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Übersicht



University of California, Irvine
Understanding NMR Spectroscopy

James Keeler, University of Cambridge

http://www-keeler.ch.cam.ac.uk/lectures/Irvine/



NMR spectra:

\\TITAN-DPS009.ur.de\DPS009\CHEMIE\ZA\nmrspec\Ava400Stud

(Help: 
https://www.uni-regensburg.de/rechenzentrum/support/netzlaufwerke-und-dateidienste/index.html ) 

TopSpin
http://www-oc.chemie.uni-regensburg.de/za/nmr/software/software_d.html

https://www.uni-
regensburg.de/rechenzentrum/software/softwarekatalog/index.html

file://TITAN-DPS009.ur.de/DPS009/CHEMIE/ZA/nmrspec/Ava400Stud
http://www-oc.chemie.uni-regensburg.de/za/nmr/software/software_d.html
https://www.uni-regensburg.de/rechenzentrum/software/softwarekatalog/index.html
https://www.uni-regensburg.de/rechenzentrum/software/softwarekatalog/index.html


http://www-oc.chemie.uni-regensburg.de/za/nmr/software/software_d.html

auf 15 Jahre befristete, Lizenzserver unabhängige Software:
TOPSPIN (Windows, Mac, Linux): TopSpin Version herunterladbar bei der Firma 
Bruker Bio-Spin GmbH mit einer 15 Jahre gültigen Lizenz (Anleitung).

TopSpin 3.2

http://www-oc.chemie.uni-regensburg.de/za/nmr/software/software_d.html
http://www-oc.chemie.uni-regensburg.de/za/nmr/img_za/nmr/software/Neue_TopSpin_Version_installieren_de_en.pdf


NMR-Spektroskopie
http://www-oc.chemie.uni-regensburg.de/za/nmr/diverses/diverses_d.html

„VERSCHIEDENES“: 

NMR Chemical Shifts of Common Laboratory Solvents as Trace Impurities 
Organometallics 2010, 29, 2176-2179 (DOI: 10.1021/om100106e)

http://www-oc.chemie.uni-regensburg.de/za/nmr/diverses/diverses_d.html
http://dx.doi.org/10.1021/om100106e


https://www2.chemistry.msu.edu/faculty/reusch/VirtTxtJml/Spectrpy/nmr/nmr1.htm

J-coupling

https://www2.chemistry.msu.edu/faculty/reusch/VirtTxtJml/Spectrpy/nmr/nmr1.htm


O=P(CH2-CH2-COO-CH3)3



O=P(CH2-CH2-COO-CH3)3

2.06
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2.65
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O=P(CH2-CH2-COO-CH3)3

TopSpin
Analyse→Simulate →1D
Incl. 31P
2 spins 2.647 ppm
2 spins 2.0615 ppm
3J(HH)  7.8 Hz
2J(PH)  11.0 Hz
3J(PH)  11.0 Hz
Sim

Spectrum 20
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Stereochemie und NMR
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Stereochemie und NMR

NMR Spektrum:

Diastereomer 1 ≠ Diastereomer 2

Enantomer 1 = Enantomer 2

Chirale Lösungsmitteln:

 Enantomer 1 ≠ Enantomer 2

Isomere 
der Weinsäure



Stereochemie und NMR

NMR Spektrum:

Diastereomer 1 ≠ Diastereomer 2

Enantomer 1 = Enantomer 2

Chirale Lösungsmitteln:

 Enantomer 1 ≠ Enantomer 2

A. Pfenninger, A. Hochrainer
Helvetica Chimica Acta
1981, 64 1558.



Stereochemie und NMR
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Stereochemie und NMR

NN

NH2

O

OH

O P

OH

O

OH
Spectrum 1

J = 3.2 Hz
J = 14.3 Hz

J = 8.3 Hz
J = 14.3 Hz

J = 9.5 Hz
J = 12.8 Hz

J = 9.5 Hz
J = 8.3 Hz
J = 3.2 Hz
J = 12.8 Hz



Stereochemie und NMR
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Spectrum 2

JHP = 3.9 Hz
J = 12.6 Hz

JHP = 3.9 Hz
J = 12.6 Hz



Stereochemie und NMR

equatorial

δaxial(
13C) ≈ δequatorial(

13C) – 5 ppm

δequatorial(
13C)  > δaxial(

13C)





NMR of a symmetric two-site exchange system
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zB

