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ABSTRACT

An unusual katsumadain dimer via a [2 þ 2] cycloaddition, katsumadain C (1), and a unique chalcone-diarylheptanoid adduct via a Diels�Alder
reaction, calyxin Y (2) with novel carbon frameworks, were isolated from the seeds of Alpinia katsumadai. Their structures and relative
configurations were determined by spectroscopic evidence.

Plants of the genus Alpinia (Zingiberaceae) are herbs
that have been traditionally used in China and some
southeast Asian countries for relieving stomachache,
treating colds, invigorating the circulatory system,
and reducing swelling.1 Previous investigations on
the genus Alpinia led to the isolation of some new
diarylheptanoids bearing a chalcone or a flavanone
moiety2�4 and monocyclic sesquiterpenes adducted
by a chalcone.5 In our continuing endeavor to dis-
cover new natural products from Alpinia katsumadai,
a novel katsumadain dimer named katsumadain C
(1), and a unique chalcone diarylheptanoid adduct
named calyxin Y (2) were isolated from the seeds of

this species. Herein, details of the isolation, structur-
al elucidation, and postulated biogenetic origin are
described.

Katsumadain C (1)6 had the molecular formula of
C46H52O6basedon theHRESIMS(m/z699.3641 [M�H]�).(1) Qian, X. H. Flora Reipublicae Populans Sinicae; Science Press:

Beijing, 1985; Vol. 16(2), p 91.
(2) Tezuka, Y.; Gewali, M. B.; Ali, M. S.; Banskota, A. H.; Kadota,

S. J. Nat. Prod. 2001, 64, 208–213.
(3) Kadota, S.; Dong, H.; Purusotam, B.; Prasain, J.; Xu, G. X.;

Namba, T. Chem. Pharm. Bull. 1994, 42, 2647–2649.
(4) Gewali, M. B.; Tezuka, Y.; Banskota, A. H.; Ali, M. S.; Saiki, I.;

Dong, H.; Kadota, S. Org. Lett. 1999, 1, 1733–1736.
(5) Hua, S. Z.; Wang, X. B.; Luo, J. G.; Wang, J. S.; Kong, L. Y.

Tetrahedron Lett. 2008, 49, 5658–5661.

(6) Katsumadain C (1): white amorphous powder; [R]28D þ173.2 (c
0.050, CHCl3/MeOH=1:1);UV (CHCl3/MeOH=1:1) λmax (log ε) 237
(2.19), 301 (4.43) nm; IR (KBr) νmax 3446, 2957, 2934, 1655, 1577, 1409,
1292, 1111, 1022, 839, 752, 699 cm�1; 1H NMR and 13C NMR data, see
Table 1; negative ESI-MSm/z 699.5 [M�H]�; HRESIMSm/z 699.3641
[M � H]� (calcd for C46H51O6, 699.3691).
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The IR spectrum indicated the presence of OH (3446 cm�1),
ester carbonyl (1655 cm�1) groups, and aromatic rings (1577,
1514, and1409 cm�1). The 1H, 13C, andHSQCNMRspectra
(Table1) indicated thepresenceofamonosubstitutedbenzene
ring (δH 7.15�7.33, 5H, overlapped), two methylenes, seven
methines (including two olefinic methines), and three angular
methyls [δH 0.60 (d, J= 6.8 Hz, 3H), 0.75 (dd, J= 6.8, 1.2
Hz, 3H), 1.53 (s, 3H); δC 16.4, 21.2, 23.1]. These spectral
features were like those of katsumadain7 except for the
absence of trans-olefinic signals, and instead, the presence of
two additional methines, which combined with 2-fold rela-
tionship of the molecular weight of 1 (C46H52O6) and katsu-
madain (C23H26O3), suggested 1 is a dimer of katsumadain,
forming a cyclobutane ring between the two units. Two
possible cycloadducts, head-to-tail or head-to-head, exists
(Figure 1), which cannot be distinguished directly by NMR
data.On the basis of themass spectrometric studies on similar
situations,8,9 three typical fragments atm/z 350, 180, and 520
should be found for 1 in head-to-head mode, while only one
fragment ion atm/z 350 could be found in head-to-tail mode.
The EI-MS of 1 exhibited a very small molecular ion at 700
and the presence of a typical fragment atm/z 350 indicated 1

to be a head-to-tail dimer. In addition, as shown in Figure 1,

the closer fitting between the predicted and experimental 13C
NMR chemical shifts for the head-to-tail mode (R= 0.997)
than the head-to-head mode (R = 0.988) also indicate the
head-to-tail mode is the preferred one.10

In the HMBC spectrum (Figure 2), the proton signal of
H-6 (δH 4.20) was correlatedwith the carbon signals of C-7
(δC 42.8), and the proton signals of H-7 (δH 4.30) with the
carbon signals at C-6 (δC 44.2). The HMBC spectrum
showed long-range correlations from the protons of the
monosubstituted benzene ring at δH 7.30 (H-9 and H-13) to
the carbon signals ofC-7.Thus, thepositionof themonosub-
stituted benzene ring was determined to be at C-7 position.
The proton signal at δH 4.20 (H-6) was correlated with the
carbon signals in lactonic ring (γ-pyrone) at δC 100.8 (C-4)
and 160.5 (C-5). Therefore, the planar structure of 1 was
established as shown in Figure 1. The relative configuration

Figure 2. Selected HMBC (f) and ROESY (T) correlations of 1.

