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OUTLINE

e Whatis UF 2D NMR ?
 When using (or not) UF 2D NMR ?

 How to implement/use UF 2D NMR ?
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Ultrafast 2D NMR: Basic Principle
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Ultrafast 2D NMR: Basic Principle
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Ultrafast 2D NMR: Examples
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When using UF ?

e Save time (if SNR is sufficient)

* Monitor fast reactions/dynamics in real time for which 1D is
not sufficient

 Hyphenated techniques that need single-shot acquisitions
(dissolution DNP, on-line HPLC-NMR...)

* Quantitative analysis of complex mixtures (better precision
with hybrid techniques based on UF)

e Speed up acquisitions with higher dimensionality (fast nD)

* Have fun with exciting developments in spatial encoding ©
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When using UF ?

There are many cases where a single scan is not needed!
Hybrid techniques (UF with several scans) are often more interesting!

4y
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(interleaved acquisitions) (fast hybrid 3D)
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When using UF ?

Recent reviews on applications of UF . .
PP Quantitative applications

Analytlca/ applicatlons in general Magn. Reson. Chem. 2014. 6:259-272

Volume 52 'lssue§ 2014 ISSN:0749-1581 leyonlinelbrary.

nu. Rev. Anal. Chem. 2014. 7:129-61
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*Department of Chemical Physics, Weizmann Institute of Science, 76100 Rehovot, Israel;
email: lucio.frydman@weizmann.ac.il
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Spectral Widths

For a single-scan experiment with a standard gradient system (50 G/cm) and a 5 mm probe
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BUT these values can greatly increase with interleaved acquisitions !

P. Giraudeau, L. Frydman, Ann. Rev. Anal. Chem., 2014.
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Spectral Widths — interleaved acquisitions
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Spectral Widths — interleaved acquisitions
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Spectral Widths — interleaved acquisitions
EXAMPLES @ 500 MHz

PULSE SEQUENCE SWs in

4 interleaved scans
(10-20 seconds)

COSsY 4 x4 ppm 8x 8 ppm

1H-13C HSQC 35x 4 ppm 70 x 8 ppm

EXAMPLE @ 700 MHz

COSY of a corn extract
i - 700 MHz - 80 seconds
R : (16 interleaved scans)

T T T T T T T T | T T
8 6 4 F2 [ppm]
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Sensitivity

For a single-scan experiment with a standard gradient system (50 G/cm) and a 5 mm probe

Single-scan 1H COSY Single-scan H-13C HSQC
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Signal averaging is possible:
-SNR increases with NS'/2 as in conventional NMR
-No t, noise in UF experiments

P. Giraudeau, L. Frydman, Ann. Rev. Anal. Chem., 2014.
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Sensitivity
EXAMPLES @ 500 MHz with cryoprobe

TARGET Possible in | Possiblein a Not currently

few scans | possible with UF

Record a homonuclear 2D (COSY, TOCSY, Jres...)
of a diluted small molecule
(10 mg, MW =300 g/mol)

Record a heteronuclear 2D (HSQC, HMBC...)
of a concentrated small molecule
(100 mg, MW =300 g/mol)

Record a heteronuclear 2D (HSQC, HMBC...)
of a diluted small molecule
(10 mg, MW =300 g/mol)

Record a COSY of a biological extract

Record an HSQC of unlabeled biological material 6

Record an HSQC of a labeled protein
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Resolution

Ultrafast dimension: AvY/2 = 40 Hz
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F, resolution can
improve with linear
prediction

Coupling patterns are
visible

Coupling patterns are not visible, but it is not
a matter of resolution: UF spectra are
homodecoupled in F,

Patrick GIRAUDEAU

Practical UF NMR SMASH Workshop 2014




Introduction When? How? Conclusion

O O OoooOoooobOdm ooooooaoano O O

Resolution
MEASUREMENT OF COUPLING CONSTANTS
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Questions to ask before using UF 2D NMR
Do | need a 2D -
Yes | experiment? No
Tt A4
Do | need a fast
et S NG Use 1D NMR
experiment: (it is also very
fast!)
A4
A2 Use conventional
Yes 2D NMR
V
(concentration/hardware) - No technique
V
Yes > Start playing with UF!
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Technical requirements

* Probe with z-gradient (cryoprobe OK)
* Chirp pulses

 Good ADC (smallest DW < 1 us)

Human requirements

* Take some time to read papers

* Implement the experiments step-by-step

Patrick GIRAUDEAU Practical UF NMR SMASH Workshop 2014
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Available on our website

Pulse sequences (Bruker)

Processing routines (Jython programs fully integrated in
Topspin)

Step-by-step implementation protocol
Eveything is free...as far as you don’t make money with it

We also provide technical assistance to solve
troubleshooting issues.

