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ABSTRACT: The complete assignment of the 1H and 13C NMR
spectra of eight thienyl-substituted chromenes was achieved by the
concerted application of homonuclear (gs-COSY), 1H-detected hetero-
nuclear one-bond (gs-HMQC) and long-range (gs-HMBC) gradient-
selected correlation experiments. 1998 John Wiley & Sons, Ltd.(
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INTRODUCTION

Organic photochromic compounds undergo a reversible color change
on UV irradiation owing to the existence of two interconvertible
isomers.1,2 In recent years, research in the area of photochromic com-
pounds has increased signiÐcantly, especially in the Ðeld of optical
technology and for the design of new conducting materials. In this
context, we have synthesized a variety of [2H]-chromenes linked to a
thiophene moiety. The introduction of the thienyl group allows sub-
sequent preparation, through electrochemical polymerization or

copolymerization,3,4 of photochromic and electrochromic materials,
which are strong candidates for photomodulated molecular devices.

In this paper, we report the complete 1H and 13C NMR chemical
shift assignments obtained from one- and gradient-selected two-
dimensional NMR techniques for eight thienyl-substituted [3H]-
naphtho[2,1-b]pyrans (Fig. 1).

EXPERIMENTAL

Materials

Compounds 1aÈd and 2 were prepared by a mild “one-potÏ ester-
iÐcation.5 Compounds 3aÈc were obtained through condensation of
2-(6-hydroxy-1-naphthyl)thiophene with the appropriate propargylic
alcohols. This condensation took place at room temperature under
acidic catalysis.6 The products were puriÐed by column chromatog-
raphy on silica gel. All new compounds gave satisfactory C, H, S ele-
mental analyses.

NMR spectra

All experiments were performed on a Bruker AMX-400 spectrometer in
solutions and tetramethylsilane (TMS) was used as an internalCDCl3

standard. Resonance multiplicities for 13C were established via the
acquisition of DEPT7 spectra. For the DEPT sequence, the width of
13C 90¡ pulse was 4.5 ls, that of a 1H 90¡ pulse was 10 ls and the (2J)~1
delay was set at 3.4 ms. 1D-COSY8 experiments were obtained with
Gaussian pulses of 80 ms for semi-selective excitation of selected
proton. For two-dimensional experiments an inverse probehead
incorporating a shielded Z-gradient was used. The gradients were
shaped by a waveform generator and were ampliÐed by a Bruker
B-AFPA-10 ampliÐer. gs-COSY spectra were obtained using a pulse
sequence (cosy 11 gs in the Bruker operating software), which includes

Figure 1. Structure of the compounds studied.
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Table 1. 13C NMR chemical shifts of thienyl-substituted chromenes 1–3a

Atom 1ab 1bc 1cd 1de 2f 3ag 3bh 3ci

C-1 83.11 83.11 83.13 83.12 82.76 78.69 80.27 82.58
C-2 128.12 128.11 128.12 128.12 127.92 127.08 127.74 128.02
C-3 119.16 119.13 119.15 119.12 119.44 120.08 119.73 119.88
C-3a 114.01 113.99 114.01 114.00 114.10 113.81 114.06 114.30
C-4 119.31 119.30 119.33 119.33 118.36 118.59 118.64 118.72
C-4a 152.69 152.71 152.75 152.75 151.27 150.12 150.43 150.74
C-5 131.48 131.48 131.53 131.51 129.72 128.22 128.00 128.02
C-5a 128.46 128.41 128.42 128.42 127.49 128.14 127.98 127.95
C-6 121.65 121.63 121.68 121.68 112.68 121.67 121.69 121.77
C-6a 132.31 132.34 132.37 132.38 130.53 130.26 130.37 130.47
C-7 126.26 126.26 126.26 126.24 149.39 126.27 126.13 126.19
C-8 125.24 125.00 124.92 124.88 118.49 126.44 126.28 126.30
C-9 131.86 131.98 132.03 132.04 130.11 133.23 133.16 133.21
C-10 166.58 166.50 166.54 166.53 169.13 È È È
C-11 65.34 61.17 61.33 61.30 35.71 È È È

