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ABSTRACT: Two new quinolinone alkaloids and 13 known compounds were isolated from chestnut (Castanea crenata Sieb)
honey. Two new compounds were determined to be 3-dihydro-spiro[2(1H),3′(1′H)-diquinoline]-3′,4,4′-trione (spirodiquino-
linone) and 3-(2′-piperidine)-kynurenic acid. In addition, 2,3-dihydropyrrolo[1,2-a]quinazolin-5(1H)-one was identified for the
first time from nature. In addition, 2,3-dihydropyrrolo[1,2-a]quinazolin-5(1H)-one was newly identified from chestnut honey,
although this compound has been synthesized before. The structures were determined by the NMR and electrospray ionization−
mass spectroscopy (ESI−MS). Three compounds were qualified and quantitated in chestnut honey by selective multiple reaction
monitoring (MRM) detection of LC−ESI−MS using the isolated compounds as external standards.
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■ INTRODUCTION

Honey is a natural sweet product produced by honey bees from
the nectar of flowers and has long been used as food and folk
remedy. Honey quality varies depending on the nectar source
of the plants such as chestnut, acacia, apple, cranberry,
sunflower, and vegetables.1 Many studies have reported that
honeys exert various biological effects including gastro-
protective,2 anti-inflammatory,3 antidiabetic,4 antimicrobial,5

anticancer,6 and antioxidative7 activities. Honey is composed
mainly of sugars (glucose and fructose) and various bioactive
constituents including minerals, vitamins, phenolics (flavonoids
and phenolic acids), and numerous volatile compounds.7,8

Additionally, several studies have reported that quinolinone
alkaloids are present in honeys with the highest concentrations
in chestnut honey apart from sugars.1,9−12 During the course of
investigations on chemical constituents of honeys, to under-
stand their quality and botanical origins, we isolated and
identified 16 compounds including two new and four known
quinolinone alkaloids from chestnut (Castanea crenata Sieb)
honey. In this study, we determined the structures of two new
quinolinone alkaloids from chestnut honey. In addition, we
identified a quinazolinone alkaloid, previously known as a
synthetic compound and now found as a natural product for
the first time.

■ MATERIALS AND METHODS
General Experimental Procedures. NMR spectra were obtained

with a unitINOVA 500 spectrometer (Varian, Walnut Creek, CA).
Pyridine-d5 and methanol-d4 (CD3OD) containing tetramethylsilane
were used as analytical solvents. All mass spectra were acquired on a
SYNAPT G2 hybrid (Waters, Cambridge, UK) equipped with an
electrospray ionization source (ESI−MS). Thin-layer chromatography
(TLC) was carried out by using silica gel TLC plates (silica gel 60
F254, 0.25 mm thickness) (Merck, Rahway, NJ) and developed using a

mixture of n-butanol/acetic acid/H2O (4:1:2, v/v/v). The fractions
were visualized by UV and 1% cerium (IV) sulfate ethanol solution
spray. Amberlite XAD-2 column (5.0 × 84 cm2, 521 μm) (Supelco,
Bellefonte, PA, USA) was used for column chromatography. Fractions
were purified by high-performance liquid chromatography (HPLC)
equipped with a Shim-pack Prep-ODS (H) Kit (5 μm, 20 × 250 mm2)
(Shimadzu, Kyoto, Japan). Flow rate was 9.9 mL/min, and eluents
were monitored at 254 nm. Solvents used for analyses were of HPLC
grade. All other chemicals including trifluoroacetic acid (Sigma
Chemical Co., St. Louis, MO) used were of reagent grade.

Materials. Chestnut (C. crenata Sieb) honey was collected for 3
weeks in June 2012 at a chestnut farm in Chungju, Korea based on
information provided by the beekeepers. The chestnut honey was
immediately treated after collection.

Extraction and Solvent Fractionation. The honey (18 kg) was
homogenized with methanol (MeOH, 18 L). After a 2 h extraction at
room temperature, the MeOH extract was filtered under vacuum
through No. 2 filter paper (Whatman, Maidstone, UK). The residue
was extracted with MeOH (15 L) for 24 h at 4 °C with continuous
agitation and then filtered under vacuum through No. 2 filter paper
(Whatman). Finally, the residue was extracted with ethanol (EtOH,
4.5 L) for 24 h at 4 °C with shaking to give the EtOH extract. The
solutions extracted with MeOH and EtOH were combined and
concentrated under vacuum at 38 °C. The MeOH and EtOH extracts
(11.76 kg) were suspended in distilled water (9.4 L) and successively
partitioned with n-hexane (9.4 L, three times), ethyl acetate (EtOAc,
9.4 L, three times), and water-saturated n-butanol (9.4 L, three times).
The fractions were respectively then concentrated in vacuo.

