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Experimental

The spectrum was obtained from a study designed for an assessment of gNMR in kinetics using
benchtop technology.

Data: Low field benchtop dataset were collected on Nanalysis 60 MHz (NMReady-60e). Also a
high field dataset was collected on Bruker Avance 400 MHz, for the spectral parameter analysis
of the Target compound. Reagents were mixed in a S mm NMR tube and transferred to the
instruments where occasional 'H spectra were acquired over a period of 4 hours. TMS was
added as internal standard for quantifications.

Chemistry: The epoxidation reaction of Allyl Carbamate with mCPBA was selected as the
model reaction. This reaction is of interest for two reasons. First, it is a relatively simple reaction
system with components that can be readily isolated. Second, the poor signal dispersion seen in
the low field 'H reaction mixture spectra make it an ideal test case for the benchtop spectral
analyses.

qQMSA: All the spectral preparations and analyses were performed using ChemAdder
software, using QMSA (Quantum Mechanical Spectral Analysis).
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Raw spectrum before baseline Whittaker correction with 1000 filter points:
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e The zero-level (red) is too low: the tails of DCM extend beyond 9 ppm and -3 ppm (where the baseline

hits zero).

e The Whitaker correction yields a (slightly) biased (but obviously the best possible?) baseline, which needs

to be considered in fitting.




Ready for
QMSA.:

@ Chemédder

File Edit View Tools Process Spectra Help

o: [IETNEY pe (=]

Name ~
[ NMR_API_1H_20221124_018,jdx

1 NMR_API_1H_ 20221124 017,jex

[ NMR_AP|_TH_20221124_016jex

[ NMR_API_TH_20221124_015,jcx

) NMR_API_1H_20221124_014,jcx

[ NMR_API_1H_20221124.013,jdx

) NMR_API_TH_20221124_012,dx

[2) NMR_APL_1H_20221124_011.jcx

[ NMR_API_TH_20221124_010.qmt

) NMR_API_1H_20221124_010,jcx

[ NMR_API_1H_20221124_009,jdx

[ NMR_APL1H_20221124_008,jcbx

[) NMR_AP|_TH_20221124_007 jcx

[%) NMR_API_1H_20221124_006.jcx

%) NMR_API_1H_20221124_005,jdx

[ NMR_APL1H_20221124_004,jchx

) NMR_API_TH_20221124_003,jcx

[2) NMR_APL_1H_20221124_002,jckx

[ NMR_API_1H_20221124_001.qmt

[ NMR_API_1H_20221124.001 jcx

[ NMR_API_1H_20221124_000.qmt

[¥ NMR_API_1H_20221124_000,jelx

[ NMR_API_TH_20221124_000 - COPY.QMT

< >
QMSA Output

Project Tree

© Line Shape

b Constraints

b Iteration Control
b Reference Details
¢ Sample Details

» Baseline

in Systems 3 Compound Libraries

P Type here to search

Spectrum Files (*.jdx *.dx *.qmt *.cal *fid *ser) v View: | Spectrum o

= q
(o

NMR_API_1H_20221124 000 [

Enable Signal Editing

NMR_API_IH_20221124 000
NMR_APT_1H_20221134_000
R2 =0.00000

RMS = 0.000

9.00245

Applications  Help

2.54750 PPM [ 153.67170 Hz

- 60,000

- 50,000

- 40,000

30,000

- 20,000

I 10,000

B  Mol% %A mM MW, Type

4Integrals  5ExtraSignals 6 Quick Access

M~ e

Standard Error (Mol%)  mg/ml

Spectrum 2D Spectrum

<

Chemical Shifts

A Patticle Calculated

J-Coupling Matrix  J-Coupling List

=

AC

Pilvista

0
Distance: 9.9988 ppm /603,16 Hz | L: [a.00245 R 099890 13

© Originals

Predicted Difference Linewidth RRM!

e LineShapes of DCM, HDO and TMS are similar, with strong right-side ‘low-intensity asymmetry’.
e The objective is to get the correct area of Target signal and compare it to a reference signal (TMS or
DCM) to get the concentration of Target.

S Range Re:




The very basic (raw) fitting:

With G%, D% and Line-Asymmetry=0: the target signal tries to fit the tail of DCM signals,
therefore the target concentration 28.8 mmol is far to I‘ ge. The target linewidths grow for the

same reason, too. The reason is obvious when the(difference is examined:
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A better line-shape with broad asymmetric low-intensity components:

The difference spectrum is flat and close to zero-level so that DCM shadow range is only ca. 1 ppm (from 4.7 to 5.7 ppm).
The target concentration is now 17.5 mmol.

