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Summary

Two unigue evidence that cancer incidence rates in Fiji were unusually low, compared with those
of another Pacific islands and that green tea beverage is an acknowledged cancer preventive in
Japan, allowed us to study a local beverage in Fiji, kawa (kava kava) or yangofRiper methys-
ticum) belonging to Piperaceae. We isolated five known kawapyrones (kavapyrones) (1~5) and a
new additional kawapyrone, 7,8-epoxyyangonin (6), from kawa MeOH extract and subjected them
to TNF-a (tumor necrosis factor) release assay from BALB/3T3 cells treated with okadaic acid, a
tumor promoter. 5,6-Dehydrokawain (desmethoxyyangonin)(1) and yangonin (4) significantly in-
hibited TNF-a release with IC,,values of 17 uM and 40 uM; a potency as great as (—)-epigallocate-
chin gallate (EGCG) isolated from green tea extract. Amog the experiments with 1~5, dihy-
drokawain (2) was unique in showing the strongest inhibitory activity against TNFx release in
mice, but the weakest activity in the cells. We synthesized 5,6-dehydrokawain (1) and yangonin (4)
via three steps from the dianion of ethyl acetoacetate achieving a good yield and determined their
conformations by high resolution NMR and x-ray crystallographic analysis.

Key words: Fijian kawa,Piper methysticunkawapyrone, desmethoxyyangonin, yangonin, Thfe-
lease inhibitors, total synthesis

Introduction

Tumor necrosis factar- (TNF-a) known as cachectin ly accepted that overproduction of TNF is related to de-
as well was at first discovered by its antitumor activityelopment of various diseases. We previously reported
in 1975. But, TNFa is now recognized as one of thethat okadaic acid, a tumor promoter mimics TdW#-
most pleotropic cytokines acting as a host defence faefleukin-1 (IL-1), in inducing phosphorylation of the
tor in immunologic and inflammatory responses (Vasame proteins, and that TNFalso induces similar ex-
salli, 1992; Tracy and Cerami, 1994; Habtemarianpression of early-response genes in human fibroblasts,
2000). TNFe is also effective on vascular endotheliunand activate N&B in Jurkat cells (Guy et al., 1992, Fu-
which upregulates various cell adhesion moleculejiki and Suganuma, 1993). Applying the concept of
such as intercellular adhesion molecule-1 (ICAM-1pkadaic acid pathway of tumor promotion in human
vascular cell adhesion molecule-1 (VCAM-1) and erearcinogenesis, we found a possible link between tumor
dothelial-leucocyte adhesion molecule-1 (ELAM-1promoters and TNIe (Fujiki and Suganuma, 1993). A
(Bevilacqua et al., 1994). The expression of these adtsngle application of 1®-tetradecanoylphorbol-13-ac-
sion molecules and their counter-receptors on leucetate (TPA) or okadaic acid induced THFgene ex-
cytes result in the adhesion and extravasation of whigeession in mouse skin (Suganuma et al. 1996), and
blood cells in the process of inflammation. It is generatreatment with TPA or okadaic acid induced Thife-
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lease from various cells including BALB/3T3, HL-60:1 Materials and Methods
and KATO-III cells (Fujiki and Suganuma, 1993). Fur-
thermore, we demonstrated using Tdeficient General experimental procedures

mice that TNFe is an endogeneous tumor promote[R spectra were measured on a Jasco FT-IR 500 spec-
and a central mediator of cancer development (Sugafksphotomete?H and*C NMR were recorded on Vari-

ma et al., 1999). As for green tea beverage, we fougd ynity 600 {H: 600 MHz,'3C; 150 MHz) or Varian

that (-)-epicatechin gallate (ECG), (-)-epigallocatechipnity 200 ¢H; 200 MHz,'3C; 50 MHz) spectrometers.
gallate (EGCG), and (-)-epigallocatechin (EGC) dosgne solvent used for NMR spectra was CD®Aass
dependently inhibited TNE- release from a human gjecira were measured on either JEOL JMS HX-100 or
stomach cancer cell line, KATO-III cells treated with,” e AX-500 spectrometer. The specific rotation
okadaic acid (Fujiki, 1999; Okabe et al., 1999). Sincg,q the UV spectra were taken on a JASCO DIP-140
various structurally different cancer inhibitors, such olarimeter and a Hitachi U-3000 spectrometer, re-

