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At the present time, when NMR spectrometers are getting prohibitively expensive, for routine applications in

chemistry where NMR is an indispensable technique, working with tabletop low field spectrometers would

be an attractive proposition. However, as is well known, chemical shift dispersion is a serious limitation on

these systems. The modern strategies of pure shift spectroscopy would not be useful because of lack of

gradients, on the one hand, and even when they are there, there will be an extreme loss of sensitivity by

slice selective gradients in the pulse sequences, on the other. The present manuscript presents an
Received 29th August 2017 hf Wt h t b lovi ina-based ad ts in th hift
Accepted 14th October 2017 approach for resolution enhancement by employing processing-based advancements in the pure shi

NMR schemes and presents data acquired on a 60 MHz NMR spectrometer. We use generalized indirect

DOI: 10.1039/c7ra09594e covariance (GIC) processing based reconstruction for enhancing the resolution in 2D-NMR spectra and
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Development of analytical methods for structural chemistry is
very important in understanding the modifications that have
taken place during chemical reactions. In this respect, spec-
troscopic techniques have been well recognized to obtain
accurate information on analytes (either it could be a pure
molecule or mixture of small molecules). Amongst them, NMR
has been proven to provide the atomic level structural infor-
mation of chemical constituents present in the reaction
processes." The advent of high-field super conducting magnets
with cryo-probe technologies has made the chemical structural
analysis simple. Laterally, the development of cryogenic free
permanent field homogeneous tabletop magnets has made
a significant impact as this is cost effective, a lot less mainte-
nance and does not require great NMR expertise to operate
them. Indeed, several analytical applications of tabletop NMR
systems have been reported (edible oils,? fats,® quality control of
pharmaceutical drugs,* food,*> mobile sensor-MRI® and reaction
monitoring’*°). Further, because of the low costs, these
instruments have found a common place in undergraduate
educational laboratories.

It is well known that 2D-NMR experiments significantly
enhance spectral resolution and facilitate unambiguous anal-
ysis. However, at low magnetic fields, severely overlapped scalar
coupling multiplets belonging to different chemical sites
hamper the chemical shift resolution, even in 2D-NMR spectra
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that has been demonstrated on different small organic molecule samples.

and this need to be sorted out to be able to identify the mole-
cules present in a reaction mixture. In this sense, pure shift
NMR methods help to enhance the resolution by obtaining
exclusively chemical shift information (couplings are removed)
in the spectra.” On the other hand, the various sophisticated
pure shift NMR methods such as, versions of Zangger-Sterk,"
BIRD,”® HOBS,” and PSYCHE" broadband decoupling
methods, that have been developed on modern high field
spectrometers, are difficult to implement on low field spec-
trometers and are currently not available.

The present manuscript offers a solution to the above dis-
cussed resolution problems in low field 2D-NMR spectra by
invoking the ideas of recently proposed processing based pure
shift NMR ie.; GIC (generalized indirect covariance) method.'***
Indeed the importance of covariance processing has been
explored for different homodecoupling methods.* A pre-requisite
to conduct GIC is a pure shift one dimensional NMR spectrum.
We build such a spectrum from the homodecoupled trace of 2D
J-res* spectrum. This is then used to build a 2D diagonal spec-
trum (see ESIf for the full details) which is then used to process all
other 2D spectra to obtain their pure shift versions (processing
has been done on MNOVA 11). The versatility of the present GIC
based 2D pure shift NMR has been demonstrated for ibuprofen,
trans-2-pentenal and a mixture of ¢rans-2-pentenal and propanol,
on a 60 MHz Oxford tabletop NMR spectrometer.

Fig. 1 shows a comparison of conventional COSY and GIC-
COSY of ibuprofen, a standard drug, recorded on a 60 MHz
spectrometer. Clearly, the conventional COSY spectrum has
severely overlapped multiplets, especially in methyl and meth-
ylene regions (Fig. 1a), whereas, in the GIC pure shift COSY
(Fig. 1b) all the correlations belonging to different chemical
sites are well resolved.
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Fig.1 Comparison of expanded methyl and methylene chemical sites
of ibuprofen: the conventional COSY (a) resonances with scalar
coupling multiplets, and the GIC based pure shift COSY with homo-
decoupled resonance contours (b).