Table 1. 1H (500 MHz) and 13C (125 MHz) NMR Data of 1 (in
DMSO-d6)

unit I unit II

no. δH (mult, J, Hz) δC δH (mult, J, Hz) δC

1 162.9 162.8

2 103.7 103.6

3 164.6 164.6

4 5.92 (s) 100.8 5.88 (s) 100.5

5 160.5 160.4

6 4.20 (dd, 9.8, 6.3) 44.2 4.26 (dd, 9.8, 6.3) 43.8

7 4.30 (dd, 9.8, 6.3) 42.8 4.32 (dd, 9.8, 6.3) 42.6

8 138.0 137.9

9, 13 7.32 (m) 127.5 7.30 (m) 127.3

10, 12 7.24 (m) 127.9 7.23 (m) 127.9

11 7.16 (m) 126.4 7.15 (m) 126.4

10 131.9 131.8

20 4.85 (s) 125.0 4.85 (s) 125.0

30 3.33 (m)a 35.0 3.33 (m)a 34.9

40 1.84 (m)a 39.7 1.84 (m)a 39.6

50 1.13 (m)a 22.5 1.12 (m)a 22.5

1.61 (m)a 1.60 (m)a

60 1.93 (m)a 30.3 1.93 (m)a 30.3

1.86 (m)a 1.84 (m)a

70 1.53 (s) 23.2 1.53 (s) 23.1

80 1.19 (m)a 27.8 1.19 (m)a 27.8

90 0.60 (d, 6.8) 16.4 0.60 (d, 6.8) 16.4

100 0.75 (dd, 6.8, 1.2) 21.2 0.75 (dd, 6.8, 1.2) 21.2

3-OH 10.78 (s) 10.78 (s)

a Signal pattern unclear due to overlapping.

Figure 1. Two possible dimer modes for 1. The correlations
between the calculated and experimental chemical shifts for the
head-to-head mode and the head-to-tail mode.

(7) Li, Y. Y.; Chou, G.. X.; Wang, Z. T. Helv. Chim. Acta 2010, 93,
382–388.

(8) Masanori, K.; Yamamoto, Y.; Fukushima, S.; Ueno, A.; Noro,
T.; Miyase, T. Chem. Pharm. Bull. 1982, 30, 1602–1608.

(9) Stipl�sek, Z.; �Sindler-Kulyk, M.; Jakop�Ci�C, K. J. Heterocyclic
Chem. 2002, 39, 37–44.

(10) Guo, J.;He,H. P.; Fang,X.;Di, Y.T.; Li, S. L.; Zhang, Z.; Leng,
Y.; Hua, H. M. Tetrahedron Lett. 2010, 51, 6268–6289.
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of compound 1was deduced from the analysis of itsROESY
correlations (Figure 2) and the energy minimized molecular
modeling using density functional theory (DFT) at the
B3LYP/6-31Gþ(d,p) basis set level in Gaussian 09.11 The
ROESY correlation from H-30 to H-80 and OCH3-9

0 con-
firmed the partial stereostructure of 1, which was consistent
with katsumadain.7 The key points were the assignments of
the relative coupling systemconsistingof at least sixteen sym-
metrical peaks8,12was found for the fourmethine protons on
the cyclobutane ring in the 1H NMR spectrum, suggested a
configurations of the cyclobutane ring. A typical AA0BB0

symmetrically substituted cyclobutane ring.A 2D J-resolved
experiment determined the 3J coupling constants of H�I-6/
H�I-7 andH�II-6/H�I-7 to be 6.3 and 9.8Hz, respectively,
which implied that 1 to be a trans�trans fused dimer in head-
to-tailmode.The computermodeled3Dstructure analysis of
1 was compatible with the aforementioned relative configu-
ration as shown in Figure 2, and thus established the whole
stucture except for the absolute configuration.

