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ABSTRACT: The 1H and 13C NMR spectra of 2-phenyl-3H-naphtho[2,1-b][1,4]oxazin-3-one, 2-p-methox-
yphenylnaphtho[1,2-d]oxazole and 2-phenylnaphtho[1,2-d]oxazole were totally assigned using a combination of
one- and two-dimensional NMR techniques. In addition to correlation of the proton signals by a COSY spectrum
and one-bond heteronuclear correlation, complete assignment of the 1H and 13C NMR spectra of these hetero-
cyclic compounds required the application of long-range CH coupling information, particularly for quaternary
resonance assignments and for orientations of individual spin systems relative to one another. 1998 John Wiley(

& Sons, Ltd.
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INTRODUCTION

We have been interested in the synthesis of heterocyclic
ring systems via 1,3-dipolar cycloaddition reactions.1h3
Recently, we reported the formation of 2-phenyl-3H-
naphtho[2,1-b][1,4]oxazin-3-one(1),2-phenylnaphtho[1,
2-d]oxazole (2) and 2-p-methoxyphenylnaphtho[1,2-d]
oxazole (3) (Fig. 1), through the reaction between 2-p-
methoxyphenyl-4-phenyl-*2-oxazolin-5-one and 1-
nitroso-2-naphthol.4 In this paper, we describe the com-
plete chemical shift assignment of the 1H and 13C
spectra of 1, 2 and 3 through the concerted application
of a variety of one- and two-dimensional techniques :
COSY,5 1H-detected one-bond (CÈH) heteronuclear
multiple quantum coherence (HMQC)6 and long-range
two- and three-bond CÈH heteronuclear multiple bond
connectivity (HMBC).7 The inverse-detected hetero-
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nuclear shift correlation efficiency was signiÐcantly aug-
mented by the incorporation of pulsed Ðeld gradients8
(PFG). Phase-cycling requirements for noise sup-t1
pression in gradient-enhanced experiments are, for the
most part, obviated, making it feasible to acquire data
in one or a few transient per increment. The beneÐtst1
acquired by 1HÈ13C correlation (using GHMQC and
GHMBC) are well documented.9 In the process of
making these assignments, COSY-90 and GHMQC
were supplemented with GHMBC experiments.

Each of these compounds contains one two-spin
system and one four-spin system and they can be unam-
biguously identiÐed from the COSY spectrum. The well

Figure 1.
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resolved 13C NMR spectrum establishes direct hetero-
nuclear correlations from the HMQC spectrum, but
complete unequivocal assignment of the spectrum is not
possible without the concerted use of the HMQC and
HMBC techniques. The two-spin system may be assign-
ed from the observed vicinal couplings, from substituent
group e†ects on the chemical shifts10 and by compari-
son with other described naphthoxazoles.11 These spin
systems correspond to H-5 and H-6 in the oxazinone
and H-4 and H-5 in the oxazole structures, and they
serve as the entry point for spectral interpretation.

RESULTS AND DISCUSSION

Compound 1

The 2D 1H homonuclear COSY spectrum (Fig. 2)
showed the expected two-spin system as two doublets
resonating at 7.37 and 7.90 ppm. The doublet at 7.90
ppm corresponds to H-6 and that at 7.37 corresponds
to H-5, on the basis of their vicinal coupling constant
(J \ 9 Hz) and the chemical shifts. The spectrum also
showed a four-spin system, in which the more deshield-
ed doublet (d 8.84) corresponds to the H-10 proton.
This is the signal resonating far downÐeld ; H-10 is Ðrst
deshielded by its own aromatic system and then shifted
further downÐeld by the deshielding e†ects of the oxa-
zinone ring. Furthermore, in the contour plot of the
COSY spectrum, the o†-diagonal peaks establish the
connectivities between all pairs of mutually coupled
protons. Thus, the complete analysis for the heterocyclic
ring of the naphthoxazinone could be made unam-
biguously. The aromatic resonance H-10 shows corre-
lation peaks with the proton resonating at d 7.65 (H-9,
apparent triplet). H-9 also exhibits correlation with the
aromatic proton located at d 7.53 (other apparent
triplet), which was therefore assigned to H-8. This latter