1H h

1 up to down 
+ 
2 down to up 
= 
absorption

1 up to down 
+ 
1 down to up 
= 
nothing

h relaxation



zB
1z H



1z H


1H Δ𝐸 ∝ Ԧ𝜇 ⋅ 𝐵 ∝ 𝜈𝐿 ∼ 108 ÷ 109𝐻𝑧

T1 ≡ spin-lattice relaxation



T2 ≡ spin-spin relaxation

𝜈 ∼ 1 ÷ 100𝐻𝑧



Spectral density of noises                                   T1 and T2 curves









𝜈𝑎 + 𝜈𝑏

𝑍𝑄 = 𝜈𝑎 − 𝜈𝑏 𝑆𝑄 = 𝜈𝑎 𝐷𝑄 = 𝜈𝑎 + 𝜈𝑏

Small molecule (𝜔0𝜏𝑐 ≪ 1) 2 3 12

Large molecule (𝜔0𝜏𝑐 ≫ 1) 2 <<1 <<1

Relaxation
efficiency



𝑍𝑄:  𝛼𝛽 ⟹ 𝛽𝛼 𝑆𝑄:  𝛼 ⟹ 𝛽 𝐷𝑄:  𝛼𝛼 ⟹ 𝛽𝛽

Small molecule (𝜔0𝜏𝑐 ≪ 1) 2 3 12

Large molecule (𝜔0𝜏𝑐 ≫ 1) 2 <<1 <<1

Relaxation
efficiency

α(1H) α(13C)

α(1H) β(13C)

β(1H) α(13C)

β(1H) β(13C)

DQ





HMBC NMR

Wu, A.; Cremer, D. 
Int. J. Mol. Sci. 2003, 4, 158. 



HMBC NMR

Aydin, R.; Loux, J.-P.; Günther, H. 
Angew. Chem. 1982, 94, 451 



HMBC NMR in CDCl3
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Homogeneous broadening
(Relaxation)

Inhomogeneous 
broadening

(Sites distribution)



32b© [1]



O=P(CH2-CH2-COO-CH3)3

2.06
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O=P(CH2-CH2-COO-CH3)3

Spectrum 200

exponential
LB = 0.3 Hz

gaussian
LB = -2 Hz
GB = 0.2



33a© [2]



http://www-oc.chemie.uni-
regensburg.de/za/nmr/service

/service_d.html

Anmerkung: Für eine rasche Erledigung 
von Aufträgen sind folgende 
Substanzmengen wünschenswert:

1H: 0.03 mmol
13C: 0.1 mmol
31P: 0.1 mmol

Diese Mengen müssen sich in 0.6 ml des 
gewünschten Lösungsmittels lösen. Bitte 
überprüfen Sie die Löslichkeit!



Strukturaufklärung
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D-Menthol
(+) Menthol
1H: 1ax, 3ax, 4ax,)



D-Menthol 
(+) Menthol
1H: 1ax, 3ax, 4ax)

ChemDraw Professional L-Menthol
(-) Menthol

1H: 1ax, 3ax, 4ax)



D-Menthol 
(+) Menthol
1H: 1ax, 3ax, 4ax)

ChemDraw Professional

(+) Neisomenthol
1H: 1ax, 3ax, 4eq)



D-Menthol 
(+) Menthol
1H: 1ax, 3ax, 4ax)

ACD/Labs

(+) Neisomenthol
1H: 1ax, 3ax, 4eq)
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Karplus-Beziehung
Cyclohexan

550

3Jee

3Jae

3Jaa

3Jae

2JHH ≈ 11-13 Hz,  3Jaa ≈ 9-13 Hz,  3Jae ≈ 3Jee ≈ 3-4 Hz 
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1H: 1ax, 3ax, 4eq