Base-line fitting bias: The signals are
very broad (>3-5 ppm), so that the
DCM, HDO and TSP signals do not
decay to zero the within the display
range, while the observed spectrum
decays — as pushed by the Whittaker
(or any) baseline correction and/or
phase correction. The intensity zero-
levels are shown for both the spectra.
The line-shape fitting gives a fair
estimate for the correct base-line.

Rrms = 0.338%
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It was assumed that the same line-shape correction, being an instrumental artefact, can be used for all the signals.

This one step protocol can be considered as the easiest model for the target!
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The base-line fitting bias can be reduced by adding a correction (y=A +By) to

the observed spectrum.
After optimization, the target concentration is 18.3 mmol and rrms = 0.338%
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Signal specific G% and asymmetries

Rrms drops to 0.247%, the target concentration is 18.6 mmol
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When three xtructures (doublet 80-5%, singlet 75-3 and triplet 37-1%) are added to the model,
rrms is dropped to 0.180%, and they decrease the target concentration to 16.2 mmol:
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The line-shape can be fixed also using N (def. 33) terms (Local Fourier) correction function

which is the same for all the lines:

FILES({F2,F5.FT) PREPARE(F3) PROFILE(F6) SYSTEM(G) LOCAL(*G) InterChange IgnoreRange(U) Integrate(A) Broadening(F11)
TABLE(TAB) SCRIPT(S) WeightRange(*W) SEARCH & FIT(O) ShiftObject AddXtructure(4NS) Rem line(DEL & *DEL) FIX BACKGROUND(F) J-SIGNS(F4)
SIMULATE(FS) QMTLS("F8) AutoFit("Fa) REGRESSION("R) Make INC(*F7) Lock & Fix{?L) BASELINE(*B) LSFIX=L

BACKGROUND FITTING TOOLS (for CURSOR RANGE)

To IGNORE non-baseline parts. use IgnoreRange _and remove ignored ranges afterwards |
If CURSORS are in ignored range, fix range is DISPLAY range . not CURSOR range !
L for LINEAR constant baseline defined by CURSOR 32 edge-points
ctrl-L for two terms (y = ax + b) least-square baseline defined by CURSOR 32 edge-points
F for FOURIER simulation of difference spectrum (FOR CURSOR RANGE )

Essential rms for CURSCR range is decreased from

0.1899 to
0.1386

01386
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Line-Shape correction is applied to CALCULATED spectrum and used & updated during iteration cycles.
Subtraction mode S is found useful in gQMSA!

Fitting region and spin-systems are defined by cursors, correction is applied to display range  PRESS
¥ to subtract correction from OBSERVED spectrum for cursor range

ctrl-Y to subtract correction from OBSERVED spectrum in DISPLAY range
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One can add Line-Shape correction for selected nuclei, or subtract correction from OBSERVED spectrum.
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After the Fourier correction (followed by basic optimization), rrms drops to 0.119%:

Cursors[Hz]: 5.999 [603.173] -1.999 [-120.567] Difference: 11.508 [723.74] N=15178
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The target signal stands on a broad pedestal and there are three signals which cannot be
explained by the spin-system — giving a hint about by-products of the reaction followed:

84 8.2 Ry 78 T8 74 T 7.0
18] Difference: 1.1874 [71.626] N=1502
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Conclusions:

e Benchtop spectra suffer from poor line shape (more than high field spectra),
obviously(?) due to out of coil information. Because the signal overlap is more
significant than at high field, the line shape and overlap form a challenge for
qQMSA.

e A good total fit of the benchtop spectral lines is obtained by adding low-intensity,
broad and asymmetric line-shape correction. In this way, all the major features of
the spectrum are described quantitatively.

e The Whittaker baseline fitting (or as any functions not based on the natural
Lorentzian line-shape of NMR signals) yields a bias that can be removed by the
new line-shape.

e A good fit may demand adding some impurity signals (‘Xtructures’) — revealing
important information about the sample.

e The mysterious line-shape artefact’s can be reduced by using Local Fourier
fitting.

The protocol is rather robust and straightforward.



15

P.S. The easy way: the traditional integration

e The values of integrals depend on the integration width, which leads to a considerable bias in their values.
e If the baseline can be set in the same way for all the spectra of an experiment, the bias does not matter?
Good for kinetic studies — not for purity analyses?
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The approach tells nothing about the impurities hiding under target signal!



