NMR Lab Overview

What NMR Can Do for You

by Lingyang Zhu

e Structure Elucidation of Small Molecules

Structure identification of synthetic compounds, intermediates,
Impurities, mixtures, unknowns, regiochemistry, rotamerization
Quantitative NMR

Chemical exchange: Equilibrium or A(Di)ssociation constants
Reaction monitoring or reaction rates

Diffusion coefficients (DOSY NMR): monomer? dimer?
Enantiomeric purity determination

Absolute stereochemistry determination

Dynamics (T, T, and NOE)

Intramolecular hydrogen-bond determination
Parahydrogen-NMR (enhance NMR signals thousands fold) to study
reaction pathways

* NMR Screening (Protein-Ligand Interaction)

 Structure and Dynamics of Macromolecules and
Complexes (e.g., peptides and proteins)

« Metabolites Analysis
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Long-Range Connectivity:
1H-13C gHMBC Spectrum
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Relative Stereochemistry:
1D tH-1H NOE Experiment
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This problem can also be
readily solved by 1H-'H
J-coupling constants
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Regioisomer:

I1H-19F NOE Experiment

NOE seen between °F and proton at position 3, but not to the
pyrazole proton, suggesting the 5-position reaction, not 1-

position.

NOE

e

7
HN"5 N"1°ClI

NOE spectrum
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Regioisomer:
15N Chemical Shifts

Based on the N chemical Shifts and
the connectivity from tH->N HMBC spectrum
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Variable Temperature Experiments:
Tautomer Identification

> 0 13 H 11 13 H 11 )
Z N N N N
+— 2 16 S SR 16 = g '| 14,14t 15 |
n o 14 2 - 14t 1z e '.l i'| ™, |‘IL1
" —_— o o) ast oA A 15 | | -5C
E E 15 15t b N N l'm__,___,.r'k"-\_,.__,,__ e
cﬁ .................................................................................................
v P 4 48 46 r 4.4 42 4_Dr 38 36 34 32 ppm
< i |
O L i A\ i oc
g N, A .
o £ IR e~ N
= o SRRRRRRRRS RARE RARRBYRAR/ RARE [T T T T AR RSN SRR AR RARRRLRRR [T T 1
Nt G 5°C
C - +— 4.8 4.6 4.4 4.2 4’-1-_1_'.'l'|I 38 36 34 32 ppm
(U CU © .||” - 'l]ll
o O (@) I|.H| M II 1 sc
| - U) =t I'M_v_*____'___,..x"“'\-g—r" ! __;"""‘J',_‘__u_“__ . R
O O O e T N S e
D: — 4.8 4 6 4 4 42 4.0 38 36 34 32 ppRm
c D— '|||I '|||
- — I.““I
L M A N 10C
yooh i, ¢l
m o s 10 15 _“2Oi =5 i e ot A L e ,‘-\‘_\__“_ 3 -
LELELEN BLELIL) T T T T Trrrr T LELJLELEN BLELELEL N BLEL LN BB LR LA LR L R L] | IR rTTTTT 1
2 48 465 H 4.4 42 4_D' 3B 36 34 32 ppm
|
Z ol ” L,
__,—/JI Il ! 1\ -—-.xll | 16C
(-U 25°C e M i SRS, R
B e o
= 48 46 4.4 42 40 38 36 34 32 ppm
@ |
D [ I_|'| y My Il,l l",
| FY ! 20C
U e *--—--.._.—--f)l ‘1-..-..,._-\/ kh-—-—-.-——'—\-'—’_'J Imuf h‘"\.___._,-\__..,_ﬂ__,
- DRARERAREY LALE RS L RN LR LA S L R L R AR AR LA RARRE AL AR RN ARRLE LLLL 1
2l 48 46 1 4.4 4.2 4_1:}'1 38 36 34 32 pPpm
I P L .JIJ f Nl
|
P T T |‘.'J T T /"I ! J H"‘ / II' M 25¢
o 5 10 15 20 25 e st o L S el | e
&4 wmin T T T T T T T T e [T TP [T e e rreT [T T[T e [T e AN s R R |
4.8 4.6 4.4 42 4.0 38 36 3.4 32 PpRm




. Determination of % TFA
by an Internal Standard

£ 0
F
%OH
Cx =| 3.47m 1 M] 3 |[121 F
. Lg X 2?6 ~ 1700 MW of TFA: 114
m J 3 MW of the compound: 432

TFA measured: 0.01526 nM x 114 mg/mM = 1.734 mg
TFA %: 1.734 mg /4.8 mg x100 = 36%