9-cis-retinoic acid, sulindac, the active form of vitami ; o
i o pectively. Silica gel 60 for column chromatography
D,, and tamoxifen, also inhibited TNF+elease (Sug—e vas purchased from Merck.

anuma et al., 1996), we think that the reduction of lev

of TNF-a and similar cytokines in the tumor deveIOp_TNF-or release inhibitory assay by kawapyrones  in vitro

ment process is the common, key criterion for Cancei| /373 cells (2% 10°/ml) were preincubated with
inhibitors and cancer-preventive agents. Cryptopor arious concentrations of kawapyrones for 1 h, and then

acid E (Asakawa et al., 1992, Hashimoto et al., 198 . . ;
. ' ' ! eated with 0.2 mM okadaic acid for another 24 h, re-
1998) isolated from the funguSryptoporus volvatus sulting in induction of TNFa release. The concentra-

inhibited tumor-promotion of okadaic acid in a two-. of released TNE in the medium was measured
stage carcinogenesis experiment on mouse skin at§'1odq

also inhibited mouse TNE-release from BALB/3T3 U>Ng an enzyme-linked immunosorbent assay (ELISA)

cells, while cryptoporic acid D (Asakawa et al,, 1992t for mouse TNFa (Genzyme, Cambridge, MA), as
Hashimoto etyffl F1989 1998) (isolated from the san‘#g.sc.”bed previously (Komor_| et al., 1993). Okadaic
fungus enhancea both fumor promotion and TNR- acid-induced TNF& release without pretreatment was

lease from the same cells. Based on these studies, §BreSsed as 100%. The results were means of the two
think that TNFe is a reasonable biomarker for tumo€XPeriments. BALB/3T3 cells provided by the Japanese
promotion and/or tumor inhibition. Cancer Research Resources Bank, Tokyo,were cultured

In 1985, B. E. Henderson’s group (Henderson et al') MEM medium containing fetal bovine serum.
reported unusually low rates of many cancers, such as o o
stomach, breast, lung and prostate in Fijian Melanesiafj§F-¢ release inhibitory assay  in vivo
and Indians, compared with those of Polynesians in MPALB/CANNCrj male mouse was purchased at 6
cronesia and New Caledonia. However, the reasons ¥geks of age, and the mouse within 30g of body weight
this difference were not elucidated. It is well known that¥as used. Each kawapyrone and kawa powder, which
people in Fiji are used to drink a local beverage, kaw42s Prepared from air dried root®iper methysticum
(kava kava) or yangon@iper methysticunfForst) be- and ground mechanlcally were suspended with car-
longing toPiperaceadKeller et al., 1963). In particular, Poxymethyl cellulose sodium salt (CMC-Na) at a con-
people in Fiji use kawa extract as analgesic and tragentration of 40 mg/kg. The lipopolysaccharide (LPS)
tional medicine (Singh, 1992; Singh and Blumenthagolution was prepared in the physiological saline at
1997). The kawapyrones isolated from kawa are thoug#®0 Hg/ml. Each sample was subjected to intraabdomi-
to be pharmacologically active compounds associaté@l administration of mice (n = 6) at 10 mg/kg. The
with anxiolytic (Holm et al., 1991), anticonvulsivecontrol group was similarly conducted in mice by in-
(Kretzschmar et al., 1969, 1970), analgestic (Jamiesg@abdominal administration at 10 ml/kg capacity of
and Duffied, 1990), central muscle relaxing (Meyer angMC-Na. Afteri.p. administration of kawapyrones and
Kretzschmar, 1966), GABAreceptor ligand binding kawa powder, the LPS solution (0.2 ml; 50 mg/mouse)
(Boonen and Haberlein, 1998) and cyclooxygenase eias given intracecally. Blood was collected from
zyme inhibitory activity (Wu et al., 2002). mouse orbit for 90 minute after treatment, and then left

