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1H–15N HMBC as a valuable tool for the identification
and characterization of nitrones
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Abstract—1H–15N HMBC has been evaluated as an efficient and high-speed method to determine 15N chemical shifts for nitrones,
which can be used to identify aromatic nitrones and to extract structural information by comparison with reference data. Substi-
tuent effects have been measured on C and N aryl groups separately, showing up the influence of electronic effects on C-aryl groups
rather than N-aryl groups on the 15N chemical shifts. Steric effects are remarkable in the case of C-aryl-N-alkyl nitrones. Depending
on N or C substitution, chemical shift changes in such an additive way that it is possible to predict chemical shifts for unknown
nitrones.
� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

Nitrones are used extensively both in organic synthesis
as building blocks due to their versatile reactivity1 and
as spin traps.2 New developments in the synthesis of nat-
ural compounds have demonstrated that nitrones pos-
sess great perspectives as starting products,3 so there is
a growing interest in the synthesis of these com-
pounds.1,4 In particular, aromatic nitrones (Fig. 1) have
received much attention due to their high reactivity
which made them suitable for the study of several di-
verse stereoselective processes.5 Due to the diversity of
methods to synthesize an aromatic nitrone,6 an easy
and fast spectroscopic method to identify the nitrone
functional group is required in order to differentiate nit-
rones from other possible compounds formed in these
reactions, such as imines, oxaziridines or amine oxides.
In the case of aromatic nitrones, the diagnostic signal
for the azomethine nitrone proton is often buried under
Figure 1. General structure for aromatic nitrones.
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aromatic proton signals. Also, the assignment of charac-
teristic 13C NMR signals for nitrones is frequently diffi-
cult because of its broadening and low sensitivity.

In the course of our research directed towards the syn-
thesis of nitrogen containing compounds,7 we needed a
rapid, feasible and efficient technique for identifying nit-
rone group. In this Letter, we report a versatile spectro-
scopic method for determining 15N chemical shifts of
nitrones. Correlation between chemical shifts and both
electronic and steric effects are also presented. We
selected for the study the nitrones-type illustrated in
Figure 1, R1 and R2 being either aromatic or aliphatic
groups. To determine 15N chemical shifts we chose
HMBC8 experiments correlating 1H and 15N because
of their reliability and speed9 (typically less than 5 min).10

Since nitrones have been scarcely investigated by mak-
ing use of 15N NMR,11,12 we pursued an in-depth explo-
ration. After a first screening was made with several
nitrones, we decided to carry out studies on electronic
and steric effects in an independent way.
2. Results and discussion

In order to study the electronic effects exerted by aro-
matic groups we selected the nitrones shown in Table
1. The corresponding chemical shifts for these
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Table 1. Nitrones synthesized and 15N NMR chemical shifts (ppm
from external liquid NH3)

Entry R1 R2 Nitrone d 15N
(ppm)

Dd
(ppm)

1 Bn Ph 1 285.9 —
2 Bn 4-MeOPh 2 279.4 �6.5a

3 Bn 4-CNPh 3 294.2 +8.3a

4 Bn 4-NO2Ph 4 295.4 +9.5a

5 Bn 5-Imidazole 5 270.3 �15.6a

6 Bn 2-Thiophene 6 274.9 �11.0a

7 Bn 2-Furane 7 278.1 �7.8a

8 Bn 2-Thiazole 8 288.2 +2.3a

9 Bn 3-Pyridine 9 291.2 +5.3a

10 Bn 2-Pyridine 10 292.9 +7.0a

11 Ph Ph 11 285.0 —
12 Ph 4-MeOPh 12 278.7 �6.3b

13 Ph 4-NO2Ph 13 293.7 +8.3b

14 4-MeOPh Ph 14 283.9 �1.1b

15 4-CNPh Ph 15 280.0 �5.0b

16 4-NO2Ph Ph 16 279.7 �5.3b

a Variation over 1.
b Variation over 11.

Table 2. 15N NMR chemical shifts (ppm from external liquid NH3) for
nitrones 17–21

Entry R1 R2 Nitrone d 15N (ppm)

1 Bn Ph 1 285.9
2 Me Ph 17 274.7
3 iPr Ph 18 296.6
4 tBu Ph 19 303.8
5 Bn nPr 20 284.9
6 Bn iPr 21 283.3

Figure 2. Graph correlating 15N chemical shift and number of carbons
in b.
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compounds showed a strong influence of the electron-
donor/acceptor character of the aromatic group when
it is linked to the nitrone carbon atom. On the other
hand, no significant changes in chemical shifts were
observed for different aromatic groups attached to the
nitrone nitrogen atom. Due to their synthetic accessibil-
ity, nitrones 1–10 were quite appropriate to analyse in
detail the effects of different substituted aromatic and
heteroaromatic rings.