Isolation. A portion (34.7 g) of the EtOAc fraction (48.16 g) was
fractionated by chromatography on an Amberlite XAD-2 column (5.0
× 84 cm2) eluted with a stepwise system of H2O/MeOH (10:0, v/v,
5.2 L) and H2O/MeOH (8:2, 6:4, 8:2, 0:10, v/v, each 2.6 L). The nine
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fractions (G1−G9) were grouped according to the TLC profile.
Fraction G3 (H2O/MeOH, 6:4, v/v, 248.4 mg) was subjected to a
semipreparative ODS-HPLC, using a linear gradient system of 5%
MeCN (pH 2.65 by TFA, eluent A) and 60% MeCN (pH 2.65 by
TFA, eluent B), from 100% A to 17% B for 30 min and increased to
100% B for 45 min, to yield fraction G3a (tR 22.8 min, 5.2 mg), 2 (tR
28.2 min, 9.1 mg), a mixture of 2 and 3 (tR 28.8 min, 13.6 mg), a
mixture of 4 and 5 (tR 30.0 min, 10.1 mg), and 6 (tR 33.5 min, 7.6 mg).
Compound 1 (tR 31.5 min, 2.4 mg) was isolated from fraction G3a
(5.2 mg) by semipreparative ODS-HPLC, using a linear gradient
system of 2% MeCN (pH 2.65 by TFA, eluent C) and 40% MeCN
(pH 2.65 by TFA, eluent D), from 100% C to 17% D for 30 min.
Fraction G8 (H2O/MeOH, 2:8, v/v, 1216.2 mg) was suspended in

distilled water (100 mL) and partitioned with CHCl3 (3 L, three
times) to obtain G8-C (CHCl3 layer, 779.4 mg). Fraction G8-C (779.4
mg) was subjected to semipreparative ODS-HPLC, using a linear
gradient system of 30% MeOH (eluent E) and 70% MeOH (eluent F),
from 100% E to 100% F for 30 min, to yield 7 (tR 17.2 min, 4.0 mg), 8
(tR 19.7 min, 7.6 mg), 9 (tR 21.0 min, 75.0 mg), 10 (tR 23.0 min, 67.5
mg), G8-C7 (tR 24.7 min, 16.7 mg), G8-C8 (tR 27.1 min, 20.2 mg),
and G8-C9 (tR 29.4 min, 32.1 mg). Through further purification by
semipreparative ODS-HPLC, using a linear gradient system of 20%
MeCN (pH 2.65 by TFA, eluent G) and 40% MeCN (eluent H), from
100% G to 100% H for 30 min and held at 100% H for 60 min, 11 (tR
24.2 min, 1.1 mg), 12 (tR 27.7 min, 3.0 mg), and 13 (tR 29.5 min, 1.0
mg) from G8-C7 (16.7 mg), 14 (tR 19.4 min, 1.1 mg) and 15 (tR 26.8
min, 1.6 mg) from G8-C8 (20.2 mg), and 16 (tR 31.4 min, 1.6 mg)
from G8-C9 (32.1 mg) were isolated, respectively.
Compound 9 (White Amorphous Powder). [α]D

25 −0.03 (c 0.025,
CHCl3); UV CHCl3 λmax (nm) (log ε) 336 (3.82);

1H NMR spectrum
(500 MHz, pyridine-d5, TMS) δ 8.48 (1H, d, J = 7.8 Hz, H-5), 7.42
(1H, t, J = 7.8 Hz, H-6), 7.71 (1H, t, J = 7.8 Hz, H-7), 7.83 (1H, d, J =
7.8 Hz, H-8), 4.02 (2H, t, J = 8.0 Hz, H-1′), 1.89 (2H, m, H-2′), 2.96
(2H, t, J = 7.0 Hz, H-3′); 13C NMR (125 MHz, pyridine-d5, TMS) δ
160.6 (C-2), 161.3 (C-4), 121.8 (C-4a), 127.0 (C-5), 126.6 (C-6),

134.6 (C-7), 127.9 (C-8), 150.8 (C-8a), 47.1 (C-1′), 19.8 (C-2′), 32.9
(C-3′); HRESI−MS (positive) m/z 187.0881 [M + H] + (calculated
for C11H11N2O, m/z 187.0871, +1.0 mDa).