Figure 2. COSY spectrum of 2-Phenyl-naphtho[2,1-b]-[1,
4]oxazin-3-one (1).

resonance of the four-spin system, in turn, is correlated
with the proton at d 7.83, which can be ascribed to H-7.
The other spin system corresponds to the phenyl group.
The multiplet at 8.46 ppm corresponds to the two
protons located at the ortho position (H-2@) and the
other multiplet at 7.49 corresponds to the two H-3@ and
one H-4@ protons.

The complete 1H and 13C NMR chemical shift
assignments for 1 were deduced from the concerted
application of 1H-detected “one-bondÏ and long-range
(C,H) correlation experiments. The one-bond protonÈ
carbon chemical shift correlation was established using
the HMQC sequence ; all the “one-bondÏ (C,H) connecti-
vities found between the pairs of mutually coupled
atoms are given in Table 1. The assignments of quatern-
ary carbons were obtained from the analysis of long-
range correlations responses over three bonds using the
HMBC technique. All these long-range correlations are
presented in Table 1.

The HMBC spectrum (Fig. 3) shows long-range
correlations between H-10 and three carbon resonances.
Examining the structure of 1, we can identify the reso-
nance corresponding to C-8, and two quaternary
carbons C-6a and C-10b. Both quaternary carbons cor-
relate long-range with H-10 and H-5, but only C-6a
correlates in addition with H-8. Also, the quaternary
C-6a corresponds to the signal resonating at 131.48
ppm which correlates long-range with H-10, H-8 and
H-5. H-6 correlates long-range with two quaternary
carbons resonating at 145.19 and 130.91 ppm and with
a protonated carbon at 128.48 ppm in the HMBC spec-
trum. By examining the structure of naphthoxazinone 1,
H-6 correlates long-range with quaternary carbons
C-4a and C-10a. The resonance at 145.19 ppm is assign-
ed to C-4a, because it has only one three-bond connec-
tivity, as expected. Therefore, the carbon resonating at
130.91 ppm must be C-10a ; this carbon is also long-
range connected with H-7 and with the doublet of

Figure 3. HMBC spectrum of 2-Phenyl-naphtho[2,1-b]-
[1,4]oxazin-3-one (1)
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Table 1. 1H and 13C NMR of 2-phenyl-3H-naphtho[2,1-b][1,4]oxazin-3-one (1)

Carbon Chemical shifta, d HMQC Protons showing HMBC
No. [HÈX, multiplicity, J(H,H)(Hz)] 13Ca 1J(C,H) correlation [coupling]3J(C,H)

2 148.83
3 162.74
4a 145.19 6
5 7.37 [H-5, d, J(5,6)\ 9.0] 116.10 ]
6 7.90 [H-6, d, J(6,5)\ 9.0] 132.84 ] 7
6a 131.48 5, 8, 10
7 7.83 [H-7, d, J(7,8)\ 8.1] 128.48 ] 6, 9
8 7.53 [H-8, dd, J(8,7)\ 8.1, J(8,9)\ 8.3] 127.11 ] 10
9 7.65 [H-9, dd, J(9,10)\ 8.35, J(9,8)\ 8.3] 128.67 ] 7
10 8.84 [H-10, d, J(10,9)\ 8.35] 123.30 ] 8
10a 130.91 6, 7, 9
10b 126.79 5, 10
1@ 134.92 3@
2@ 8.46 129.89 ] 4@
3@ 7.49 128.83 ]
4@ 7.49 131.74 ] 2@

a In ppm from TMS.

doublets resonating at 7.65 ppm (H-9). The proton res-
onating at 7.49 ppm is one-bond connected with the
carbon resonating at 129.89 ppm (C-2@), and it is also
long-range coupled to the quaternary carbon resonating
at 134.92 ppm, hence this carbon is assigned unam-
biguously as C-1@. The assignment of the other quatern-
ary carbon resonance was straightforward. The
quaternary carbon resonating at 148.83 ppm is assigned
as C-2, and the downÐeld carbon corresponds to the
carbonyl group at 162.74 ppm.