a In ppm from TMS; as solvent.CDCl3b d C-1@\ 144.70 ppm; d C-2@\ 127.08 ppm; d C-3@\ 128.28 ppm; d C-4@\ 127.78 ppm; d C-1A \ 122.96 ppm; d C-2A \ 127.58 ppm; d C-
3A \ 141.34 ppm; d C-4A \ 126.64 ppm; d C-5A \ 127.53 ppm; d C-6A \ 125.06 ppm.
c d C-1@\ 144.67 ppm; d C-2@\ 127.07 ppm; d C-3@\ 128.27 ppm; d C-4@\ 127.78 ppm; d C-1A \ 138.27 ppm; d C-2A \ 128.27 ppm; d C-
3A \ 126.95 ppm; d C-4A \ 126.95 ppm.
d d C-1@\ 144.70 ppm; d C-2@\ 127.09 ppm; d C-3@\ 128.30 ppm; d C-4@\ 127.81 ppm; d C-1A \ 137.17 ppm; d C-2A \ 129.10 ppm; d C-
3A \ 123.40 ppm; d C-4A \ 139.10 ppm; d C-5A \ 137.21 ppm; d C-6A \ 124.12 ppm; d C-7A \ 127.95 ppm; d C-8A \ 124.81 ppm.
e d C-1@\ 144.67 ppm; d C-2@\ 127.07 ppm; d C-3@\ 128.27 ppm; d C-4@\ 127.78 ppm; d C-1A \ 137.28 ppm; d C-2A \ 129.14 ppm; d C-
3A \ 123.28 ppm; d C-4A \ 138.77 ppm; d C-5A \ 135.94 ppm; d C-6A \ 124.65 ppm; d C-7A \ 124.43 ppm; d C-8A \ 136.66 ppm; d C-9A \ 137.12
ppm; d C-10A \ 123.89 ppm; d C-11A \ 127.99 ppm; d C-12A \ 124.68 ppm.
f d C-1@\ 144.71 ppm; d C-2@\ 127.07 ppm; d C-3@\ 128.19 ppm; d C-4@\ 127.65 ppm; d C-1A \ 134.37 ppm; d C-2A \ 127.31 ppm; d C-
3A \ 127.07 ppm; d C-4A \ 125.46 ppm.
g d C-1@\ 148.57 ppm; d C-2@\ 126.09 ppm; d C-3@\ 126.55 ppm; d C-4@\ 126.29 ppm; d C-1A \ 141.83 ppm; d C-2A \ 127.58 ppm; d C-
3A \ 127.29 ppm; d C-4A \ 125.77 ppm.
h d C-1@\ 149.62 ppm; d C-2@\ 126.31 ppm; d C-3@\ 126.42 ppm; d C-4@\ 126.26 ppm; d C-5@\ 136.56 ppm; d C-6@\ 127.86 ppm; d C-
7@\ 113.50 ppm; d C-8@\ 159.27 ppm; d ppm; d C-1A \ 141.89 ppm; d C-2A \ 127.52 ppm; d C-3A \ 127.25 ppm; d C-4A \ 125.70OCH3\ 55.32
ppm.
i d C-1@\ 144.83 ppm; d C-2@\ 127.13 ppm; d C-3@\ 128.31 ppm; d C-4@\ 127.76 ppm; d C-5@\ 143.91 ppm; d C-6@\ 127.23 ppm; d C-
7@\ 127.60 ppm; d C-8@\ 140.56 ppm; d C-9@\ 140.76 ppm; d C-10@\ 127.02 ppm; d C-11@\ 128.86 ppm; d C-12@\ 127.45 ppm; d C-
1A \ 141.97 ppm; d C-2A \ 127.60 ppm; d C-3A \ 127.32 ppm; d C-4A \ 125.76 ppm.

a 1 : 1 gradient combination.9 The spectral widths were about 6 ppm
and the spectra were collected as 1 K] 256 blocks of data. Zero Ðlling
was applied in in order to have a symmetrical matrix of 512] 512F1
real data points, which was processed by unshifted sinusoidal windows
in each dimension. The gs-HMQC spectra (inv 4gs in the Bruker
software) resulted from a 1024] 128 data matrix size with 4È16 scans
per depending on the sample concentration, an inter-pulse delay oft1
3.5 ms and a 5 : 3 : 4 gradient combination.10 gs-HMBC spectra were
acquired using a pulse sequence (hmbcgs in the Bruker library) opti-
mized on 2J or 3J couplings (inter-pulse delay for the evolution of
long-range couplings \ 50 ms) and the same gradient ratio as
described above for HMQC experiments.11 In this way, direct
responses (1J couplings) were not completely removed.

RESULTS AND DISCUSSION

The results for compounds 1È8 are given in Tables 1 and 2. The assign-
ment of 1H and 13C chemical shifts for phenyl and thiophene rings
located at C-1 was trivial on the basis of signal intensities and chemical
shift considerations.12 In the 400 MHz 1H NMR spectra, the protons
of the [3H]-naphtho[2,1-b]pyran skeleton would constitute two AX
and one AMX spin systems. Unfortunately, some 1H signals of this
heterocycle show strong overlap with substituent protons, which pre-
cludes the accurate measurement of chemical shifts for these reso-
nances. However, the latter information can be obtained indirectly
from the 1D-COSY pulse sequence in which the semi-selective excita-

tion of selected coupled protons was achieved with Gaussian-shaped
pulses. Although a 1H intercoupling network can be obtained from
2D-COSY experiments, complete 1H assignment of this heterocycle
cannot be realized from the above results. Therefore, assignment of the
1H and 13C resonances of the [3H]-naphtho[2,1-b]pyran moiety was
deduced from the concerted application of both direct and long-range
heteronuclear chemical shift correlation experiments. One-bond
protonÈcarbon chemical shift correlations were established using the
HMQC sequence and the groups were unambiguously character-CH

n
ized from the analysis of long-range correlation responses over two and
three bonds (2J or 3J couplings) using the HMBC technique. Long-
range 1HÈ13C connectivities found for this heterocycle are presented in
Table 3. These data are in good agreement with those reported pre-
viously for other [3H]-naphtho[2,1-b]pyran derivatives.13