Compound 13 (White Amorphous Powder). [α]D
25 −0.02 (c

0.013, CHCl3); UV CHCl3 λmax (nm) (log ε) 348 (4.14); 1H and 13C
NMR data shown in Table 1; HRESI−MS (positive) m/z 293.0916
[M + H] + (calculated for C17H13N2O3, m/z 293.0926, −1.0 mDa).

Compound 14 (White Amorphous Powder). [α]D
25 +0.08 (c

0.013, CHCl3); UV CHCl3 λmax (nm) (log ε) 349 (4.04), 331 (4.01);
1H and 13C NMR data shown in Table 1; HRESI−MS (positive) m/z
277.0952 [M + Na] + (calculated for C15H14N2O2Na, m/z 277.0953,
−0.1 mDa)

HPLC−ESI−MS/MS Analysis of 9, 13, and 14 in Chestnut
Honey. The chestnut honey (20 g) was homogenized using a
homogenizer (BM-2 Nissei biomixer) with MeOH (40 mL). After
extraction for 24 h at room temperature, the mixture was filtered under
vacuum through No. 2 filter paper (Whatman). The residue was
extracted with EtOH (40 mL) for 24 h at 4 °C and then filtered under
vacuum through No. 2 filter paper (Whatman). The MeOH and EtOH
solutions were combined and concentrated under vacuum at 38 °C.
The extracts were suspended in distilled water (60 mL) and
partitioned with n-hexane (60 mL, three times) and EtOAc (60 mL,
three times), successively. The EtOAc fraction was evaporated under
vacuum at 38 °C. The EtOAc fraction (60 mg) was suspended in
distilled water (50 mL) and partitioned with CHCl3 (50 mL, three
times). After evaporation under vacuum at 38 °C, the CHCl3 fraction
(11.5 mg) was dissolved in MeOH (4.6 mL). The fraction was
analyzed using a high-performance liquid chromatography−electro-
spray ionization tandem mass spectrometer (HPLC−ESI−MS)
(Shimadzu, Kyoto, Japan). Compounds 9, 13, and 14 were separated
under the following HPLC conditions: column, MG III (C18, 3 μm,
3.0 × 100 mm2) (Shiseido, Tokyo, Japan); flow rate, 0.2 mL/min
(LC10AD, Shimadzu). The sample was eluted using a gradient system
of 100% H2O (containing 1% formic acid, eluent I) to 100% MeCN
(containing 1% formic acid, eluent J), starting with 100% I, increasing

Table 1. 1H and 13C NMR Spectroscopic Data of 13 and 14a

13 14

position δH (int., mult., J in Hz) δc position δH (int., mult., J in Hz) δc

1 8.52 (1H, s) 1 NDb

2 68.0 2 143.0
3 3.76 (1H, d, 13.5) 40.9 3 125.5

3.59 (1H, d, 13.5)
4 189.5 4 176.3
4a 117.7 4a 128.1
5 8.15 (1H, dd, 7.0, 1.5) 126.8 5 8.32 (1H, d, 8.0) 126.5
6 6.75 (1H, br. t, 7.0) 116.1 6 7.46 (1H, m) 125.7
7 7.30 (1H, td, 7.0, 1.5) 134.7 7 7.76 (1H, br. d, 3.5)c 134.1
8 7.06 (1H, br. d, 7.0) 114.7 8 7.76 (1H, br. d, 3.5)c 120.5
8a 149.6 8a 141.9
1′ 12.26 (1H, s) 2′ 162.6
2′ 169.8 2″ 4.46 (1H, dd, 11.8, 3.8) 58.9
4′ 191.3 3″ 2.78 (1H, m) 32.6

1.09 (1H, m)
4′a 117.9 4″ 1.98 (1H, m) 24.2

1.75 (1H, m)
5′ 8.02 (1H, dd, 7.0, 1.0) 125.4 5″ 1.90 (1H, m) 27.0

1.44 (1H, m)
6′ 7.01 (1H, br. t, 7.0) 121.5 6″ 4.37 (1H, dd, 13.0, 5.0) 41.5

3.14 (1H, dd, 13.0, 3.5)
7′ 7.40 (1H, td, 7.0, 1.5) 133.7
8′ 7.04 (1H, br. d, 7.0) 115.1
8′a 141.0