34Jaa ≈ 9-13 Hz
34Jae ≈ 3-4 Hz 



ChemDraw 
Professional

OH

H2O
3

DMSO

I = 13

3J(OH…3) = 5.6 Hz 3Jaa (3…4) 10 Hz

3J(OH…3) = 5.6 Hz

3Jaa (3…2a) 10 Hz
3Jae (3…2b) 4 Hz

3Jaa ≈ 9-13 Hz,  
3Jae ≈ 3Jee ≈ 3-4 Hz 



TopSpin - Bruker

ChemDraw 
Professional

H2O

3
CHCl3

3Jaa (3…4) 10 Hz
3Jaa (3…2a) 10 Hz
3Jae (3…2b) 4 Hz



DMSO

CDCl3

 = 3.1540 ppm
3Jaa  10.5 Hz
3Jaa  9.5 Hz
3Jae  4.4 Hz

 = 3.3937 ppm
3Jaa  10.5 Hz
3Jaa  10.5 Hz
3Jae  4.0 Hz

 (OH) = 4.2705 ppm

 (OH) = 1.50 ppm



DMSO

CDCl3



Stereochemie



Karplus-Beziehung
Cyclohexan

550

3Jee

3Jae

3Jaa

3Jae

2JHH ≈ 11-13 Hz,  3Jaa ≈ 9-13 Hz,  3Jae ≈ 3Jee ≈ 3-4 Hz 



Karplus-Beziehung

3Jaa ≈ 10 Hz
3Jae ≈ 3 Hz 

3Jaa ≈ 10 Hz
3Jae ≈ 3 Hz 

3Jaa ≈ 10 Hz
3Jae ≈ 3 Hz 

3Jee ≈ 3 Hz
3Jae ≈ 3 Hz 



4 Hz 11 Hz

11 Hz

4Hz 4 Hz

4 Hz

2JHH ≈ 11-13 Hz
3Jaa ≈ 9-13 Hz, 

3Jae ≈ 3Jee ≈ 3-4 Hz 



OTs

H  HH   H

H  HH   H

Ha

Hat-butyl

J1

J2

J1 > J2 

J1 

J2 =  J1/2

2JHH ≈ 11-13 Hz
3Jaa ≈ 9-13 Hz, 

3Jae ≈ 3Jee ≈ 3-4 Hz 



OTs

H  HH   H

H  HH   H

Ha

Hat-butyl

J1

J2

J2 =  J1/2

J3

J1 ≈ J3 

J3 J3 

J1 ≈ J3 

J4    =  J1/2

J4

J2=J1/2

J5

J2<J1/2
J5<<J1/22JHH ≈ 12-13 Hz

3Jaa ≈ 9-13 Hz, 
3Jae ≈ 3Jee ≈ 3-4 Hz 



OTs

H  HH   H

H  HH   H

Ha

Hat-butyl

J1

J2

J3
J4

J5

J2<J1/2
J3 ≈ J1

J4 = J1/2
J5<<J1/2

Tt

DDd = „Q“Dd

2JHH ≈ 11-13 Hz
3Jaa ≈ 9-13 Hz, 

3Jae ≈ 3Jee ≈ 3-4 Hz 



OTs

H  HH   H

H  HH   H

Ha

Hat-butyl

J1

J2

J3
J4

J2<J1/2
J3 ≈ J1

J4 = J1/2
J6 ≈ J3 
J7≈ J1

Tt

DDd = „Q“ (D)Dd (B)

J6

J7

T (E)

DDd = „Q“ (C) Dd (A)

Dd (A)

Dd (B)

DDd = „Q“ (C)
DDd = „Q“ (D) T (E)

2JHH ≈ 11-13 Hz
3Jaa ≈ 9-13 Hz, 

3Jae ≈ 3Jee ≈ 3-4 Hz 



J2 ≈ J1 ; J3 ≈ 3J1 ; J4 ≈ J1 ; J6 ≈ J3 ; J7 ≈ 3J1

Dd (B)

DDd = „Q“ T (E)

2JHH ≈ 11-13 Hz
3Jaa ≈ 9-13 Hz, 

3Jae ≈ 3Jee ≈ 3-4 Hz 

OTs

H  HH   H

H  HH   H

He

Hat-butyl

J1
J2

J3
J4

tt

Ddd Dd (B)

J6

J7

T (E)

DDd = „Q“ (C) Dd (A)

DDd = „Q“ (C)
Dd (A)

J2 ≈  J1



He

H  HH   H

H  HH   H

Br

Hat-butyl

J1

J2

J2 ≈ J1 ≈ 3 Hz
2JHH ≈ 11-13 Hz
3Jaa ≈ 9-13 Hz, 

3Jae ≈ 3Jee ≈ 3-4 Hz 



e

a

2JHH ≈ 11-13 Hz
3Jaa ≈ 9-13 Hz, 

3Jae ≈ 3Jee ≈ 3-4 Hz 

a

e

74 % 26 %

trans
cis

1

2a

1e

2a

trans

trans

3

2a
cis

3a
trans

3e
trans

1e
cis

1a
trans

3a
cis

3e, 1acis



Isomerie



O

O

CH3

CH3

Br

Br

30 – 15 + 2 – 1 = 16 (145 ppm)

– 15 + 1 + 3 + 2 = - 9 (120 ppm)

1 – 8 - 5 + 3 = - 9 (120 ppm)



O

O

CH3

CH3

Br

Br

30 – 15 + 3 + 2 = 20 (149 ppm)

– 15 + 1 - 5 - 1 = - 20 (109 ppm)

1 – 8 + 3 + 2 = 12 (141 ppm)



O

O

CH3

CH3

Br

Br

Inkrementsystem: 145 ppm
NMR-Prädiktor: 149 ppm 

O

O

CH3

CH3

Br

Br

Inkrementsystem: 120 ppm
NMR-Prädiktor: 119 ppm 

Inkrementsystem: 120 ppm
NMR-Prädiktor: 117 ppm 

Inkrementsystem: 149 ppm
NMR-Prädiktor: 146 ppm 

Inkrementsystem: 109 ppm
NMR-Prädiktor: 120 ppm 

Inkrementsystem: 141 ppm
NMR-Prädiktor: 130 ppm 



falsche Spektrum!

9
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1a:1b = 3:2

2.27 ppm

7.03 ppm

7.14 ppm

7.06 ppm



falsche Spektrum!

falsche Spektrum!
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