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NMR (Nuclear Magnetic Resonance)

3
有機化学のための高分解能NMRテクニック; Claridge, T. D.W. 著, 竹内敬人、西川実希 訳



Magnetization Vector
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B0 exerts a torque on a nucleus.
The nucleus rotates by the torque
and the motion is called Larmor precession.
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有機化学のための高分解能NMRテクニック; Claridge, T. D.W. 著, 竹内敬人、西川実希 訳



Relaxation
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The transverse relaxation is observed as a free induction decay (FID).
NMR machine measures this FID.

有機化学のための高分解能NMRテクニック; Claridge, T. D.W. 著, 竹内敬人、西川実希 訳



Chemical Shift

1)有機化学のための高分解能NMRテクニック; Claridge, T. D.W. 著, 竹内敬人、西川実希 訳
2) Arnoid, J. T.; Dharmatti, S. S.; Packard, M. E. J. Chem. Phys. 1951, 19, 507.
3) Gerothanassis, I. P.; Troganis, A.; Exarchou, V.; Barbarossou, K. Chem. Educ. Res. Pract. 2002, 3, 229.
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NOE
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NOE (Nuclear Overhauser Effect):
the transfer of nuclear spin polarization from one to another via cross-relaxation
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有機化学のための高分解能NMRテクニック; Claridge, T. D.W. 著, 竹内敬人、西川実希 訳
Wang, Y.; Nagai, T.; Watanabe, I.; Hagiwara, K.; Inoue, M. J. Am. Chem. Soc. 2021, 143, 21037.
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Musaev, D. G.; Kaledin, A.; Shi, B. -F.; Yu, J. -Q. J. Am. Chem. Soc. 2012, 134, 1690.

Prof. Gareth A. Morris
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Kiraly, P.; Kern, N.; Plesniak, M. P.; Nilsson, M.; Procter, D.; Morris, G. A.; Adams, R. W.
Angew. Chem. Int. Ed. 2021, 60, 666.

NOE Measurement in Complex Natural Product
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In many cases, 1D-NOE experiment has a big problem of over-lapping

17β-estradiol

H

H12β
excitation

1.9-1.7 ppm: 3 protons (H12β, H16α, H7β) are overlapped.

NOE experiments (H12β): H16α and H7β are also excited.
→Many signals are observed.
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→Development of NMR method for the selective excitation of "one" peak is 
essential for structure determination



Selective Excitation Pulse
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∙Pulse in the typical 1H NMR
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∙Selective pulse

Based on Heisenberg's uncertainty principle, the frequency of pulse spreads (1/Δt)

Δt

Gauss pulse

ν
Problem: 
∙ the range of selective pulse is 70 Hz (insufficient)
∙ single use of this pulse is limited (the advantage of pulse field gradient (PFG))

= wide range of frequency

有機化学のための高分解能NMRテクニック; Claridge, T. D.W. 著, 竹内敬人、西川実希 訳

Kiraly, P.; Kern, N.; Plesniak, M. P.; Nilsson, M.; Procter, D.; Morris, G. A.; Adams, R. W.
Angew. Chem. Int. Ed. 2021, 60, 666.



Pulse Field Gradient (PFG)
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Pulse Field Gradient (PFG): changing B0 around a sample with gradient
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有機化学のための高分解能NMRテクニック; Claridge, T. D.W. 著, 竹内敬人、西川実希 訳
Kiraly, P.; Kern, N.; Plesniak, M. P.; Nilsson, M.; Procter, D.; Morris, G. A.; Adams, R. W.
Angew. Chem. Int. Ed. 2021, 60, 666.



Combination of Selective Excitation and PFG
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有機化学のための高分解能NMRテクニック; Claridge, T. D.W. 著, 竹内敬人、西川実希 訳



Adiabatic Pulse

14有機化学のための高分解能NMRテクニック; Claridge, T. D.W. 著, 竹内敬人、西川実希 訳
Pelupessy, P. J. Am. Chem. Soc. 2003, 125, 12345.



GEMSTONE
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Kiraly, P.; Kern, N.; Plesniak, M. P.; Nilsson, M.; Procter, D.; Morris, G. A.; Adams, R. W.
Angew. Chem. Int. Ed. 2021, 60, 666.



Spin Defocus

16Kiraly, P.; Kern, N.; Plesniak, M. P.; Nilsson, M.; Procter, D.; Morris, G. A.; Adams, R. W.
Angew. Chem. Int. Ed. 2021, 60, 666.