If nitrone 1 (Table 1, entry 1) is taken as reference, when
introducing an electronic density donor moiety on R2

(Table 1, entry 2) chemical shift decreases due to enrich-
ment on electronic density, as well as it increases when
acceptor moieties are present (Table 1, entries 3 and
4). This behaviour can be explained if we consider reso-
nance structures for this kind of nitrones. This effect is
also observed if substituting R1 with a heterocycle.
For p-exceeding heterocycles (Table 1, entries 5–7)
chemical shift is decreased, while for p-deficient cycles
it is increased (Table 1, entries 8–10). In all these cases
trends in chemical shift can be reasonably predicted,
depending on electronic behaviour of the C-aryl or C-
hetaryl moieties.

To evaluate these effects on N-phenyl nitrones, nitrones
11, 12 and 13 bearing a phenyl, a p-methoxyphenyl and
a p-nitrophenyl group at the nitrone carbon, respec-
tively, were studied (Table 1, entries 11–13). The
obtained results confirmed the same trend observed for
N-benzyl nitrones (Table 1, entries 11–13) and no signif-
icant effects were observed when the N-benzyl group
replaces the N-phenyl group, thus indicating that
variations in the chemical shift of C-substituent nitrones
are may be separated from N-substitution. In summary
whereas replacing the C-phenyl group by a p-methoxy-
phenyl resulted in an average decrease of 6.4 ppm,
change by a p-nitrophenyl group resulted in an increase
of the chemical shift by approximately 8.9 ppm.
In the case of C-phenyl nitrones (Table 1, entries 14–16),
variation of the substituent at the nitrone nitrogen only
led to small variations in chemical shift. Moreover, no
correlation was found between the electronic character
of the substituent and the observed chemical shift.

In order to study steric effects on the chemical shift, we
examined nitrones listed in Table 2. For N-alkyl substi-
tuted nitrones (Table 2, entries 2–4) variations in chem-
ical shifts up to 29 ppm were observed. Chemical shift
increased as the number of carbons linked to the a-car-
bon (b effect) did. A clear correlation between chemical
shifts and the number of carbons in b was found
(Fig. 2). The point corresponding to 1 carbon in b is
get from nitrone 1 (Table 2, entry 1), as an approxi-
mated experimental result.

The points of Figure 2 were approximated to a linear
regression y = a + b Æ x, for which values are a =
275.2 ppm and b = 9.89 (r = 0.9959). This provides
an empirical rule, which can be used to predict 15N
chemical shift on N-alkyl nitrones, for each carbon on
b from nitrogen, 9.9 ppm should be added. On the other
hand, changes on substitution degree on C-alkyl N-benz-
yl nitrones (Table 2, entries 5 and 6) only induced minor
variations in chemical shifts without any predictability
(c effect).

Figure 3 illustrates the application of the described
method for nitrone 3. As indicated in Figure 3a the
azomethine proton Ha cannot be assigned because it is
in the aromatic range (see enlargement). The experiment



Figure 3. Spectra for nitrone 3. (a) 1H NMR spectrum. (b) 1H–15N HMBC. Further details in experimental section.
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shown in Figure 3b allows as to identify unambiguously
the chemical shift of Ha (7.50).

To check if both electronic effects on the carbon and ste-
ric effects on the nitrogen are additive, nitrones 22 and
23 were prepared (Fig. 4). In the first case, correspond-
ing to C-(p-methoxyphenyl)-N-methyl nitrone, the
chemical shift could be calculated, taking as reference
nitrone 1 (C-phenyl-N-benzyl nitrone) as follows: since
the chemical shift of 1 is 285.9 ppm, we should take into
consideration that the C-p-methoxyphenyl group de-
creases the chemical shift to 6.4 ppm, and the one less
carbon in b decreases to 9.9 ppm. Thus, the calculated
chemical shift for 22 should be ca. 269.6 ppm. The
experimental result showed a chemical shift of 267.7 in
good agreement with the prediction. In the other case,
for nitrone 23 (C-(p-nitrophenyl)-N-methyl nitrone),
application of the above rules, 285.9 + 8.9 (p-nitro sub-
stituent) – 9.9 (steric effect) gave a value of 283.9 ppm,
the experimental result being 283.4 ppm, also in close
agreement with the predicted value.

