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The 3¥C NMR spectra of 4-chromanone, 4H-1-benzothiopyran-4-one, 4H-1-benzothiopyran-4-one 1,1-
dioxide, and their methyl and phenyl substituted homologs were examined. The salient eflect depending on the
kinds of the hetero atoms or the group at the 1-position has been observed on the chemical shifts, especially for

C-2, C-3, C-8, C-4a, and C-8a.

13C NMR spectroscopy has been used extensively to
elucidate the structures of complex molecules. Although
13C; NMR studies of several flavones were performed in
connection with the structural elucidation of naturally
occuring flavonoid compounds,? its applications to this
field have so far been limited.? We wish to report here
a study of the 13C NMR spectra of 4-chromanone (2),
4H-1-benzothiopyran-4-one (7), 4H-1-benzothiopyran-
4-one 1,1-dioxide (12), and their methyl and phenyl
substituted homologs, undertaken with the object of
providing background data for use in future structural
studies of the heterocyclic compounds.

Natural-abundance 25.15 MHz 13C FT-NMR spectra
in CDCl; were obtained using the *H noise-decoupling
technique. The signals were assigned by comparing
the signal shifts due to differences in structures between
closely related compounds and by the use of the H
off-resonance decoupling technique. A shift reagent,
Yb(dpm); was used to aid the assignments of the
resonances to specific carbon atoms.® The chemical
shifts, 4, thus obtained are listed in Table 1, in which
the carbon numbering relates, for purposes of com-
parison, to the equivalent carbon in the flavanone
series (Fig. 1).

Results and Discussion

The resonance of the carbonyl carbon of 1-tetralone
(1) occurs at 6 197.90. Upon the replacement of the
l-methylene group (the numbering system follows that
of 2) with a hetero atom, the carbonyl carbon signals
moved upfield; that of 12 appears at the highest field
among the simplest members of each series of com-
pounds, 1,2, 7, and 12. Analogous trends were observed
in the 133C NMR spectra of cyclohexanone and 1-
hetera-4-cyclohexanones.) The substituent param-
eters of a sulfur and an oxygen atom, and a sulfonyl
group in simple 1-hetera-4-cyclohexanones are negative

(upfield shift) for a y-carbon. The chemical shifts of
C-2 and C-3 of 1, 2, 7, and 12 also exhibited trends
similar to those observed in the series of l-hetera-4-
cyclohexanones. The chemical shifts of C-2 are described
in the order of the electron-withdrawing abilities of the
atoms or the group at the 1-position. The C-3 resonances
of 2 and 7 occur at a field lower, while that of 12 appear
at one higher than that of 1. The effect of the sulfonyl
group in the C-3 chemical shift indicated a negative
value, the reverse of those of the oxygen and the sulfur
atom. This may be due to the steric y-gauche interaction
of C-3 with one of the oxygen atoms of the sulfonyl
group, which takes an axial-like orientation.y The
carbonyl chemical shifts of the 2-substituted compounds
are similar to those of the corresponding parent com-
pounds. On the other hand, the carbonyl signal of
3-methyl-4-chromanone (4) moved downfield by about
3 ppm.

On the addition of Yb(dpm), to the solution examin-
ed, the carbonyl signal was moved downfield. The
magnitude of the lanthanoid-induced shifts (LIS) of
12 and 1-thioflavanone 1,1-dioxide (15) were much
smaller than those of 2, flavanone (5), 7, and l-thio-
flavanone (10). Ytterbium ions may coordinate to the
oxygen atoms of the sulfonyl group as well as to the
carbonyl oxygen atom.

The signal of the methyl group at the 3-position
resonates at an apparently high field (6 10.55). This
indicates that the through-bond interaction of the oxygen
atom at the y-position participates significantly, because
the arrangement of the oxygen atom and the methyl
carbon is anti-periplanar.® However, when a sulfur
atom is introduced at the l-position, the methyl signal
appears at 6 13.8; the electronic y-effect of a sulfur atom,
the third-row hetero atom, is negligible.® The methyl
resonance of 2-methyl-4H-1-benzothiopyran-4-one 1,1-
dioxide (13) occurs at a field slightly higher than that
of 2-methyl-4H-1-benzothiopyran-4-one (8) because of
the steric y-gauche interaction of the oxygen atoms of
the sulfonyl group.