Compound 2

The structure of 2 is analogous to that of 1 except that
it does not contain a carbonyl group. In the COSY
spectrum (not shown), the expected two-spin AB system

appears as a pair of doublets at 7.80 and 7.71 ppm. The
four-spin system was also observed, but in this case the
triplet of H-7 overlapped with the meta and para
protons from the phenyl group. With the HMQC (not
shown), we assigned the carbon signals and we could
distinguish between C-7, C-3@ and C-4@.

In a fashion analogous to compound 1, the HMBC
spectrum shows long-range correlations between H-9 (d
8.61 ppm), the most deshielded proton, and three
carbon resonances (Table 2). Two of these are quatern-
ary carbons. Examining the structure of 2, these quat-
ernary carbons corresponds to C-9b and C-5a. Both
correlate with H-9 and H-4, but only C-5a is also corre-
lated with H-7. The spectrum also shows that the quat-
ernary carbon at 131.65 ppm correlates with three
protons, H-9, H-4 and H-7. Also, the quaternary carbon
C-9b corresponds to the signal resonating at 137.63
ppm.

Table 2. 1H and 13C NMR of 2-phenylnaphtho[1,2-d]oxazole (2)

Carbon Chemical shifta, d HMQC Protons showing HMBC
No. [HÈX, multiplicity, J(H,H) (Hz)] 13Ca 1J(C,H) correlation [coupling]3J(C,H)

2 162.33 2@
3a 148.04 5
4 7.71 [H-4, d, J(4,5)\ 8.9] 110.81 ]
5 7.80 [H-5, d, J(5,4)\ 8.9] 125.98 ] 6
5a 131.23 4, 5, 7, 9
6 7.98 [H-6, d, J(6,7)\ 8.1] 128.56 ] 5, 8
7 7.58 [H-7, dd, J(7,6)\ 8.1, J(7,8)\ 8.3] 125.35 ] 9
8 7.68 [H-8, dd, J(8,7)\ 8.3, J(8,9)\ 8.16] 126.95 ] 6
9 8.61 [H-9, d, J(9,8)\ 8.16] 122.27 ] 7
9a 126.59 5, 6, 8
9b 137.63 4, 9
1@ 127.55 3@
2@ 8.36 127.34 ] 4@
3@ 7.69 128.88 ] 4@
4@ 7.69 131.04 ] 2@, 3@

a In ppm from TMS.

( 1998 John Wiley & Sons, Ltd. MAGNETIC RESONANCE IN CHEMISTRY, VOL. 36, 449È453 (1998)



452 A. MAŠ RQUEZ ET AL .

The proton H-5 correlates long-range with four
carbons, three of them quaternary carbons which corre-
spond to C-3a, C-9a and C-5a. The quaternary carbon
resonating at 148.04 ppm is assigned as C-3a ; it exhibits
a sole long-range coupling in the HMBC spectrum to
H-5. The quaternary carbon resonating at 126.59 ppm
correlates long-range with H-8 and H-6 and can thus be
assigned as C-9a. In the phenyl group, H-2@ correlates
long-range with three carbon signals. One of them cor-
responds to a quaternary carbon, resonating at 162.00
ppm, and is assigned to C-2.

Compound 3

The structure of 3 is similar to that of 2, except that this
compound is methoxy substituted at C-4@, so in the
COSY spectrum (not shown) a symmetrical AX system
(J \ 8.84 Hz) appears. The H-3@ aromatic protons are
shifted upÐeld at 7.04 ppm; this assignment is on the
basis of the substituent e†ect10 and coupling inter-
action. Hence in this case, we can observe the upÐeld
double doublet at 7.53 ppm (H-7), which in the oxazole
2 was obscured by the H@-3 and H@-4 resonances. The
HMBC spectrum shows basically the same long-range
correlations for the heterocyclic portion as those
observed for 2 (Table 3). The replacement of H-4@ by a
methoxy group is mainly reÑected in the chemical shift
changes of C-4@, C-3@, C-2@ and C-1@, as stated in the
literature.10b The assignments of C-3@ and C-2@ were
established using the HMQC and those of C-1@ and C-4@
using the HMBC spectrum.

