding 2.58

< | | > /S\

1.90

CH;F CH;Cl CH;Br CH;l CH;C CH3;H CH3Si CHiLi

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
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Diamagnetic Anisotropic Effect

o w3

——c{:r C=0

fi=e]
H c:c:@
(—)
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Diamagnetic Anisotropy 1n Benzene

Circulating
electron

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

Applied field B,
Diamagnetic anisotropy in Benzene

tamiary 26, 213 M MCP
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Non-Equivalent Protons

CH,y O:

] n |
m,:'—‘(" kN/
423K

— —— —

403 K S Ok
393 K D Me
1
A 353 K Me
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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 CDCl 5

o)
Ph
OHC- i Ph
Hﬂ.
40
_
Hll.
—_
1....1,0 .............. —
e
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Spin-Spin ('H-'H) Coupling

O <« (X =H)
X
e —
H — > -
—
—
-« (X = Ph)
- —
- —> — -
\ — | =
Coupling
=> (Constant
‘ ‘ (J) in Hz

0 5
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Spin-Spin ('H-'H) Coupling
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Hextet

Pascal’s Triangle

0 (ppm)

Singlet 1 ‘ n=20

Doublet ‘ 1

R U R B
el
[l ol e S

Triplet ‘1 7 E‘ 1‘ n=2
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Spin-Spin ('H-'H) Coupling

'"H NMR spectrum Hg
400 MHz in CDCl3 0 Hﬁ
H
o7 S
H, CI
a1
-CO.H \ A ‘ | H,
T T T T T 1 —rTTTTTT —r—r-r-re
9.4 9.2 9.0 8.8 8.6 445  4.40 1.75 1.70
| l . .
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Spin-Spin ('H-'H) Coupling

'H NMR spectrum Ha Hy, Hy

400 MHz in CDCly H %(Ha
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Spin-Spin ('H-'H) Coupling

4.19 (4 13)

>{)< /l‘»(kH 1.20 (1.14)

H H 238 (2.29)

'"H NMR spectrum

400 MHz in CDCl,
1.32 (1.29) H

d,; Measured (Estimated) H

OCH,CH; CCH,CHs OCH,CHj CCH,CHg
A
)
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Spin-Spin ('H-'H) Coupling

'H NMR spectrum H, Ha Hc A,
400 MHz in CDCl3 o
H, O,N H.
G
Hp

- - -

bl bl bl [T 1 bl e b Il
44 4.3 21 20 M 1110

T e e
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Spin Spin ('H-'H) Coupling

'H NMR spectrum H, H, H, (@) o
- . s ~_-0O ™
Ja 1234 Jabss7s Ja°9101112 WA H, O
O HyH,
56

40 30 285

’ H, H,

a

_ ll.ullﬂ A T i

45 40 @ 35 30 25 20 15 10

Prof Dr Abdul Rauf Raza 30




Coupling Constants

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

5. Long Range Coupling Constant  (J°) below 1 Hz

Prof Dr Abdul Rauf Raza

31



Geminal Coupling (J?)

"H NMR spectrum Me Me
400 MHz in CDCl, H, Me, : ® OH Me, ;
Hb Ha'”
H, 0 O Me,
Aa
73 W
T34
Ha

o J\
LA 1.0
e e e RO
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Geminal Coupling & Diastereotopy

H* O n
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\ \ N
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Vicinal (J?) / allylic Coupling (J*)

He

17 Hz

10 Hz

7.5 Hz

J17.0 Hz (\HC/> e

vvvvvvvvvvvvvvvvvvvvvvvvvv
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Karplus Equation (J°)
¢

10 Ha‘\‘ - 10 -1

9 1 H, -9 "9
Jab 8 E;[ 8 L g
Hz 7 - P £
6 - the dihedral angle 6 L 6

O -5 5

4 - "4 "4

3 -3 3

2 1 2 2

iy B '
S 6090¢180 ........ : 7'0”30'0”"'360

J>=8.5c0s*’0—-0.28 (Hz) 90°>0>(°
J>=9.5cos?0-0.28 (Hz) 180°>0>90°
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Electronegativity vs J°

E=3.16

HY Hb E=344 i T

>%<01 ™. >%<c1

I HO
He e
CI CI
7., =79 - (0.7 AE) J,, =79 - (0.7 AE)

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

= 6.62 Hz =5.79 Hz
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Ring Size vs J?