The resonances of substituted aromatic carbons are
easily distinguished from those of other aromatic
carbons by the off-resonance decoupling technique.
Since the substituent parameters of the carbonyl group
on both «- and f-carbons are positive, the former smaller
than the latter, the signals at § 144.39 and 132.56 of 1
can be ascribed to C-4a and C-8a respectively. The
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No. Compound C-1 C-2 C-3 C-4 C-5 C-6 C-7 C-8
1 -Tetralone 29.60 23.29 39.07 197.90 128.74 126.49 133.29 126.98
2 4-Chromanone Parent 66.92 37.61 191.47 126.96 121.19 135.75 117.76
AYDb® 2.79 5.83 13.05 4.08 1.79 1.48 1.76
3 2-Methyl- 74.20 44.47 191.96 126.86 121.09 135.78 117.82
4 3-Methyl- 72.25 40.77 194.20 127.32 121.25 135.44 117.70
5 2-Phenyl-(flavanone) 79.47 44.53 191.66 126.93 121.47 136.01 118.00
AYb 2.43 5.52 12.86 3.99 1.75 1.34 1.58
6 3-Phenyl-(isoflavanone) 71.40 52.23 191.90 128.56 121.52 135.93 117.82
7 4H-1-Benzothiopyran-4-one Parent 26.45 39.37 193.54 128.98 124.80 133.05 127.40
AYb 2.48 5.52 12.31 4.07 1.69 1.33 1.52
8 2-Methyl- 36.34 47.68 193.78 128.74 124.67 133.11  127.28
9 3-Methyl- 32.94 42.04 196.14 129.35 124.67 132.80 127.16
10 2-Phenyl-(1-thioflavanone) 45.32 46.53 194.02 129.04 125.04 133.47 127.10
AYb 2.30 5.10 11.77 3.82 1.64 1.39 1.40
11 3-Phenyl-(1-thioisoflavanone) 32.51 53.63 193.66 129.59 124.80 132.99 127.22
12 4H-1-Benzothiopyran-4-one 1,1-dioxide Parent 49.44 36.82 190.08 128.74 (133.23)» (134.81) 123.64
AYb 1.50 1.83 4.00 1.27 (0.60) (0.60) 0.73
13 2-Methyl- 54.66 44.28 190.26 128.44 (133.17) (134.87) 124.19
14 3-Methyl- 55.51 41.37 193.23 128.68 (133.17) (134.62) 123.34
15 2-Phenyl-(1-thioflavanone 1,1-dioxide) 63.76 42.95 190.81 129.76 (133.19) (134.90) 124.19
AYb 1.70  2.43 4.85 1.32 (0.66) (0.54) 0.73
16 3-Phenyl-(1-thioisoflavanone 1,1-dioxide) 55.57 52.90 191.71 129.46 (133.64) (134.98) 123.76
No. Compound C-4a C-8a Me C-I’ C-2,66 C-%5 C4
1 1-Tetralone 132.56 144.39
2 4-Chromanone Parent 121.27 161.73
AYDb 5.71 3.11
3 2-Methyl- 120.79 161.62 20.93
4 3-Methyl- 120.74 161.81 10.55
5 2-Phenyl-(flavanone) 120.87 161.43 138.71 126.07 128.71 128.61
AYDb 5.62 2.80 1.19 0.61 0.27 0.25
6 3-Phenyl-(isoflavanone) 121.06 161.56 135.07 127.68 128.80 128.56
7 4H-1-Benzothiopyran-4-one Parent 130.74 142.03
AYb 5.34 2.67
8 2-Methyl- 130.44 141.60 20.32
9 3-Methyl- 130.38 141.72 14.86
10 2-Phenyl-(l-thioflavanone) 130.27 141.95 138.27 127.34 128.86 128.31
AYDb 5.02 1.33 1.15 0.55 0.24 0.19
11 3-Phenyl-(l-thioisoflavanone) 131.11 141.66 137.96 128.31 128.44 127.22
12 4H-1-Benzothiopyran-4-one 1,1-dioxide Parent 130.50 141.72
AYDb 1.75 1.33
13 2-Methyl- 130.80 141.06 11.70
14 3-Methyl- 129.89 141.78 16.56
15 2-Phenyl-(1-thioflavanone 1,1-dioxide) 130.34 141.29 127.95 128.94 129.76 128.51
AYDb 2.37 1.70 0.93 0.31 0.12 0.05
16 3-Phenyl-(1-thioisoflavanone 1,1-dioxide) 130.57 142.18 136.06 128.86 129.29 128.51

a) Yb(dpm),-induced shift (downfield shift), see experimental section.

magnitude of the LIS values also supports these signal
assignments; the LIS value for the C-4a signal is larger
than that for G-8a. Taking into account the substituent
parameters of a methyl and an acetyl group on a
benzene ring, the resonance of C-7, which is placed at
the position para to the acetyl group, appears at a field
lower than that of C-6, which is in the meta position in
the chromanone system. The chemical shifts of all the
aromatic carbons except C-4a and C-8a are supposed
to be in the order of: C-7>C-5>C-6>C-8. The

b) The values in parentheses may be interchanged.

resonances of these carbons demonstrate that the more
remote from the carbonyl carbon, the smaller were the
LIS usually observed in this system.