To sum up, we can conclude that (i) 1H–15N HMBC is
an optimal experiment to measure 15N chemical shifts
of aromatic nitrones; (ii) 15N NMR chemical shift for
this kind of nitrones is in the range 270–310 ppm (refer-
enced to liquid NH3) some structural information being
inferred from the chemical shift; (iii) electron density do-
nors or acceptor moieties induce chemical shift varia-
tions only when they are linked to the nitrone carbon
atom; when they are linked to the nitrone nitrogen their
effect is negligible and not predictable; (iv) the number
of carbons in b from nitrogen generate a steric hin-
drance which is translated into an increase of ca.
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Figure 4. Nitrones 22 and 23.
9.9 ppm for each carbon in b, no steric effects being
observed with C-substituents; (v) electronic and steric
effects are additive, so chemical shift of unknown nitro-
nes can be predicted, and (vi) as the HMBC experiment
is able to obtain information from reaction mixtures, it
can be adequate for identification in combinatorial
nitrone synthesis.
3. Experimental

3.1. Compounds

All nitrones were prepared employing the general meth-
od reported in the literature.4a 1H and 13C NMR data
for nitrones 1–23 are described in the Supplementary
data.

3.2. NMR spectra

All spectra were recorded on a Bruker AVANCE 500
spectrometer operating at 500 MHz (1H), 125.7
MHz (13C) and 50.7 MHz (15N) and a Bruker AVANCE
400 spectrometer operating at 400 MHz (1H),
100.5 MHz (13C) and 40.4 MHz (15N) in deuterochloro-
form. 15N spectra were measured in CDCl3 solutions at
40 mg ml�1 concentration in standard NMR tubes
(5 mm o.d.) at 293 K. Chemical shifts are referenced to
external liquid ammonia. 15N long-range gHMBC spec-
tra were acquired with pulse field gradients in absolute
value mode. The spectral windows for 1H and 15N do-
mains were 12 and 100 ppm, respectively. The multi-
ple-bond delay was adjusted to a coupling constant of
4 Hz. The data were collected in a 1024 · 64 matrix with
2 transients per t1 increment. The recycle period was
1.0 s. Sine-bell window functions were applied before
Fourier transformation in a 1024 · 512 matrix.

Standard procedures of the spectrometer software (Top-
spin ver. 1.3 and XWinNMR ver. 3.6) were used. A
comparison was made between the results of the analysis
for a central slice cutting the centre of each correlation
peak and two additional neighboring slices which gave
the accuracy of ±0.1 ppm. The reproducibility of the
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15N chemical shifts values for three spectra recorded at
different times of each compound was 0.5–0.7 ppm.
Acknowledgements

Financial support was provided by the Ministerio de
Educación y Ciencia (Madrid, Spain. Project:
CTQ2004-0421/BQU) and the Gobierno de Aragón
(Spain). I.D. also thanks Gobierno de Aragón for a
grant.
Supplementary data

Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/j.tetlet.
2007.04.006.
References and notes

1. (a) Merino, P. Nitrones and Cyclic Analogues. In Science
of Synthesis; Padwa, A., Ed.; Thieme: Stuttgart, 2004; Vol.
27, p 511, and references cited therein; (b) Merino, P.;
Franco, S.; Merchan, F.; Tejero, T. Synlett 2000, 442; (c)
Lombardo, M.; Trombini, C. Synthesis 2005, 759; (d)
Gothelf, K. V.; Jorgensen, K. A. Chem. Commun. 2000,
1449.

2. (a) Becker, D. A. In Organic Synthesis: Theory and
Applications; Hudlicky, T., Ed.; JAI Press: Stamford,
1998; Vol. 4, p 155; (b) Pou, S.; Halpern, H. J. Acc. Chem.
Res. 1999, 32, 155; (c) Dhainaut, A.; Tizot, A.; Raimbaud,
E.; Lockhart, B.; Lestage, P.; Goldstein, S. J. Med. Chem.
2000, 43, 2165; (d) Villamena, F. A.; Merle, J. K.; Hadad,
C. M.; Zweier, J. L. J. Phys. Chem. 2005, 109, 6083; (e)
Sueishi, Y. D.; Yoshioka, D.; Yoshioka, C.; Yamamoto,
S.; Kotake, Y. Org. Biomol. Chem. 2006, 4, 896; (f)
Reybier, K.; Boyer, J.; Farines, V.; Camus, F.; Souchard,
J. P.; Monje, M. C.; Bernardes-Genisson, V.; Goldstein,
S.; Nepveu, F. Free Radical Res. 2006, 40, 11; (g) Liu, Y.
P.; Wang, L. F.; Nie, Z.; Ji, Y. Q.; Liu, Y.; Liu, K. J.;
Tian, Q. J. Org. Chem. 2006, 71, 7753.