Two-dimensional and 1D-COSY experiments were also applied to
the assignment of 1H and 13C chemical shifts of thienyl and biphenyl
(3c) substituents. It should be noted that the magnitude of the 1HÈ1H
splittings in the thiophene group was in fair agreement with the liter-
ature data.14
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Table 2. 1H NMR chemical shifts of thienyl-substituted chro-
menes 1–3a

Atom 1ab 1bc 1cd 1de 2f 3ag 3bh 3ci

H-2 6.28 6.27 6.28 6.27 6.23 6.32 6.28 6.33
H-3 7.28 7.27 7.27 7.27 7.16 7.35 7.32 7.35
H-4 7.24 7.22 7.23 7.23 7.16 7.18 7.18 7.22
H-5 7.75 7.73 7.73 7.74 7.61 8.06 8.04 8.04
H-6 7.96 7.94 7.94 7.95 7.64 8.00 7.98 7.99
H-7 8.06 8.03 8.05 8.04 È 7.49 7.47 7.47
H-8 È È È È 7.04 7.42 7.40 7.41
H-9 8.48 8.46 8.47 8.47 7.69 È È È
H-11 4.97 5.53 5.50 5.49 4.11 È È È

a In ppm from TMS; as solvent.CDCl2b d H-2@\ 7.46 ppm; d H-3@\ 7.32 ppm; d H-4@\ 7.25 ppm; d H-1A \ 6.26
ppm; d H-2A \ 6.88 ppm; d H-4A \ 7.01 ppm; d H-5A \ 6.96 ppm; d H-
6A \ 7.18 ppm.
c d H-2@\ 7.45 ppm; d H-3@\ 7.31 ppm; d H-4@\ 7.25 ppm; d H-2A \ 7.18
ppm; d H-3A \ 7.01 ppm; d H-4A \ 7.33 ppm.
d d H-2@\ 7.47 ppm; d H-3@\ 7.32 ppm; d H-4@\ 7.26 ppm; d H-2A \ 7.08
ppm; d H-3A \ 7.06 ppm; d H-6A \ 7.17 ppm; d H-7A \ 6.99 ppm; d H-
8A \ 7.20 ppm.
e d H-2@\ 7.45 ppm; d H-3@\ 7.31 ppm; d H-4@\ 7.24 ppm; d H-2A \ 7.08
ppm; d H-3A \ 7.04 ppm; d H-6A \ 7.05 ppm; d H-7A \ 7.06 ppm; d H-
10A \ 7.15 ppm; d H-11A \ 7.00 ppm; d H-12A \ 7.20 ppm.
f d H-2@\ 7.44 ppm; d H-3@\ 7.29 ppm; d H-4@\ 7.23 ppm; d H-2A \ 7.06
ppm; d H-3A \ 7.00 ppm; d H-4A \ 7.25 ppm.
g d H-2@\ 7.08 ppm; d H-3@\ 6.94 ppm; d H-4@\ 7.29 ppm; d H-2A \ 7.17
ppm; d H-3A \ 7.15 ppm; d H-4A \ 7.40 ppm.
h d H-2@\ 6.94 ppm; d H-3@\ 6.91 ppm; d H-4@\ 7.27 ppm; d H-6@\ 7.48
ppm; d H-7@\ 6.86 ppm; d ppm; d H-2A \ 7.16 ppm; d H-OCH3\ 3.77
3A \ 7.14 ppm; d H-4A \ 7.39 ppm.
i d H-2@\ 7.53 ppm; d H-3@\ 7.34 ppm; d H-4@\ 7.26 ppm; d H-6@\ 7.55
ppm; d H-7@\ 7.55 ppm; d H-10@\ 7.55 ppm; d H-11@\ 7.40 ppm; d H-
12@\ 7.28 ppm; d H-2A \ 7.17 ppm; d H-3A \ 7.14 ppm; d H-4A \ 7.39 ppm.
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Table 3. Long-range proton–carbon correlations found
in the HMBC spectra for [3H]naphtho[1,2-b]pyran ring
compounds 1–3

Protons showing HMBC correlation
Carbon (2J and 3J couplings)

1 H-2 ; H-3
3a H-2 ; H-4
4a H-3 ; H-5
5a H-6 ; H-8 (in 2 and 3)
6 H-8 (in 2 and 3)
6a H-7 (in 1 and 3) ; H-9 (in 1 and 2)
7 H-9 (in 1 and 2)
8 H-6
9 H-7 (in 1 and 3)
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