For 7, the resonances of C-4a and C-8a were easily
distinguished from those of other aromatic carbons as
in the case of the chromanone system. The 1¥C NMR
spectrum of thiophenol indicates that the mesomeric
effect of the sulfur atom is smaller on the aromatic
ring than that of the oxygen atom: substituted-C, o
130.80; o- or m-C, 6 129.28 or 128.92; p-C, § 125.40.9
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Unlike the case of phenol, the resonance of the para-
related carbon appeared at a field higher than that of
the ortho-related carbons. The C-4a signal moved
downfield by about 10 ppm, and that for C-8a, upfield
by about 20 ppm, compared to those of the correspond-
ing carbons of chromanone. This may be a result of
the smaller mesomeric effect of the sulfur atom than
that of the oxygen atom. Other aromatic carbon signals
are tentatively assigned in taking of the effect of the
sulfur atom on the aromatic carbons which appeared in
the 13C NMR spectrum of thiophenol. These assign-
ments are supported by their LIS values, much as in
the case of the chromanone system.

Since the sulfur atom of the sulfonyl group has no
lone-pair electrons, and since this group polarizes as

O\, 0" )
S, this group may act as an electron-attracting
7 N\

group, such as a nitro group. Since the ¥C chemical
shifts of nitrobenzene are in this order: substituted >
para->meta-_>ortho-related carbons, the resonances at
123—124 and 128—129 are assigned to C-8 and C-5
respectively. The LIS values for these carbons observed
in 12 and 15 support these signal assignments. The
LIS values suggest that the signals at ¢ 133.19 and
6 134.90 for 15 correspond to C-6 and C-7 respectively,
because carbons which are more remote from the
carbonyl group experience smaller shift reagent effects
in this system.

Since the resonances of substituted carbons of mono-
alkylbenzenes are known to occur around § 140—150,
the resonances around J 140 must correspond to C-1’
in the flavanone system. The resonance of C-1" of 15
occurs at a field higher than those of other phenyl-
substituted compounds. This may be due to the steric
y-gauche interaction with the oxygen atoms of the
sulfonyl group, such as the methyl carbon of 13. When
we compare the chemical shifts of alkylbenzenes, the
signals of C-2’ and C-6’ or C-3' and C-5" may be
expected to appear at the same position of the magnetic
field, the former carbon atoms appearing at a field
slightly higher than those of the latter two.

Experimental

NMR Spectra. The 3C FT-NMR spectra were ob-
tained at 25.15 MHz with a JEOL JNM-MH-100 instrument
equipped with a JNM-MFT-100 Fourier transform accessory;
the instrument was controlled with a JEC-6 spectrum com-
puter. Samples were observed in 5-mm spinning tubes at 20
459% solution in CDCl; at 28 °C. The solvent provided the
internal lock signal. The measurement conditions were as
follows: pulse width, 27.5 us (ca. 45°); repetition time, 4s;
spectral width, 6250 Hz; data point, 8192; acquisition time,

13C NMR Spectra of 4-Chromanone System
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0.65s. All the chemical shifts are expressed in § (ppm down-
field from internal Me,Si). Each observed chemical shift is
estimated to be accurate to 6 4-0.06. The LIS values were
obtained as follows: each compound (1 mmol) was dissolved
in GDCl; (0.2ml), and then Yb(dpm)3 (0.15 mmol) was
added to the solution, AYb=0dy,—

Materials. The compounds employed in this study have
all been previously prepared except 14: 1,9 (bp 82 °C/0.3

- mmHg); 2, (mp 38 °C); 3,9 (mp 32 °C); 4,19 (bp 125—

128 °C/11 mmHg); 5,0 (mp 76 °C); 6,2 (mp 76—77 °C);
7, (mp 29—30 °C); 8,9 (bp 146—147 °C/9 mmHg); 9,19
(bp 188—190 °C/12 mmHg); 10, (mp 55—56 °C); 11,16
(bp 170—176 °C/0.5 mmHg); 12, (mp 131—132 °C); 13,8
(mp 138—139 °C); 15,® (mp 133—134 °C); 16,9 (mp 151
—152 °C). Compound 14 was prepared as follows: 3-methyl-
4H-1-benzothiopyran-4-one (1 g) in AcOH (10 ml) was treated
with HyO, (30%, 2 ml), and then the solution was allowed
to stand for 2 days. The product was precipitated by the
addition of water. Crystallization from ethanol afforded 14
as colorless prisms; mp 143—145 °C.
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