
Information Content of Common 2D 
NMR Experiments

COSY (Correlation SpectroscopY): J coupling (generally up to 3 covalent bonds)

TOCSY (Total Correlation SpectroscopY): 
J coupling along coupled networks

Blue is one TOCSY network, green is another

HSQC (Heteronuclear Single Quantum Correlation):
Directly bonded 13C-1H or 15N-1H

HMBC (Heteronuclear Multiple Bond Correlation):
2 or 3 bond 13C---1H or 15N----1H

NOESY (Nuclear Overhauser Effect Spectroscopy)
Or ROESY (Rotating Frame Overhauser Effect Spectroscopy):
1H to 1H distances up to 5-6 Å



COSY & TOCSY



TOCSY of strychnine



NOESY of strychnine



Nuclear Overhauser Enhancement/Effect
SpectroscopY (NOESY)



NOESY magnetization transfer



NOE signals rely on cross-polarization



NOE signals are positive for small
molecules and negative for large molecules



In Practice Data May be Collected from
Cross Peaks at a Series of Mixing Times



NOE signals give valuable Structural Information



NOE signal pattern in an idelialized α-helix



NOESY of crotanoic acid



COSY of crotanoic acid



2D homonuclear 1H-1H NMR spectra at 400 MHz (anomeric region) of the (A-C)
native β-SG from G. crenularis and (D and F) its desulfated derivative.
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The combination of COSY, TOCSY and NOESY  
in structural determination
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Conformation determined by through-space NOE contacts

NOE intensity as function of mixing time



NOE signals in 3D structure
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(B)

NOE-restrained 
molecular modeling:

NOE signals in 
3D structure
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(D)

GLYCAM/AMBER-based 
molecular dynamics:



Transferred NOE for identifying bound-state 3D 
structures of ligands in intermolecular complexes