3. (a) Frederickson, M. Tetrahedron 1997, 53, 403; (b)
Synthetic Applications of 1,3-Dipolar Cycloaddition Chem-
istry toward Heterocycles and Natural Products; Padwa,
A., Pearson, W. H., Eds.; Wiley and sons: Hoboken, New
Jersey, 2003; (c) Koumbis, A. E.; Gallos, J. K. Curr. Org.
Chem. 2003, 7, 585; (d) Osborn, H. M. I.; Gemmell, N.;
Harwood, L. M. J. Chem. Soc., Perkin Trans. 1 2002,
2419; (e) Merino, P. In Targets in Heterocyclic Systems-
Chemistry and Properties; Attanasi, O., Spinelli, D., Eds.;
Italian Society of Chemistry: Rome, 2003; Vol. 7, p 140.
4. For recent references see: (a) Soldaini, G.; Cardona, F.;
Goti, A. Org. Lett. 2007, 9, 573; (b) Revuelta, J.; Cicchi,
S.; Goti, A.; Brandi, A. Synlett 2007, 485; (c) Wang, P. F.;
Gao, P.; Xu, P. F. Synlett 2006, 1095; (d) Piotrowska, D.
G. Tetrahedron Lett. 2006, 47, 5363; (e) Merino, P.; Padar,
P.; Delso, I.; Thirumalaikumar, M.; Tejero, T.; Kovacs, L.
Tetrahedron Lett. 2006, 47, 5013; (f) Denmark, S. E.;
Montgomery, J. I. J. Org. Chem. 2006, 71, 6211; (g)
Cicchi, S.; Marradi, M.; Vogel, P.; Goti, A. J. Org. Chem.
2006, 71, 1614; (h) Argyropoulos, N. G.; Panagiotidis, T.
D.; Gallos, J. K. Tetrahedron: Asymmetry 2006, 17, 829;
(i) Cordero, F. M.; Cicchi, S. C-heteroatom-substituted
nitrones. In Science of Synthesis; Charette, A. B., Ed.;
Thieme: Stuttgart, 2005; p 267, and references cited
therein.

5. For leading references see: (a) Sibi, M. P.; Ma, Z.;
Jasperse, C. P. J. Am. Chem. Soc. 2005, 127, 5764; (b)
Carmona, D.; Lamata, M. P.; Viguri, F.; Rodriguez, R.;
Oro, L. A.; Lahoz, F. J.; Balana, A. I.; Tejero, T.; Merino,
P. J. Am. Chem. Soc. 2005, 127, 13386; (c) Murahashi, S.
I.; Imada, Y.; Kawakami, T.; Harada, K.; Yonemushi, Y.;
Tomita, N. J. Am. Chem. Soc 2002, 124, 2888; (d) Evans,
D. A.; Song, H. J.; Fandrick, K. R. Org. Lett. 2006, 8,
3351; (e) Suga, H.; Nakajima, T.; Itoh, K.; Kakehi, A.
Org. Lett. 2005, 7, 1431; (f) Sibi, M. P.; Ma, Z. H.;
Jasperse, C. P. J. Am. Chem. Soc. 2005, 127, 5764.

6. (a) Dondoni, A.; Franco, S.; Junquera, F.; Merchán, F.;
Merino, P.; Tejero, T. Synth. Commun. 1994, 24, 2537; (b)
Cicchi, S.; Marradi, M.; Goti, A.; Brandi, A. Tetrahedron
Lett. 2001, 42, 6503; (c) Man, S.; Buchlovic, M.; Potacek,
M. Tetrahedron Lett. 2005, 47, 6961.

7. (a) Marradi, M.; Cicchi, S.; Delso, J. I.; Rosi, L.; Tejero,
T.; Merino, P.; Goti, A. Tetrahedron Lett. 2005, 46, 1287;
(b) Merino, P.; Lanaspa, A.; Merchan, F.; Tejero, T.
Tetrahedron Lett. 1997, 38, 1813; (c) Merino, P.; Lanaspa,
A.; Merchan, F.; Tejero, T. Tetrahedron: Asymmetry 1997,
8, 2381; (d) Merino, P.; Castillo, E.; Merchan, F.; Tejero,
T. Tetrahedron: Asymmetry 1997, 8, 1725.

8. (a) Bax, A.; Griffey, R. H.; Hawkins, B. L. J. Am. Chem.
Soc. 1983, 105, 7188; (b) Live, D. H.; Davis, D. G.;
Agosta, W. C.; Cowburn, D. J. Am. Chem. Soc. 1984, 106,
6104; (c) Griffey, R. H.; Davis, D.; Yamaizumi, Z.;
Nishimura, S.; Bax, A.; Hawkins, B. L.; Poulter, C. D. J.
Biol. Chem. 1985, 260, 9734.

9. (a) Martin, G. E.; Williams, A. J. Ann. Rep. NMR
Spectrosc. 2005, 55, 1; (b) Pérez-Trujillo, M.; Nolis, P.;
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