EXPERIMENTAL

Proton and carbon NMR spectra were acquired using a
Bruker Avance DRX 300 spectrometer operating at a
proton frequency of 300.13 and 75.47 MHz, respec-

tively. All measurements were performed at a probe
temperature of 300 K using solutions of 1, 2 and 3 in

(10È20 mg ml~1) containing tetramethylsilaneCDCl3
(TMS) as an internal standard. All two-dimensional
spectra were acquired with a Bruker inverse 5 mm Z-
gradient probe. The one-dimensional carbon spectrum
was obtained with a spectral width of 2500 Hz with 2 s
between transients, and the 90¡ pulse was 10 ls. The
homonuclear 1HÈ1H shift-correlated 2D spectra were
obtained using standard Bruker software (COSY90).
The spectral widths were 1800 Hz. The spectra were col-
lected as 512] 512 blocks of data and were processed
by sinusoidal multiplication in each dimension, followed
by symmetrization of the Ðnal data matrix. Other
parameters were as follows : number of increments in t1,
256 ; number of scans, 8 ; and relaxation delay, 2 s. The
HMQC spectra were measured using standard Bruker
software (inv4gstp). These spectra were collected with
512 ] 512 data points, a data acquisition of 8 scans ] F
and 256 increments in Spectral widths of 1800 andt1.
3200 Hz were employed in the (1H) and (13C)F2 F1
domains, respectively. Data were processed using Qsine
functions for weighting in both dimensions. The HMBC
spectra were obtained using the inv4gslplrnd pulse
sequence in the Bruker software. The spectral widths
were 1800 Hz and 5000 Hz and the delays(F2) (F1) *1
and were set to 3.45 and 65 ms, respectively. Data*2
were processed using an exponential window in withF2
lb \ 5 Hz and a Qsine window in F1.

CONCLUSION

The structure of three heterocyclic compounds could be
analyzed using 2D heteronuclear NMR spectra associ-
ated with the measurements of HMQC and HMBC
connectivities. The latter technique allows complete and
unambiguous assignments of the aromatic proton and

Table 3. 1H and 13C NMR of 2-p-methoxyphenylnaphtho[1,2-d]oxazole (3)

Carbon Chemical shift,a d HMQC Protons showing HMBC
No. [HÈX, multiplicity, J(H,H) (Hz)] 13Ca 1J(C,H) correlation [coupling]3J(C,H)

2 162.53 2@
3a 147.86 5
4 7.70 [H-4, d, J(4,5)\ 8.88] 110.75 ]
5 7.77 [H-5, d. J(5,4)\ 8.88] 125.41 ] 6
5a 131.21 4, 5, 7, 9
6 8.10 [H-6, d, J(6,7)\ 8.18] 128.55 ] 5, 8
7 7.53 [H-7, dd. J(7,6)\ 8.18, J(7,8)\ 8.3] 125.22 ] 9
8 7.65 [H-8, dd, J(8,7)\ 8.3, J(8,9)\ 8.2] 126.80 ] 6
9 8.57 [H-9, d, J(9,8)\ 8.2] 122.27 ] 7
9a 126.47 5, 6, 8
9b 137.67 4, 9
1@ 120.20 3@
2@ 8.26 [H-2@, d, J(2@,3@) \ 8.84] 129.09 ] 2@
3@ 7.04 [H-3@, d, J(2@,3@) \ 8.84] 114.36 ] 3@
4@ 162.01 2@, 3@
p-OMe 3.89 [s, 3H] 55.41

a In ppm from TMS.
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carbon signals, which are particularly complex in these
naphthoxazinone and naphthoxazole derivatives.
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