Patrick GIRAUDEAU Practical UF NMR SMASH Workshop 2014
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How to download the material

 Go to http://www.univ-nantes.fr/giraudeau-p

UNIVERSITE DE NANTES

Vous &tes : Entreprise | Lycéen | Etudiant étranger | En reprise d'étude | Ancien étudiant

LA FORMATION LA RECHERCHE L'INTERNATIONAL LA VIE DES CAMPUS L'UNIVERSITE

PERSONNEL DE L'UNIVERSITE

Patrick GIRAUDEAU
L]
onmoo . o Click here
Fonction :
Waitre de Conférences (HDR) N L]
Membre Junior de I'nstitut Universitaire de France (2014-2019) k‘ ‘
Responsable du Master 2 ABMACEPI 1S

. English Version
Coordonnees professionnelles :

| CEISAM, UMR CNRS 6230

. Bat 22
Faculté des Sciences et Techniques IMPLEMENTATION
2 rue de Ia Houssinizre
44322 Nantes Cedex 03 OF ULTRAFAST NMR

Email : palrick giraudeau@univ-nantes fr

EXPERIMENTS
CLICK HERE !

© UFR Sciences &t Techniques
Tél.: 0251125709 (455709)
Fax:025112567 12

© UMR_C 6230 Chimie Interdisciplinarité, synthése, analyse, modélisation (CEISAM)

> Discipline(s) enseignée(s) S r—
» Thémes de recherche

> Activités / CV

» Informations complémentaires
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How to download the material

IVIUVV S Cours » P-EBSI

Apergu des sections

Elucidation de Biosynthése
et Spectrométries Isotopiques

EBSI est une équipe de recherche du laboratoire CEISAM
(UMR 6230, Université de Nantes-CNRS)

Chimia Et Interdinciplinaritd
: Synihise, | naipse,
[ 1 odissation

UNIVERSITE DE NANTES
FacuLri ses
M receaues

Les activités de recherche dEBSI concernent le développement et I'application de la chimie analytique aux problémes bio-organiques. Motre équipe a développé une forte expertise dans l'analyse des isotopes stables et de leur application & I'étude de phénoménes chimiques
et physiques. Elle est maintenant reconnue pour ses compétences concernant les mesures de rapports isotopiques dus au fractionnement isotopique naturel {défini comme étant Ia discrimination entre isotopes |égers etisotopes lourds au cours de réactions chimiques ou
biochimiques et de processus physiques.)

Ces études sont menées afin d'approfondir notre connaissance du comportement des isotopes stables, lesquelles sont 4 |a base dune grande gamme d'applications de méthodes isotopiques telles que le tracage, l'authentification, le métab
réactionnels.

ne, les mécanisme

En savoir plus

Implementation of Ultrafast 2D NMR experiments
The protocol, pulse sequences and processing program to implement ultrafast 2D NMR experiments on your spectrometer are described below. Please read carefully the protocol first.

Important remark: Ultrafast 2D NMR has been patented by the Weizmann Institute of Science, Israel. Its use for commercial purposes requires a licence from the Weizmann Institute.

Please first download below, and carefully read the protocol!

ﬁ PROTOCOL TO IMPLEMENT ULTRAFAST EXPERIMENTS ON YOUR SPECTROMETE
(7 Files attached to the protocol for download

S

Additional resources for Ultrafast 2D NMR experiments

An interactive web page for the determination of ultrafast experimental parameters {for COSY and H5QC) is available at the following address:

http:ffiwww.sciences.univ-nantes.frflCEI SAM/ebsi/ultrafast/uf_acq.html

Below, you can download the ppt presentations from the 1stinternational sympesium on ultrafast 20 NMR that was held in Santiago de Compostela in September 2013,

Patrick GIRAUDEA Practical UF NM
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The implementation protocol

L

UNIVERSITE DE NANTES

e Gradient and chirp pulse
calibration

. . e Setting the UF COSY step-by-step
Implementing ultrafast 2D NMR

experiments on a Bruker Avance
Spectrometer

e Setting the UF COSY in the
general case

* Setting the Jres

Patrick Giraudeau,
Benoit Charrier. Serge Akoka ° Settlng the HSQC

EBSI group — CEISAM laboratory ¢ Setti ng the interleaved

= experiments (COSY and HSQC)

atrick.gi (dmniv-nantes fr

last updated om 18/08:/2014
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How? Conclusion