G2

PFG (G2)
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Pulse sequence:
3. another PFG (G1 G2)
4. 180° selective pulse
5. PFG (G2)

G2 G2 180° selective
pulse

ν
ν−bw/2

G2

PFG (G2)

after second G2

∙180° selective pulse: excites both blue 1H and red 1H

(their chemical shift are very similar)

∙G2-180-G2 pulses don't affect on the relative phase of

peaks within the selective pulse.

frequency of each 1H turns 

back to ν and ν−bw/2, respectively

after G1/PFG

Selective 180° Retention

17Kiraly, P.; Kern, N.; Plesniak, M. P.; Nilsson, M.; Procter, D.; Morris, G. A.; Adams, R. W.
Angew. Chem. Int. Ed. 2021, 60, 666.



1H

G

−G1

τp: constant time 
(defined before NMR measurement)

Pulse sequence:
1. 90° non-selective pulse
2. adiabatic pulse in the presence of PFG
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Refocus of Desired Peak

18Kiraly, P.; Kern, N.; Plesniak, M. P.; Nilsson, M.; Procter, D.; Morris, G. A.; Adams, R. W.
Angew. Chem. Int. Ed. 2021, 60, 666.



Comparison of VT-CSSF and GEMSTONE
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1) Robinson, P. T.; Pham, T. N.; Uhrin, D. J. Magn. Reason. 2004, 170, 97.
2) Kiraly, P.; Kern, N.; Plesniak, M. P.; Nilsson, M.; Procter, D.; Morris, G. A.; Adams, R. W.

Angew. Chem. Int. Ed. 2021, 60, 666.



1D GEMSTONE-NOESY (1)

20Kiraly, P.; Kern, N.; Plesniak, M. P.; Nilsson, M.; Procter, D.; Morris, G. A.; Adams, R. W.
Angew. Chem. Int. Ed. 2021, 60, 666.



1D GEMSTONE-NOESY (2)

21Kiraly, P.; Kern, N.; Plesniak, M. P.; Nilsson, M.; Procter, D.; Morris, G. A.; Adams, R. W.
Angew. Chem. Int. Ed. 2021, 60, 666.
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a) normal 1D NOESY
b)-d) 1D GEMSTONE-NOESY
b) 16α selective
c) 12β selective
d) 7β selective

e) 1H NMR spectra

sample: 62 mM in DMSO-d6
experiment times: 12 minutes

Selective excitation is achieved and clean NOESY charts are obtained
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Example of 1D GEMSTONE-NOESY

22Kiraly, P.; Kern, N.; Plesniak, M. P.; Nilsson, M.; Procter, D.; Morris, G. A.; Adams, R. W.
Angew. Chem. Int. Ed. 2021, 60, 666.



GEMSTONE: new NMR method for chemical shift selective filter

GEMSTONE-NOESY: new NMR for determining the stereochemistry of organic compound
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Appendix
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NOE (1)
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有機化学のための高分解能NMRテクニック; Claridge, T. D.W. 著, 竹内敬人、西川実希 訳
Kiraly, P.; Kern, N.; Plesniak, M. P.; Nilsson, M.; Procter, D.; Morris, G. A.; Adams, R. W.
Angew. Chem. Int. Ed. 2021, 60, 666.



NOE (2)

26有機化学のための高分解能NMRテクニック; Claridge, T. D.W. 著, 竹内敬人、西川実希 訳



VT-CSSF
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1) Robinson, P. T.; Pham, T. N.; Uhrin, D. J. Magn. Reason. 2004, 170, 97.
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Example of GEMSTONE-NOESY
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a) 1H NMR of 1 and 17-epi 1 
b) conventional 1H NMR
c) pure-shift NMR
d-g) GEMSTONE experiment

OHH
CO2Me

17
16

14

Kiraly, P.; Kern, N.; Plesniak, M. P.; Nilsson, M.; Procter, D.; Morris, G. A.; Adams, R. W.
Angew. Chem. Int. Ed. 2021, 60, 666.



Example of GEMSTONE-NOESY
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有機化学のための高分解能NMRテクニック; Claridge, T. D.W. 著, 竹内敬人、西川実希 訳

Kiraly, P.; Kern, N.; Plesniak, M. P.; Nilsson, M.; Procter, D.; Morris, G. A.; Adams, R. W.
Angew. Chem. Int. Ed. 2021, 60, 666.



Auto Lock
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Shimming

31有機化学のための高分解能NMRテクニック; 竹内敬人、西川実希 訳



Data Processing and Broadening Factor (BF)  

32

有機化学のための高分解能NMRテクニック; Claridge, T. D.W. 著, 竹内敬人、西川実希 訳

Kiraly, P.; Kern, N.; Plesniak, M. P.; Nilsson, M.; Procter, D.; Morris, G. A.; Adams, R. W.
Angew. Chem. Int. Ed. 2021, 60, 666.

BF: broadening factor
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Understanding for ”Tesla”

16 T

Berry, M. V.; Geim, A. K. Eur. J. Phys. 1997, 18, 307.