H
) ,,
H H* Hb
3 3
n J3 n Jaa Jab
1 105-1.5 1 [8-13 5-10
2 [25-3.7 2 15-11  2-11
3 151-7.0 311-9 1-9
4 |88-11.0 4110-13 2-5
5 19.0-12.6
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 (CDCl;)
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Calculating Coupling Constant(s)

O O
o HY

300 MHz (CDCly)
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Calculating Coupling Constant(s)

0 0
S
CE:EN &K--'H"
O H*

300 MHz (CDCly)
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Integration

~
O// \\O
NO,
I I I I I | ' I
PPM 8.10 8.00 7.90 7.80 7.70 7.60 7.30
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Z61'8

Integration

—— 980’8
—— 280’8
—— 6L0'8

PPM

8.16 8.14 8.12
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Working Out J

3.7 4.7 45 47 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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SiMe3

0.6

Working Out J

2.0

1.4

0.6

12.5

10.5

9.9
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SiMe
Me 3
/B
H W
L /,
|
H O 8
O\
5.8
2.0 3.8 2.0
1.4 3.2 1.4
0.6 0.6 0.6 0.6
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Working Out Splitting Pattern

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

H=6.67 (1H, dddd, J=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, J = 10.2, 5.4, 1.2, 1.2 Hz)

sl

H 2.29 (1H, dddd, J=12.3, 5.4, 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, 1.1 |C=C-C-CH-R 1.7

O-C-CH, 113 |[O-C-CH-R 1.9 |O-C-CHR, 2.0

N-C-CH; 1.1 |N-C-CH-R 1.4

0.N-C-CH; 1.6 | O:.N-C-CHR 2.1

C=C-CH,; 1.6 | C=C-CH,-R 2.3

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

0=CC=C-CH, 20 |0=CC=C-CH,-R 2.4

0=CC(CH;)=C 1.8 | O=CC(CH,-R)=C 2.4

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; 26 | ArCO-CH»-R 29 | ArCO-CHR; 3.3

ROOC-CH; 20  ROOC-CH»-R 22 |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, 2.7
N N-CH, 23 |N-CH-R 2.5 |N-CHR, 2.8

ArN-CH; 3.0 | ArN-CH, 3.5

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

N+-CH, '33 |N*-CH,-R 3.3

O,N-CH, 43 |O,N-CH,-R 44 | O,N-CHR, 4.7

Prof Dr Abdul Rauf Raza
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Predicting 6 of a 'H

Estimation of 'H Chemical Shifts in Alkanes

For R'R’R’C —H, SH = l.50+Zzl. (4.23)
Table 4.24 Substituent constants z for Eq. (4.23)
R 'z 'R |z R Z R Z
H- -0.3 CH,=CH- 0.8 NC- 1.2 AcO- 2.7
Alkyl- _ 0.0 Q Ph- 4 1.3 H,N- 1.0 ‘ Cl- | 2.0
CH,=CHCH,»- 0.2 HC=C- 0.9 O,N- 3.0 Br- 1.9
MeCOCH»- 0.2 'OHC- 1.2 HO- 1.7 | 1- 1.4
HOCH» 0.3 MeCO- 1.2 MeO- 1.5 MeS- 1.0
CICH,— 0.5 RO,C- 0.8 PhO- 2.3 Me,Si- 0.7

Prof Dr Abdul Rauf Raza
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Predicting 6 of a 'H

N

~

NO,

O = 1.50+ 0 (Et) + 1.20 (CN) + 3.0 (NO,)
Oy = 5.70 ppm

oy = 1.50+ 0 (Et) + 1.50 (OR) + 2.0 (CI)
O = 5.00 ppm

Prof Dr Abdul Rauf Raza
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Predicting 6 of a 'H

Estimation of 'H Chemical Shifts in Alkenes

Rci.s H
)=< 5H =325+ 2zgfmr T chis + z.‘Zm:ns
R trans R gem (424)
Table 4.26 Substituent constants z for Eq. (4.24)

Substituent R Zgem Tt Zacine

H H- 0 0 0

C Alkyl- 0.45 -0.22 '-0.28
Ring-alkyl-* 0.69 -0.25 '-0.28
'N=CCH,- or RCOCH,- 10.69 -0.08 '—0.06
ArCHr- 1.05 -0.29 '-0.32
R,NCH,- 0.58 -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- 1.38 0.36 —0.07
OHC- 1.02 0.95 117
Isolated RCO- 1.10 1.12 10.87
Conjugated RCO-" 1.06 0.91 0.74
Isolated HO,C- 0.97 1.41 071

Prof Dr Abdul Rauf Raza
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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
>\*H
COOH

O =35.25+0.97 (gem) + 0.75 (cis) - 0.28 (trans)
O = 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

=727+3z
R@ P g (4.25)

Table 4.29 Substituent constants z for Eq. (4.25)

Substituent R Zortho Zmeta Zpara

H H- 0 0 0

E Me-— -0.20 —0.12 —0.22
Et- -0.14 -0.06 -0.17
Pr— '-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- [0.32 0.14 10.20
CLC- 10.64 0.13 0.10
CH,=CH- 0.06 -0.03 -0.10
Ph- 037 0.20 0.10
OHC- 0.56 0.22 0.29
MeCO- 0.62 0.14 0.21
H,NCO- 0.6l 0.10 0.17
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Predicting 6 of a 'H