During our investigation on cancer preventingor 1 hr at room temperature. Serum was collected after
agents derived from natural sources, we became inteentrifugation at 11000 r.p.m. for 5 min, followed by
ested in isolation of cancer preventing compoundbe procedure of the ELISAKit.
from kawa. This paper reports the isolation and struc-
tural elucidation of a new kavapyrone, 7,8-epoxyyarextraction from Piper methysticum root
gonin @), TNF-a release inhibitory activity and chem-Dried and ground root (1.0 kg) &fiper methysticum
ical synthesis of kavapyrones. collected in Fiji were extracted with MeOH (3 I) for 16
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days at rt . After filtration, the brown colored solutiorCHCI, eluate was recrystallized with EtOAcj&t to
was evaporatedh vacuoto afford a brown residue afford methysticin§) (Klohs et al., 1959a, b; Dutta et
(152.0 g), which was partitioned betweepOHand al., 1972) (5.661 g) as pale yellow prisms. A crude
EtOAc. The EtOAc layer was evaporat@dvacuoto product (385 mg) from fr. 138~142 was chro-
afford a residue (76.17 g) (m HPLC of EtOAc extractynatographed on Sephadex-LH-20 with CKCI
The residue was further subjected to column chré4€OH=1:1 to afford 7, 8-epoxyyangonifi) (59 mg)
matography (CC) on silica gel (1kg) with a solvent sysis colorless amorphous powders.

tem of n-hexane-EtOAc increasing the amount of 5%

portions EtOAc in a stepwise gradient to give 150 frad-8-Epoxyyangonin (6); 4-methoxy-6-[2-(4-methoxy-

tions (20 ml/fraction). Crude crystals (1.48 g) obtainepfieny)oxiranel-2H-pyran-2-one .

from fr. 65~74 were recrystallized with EtOAetex- V/hite amorphous powder; f[d} +13.0° (¢ 1.51,
ane to afford 5,6-dehydrokawain (desmethoxyyang@Ch); EI-MS: m/z274 (M, 5%), 258 (100%), 230

nin) (1) (Rezende et al., 1971) (1.218 g) as pale yello{g4?), 187 (66%); HR-MSm/z 274.0851, GH,,O;

_ requires 274.0841; FT-IR (KBr),acnT: 2940, 1721
needles. Crude crystals (3.78 g) from fr. 75~82 were r ~0). 1645 (C=C), 1613, 1566, 1252 (C-O-C),

crystallized with EtOAc and-hexane to afford dihy- i 13
drokawain @) (Dutta et al., 1972) (3.513 g) as colorlesg‘lm' H and*C NMR (CDCl) (Table 1).

needles. Crude crystals (5.36 g) from fr. 86~94 were re-
crystallized from EtOAcC/EO to afford kawain )  s0 peak 3
(Haensel et al. 1968; Dutta et al., 1972) (4.744q) as col-
orless prisms. Crude crystals (1.27 g) from fr. 97~102 |
were recrystallized with EtOAc/ED to afford yango-

nin (4) (Chmielewska et al., 1958; Beak et al., 1962;
Dutta et al., 1972) (0.847 g) as pale yellow prismg®]
Crude products (8.21 g) from fr. 103~115 were subject-
ed to CC on silica gel (300 g) with a gradient solvert
system of CHGELO increasing the amount of 5%
portions E4O stepwise. Crude crystals (1.68 g) from,,_|
25% EtO-CHCL eluate were recrystallized with
EtOAC/ELO to afford yangonin4) (1.322 g) as color-

less needless. A crude crystal (1.68 g) from 3099Et “° peakcl
peak 4

30—

Table 1. *H NMR data of kawapyronebsand6®.
peak 2
20
compd.4 compd.6 °
lH 13C lH 13C 10—
2 164.1¢) 164.2 6) ] peak 5
3 5.19¢,2.2) 88.34) 5.22 @, 2.2) 87.64) 0
4 1712 S) 1705 $) Il N | 1 1 ) I i 1 1 1 1 1 1 1 1 il
g 6.24d,2.2) 11\%83‘2)) 15‘?3'23 g) 2:2) 101.29) Supplement. HPLC chromatogram of EtOAc extract pre-
y ) ared from KawdPiper methysticum