Web interface to help setting the parameters

) Mozilla Firefox E] =
Fichier  Edition  Affichage  Historigue  Marque-pages  Qutils 2

|éhhttp:,l’,l’www.sciences.u...uItraFast,l’uF_acq.html | +

(- v, sciences, univ-nantes, fr/CEISAM febsifulkraf astfuf _acq. hml

c|[eq- 2 &

@ ADYERTISEMENT IH£| Les plus visités @ Débuter avec Firefox |5 Alaune [V Se déconnecter :: Déconnexion

Acquusition Parameters in UltraFast NMR

Implementation of Ultrafast 2D NMR. experiments:

The protocel, pulse sequences and processing program to implement ultrafast 200 WMIE. experiments on yvour spectrometer are avalable for download here:
http:fmadoc.untv-nantes fifcoursefmew php 1d=24710

Pleasze first read carefully the protocel and dewnload the files. Once the ultrafast expenments are implemented on your spectrometer, use the following pages to set up your acoquisiion parameters:

Type of experiment:

Pulse secquence : TFCOSY
TFHEQC

e Troubleshooting
You can here download the pages to run on a local computer.

QITANTIM project: Quantitative Tirafast Analysis by 2D NMWE To Tnravel Metabolic complemties 2011-2014 (ANE grant 2010-JCTC-0304-01)

Impartant remark: Ultrafast 20 NMRE has been patented by the Weizmann Institute of Science, Israel Its use for commercial purpases reguires a licence from the Weizmann Institute.

Patrick GIRAUDEAU Practical UF NMR
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Web interface to help setting the parameters

Mozilla Firefox

Fichier  Edition  Affichage  Historique  Marque-pages  Qutils 7
‘&http:ﬁwww‘sc\ences.u Jbvafastfuf_casy.html | +
‘- v, sciences. univ-nantes. frfCEISAMfebsifultraf ast/uf _casy. html c "' p ﬁ

@ ADYERTISEMENT I—ﬁl Les plus visités @ Débuter avec Firefox |5 Alaune [ Se déconnecter :: Déconnexion
Spectrometer parameters: L)

Lp: 16 Length of proton cod (rm) /2 T IMixing Ta
Gmax 0.816 Mazimum strength of gradient cod (T/m) £ "
1H + » |
Input parameters: [ l
|
SW1: 1300 Spectral width in Conventional dimension F1({Hz) (dMazimum value : 2812.93 Hz) a1 ‘
SW2: 1900 Spectral width in Ultrafast dimension F2 (Hz) d3 44 d2 Tor ‘
o1 1403.96 Offset in Conventional dimension F1 (Hr) G: +G: G- a G G Ga -Ga
- 1 3 2
02 1403.96 Offset in Ultrafast dimension F2 (Hz) G L J
Setup folding parameters [ N
v Center of the unfolded region (He)
Wf Center of the folded region (He)
Advanced parameters N
Output parameters:
Gl=-13.24%
GzZ=1171%
Ga=63.29 % (Ampliude of acquisition Gradient)
Ta= 243,158 ps (Duration of acquisition Gradient)
Ge = 1.71 % (Amplitnde of excitation Gradient)
A =9.500 kHz (Linear sweep of adiabatic pulse)
FW has to be upper than 351,62 kHz
dw {dwell tme) = 0.514 ps |, this theoretical dwell fime will be slightly adjusted by the specirometer (final dw).
You should enter that final dw as an advanced input parameior and run again the calcuiation to finely adiust all output parameters
Topspin parameters for pulsprog =uf cosy:
I L3=128
Gl gpeed =-13.24
TD2 =131072
d1 d24 = 5ms G2 apz25=11T1 1 -
dz d25 = 5ms G3 gpz23 =80.00 B
o1 =1403.96
d3 p23 = lms G4 gpz2é = -80.00
dwr =03514ps
a4 p26 = lms Gat: gpzd =63.25
W = 1%00.0Hz
Ter 46 = 20ps Ga-: gpz3 =-63.25 X .
T d420 =243 158 Get: 0=171 Dresign a chip pulse il
* - b e e hw = 9,500 KHz
Ge-: gpzl =-171 ~

pll (Tef2) =15ms

Patrick GIRAUDEA Practical UF NM
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CONCLUSION

* UF is extremely rewarding if you are ready to
spend some time on it.

* Do not expect miracles.

 If it does not work: send an e-mail! We are
happy to help.

Patrick GIRAUDEAU Practical UF NMR SMASH Workshop 2014
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