Fig. 2 compares the resolution enhancement in the pro-
cessing based pure shift TOCSY spectrum over the
conventional-2D spectrum of ¢rans-2-pentenal. Clearly, the
resolution in the GIC pure shift TOCSY spectrum is far superior
and all the correlations can be unambiguously established.
Fig. 3 shows the applicability of such techniques even for
a mixture of two molecules and the individual correlations can
be clearly established using GIC pure shift COSY and GIC pure
shift TOCSY spectra.

Finally, a word has to be mentioned about the limitations of
the present method, i.e.: appearance of some covariance arte-
facts for the very closely separated multiplets. For example, the
GIC pure shift COSY spectrum of the present mixture has shown
processing based artefacts between the H5 and H6 protons,
although they belong to two independent molecules. Similar
artefacts are even seen in the TOCSY as well, i.e., between the H5
and H7 protons. Therefore, a little care should be taken while
analyzing the GIC generated pure shift NMR data, as we have
compared herein with the original 2D NMR spectra. Otherwise,
pure shift GIC spectra have to be generated at different values of
matrix powers."” Additionally, quality of the pure shift GIC
spectra mainly depends on the homodecoupled trace that we
obtain from the J-res experiments. At low magnetic field
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Fig.2 Comparison of 2D-homonuclear spectra recorded for trans-2-
pentenal, before and after the GIC based formalism. Herein, chemical
shift resonances in the conventional-TOCSY (a) with the overlapped
multiplets are nicely resolved in the GIC based pure shift TOCSY (b).

This journal is © The Royal Society of Chemistry 2017

View Article Online

RSC Advances
T
5 3. HO__
N NN + S g
. 10
a) w b) . *6 ’1
- s p* |
[} 4 7 [
it 7] 4 i
-3
o - -0 "
5
H] i 2 6
. = 3 7
-8
9
3 *Conventional-cosy|| " GIC-pure-shift-COSY| 10
’ 0
C) d) o Lx6 |
8 o8 =, » = . & < oxigetx |1
[ ; e |
W iy 5. [ . . o 00
-3
‘( £ ] 8* '»4
s
i 1K - z 6
# Bt - A ® 3 i 7
s
9
*___* EonventionalroBsy| " " GiCpure-shift-TOCSY} 10
9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 4 3 2 1 ofPm
Fig. 3 lllustrating the importance of GIC based processing in the

analysis of small organic molecule mixture i.e.; a hypothetical mixture
of trans-2-pentenal and propanol, where two molecules have been
differentiated by highlighting propanol resonances with the light blue
colour strips. Herein, comparison of the conventional COSY (a) and
TOCSY (c) with the corresponding GIC based pure shift COSY (b) and
TOCSY (d) spectra has made understanding the significance of reso-
lution enhancement (GIC processing) in analyzing the complex
organic mixtures. The cross-peaks which are depicted with the asterisk
(*) symbols represent the covariance artefacts.

strengths, there is a possibility of having strong coupling
information; in such situations obtaining clean pure shift trace
is frequently hampered. This problem can be circumvented by
simulating the pure shift trace from the real homodecoupled J-
res projection (as we did in the present studies), while omitting
the strong coupling artefacts. As shown here, this strategy has
worked well even for only ~12 Hz separation (protons H2 and
H3 of trans-2-pentenal). However, the conventional J-res exper-
iments are not adequate for very closely resolved strong
coupling cases; wherein, pure absorptive mode adiabatic z-filter
type of J-res experiments may be considered.”

In summary, the known ideas of GIC based pure shift NMR
strategy has been used, in order to overcome the resolution
issues of 2D homonuclear NMR experiments (COSY and TOCSY)
recorded on a tabletop 60 MHz spectrometer. The proposed
method has been demonstrated on different small organic
molecules such as ibuprofen, trans-2-pentenal and a mixture of
trans-2-pentenal and propanol. Herein, a significant amount of
enhancement in the spectral resolution has been observed for
the GIC processed spectra when compared with the conven-
tional spectra recorded at 60 MHz. This type of experimental
and processing approaches certainly helps in monitoring the
structural changes that have taken place in the reaction analyte
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during chemical reaction processes, and thus could be of
routine use in chemistry laboratories. We believe that a small
modification in the NMR processing software (create a single
macro by combining all the software patches) can make this
process opaque to the normal user community and can become
a routine feature on tabletop NMR spectrometers.
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