7 6.44(,15.7) 1163q)  4.20(,3.0) 4294 Db c Conditionfép P 4 )
8, 7.45 ¢, 15.7) 135.4q) 4.36 0, 3.0) 455@)  column: Waters 5SL-Il (SiQ); Column size: 10« 250 mm;
1, 127.9 6 129.4€)  Mobile phasen-hexane :EtOAc = 1:1; Flow rate: 1.0 ml/min
2, 7.440,8.8) 128.94¢ 6.82@,8.7) 128.4d) petection: UV 254 nm; Chart speed: 2.5 mm/min; Sample
3 6.9008.8) 114.3¢) 7.25(,8.7) 113.8Q) yolume: 0.02 ml; a solution of kawa EtOAc extract (10 mg)
4 160.7 §) 158.5(S) in hexane:EtOAc = 1:1 (1 ml).
6 7.44¢,88) 128.9¢)  6.82( 8.7) 12844¢) peak 1 (Rt. 34 min) = 5,6-Dehydrokawdit) and (+)-Dihy-
4-OMe 3.82¢) 55.8 Q) 3.77 € 55.8 () drokawain(2)
4-OMe 3.816) 55.3 Q) 3.69 § 55.10) peak 2 (Rt. 42 min): Yangon{#)

peak 3 (Rt. 46 min) = (+)-Kawaif3)

aChemical shifts from TMS in CDghnd assignments from peak 4 (Rt. 52 min): (+)-Methystici®)
!H-1H COSY, HMQC and HMBC spectra

peak 5 (Rt, 61 min): 7,8-Epoxyyangort)
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Chemical conversion of (+)-kawain (3) into 5,6-de- 0 °C. The reaction mixture was then added dropwise to
hydrokawain (1) ice water (300 ml) and stirred at rt for 3 hr. The alkaline
A solution of (+)-kawain §) (100 mg) in dry benzene solution was extracted with ether €3100 ml). The

(20 ml) was refluxed with DDQ (150 mg) for 2 hr. Theaqueous phase was cooled with ice water and acidified
reaction mixture was filtered over a short columito pH 1.0 with conc. HCI to afford a crystalline materi-
packed with celite, and the solvent was evaporated al, which was recrystallized from E/MeOH to afford
vacuoto afford the crude oil (262 mg), which was4-hydroxy-6-@-trans-styryl)-5,6-dihydro-2-pyrone
chromatographed on silica gel withhexane-EtOAc (9) (0.847 g; 78.4%) as colorless needles. mp
gradient, followed by recrystallization from EtOAc/n-128-131°C (decomp.) (Reffstrup and Boll, 1976).
hexane to afford 5,6-dehydrokawaid) ((88 mg;

88.8%) as colorless needles. mp 138-140 °C. Synthesis of (£)-kawain (1)

A solution of9 (7.0 g) in dry acetone (150 ml) was

mixed with dimethylsulfate (5.0 ml) and anhydrous
,CO; (18 g). After a reaction mixture was reflux for 7
r, the mixture was cooled and filtered. The filtrate was

Catalytic reduction of (+)-kawain (3)
(+)-Kawain @) (120 mg) was hydrogenated over 109

Pd-C (50 mg) in MeOH (5 ml) and EtOAc (10 ml) at .k, 5 horatedh vacuato afford the crude crystal (7.25 g),
for 1 hr. After removal of the _catalyst, the filtrate waghich was recrystallized with E2/MeOH to afford
concentratedh vacua The residue (125 mg) was sub-+).kawain (1) as colorless needles (4.931 g; 66.1%),
jected to CC on silica gel withrhexane-EtOAC gradi- 143 145 °C (Reffstrup and Boll, 1976).