Calyxin Y (2)13 was isolated as white amorphous powder.
Its molecular formula of C35H32O6 was determined by the
observed ionatm/z547.2108 [M�H]� inHRESIMS,which
indicated 20 degrees of unsaturation. The maximum UV
absorptions at 237 and 292 nm indicated the presence of a
conjugated system. In the IR spectrum, absorption bands at
3700�3200 cm�1 (hydroxyl group) and 1631, 1463, 720, 696
cm�1 (aromatic ring) were observed. The 13C NMR spectra
(Table 2) resolved 35 carbon resonances that came from
three monosubstituted phenyl groups, a methoxyl group,
twomethylenes, four sp3methines, twoaromatic protons, an
olefinic methine, and two ketone carbonyls. The benzene
ringwith two aromatic protons [δH5.81 (1H, d, J=1.8Hz),
5.91 (1H, d, J=1.8Hz);δC 91.7, 96.4], the ketone carbonyls
[δC 203.5], two sp3 methines [δH 3.18, 4.75; δC 49.5, 51.5],
and amonosubstituted phenyl group formed a dihydrochal-
cone moiety. Its structure was indicated by the HMBC
correlations (Figure 3) from the methine protons at δH
3.18 (H-9000) to the aromatic carbons at δC 141.3 (C-10000),
128.7 (C-11000, C-15000), and to the ketone carbon at δC 203.5
(C-7000). The position of OMe at C-2000 was confirmed by the
correlation between the proton signals of methoxy group
and C-1000, C-2000, C-3000. The correlation between H-8000 and
H-9000 was observed in the 1H�1H COSY spectrum. The
remaining19signals including twootherphenyl rings formed
a diarylheptanoid moiety. The long-range HMBC correla-
tions H-20/C-1, H-1/C-3, H-5/C-3, H-6/C-7, H-200/C-7, and
the 1H�1H COSY correlation H-1/H-2, H-5/H-6, H-6/H-7
allowed us to assign the diarylheptanoid part. A hydro-
xyl signal at δH 5.24 (d, J = 7.2 Hz) has a correlation
with the signals at δC 47.0 (C-7), 64.8 (C-6) and 147.1 (C-
5), which means the hydroxyl group located at C-6.
These data indicated 2 to be an adduct of a chalcone
and a diarylheptanoid.

The above-mentioned groups and structural fragments,

four benzene rings, a double bond and two ketone carbo-

nyls represented 19degrees of unsaturation.The remaining

one degree of unsaturation indicated compound 2 to have

another ring. The 1H�1H COSY correlations (H-6/H-5

and H-7; H-9000/H-7 and H-8000) and HMBC correlations

(H-5/C-7 and C-8000; H-6/C-7; H-7/C-8000; OH-6/C-5 and

C-7) established a cyclohexene ring with a hydroxyl at C-6

between diarylheptanoid and chalcone. Thus, the planar

structure of 2 was established as shown in Figure 3.

Figure 3. KeyHMBC (f), 1H�1HCOSY(;), andROESY (T)
correlations for 2.

Table 2.
1H (600 MHz) and 13C (150 MHz) NMR Data of 2 (in

DMSO-d6)

no. δH (multi, J, Hz) δC no. δH (multi, J, Hz) δC

1 2.84 (m, 2H)a 30.2 20 0 0 163.1
2R 3.05 (m)a 38.5 30 0 0 5.81 (d, 1.8) 91.7
2β 3.28 (m)a

3 199.9 40 0 0 165.6
4 137.6 50 0 0 5.91 (d, 1.8) 96.4
5 7.31 (br s) 147.1 60 0 0 167.6
6 4.41 (br dd, 10.2, 7.2) 64.8 70 0 0 203.5
7 3.11 (dd, 10.2, 4.2) 47.1 80 0 0 4.75 (s) 51.5
10 141.7 90 0 0 3.18 (d, 4.2) 49.5
20, 60 7.28 (m) 128.8 100 0 0 141.3
30, 50 7.28 (m) 128.7 110 0 0, 150 0 0 6.47 (d, 7.2) 128.7
40 7.18 (m) 126.4 120 0 0, 140 0 0 7.09 (m) 127.9
10 0 140.5 130 0 0 7.15 (m) 126.9
20 0, 60 0 6.67 (m) 129.2 OCH3 2.89 (s) 55.6
30 0, 50 0 7.10 (m) 128.1 6-OH 5.24 (d, 7.2)
40 0 7.12 (m) 126.6 40 0 0�OH 10.70 (s)
10 0 0 103.5 60 0 0�OH 13.63 (s)

a Signal pattern unclear due to overlapping.