F
internal St.andard F OH Theoritical Calculation:
MW: 276 in the tube F
Ratio 1:2
3.47mg/1mL MW 432 :228
% TFA 228 / 660 = 34.5%
weighted

compound/TFA
in the tube Ratio 1:3
L — MW 432 : 342
< 4.8 mg/1mL % TFA 342/ 774 = 44.2 %
Ratio 1:1
MW 432:114
] _/ % TFA 114 / 546 = 20.9%
DA MMM BEMSSDMSS SIS S UL MMM SR
-72.8 -73.0 -73.2 -73. 4 -73.6 -73.8 -74.0 -74. 2 -74. 4 -74. 6 -74. 8 -75.0 ppm

100. 00 F spectrum




gNMR: Determining [sample]
using NMR software
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File Edit View Experiments Acquisition Automation Process Tools Help

BEEER © [

Concentration

Pick Integrals Select Integral Mumber of nuclei Guess Integrals

| -
-
" —
C Threshold | Auto | Man First |Previous| & - |6 Easeline Correct
O Pick Integrals Last Next el i Guess All Reset
nclude in Average
Int. Width [25 Hz Integral: & Cuess accuracy |10 %
( ) Mo integrals are averaged. Save Result
- — Integral start (ppm) end Huclei Concentration (mM) Average Solvent T
1 7.32152 7.21814 1 21.971 n X
C 2 3.95158 3.82128 1 97.671 n
m 3 1.78316 l.64286 1 113,348 n
4 1.64286 1.51732 1 121.225 n
5 1.45107 1.37093 1 88.294 n
m & 1.37093 1.31965 1 27.065 n
S 7 1.27798 1.13373 4 100.050 n
O = g8 0.976671 0.851661 5 107.7580 n
! Close
" —
m Studies
Z Sample ® Artive sample
Spectrometer Study cluster
C ppm
Siem || e Process! Transform Auto process Display spectrum Auto plot preview Clear screen Cancel
Basic Integration Set integral area
Display list of integrals
DET“““_ Integral display mode Mormalize area to
‘I’)vieslﬁll:;ng Full @ Partial off ® Single peak i Display normalized integrals
3 Integral start(ppm) end value
N - .00
More 1D Scale display to fit il e 2 3.96158 3.82128 0.908
Integration Set integral value 3 1.78316 1.64286 1.052
i i Set integral regions
Cursors/Line Lists g g Show integrals 4 1.64286 1.51732 1.125
Plot Auto find integrals 5 1.45107 1.37093 0.921
Show integral values [ 1.37093 1.31965 0.251
, ) i [Text Output Interactive resets . 7 1.27798 1.13373 3.713
New study Continue study - Remove integral values
Clear integrals 8  0.976671 0.851661 5.000
Add reset at cursor Quantification
Remove reset at cursor Determine concentration ¢dick this button




DOSY: Determination of MW / Mixture
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Chemical Exchange in NMR:
Intra- and Inter-molecular process

31p Ssaturation Transfer Experiment

PR PP
Intra' k Ru ),*T\x Ru O
1 LAY L A, 3 "
3 o IR B
SRR | "
k 60 55 50 45 ppm
1 v
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Sublancin 188

+ Enzyme-mimetic, self-catalyzed polymerization of polypeptide helices. Nature Comm 2019
(Cheng group)

« Small on channels increase host defenses in cystic fibrosis airway epithelia. Nature 2019
(Burke group)

* Lithium-Olefin Pi Complexes and the Mechanism of Carbo-lithiation. Synthesis, Solution
Behavior, and Crystal Structure of (2,2-Dimethylpent-4-en-1-yl. Organometallics, 2019
(Girolami group)

« Cobalt-Mediated 13*C NMR signal Enhancement using Parahydrogen Induced Polarization.
JACS 2018 (Fout group)

» A Metal-Free Electrocatalyst for Carbon Dioxide Reduction to Multi-Carbon Hydrocarbons and
Oxygenates. Nature Comm 2016 (Kenis group)

« The interplay of Al and Mg speciation in advanced Mg battery electrolytes. JACS, 2015
(Gewirth group)

» Control of protein orientation on gold nanoparticles. JPC, 2015 (Murphy group)

» Structure, bioactivity, and resistance mechanism of streptomonomicin, an unusual lasso peptide
from an understudied halophilic actnomycete. Chem Biol 2015 (Mitchell group)

« Alkyne Mechanochemistry: Putative Activation by Transoidal Bending. RSC ChemComm. 2014
(Moore group)

* NMR structure of the S-linked glycopeptide sublancin 168. ACS Chem Biol. 2014 (van der
Donk group)

* New Reactions of Terminal Hydrides on a Diiron Dithiolate. JACS 2014 (Rauchfuss group)
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Thank you

Please visit us at http://scs.illinois.edu/nmr/
Questions Always Welcome

HuiHui, Xixi and Lu


http://scs.illinois.edu/nmr/