ent to afford (+)-dihydrokawair2f (109 mg; 90.1%) '

as colorless needles. mp 58-60 °C. Synthesis of 5,6-dehydrokawain (1)

A solution of (x)-kawain 11) (300 mg) in dry benzene
Synthesis of 4-hydroxy-6-(  a-trans -styryl)-5,6-dihydro- (30 ml) was refluxed with DDQ (451 mg) for 2 hr. The
2-pyrone (9) reaction mixture was filtered over a short column

The dianion of ethyl acetoacetate (2.30 g) was prepanggicked with celite for 7 hr and evaporated/acuoto

in dry THF (50 ml) with 60% NaH (700 mg) amd afford the crude oil (725 mg) which was subjected to
butyllithium solution (10 ml) at 0 °C according to theCC on silica gel withn-hexane-EtOAc gradient, fol-
method of Huckin and Weiler (1971). A solution of cindlowed by recrystallization from EtOAzhexane to
namaldehyde 7) (1.00 g) in dry THF (10 ml) was give 5,6-dehydrokawain 1j as colorless needles
added dropwise for 10 min and stirred for 10 min gR45 mg; 82.3%), mp 138-140 °C (Rezende et al., 1971).

OMe

5' 5, 6-Dehydrokawain (+)-Dihydrokawain

OMe OMe

OMe OMe

Fig. 1. Kawapyronesi—6)isolated fromPiper
(+)-Methysticin 7, 8-Epoxyyangonin methysticum.
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Synthesis of 4-hydroxy-6-( a-trans -4-methoxystyryl)- trix least-squares techniques. Diffraction data were ob-
5,6-dihydro-2-pyrone (10) tained using a Mac Science MXC18 diffractometer at
The solution op-methoxycinnamaldehyd&)(9.00 g) rt. All diagrams and calculations were performed using
in dry THF (30 ml) was added dropwise for 10 min t€RYSTAN (Mac Science, Japan).

the dianion of ethyl acetoacetate (2.30 g), which was

prepared in dry THF (100 ml) with 60% NaH (8.58 g) ) )

andn-butyllithium solution (117 ml) at 0 °C. The reac- Results and Discussions

tion mixture was treated by the same procedure as
scribed above to afford 4-hydroxy-G-frans-4-
methoxystyryl)-5,6-dihydro-2-pyrond Q) as colorless |n order to isolate TNt release inhibitors from kawa,
needles (10.332 g; 75.6%), mp 127-130 °C (Reffstrupe MeOH extract from dried material®Biper methys-

?s%lation of kawapyrones (1~6)

and Boll, 1976). ticumwas subjected to column chromatography using
silica gel (n-hexane-EtOAc gradient and CHELO
Synthesis of 5,6-dihydroyangonin (12) gradient) and Sephadex LH-20 (CH®leOH = 1:1)

A solution of10(5.0 g) in dry acetone (100 ml) was re+o afford five known kawapyrones, 5,6-dehydrokawain
fluxed with dimethylsulfate (4.2 ml) and anhydroug1) (isolated yield; 0.12% for dried powder), dihy-
K,CG; (15 g) for 5 hr. The reaction mixture was treatedrokawain 2) (0.35%), kawain3) (0.47%), yangonin
by the same procedure as described above to affgmil (0.22%) and methysticirb) (5.66%) along with a
5,6-dihydroyangonini2) as colorless needles (3.176new kavapyrone, 7, 8-epoxyyangoni) (0.0059%)

g; 60.1%), mp 120-123 °C (Reffstrup and Boll, 1976)¢Fig. 1).