aFrequency was 500 MHz for 1H NMR and 150 MHz for 13C NMR in pyridine-d5 for 13 and CD3OD for 14. bND, not detected. cThe chemical
shifts of H-7 and H-8 overlapped.
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to 20% J for 10 min, increasing to 50% J for 20 min, increasing to
100% J for 22 min, and holding at 100% J for 25 min. The mass
spectrometer (positive ion mode) was set up for multiple reaction
monitoring (MRM) to monitor m/z 187.0 → 92.1 for 9, m/z 293.2 →
247.2 for 13, and m/z 255.4→ 89.1 for 14 with the a dwell time of 0.1
s per transition. The optimal MS conditions for 9, 13, and 14 were
employed; ESI source voltage 3.5 kV, detector voltage 45 V, heat block
temperature 400 °C, and desolvation line temperature 250 °C.
Nebulizing gas and drying gas flows were 3.0 L/min and 15.0 L/min,
respectively. Argon was used as the collision gas at a pressure of 230
kPa. The optimized collision energies for 9, 13, and 14 were −36 eV,
−26 eV, and −50 eV, respectively.
The content of 9, 13, and 14 in chestnut honey was analyzed

quantitatively by HPLC−ESI−MS/MS analysis at the analytical scale.
Sample and standard solutions were prepared just prior to analysis.
The calibration curves (n = 6) were constructed using 9, 13, and 14
(0.1−50 ng) that were isolated from chestnut honey in this study.
Accuracy and reproducibility were evaluated using the standard spike
method. External standards of 9, 13, and 14 were added to aliquots of
chestnut honey at three concentrations (n = 3) to determine their
precision. The contents of 9, 13, and 14 in chestnut honey were
determined in triplicate experiments.

■ RESULTS AND DISCUSSION
Thirteen known compounds isolated from chestnut honey were
additionally identified as protocatechuic acid (1), 4(1H)-
quinolinone (2), kynurenic acid (3), 4-(2-hydroxyethyl)phenol
(4), 1-phenyl-1,2-ethanediol (5), p-hydroxybenzoic acid (6),

salicylic acid (7), 2(1H)-quinolinone (8), 3-pyrrolidinyl
kynurenic acid (10), 4-methoxybenzoic acid (11), cis-cinnamic
acid (12), trans-abscisic acid (15), and trans-cinnamic acid (16)
(Figure 2) based on NMR and MS spectroscopic data (Figure
1). All of these compounds have been found in chestnut honey
or other honeys.1,11−17

The molecular formula of 9 was C11H10N2O (MW, 186), as
established by a pseudomolecular ion peak in the HRESI−MS
(positive). The 1H NMR spectrum exhibited four sp2 carbon
proton signals of ortho-substituted benzene ring at δ 8.48 (1H,
d, J = 7.8 Hz, H-5), 7.42 (1H, t, J = 7.8 Hz, H-6), 7.71 (1H, t, J
= 7.8 Hz, H-7), and 7.83 (1H, d, J = 7.8 Hz, H-8). A propane
moiety was also assigned by coupling patterns of three sp3

methylene carbon protons at δ 4.02 (2H, t, J = 8.0 Hz, H-1′),
1.89 (2H, m, H-2′), and 2.96 (2H, t, J = 7.0 Hz, H-3′) in the 1H
NMR spectrum and their proton−proton correlations (bold
lines) in the 1H−1H correlation spectroscopy (COSY)
spectrum (Figure 1). This result was also supported by the
13C NMR spectrum, which contained 11 carbon signals
including eight sp2 carbons with four quaternary carbons at δ
175.9−121.8 and three sp3 carbons at δ 47.1 (C-1′), 32.9 (C-
2′), and 19.8 (C-3′). Considering the molecular formula of 9,
the chemical shifts of four sp2 quaternary carbons indicated that
three of them were nitrogen-bearing carbons at δ 160.6 (C-2)
and 150.8 (C-8a) with evidence of a carbonyl carbon at δ 161.3

Figure 1. Structures of the isolated compounds from chestnut honey and the important 1H−1H correlation spectroscopy (COSY, bold lines) and
heteronuclear multiple bond correlation (HMBC, arrows) correlations for 9, 13, and 14.
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(C-4). From the HRESI−MS and 1D NMR spectra, 9 was
suggested to be quinazolinone connected with a propane
moiety. The 1H and 13C NMR spectra of 9 were similar to
those of 2,3-dihydropyrrolo[1,2-b]quinazolin-5(1H)-one,
which has been synthesized as reported previously.18 Complete
NMR assignment and connectivity of 9 were further
determined by 1H−1H COSY, heteronuclear single quantum
correlation (HSQC), and heteronuclear multiple bond
correlation (HMBC) experiments. Quinazolinone and propane
moieties were also confirmed from the spectra. In particular,
correlations (arrows) from H-1′ to C-8a and C-2 and from H-
2′ to C-2 observed in the HMBC spectrum indicated that the
propane moiety was connected with the 1 and 2 positions of
the quinazolinone (Figure 1). Consequently, the structure of 9
was unambiguously determined to be 2,3-dihydropyrrolo[1,2-
a]quinazolin-5(1H)-one (Figure 1). This compound has been
synthesized, as reported previously.19,20 However, this com-
pound was identified for the first time in nature.
The molecular weight of 13 was determined to be 292 by the

