2D heteronuclear NMR experiments
Evans pp. 66-71

Cavanagh et al: 1% Ed. pp. 410-447 or 2™ Ed. pp. 533-581
These experiments correlate two or more spins via single or multiple bond couplings.

For small molecules:
simplifies spectra and speeds assignments

For proteins/nucleic acids:
use as a fingerprint to follow conformational changes or ligand binding
and serve as the basis for 3D (and higher “D”) methods

The experiments:

HMQC (heteronuclear multiple quantum coherence): 1-bond

HMBC (heteronuclear multiple bond coherence): 2- or 3-bond
Variation: with suppression of single-bond correlations

HSQC and variants (heteronuclear single quantum coherence): 1-bond
Variations: constant time, decoupled, sensitivity enhanced, trosy

... and an “X” nucleus homonuclear experiment — INADEQUATE (and perhaps its
heteronuclear variant — INEPT-INADEQUATE (the doubly low self-esteem experiment?))



Just a reminder — why bother for small molecules?
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... lots of work, even for only 3 spins!



“Old-fashioned” heteronuclear experiments

HETCOR - Heteronuclear Correlation by Polarization Transfer
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COLOC - Heteronuclear Correlation via Long Range Couplings
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— based on X-nucleus (3C, *N, etc) detection

INADEQUATE - Incredible Natural Abundance
Double Quantum Transfer Experiment

dl gd4dip t

1

15 hrs

d4 = 1/(413y5)

1
JCC ~33hz
d4 ~ 7.6ms for 13C

T T I
X 60ppm 25ppm  15ppm

Why less used now?
mainly, lower sensitivity
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Current 2D heteronuclear suite:

HMQC (heteronuclear multiple quantum coherence)
single bond correlations
“evolves as multiple quantum coherence” in the indirect dimension
an “inverse” experiment — start on proton, transfer to X and evolve (record X
frequency), then transfer back and detect on proton
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set D= 1/(2*J,,,) for maximal transfer
J,.~145Hz,D~3.5ms
Uy~ 90Hz, D~45ms

“10 minutes” for a 10% small molecule solution at natural **C abundance

- compare to 2.5 hours for an equivalent HETCOR
Usually run a version that includes pulsed field gradients and “sensitivity enhancement”
Useful for proteins and nucleic acids, as well as small molecules



HMBC (heteronuclear multiple bond coherence) — essentially an HMQC

multiple bond correlations (tune delays to small coupling constants)
so, uses a long (D)
variation shown suppresses one-bond couplings
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no decoupling (!)
set d = 1/(2*'J,,) to suppress

J,.~145Hz,D~3.5ms
set D= 1/(2*"J,,,) for maximal transfer
for"J, ~10 Hz, D~ 50 ms

“30 minutes” for a 10% small molecule solution at natural **C abundance
- compare to 5 hours for an equivalent COLOC

Usually run a version that includes pulsed field gradients

Mostly used for small molecules, but some macromolecular applications



HMQC HMBC
1-bond multiple bonds



HSQC (heteronuclear single quantum coherence)

single bond correlations
“evolves as single quantum coherence” (1,S ) in the indirect dimension

an “inverse” experiment — start on proton, transfer to X and evolve (record X
frequency), then transfer back and detect on proton
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set d = 1/(4*'J,,) for maximal transfer
J.,.~145Hz,d~ 1.75ms
U~ 90Hz, d~225ms

“10 minutes” for a 10% small molecule solution at natural **C abundance
- compare to 2.5 hours for an equivalent HETCOR
Usually run a version that includes pulsed field gradients and “sensitivity enhancement”
Useful for small molecules
The standard experiment for proteins and nucleic acids — both isotopicaly labeled
and at natural abundance
Better linewidths in the indirect dimension than in the HMQC (where
remote H couplings add to the X-nucleus linewidths)



HMQC vs HSQC

The HSQC gives better linewidths and
lineshapes, as described earlier.

The HMQC was the preferred experiment 5-10
years ago, because it uses fewer pulses (in
particular fewer 180° pulses). But with the
advent of pulsed field gradients and other
spectrometer improvements, the HSQC is the
way to go for both small and macro molecules.

But — the HMQC has a special advantage for
methyl groups of very large molecules (stay
tuned...)
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et al 2006



HSQC Variations

For uniformly 3*C labeled compounds or macromolecules:

the Constant Time Evolution HSQC (CT-HSQC)
With directly bonded **C (vanishingly rare for natural abundance *3C), 3*C-13C
couplings during the t, evolution broaden or split the **C signals in the indirect

dimension
Vary t, by sliding 180 degree S pulse, keeping the time between bracketing

90 degree pulses constant (= T)
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setd = 1/(4*'J,,,) for maximal transfer
J,.~145Hz,d~1.75ms
setT=1J,,
Jee ~35Hz, T~27ms

An unusual property — indirect dimension “FID” essentially doesn’t decay (well, decays much
more slowly)

Can run twice with two T values (27 vs 54 msec) to distinguish *C topologies

A good experiment to “fold” in the indirect dimension



Cavanagh
et al 2006



HSQC Variations (lI)

For maximum sensitivity,
the sensitivity enhance HSQC (SE-HSQC or Echo-antiecho HSQC)
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As usual, set d = 1/(4*'J ,,) for maximal transfer
J,..~145Hz,d~1.75ms
U~ 90Hz, d~2.25ms




HSQC Variations (lII)

For really large molecules, Transverse Relaxation Optimized Spectroscopy (TROSY)
Pervushin et al PNAS 94, 12366-12371 (1997)

TROSY
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No decoupling during either t, or t,(!). Cavanagh
Use phase cycling and gradients to select multiplet et al 2006
component with most favorable relaxation properties

As usual, set d = 1/(4*1J, ) for maximal transfer

U~ 90Hz, d~2.25ms

Doesn't alleviate transverse relaxation from
nearby protons. Can deuterate at non-
exchangeable positions to get optimal
improvement (remember problem 1 of set 4)