(11) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.;
Robb,M.A.; Cheeseman, J.R.; Scalmani,G.; Barone,V.;Mennucci, B.;
Petersson, G. A.; Nakatsuji, H.; Caricato, M.; Li, X.; Hratchian, H. P.;
Izmaylov, A. F.; Bloino, J.; Zheng, G.; Sonnenberg, J. L.; Hada, M.;
Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.; Ishida, M.;
Nakajima,T.;Honda,Y.;Kitao,O.;Nakai,H.;Vreven,T.;Montgomery,
Jr., J. A.; Peralta, J. E.; Ogliaro, F.; Bearpark, M.; Heyd, J. J.; Brothers,
E.; Kudin,K.N.; Staroverov, V.N.; Keith, T.; Kobayashi, R.; Normand,
J.; Raghavachari, K.; Rendell, A.; Burant, J. C.; Iyengar, S. S.; Tomasi, J.;
Cossi, M.; Rega, N.; Millam, J. M.; Klene, M.; Knox, J. E.; Cross, J. B.;
Bakken, V.; Adamo, C.; Jaramillo, J.; Gomperts, R.; Stratmann, R. E.;
Yazyev, O.; Austin, A. J.; Cammi, R.; Pomelli, C.; Ochterski, J. W.;
Martin, R. L.;Morokuma,K.; Zakrzewski, V. G.; Voth,G.A.; Salvador,
P.;Dannenberg, J. J.;Dapprich, S.;Daniels,A.D.; Farkas,O.; Foresman,
J. B.; Ortiz, J. V.; Cioslowski, J. Fox, D. J. Gaussian 09; Gaussian, Inc.:
Wallingford, CT, 2010.

(12) Dario, G.; Gandarino;Massayoshi, Yoshida; Gottlieb., Otto R.
J. Braz. Chem. Soc. 1989, 53–56.

(13) Calyxin Y (2): white amorphous powder; [R] 28D þ2.75 (c 0.080,
CHCl3/MeOH = 1:1); UV (CHCl3/MeOH = 1:1) λmax (log ε) 238
(3.17), 292 (3.20) nm; IR (KBr) νmax 3445, 2922, 2851, 1631, 1463, 1379,
1108, 810, 720, 696 cm�1; 1H NMR and 13C NMR data, see Table 2;
negative ESIMS m/z 547.3 [M � H]�; HRESIMS m/z 547.2108
[M � H]� (calcd for C35H31O6, 547.2126).
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The relative configuration of 2 was elucidated by
NOESY experiment (Figure 3). The intense correlations

between H-8000 (δH 4.75) and H-9000 (δH 3.18) showed

that they were cofacial and were arbitrarily assigned as

R-oriented. The mutual correlations fromH-9000, H-6, and

H- 7 toH-200/600 and fromH-8000, H-9000 andH-6 to H-11000/
15000 indicated that the two benzene rings at C-9000 and C-7,

andH-6 were on the same side, in β-orientation (Figure 3).
Noteworthily, signals for OMe (δH 2.89) and the two

phenyl groups (δH 6.67, 6.47) at C-7 and C-9000 were

severely upfield shifted due to the strong shielding effect

of magnetic anisotropy, which was consistent with the

observed NOE correlations of OMe/H-11000 (or H-15000)
and H-200/H-13000. Thus, the structure of calyxin Y (2)

except for the absolute configuration was established as

shown in Figure 3.
Katsumadain C (1) represented the first monoterpene

substituted kavalactone dimer, conjugated in a head-to-tail
mode; calyxin Y (2) was a unique chalcone-diarylheptanoid
Diels�Alder adduct with a novel carbon framework of a

cyclohexene ring, rather than of a tetrahydropyran ring such
asblepharocalyxinsAandB fromAlpinia blepharocalyx.14,15

Since the two new adducts and key intermediates,
diarylheptanoid,16 chalcone,17 and katsumadain,7 were all
found in the same plant, we could tentatively outline plau-

sible biogenetic relationships of the isolates. Katsumadain C
(1) may be derived through a [2þ 2] cycloaddition reaction
of two ethylenic bonds between two katsumadainmolecules
(Scheme 1). Calyxin Y (2) could be formed through a
Diels�Alder addition reaction between a diarylheptanoid
and a chalcone (Scheme 2).

The cytotoxicities of katsumadain C (1) and calyxin Y
(2) were evaluated against human tumor cell lines A375
(humanmelanoma cell line),MCF-7 (humanbreast cancer
cell line), SMMC-7721 (humanhepatic liver carcinomacell
line), and HCT-116 (human colon carcinoma cell line),
using 5-fluorouracil as a positive control with IC50 values
at 20.4, 33.8, 26.8, and 50.0 μM, respectively. They gen-
erally showed marginal to moderate activities. Com-
pounds 1 and 2 both exhibited significant growth
inhibitory effects against SMMC-7721 cells, with IC50 at
4.8, 9.7 μM, respectively, comparable to 5-fluorouracil.
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Scheme 1. Plausible Biogenetic Pathway of 1

Scheme 2. Plausible Biogenetic Pathway of 2
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