pseudomolecular ion peaks detected at m/z 293.1 [M + H]+

and 315.1 [M + Na]+ in the ESI−MS (positive) spectrum. The
molecular formula (C17H12N2O3) was established by a
pseudomolecular ion peak in the HRESI−MS (positive). The
1H NMR spectrum of 13 showed the presence of eight proton
signals occurring from two ortho-substituted benzene rings at δ
8.15−6.75. In addition, one methylene proton signal at δ 3.76
(1H, d, J = 13.5 Hz, H-3a) and 3.59 (1H, d, J = 13.5 Hz, H-3b)
and two nitrogen-bearing proton signals at δ 8.52 (1H, s, H-1)
and 12.26 (1H, s, H-1′) were observed. Considering the
molecular formula and the chemical shifts of 17 carbon signals
observed in the 13C NMR spectrum of 13, two ortho-
substituted benzene ring moieties were assigned from 12
carbons at δ 149.6−114.7. Three carbonyl carbons at δ 189.5
(C-4), 169.8 (C-2′), and 191.3 (C-3′), one quaternary sp3

carbon at δ 68.0 (C-2), and one sp3 methylene carbon at δ 40.9
(C-3) were also observed, and four of them were nitrogen-
bearing carbons at δ 169.8 (C-2′), 149.6 (C-8a), 141.0 (C-8′a),
and δ 68.0 (C-2). From the MS and 1D-NMR data, the
skeleton structures of 13 were suggested to be dihydroquino-
linone and quinolinedione. In particular, the presence of one
quaternary sp3 carbon at δ 68.0 (C-2) indicated that 13 was a
spiro compound consisting of dihydroquinolinone and
quinolinedione. The complete NMR assignment and con-
nectivity of 13 were further determined by the 1H−1H COSY,
HSQC, and HMBC. The important correlations observed in
1H−1H COSY (bold lines) and the HMBC (arrows) spectra
are shown in Figure 1, and the two partial structures of 13 were
determined to be 2,3-dihydroquinolin-4(1H)-one and quino-
line-2,4(1H,3H)-dione (Figure 1). In particular, correlations
between H-1/C-8 and C-4a and H-3/C-4a were observed in
the HMBC spectrum. Therefore, the planar structure of 13 was
determined to be 3-dihydro-spiro[2(1H),3′(1′H)-diquinoline]-
3′,4,4′-trione (spirodiquinolinone) (Figure 1), which is a new
compound. However, structural determination for the absolute
stereochemistry of 13 was impossible in the nuclear Overhauser
effect spectroscopy experiment. Therefore, unambiguous
determination of the absolute stereochemistry for 13 isolated
in this study should be studied further with X-ray
crystallography.
The molecular weight of 14 was determined to be 254 by the

pseudomolecular ion peaks detected at m/z 255.1 [M + H]+

and 277.1 [M + Na]+ in the ESI−MS (positive) spectrum. The
molecular formula (C15H14N2O2) was established by a