Synthesis of yangonin (4

Aysolution {)f 95,6-d(ih)ydroyangonin1(2) (300 mg) in Structural elucidation of 7,8-epoxyyangonin (6)

dry benzene (30 ml) was refluxed with DDQ (450 mgy,8-Epoxyyangoning) {[ a], +13.04° (CHCJ)} has a
for 2 hr. The crude product was subjected to CC on silnolecular formula of GH,,0, (M*; m/z 274.0851)
ca gel withn-hexane-EtOAc gradient, followed by re-possessing one more oxygen than yangodnag
crystallization from EtOAc/EO to furnish yangonin shown by high resolution ElI mass (HR-EIMS) spec-
(4) as yellow needles (245 mg; 82.4%), mprum. The IR spectrum &indicated the presence of an
153-155°C (Chmielewska et al., 1958; Beak et akster carbonyl group (1721 chhand a benzene ring

1962; Dutta et al., 1972). (1613 cm?). The!H and®*C NMR spectra (Table 1) of
6 in CDCl, were very similar to those df except the
The crystal data for yangonin (4) chemical shifts of C-7 and C-8 . THd and**C NMR

C;sH1,0, Monoclinic; space groupgc; a = 7.323 (0) A, spectra showed the presence of an epoxy ring [4.20
b =7.484 (0) A, c = 23.761 (0) A, b = 94.45 (0) A(1H, d, J = 3.0 Hz, H-7), 4.36 (1H, d, J = 3.0 Hz, H-8);
V = 1298 (0) & Z = 4, finalR value was 0.044 for 42.9 (d, C-7), 45.5 (d, C-8)]. The structuresafias de-
1438 reflections. The structure was solved by direguced as 7, 8-epoxyyangonin by analysis of the 2D
method (Monte-Carlo Multan) and refined by full-maNMR spectra including HMBC and NOESY .

--------------------------------------------------------------------------- QOkadaic acid
\.\ Control

Kawa EtOH extract H
Dehydrokawain (1) @——@
Dihydrokawain (2) Q=)
Kawain (3) A—A
Yangonin (4) [ll—1
Methysticin(5) =7\

TNF-a release ( % of Control )

Fig. 2. Inhibition of TNF-a re- 71

| 1
lease by kawa-ethanol extract o 7 10 50 100

and kawapyrones-5in vitro. Concentration (M)
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Inhibitory activity of TNF-a release TNF-a inhibitory activity of kawapyrones in vivo

from BALB/3T3 cells by kawapyrones Although TNFe is mainly released from

The ethanol extract of kawa dose-dependently inhibithacrophages, TNE-derived from fat cells is assumed
ed TNF«a release from BALB/3T3 cells treated withto be related to insulin resistance. When chronic hyper-
okadaic acid as shown in Fig. 2. Five kavapyronegycemia was maintained in diabetic animals, ToNF-
(1~5) inhibited TNF& release from the same cell line.production was enhanced (Tanaka et al., 1992;
As shown in Fig. 2, TNFr release inhibitory activities Nishimura et al., 1997) Thus, crisis control of diabetes
of 5,6-dehydrokawainlj and yangonin4) were much mellitus is considered by depressant drug of TINF-
more stronger than those of compourds3 and5. with regards to diabetes and TN#-The TNFe re-
Among TNF« inhibitory activities of compounds-3, lease inhibitory test of kawapyrones-$) and kawa
compoundl most strongly inhibited TNEr release powder was carried ouh vivo using diabetic mice
from the cells. Thus, we suggest that TilFelease in- (n = 6). The production of TNE-in blood of diabetic
hibitory activity is associated with increase of the cormice stimulated by lipopolysaccharide (LPS) was sig-
jugated system of the kawapyrones. Compdufi@;, nificantly suppressed by kawa powder and kawapy-
17 pM) significantly inhibited TNFa release with a rones {~5), while TNF-a in the control group was
potency as great as (-)-epigallocatechin gallat94 + 76 pg/ml, as shown in Figure 3. It is noteworthy
(EGCQG) (IG, 20 uM) isolated from green tea extract. that inhibitory activity of dihydrokawain2j in vivo

Kawa powder
Dehydrokawain (1)

Dihydrokawain (2)