H
0 COOH

Cl H
H

oy =7.27 +0.85 (COOH) - 0.48 (OMe) - 0.02 (CI)
O = 7.62 ppm
oy =7.27 +0.85 (COOH) - 0.44 (OMe) - 0.02 (CI)
Oy = 7.66 ppm
O =7.27+0.18 (COOH) - 0.09 (OMe) + 0.03 (Cl)
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 0.545 OH Monomeric H,O  ~1.5
ArNH, and ArNHR 3-6 Suspended H,O ~4.7
RCONH, and RCONHR | 5-12 'ROH 10.5-4.5
Pyrrole NH [7-12 ArOH 4.5-10
'RCO,H 9-15
SiH | Me,SiH 4.0 R,C=NOH 9-12
Ar,SiH ~5.5 Intramolecularly H-bonded 7-16
OH |
SnH | R.SnH [~5.3 SH RSH 1-2
PH (RO),P(=0)H ~6.8" ArSH 34

Prof Dr Abdul Rauf Raza
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O (ppm) -2.3
H;C——H
O (ppm) 0.23
0 (ppm) -2.3
H,C—H
O (ppm) 0.23

13C NMR (5)

8.4
1\|/Ie
Hzc_H
0.86
24.9
Cl
HzC—H
3.06

15.9
Me
HC—H
Me
1.33
54.0
Cl
HC—H
Cl
5.33
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25.0
Me
Me C H
Me
1.68
77.2
Cl
Cl C H
Cl
7.24

Cl

96.1
Cl

Cl

56

Cl



13C NMR (8)

8 (ppm) 10-100 120-140 65-80
R H
/
R;C—H _C\ R——C—H
S (ppm) 1.0-4.0 5.25-6.5 1.0-2.5
X o (ppm)
O H 190-220

R/ Ar | 190-220
)‘\ OH 170-180
OR 165-175

R X

CI/Br/1| 155-160
NH, | 145-155
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C NMR

Broad Band °C-NMR = CH,; -

DEPT-45° BC-NMR
DEPT-90° 1> C-NMR

_CHZ_

= CHj; -
= CH

-CH+C

_CH2_

- CH

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

DEPT = Distortionless Enhancement
by Polarization Transfer

Prof Dr Abdul Rauf Raza
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Application

H
N
/,S\\
O O
NO,
ll|'| |‘|& | i
DEN L .- L
o N e W o w
S8 & w3 w8 B
! | ! | ' | [ |
PPM 7.0 6.0 5.0 4.0 3.0
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Application

. - o = w o
o O (=] (=] o N V]
B & g g 2 - .
| ! | ! | ! | ! | ! | ! | | | !
PPM 7.90 7.80 7.70 7.60 7.50 7.40 7.30 220 710
N S
~
O// \O
h—l*_"_—_r;
NO, ]
I ! I L \ J I =
7.980 7.970 7.960 g
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Application (BB)

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

ey

H
N\
4
o
H

H

PPM

130

110

90

70
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Application (DEPT-90)

H
H
H
H
a K. Ji}(
//S\\O
O

H H

NO,

| I T l 1
120 100 80 60 40
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Application-II

\
LT
O// \\O

=
=

zz9'z

000'T
90S'T
+$0'T

88S'T
9L%'0
8Z6'T

PPM 7.0 6.0 5.0 4.0 3.0

| ! | ' | ' | j l ' | ' | :
7.60 7.50 7.40 7.30 7.20 7.10 7.00
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Application (BB)

120 100 80 60
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130 128 126
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Application (DEPT-45)

120 100 80 60 40
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Application (DEPT-90)

'''''' Prof Dr Abdul Rauf Raza
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Application (DEPT-135)

LT
O// \\O

R

e

PPM

[ ' l ! | ' |
110 90 70 50
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Double Bond Equivalent

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

O Mol. Formula = C;7H,7N;05

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

95

Relative Abundance
o
T

m/z =

303 419.2036

1 420.2065

Y

: COOH

417.19 amu

i Mol. Formula = C,H,7NO,

6

440.1822

441.1855

4421885

] 413.2111 417.1872 |421.2312 425.2130
O T T T T T T T T T T T T T T

I
415 420 425

Prof Dr A

429.5284 434.1966  437.192
T T T T T T T T T

430 435
m/z

T

bdul Rauf Raza

T

T

1
440

T

|443.1915 447.3432
T T T T T T T
445
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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 10n

1.1% (Natural abundance of '°C)

Number of Cs =

29

Number of Cs = -

26.4
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Calculating Number of Cs

x10 5 |+ESI Scan (rr 6.033 min) Frag=140.0V ST-21H.d

34
32 = 510.20G5
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Coures vs. Mass-o-Charge (m/i2)
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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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