pseudomolecular ion peak in the HRESI−MS (positive). The
1H- and 13C NMR spectra of 14 except for one methylene
group were closely related to those of 3-(2′-pyrrolidinyl)-
kynurenic acid isolated from chestnut reported previously12 and
in this study. That is, the 1H NMR spectrum of 14 showed the
presence of four ortho-substituted benzene ring proton signals
at δ 8.32−7.46. In addition, one methine proton signal δ 4.46
(1H, dd, J = 11.8, 3.8 Hz, H-2″) and four methylene proton
signals at δ 4.37−1.09 were observed. The 1H NMR spectrum
of 14 was supported by the 13C NMR spectrum, which showed
the presence of 15 carbon signals including 10 sp2 carbons with
six quaternary carbons at δ 176.3−120.5 and five sp3 carbons at
δ 58.9−24.2. Considering the molecular formula of 14, the
chemical shifts of six sp2 quaternary carbons indicated that three
of them were nitrogen-bearing carbons at δ 162.6 (C-2′), 143.0
(C-2), and 141.9 (C-8a) with two carbonyl carbons at δ 176.3
(C-4) and 162.6 (C-2′). The MS and 1D-NMR data suggested
that the skeleton of 14 was kynurenic acid. In addition, a
piperidine moiety was assigned as the partial structure from the
split patterns of five sp3 protons at δ 4.46−1.09 in the 1H NMR
spectrum and the correlations (bold lines) of H-2″/H-3″, H-
3″/H-4″, H-4″/H-5″, and H-5″/H-6″ detected in the 1H−1H
COSY spectrum (Figure 1). Therefore, the MS and 1D NMR
data suggested that 14 was a pyrrolidinylkynurenic acid. The
complete NMR assignment and connectivity of 14 were further
determined by the HSQC and HMBC experiments. On the
basis of the proton−carbon correlations (arrows) observed in
the HMBC spectrum (Figure 1), 14 was determined to be 3-
(2′-piperidine)-kynurenic acid (Figure 1), which is a new
compound.

Qualitative and Quantitative Analyses of 9, 13, and 14
in Chestnut Honey. Several studies have already reported the
presence of quinolinone alkaloids 2, 3, 8, 10 in honey,1,9−12 and
these compounds were also confirmed in this study. We
additionally isolated and identified three quinolinone deriva-
tives 9, 13, and 14 from chestnut honey in this study.
Compound 9 and its similar derivatives have been synthesized,
as reported previously.19 However, this is the first study where
9 was identified in nature. Furthermore, of the quinolone
alkaloids isolated in the present study, 13 and 14 were
determined to be new compounds. Thus, a further investigation
on the occurrence and content of three compounds 9, 13, and
14 in chestnut honey was required. The three compounds 9,
13, and 14 were analyzed qualitatively and quantitatively by
HPLC−ESI−MS. We used HPLC system and selective MRM
detection of tandem MS using the isolated compounds as
external standards to confirm the occurrence of three
compounds in chestnut honey. The CHCl3 fraction obtained
after solvent fractionation of the chestnut honey MeOH and
EtOH extracts was analyzed by MRM via HPLC−ESI systems.
The three peaks of 9, 14, and 13 were detected at tR 11.4, 17.0,
and 14.3 min, respectively, on the MRM chromatogram of
chestnut honey (Figure 2A−C). These data were in agreement
with the retention times of authentic compounds (9, 14, and
13) purified from chestnut honey in the present study (Figure
2D). These results indicate that the occurrence of 9, 13, and 14
in chestnut honey was unambiguously revalidated.
The external calibration curve of each compound at a

concentration range of 0.1−50 ng produced a good linear
correlation (R2 > 0.99). Therefore, the optical dilution of
chestnut honey in MeOH was 1:920. The precision of 9
(3.5%), 14 (5.6%), and 13 (4.1%) ranged from 3.5−5.6%. The
recovery percentage was calculated by comparing the slope of
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the standard addition and the calibration curve for each
compound. As a result of this analysis, the recovery of 9 (102.2
± 3.9%), 13 (101.0 ± 3.44%), and 14 (98.8 ± 2.1%) ranged
from 98.8−102.2%. Three compounds 9, 13, and 14 in
chestnut honey were quantitatively analyzed by HPLC system
and selective MRM detection of tandem MS. In the present
study, the contents (μg/100 g) of 9, 13, and 14 in chestnut
honey were 630.5 ± 62.5, 10.8 ± 0.7, and 734.8 ± 28.5,
respectively. Compounds 9, 13, and 14 were present in very
small amounts in chestnut honey when compared to
quinolinone alkaloids 2 (2.3−211.5 mg/100 g) and 3 (8.1−
64.4 mg/100 g), as reported previously.11

Quinoline alkaloids are widely distributed in nature and
possess antimalarial, antimicrobial, anti-inflammatory, and
analgesic activities.21−23 In addition, kynurenic acid derivatives,
which included 3, 10, and 14 identified in this study, are
endogenous nonselective antagonists of α-7-nicotinic acetylcho-
line and N-methyl-D-aspartate receptors.24 Furthermore,
quinazolinone derivatives including 9 have anti-inflammatory
and analgesic activities.18 Therefore, quinolinone alkaloids
including the two new compounds 13 and 14 identified in
this study may be biologically active substances. These
molecular-level investigations may offer very useful information
for establishing the chemical profiles of honeys.
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