Kawain (3)
Yangonin (4)
Methysticin (5)
LPS treated
Normal Fig. 3. TNF-a inhibitory activity (+ stan-
dard deviation; n = 6) by kawapyrones
0 100 200 300 400 500 600  (1-5)and kawa powder of LPS intraperi-
TNF-c. (pg / ml) toneally administered mice.
NOE
OMe

la: R=H R 1b: R=H
4a: R=OMe 4b: R=0OMe

Fig. 4. Conformations of 5,6-dehydrokawdih) and yangonit§4).
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was strongest among compourids, whereas the ac- MeOH and AcOEt for 1 hr afforded dihydrokawa) (
tivity in vitro was much lower than that of anotheiin good yield (90.1%).
kawapyrones. The difference in the activities betweenAs Piper methysticum ovinusan not be obtained
in vivoandin vitro is not easy to be elucidated. Consideasily in Japan, the total synthesis of kawapyrones, 5,6-
ering synergistic effect of kawapyrones with each otheehydrokawain X) and yangonin4) was conducted
and possible presence of compounds having mdrem a commercially available cinnnamaldehyd@ (
stronger activity, the kawa powder may be the beveand p-methoxycinnamaldehyd&), and made it possi-
age associated with the strongest activity. We could nale to test their biological activiin vivo. Reffstrup and
carry out the biologically active test of 7,8-epoxyyanBoll (1976) reported that kavapyrones, 5,6-dehy-
gonin @) isolated from kawa, because of insufficientrokawain L) and yangonin4) were synthesizedia
amount available. four steps from the dianion of ethyl acetoacetate as
shown in Scheme 1. Thus, aldol condensation of the di-
anion of ethyl acetoacetate with cinnamaldehyie(

Chemical conversion of kawain (3) into 5,6-de- p-methoxycinnamaldehyde8) afforded 4-hydroxy-6-

hydrokawain (1) and dihydrokawain (2),
and total synthesis of 5,6-dehydrokawain (1)
and yangonin (4)

(+)-Kawain @) which is a major component of
P. methysticumyas converted into minor components,
5,6-dehydrokawainl) and dihydrokawain?) possess-
ing the strongest TNB-inhibitory activityin vitro and

in vivo, respectively by chemical reactions. A solution
of (+)-kawain @) in benzene was refluxed with DDQ
for 2 hr to afford desmethoxyyangonit) (n a good
yield (89.6%). Even if (+)-dihydrokawair2) was re-
fluxed with DDQ for further 48 hr, a reaction did not
proceed and the starting material was recovered. Cglg. 5. X-ray crystallographic analysis (stereoview) of yan-
alytic reduction of (+)-kawain3} over 10%Pd-C in gonin(4).

CHO
N
e) OEt
R
dry THF
7:R=H i
8 : R=OMe 9 : R=H (78.4%)
OMe 10 : R=OMe (75.6%)
I =
N 0~ No
(CH3),804
1:R=H (82.3%) ‘::f’hﬁfem"e
4: R=OMe (82.4%)
DDQ
dry Benzene
Zn/ AcOH reflux \
Me OMe
Br | = N
0Ny < NBS X N Yo
Br R
Scheme 1.Synthetic pathway of 5,6- R 11: R=H (66.1%)

dehydrokawairf1l) and yangonirg4).

12 : R=0OMe (60.1%)
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(a-transstyryl)-5,6-dihydro-2-pyron9) or 4-hydroxy- Beak P, Abelson H (1 1962) Determination of the styryl geom-
6-(a-trans-4-methoxystyryl)-5,6-dihydro-2-pyrone  etry of the 6 styryl-4-methoxy-2-pyrones by proton mag-

(20), followed by methylation with (CH,SO, to afford netic resonance (N.M.R.) spectroscopy. J Org Chem 27:
(+)-kawain (1) and 5,6-dihydroyangoninl®) Al- 3715-3716 , ,

though compoundsl and12 were converted into 5,6- Bevilacqua MP, Nelson RM, Mannori GM, Cecconi O (1994)

dehydrokawain 1) and yangonin4) via two steps (’i Endothelial-leukocyte adhesion molecules in human dis-

A : . . ease. Annu Rev Med 45: 361-378
Br,, ii Zn/AcOH), the converting yield was relatively Boonen G, Héaberlein H (1998) Influence of genuine kava py-
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