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1R FEm

%18 AXF (Taxodioaceae) D1k & % fsf
KENOAAETCEFLBETDIDAEYBEAEL, T HITHEAFME (Relic
species) & IEiEN 5 (Fujiyama, 1983), EFMHIIMEMICLFEL, KAET
14 F 2 7 # (Ginkgoaceae), ¥V F (Pinaceae), 7 =7 F} (Aceraceae), Y
7V # (Cycadaceae) R ENHMONTWD, BHETHELL OFEBIZZ OEF
Iy L, “A%x71tFH (Living fossil) 7 EMEEN TWDH, FFIZ A XF
(Taxodiaceae) & % < T L, #l 21X, 2% & =247 (Metasequoia
glyptostoroboides, B % : 7 7R J A X) T 7 v ¥ a v (Taxodium
distichum, B4 : X~ A X)) Nz oRE£T, —#Kic{ka & EH (Fossil
conifers) L IEIEN TW5H, A X a7k, AELHES (K 8000 7 4EHT) @
fbkAELTHAINTEY, 770 v avRZzolmMEIL, HFAEMRE =i
O (] 2300 SAERT D 530 LR OMEMNSLA L LTEZL Ron
5> TW% (Lockheart et al. 2000), & 512, =7 3 ¥ & (Cunninghamia),
taAag T AAXE (Sequoia), *A v a v E(Glyptostrobus) 72 & O A X Fl
ARofemix, =74 (14 9500 RTINS 14 3500 H4HT) £T#D &
MWTED (FEHEDL 1997),

ZOEHIT, ZL 0L AHEMEEZLATHRBARIZIT 10 15RO T
BV (FEHE 2002), 025 9EMN 13 ALK ABA, BE, PERED
TYOTRIT AV AL, 1BETRME RO A =T BIZAEFTLTY

5 (B 1997),



%2 Aba B EER DL FE A I T 2 SR

{EASHER 2L, ThETICEZLOFENRILFER IV HREIN TV D,

X~ AXJE (Taxodium) "L HE I N TWVWHILAWM%E Figure 1.1, Figure
1.2 d, 727 v av (T distichum) ® D04 755 1% nezukol, ferruginol,
manool (Scheffrahn et al. 1988) 72 X D T F L X B3, FH LM » b I
hinokiresinol, agatharesinol 2 ® /LU FF U NEBEEINALTWDS (@GBS
1996), ERFE 2 51 1969 412 Kupchan 512 X - T royleanone, taxodione,
taxoquinone, taxodone, sugiol, 5,6-dehydrosugiol & W7D 7 £ ¥
YT TF R P EEES L (Kupchan et al. 1969), ZO#% b HMEEHO 27 L
RUNHBEX LTV D (Yamamoto et al. 2003), ¥4 T, taxodistine A (Bl
4 ¢ 7B-methoxy-8,11,13-trien-6a,11,12-triol, Yamamoto et al. 2003) <
taxodistine B (Hirasawa et al. 2007), 4 f&® 6,7-dioxyabietane (Hirao et al.
2008) e LOFBULEMNFER SN TV D,

T, MEOXFZ 27 v av (I ascendens) DHENHIE, MU T
® cyclobalanone X° cycloneolitsol 7% Hififf & 21 T\ % (Ying et al. 2005),

AHXYEaAT (M. glyptostoroboides) 7L #HE I N TWAHILEM % Figure
1.3I127R"F,1977T FITHE BT X - TLH#M )5 athrotaxin, hydroxyathrotaxin,
agatharesinol, metasequirin-A, metasequirin-B, hydroxymetasequirin-A
mEEHRLE LK ERO VY 77 R EBES LTS (Enoki et al.
1977a, 1977b), LM DE /) T AN UVHHICOW T, EESICL > THE SN T
W5 (Sato et al. 1966), F 7=, #HAE/RZEMN 5L quercitrin 21X LH E L7 9
MO 7 7R A4 FRfHER S ONEES 1996), B fif 72 Bk R s K OVBCHE, /AL,
BENOHOLNTERBWMEK>OME L HRE N TS (Fujita et al. 1974;
Bajpai et al. 2007).,

2VAVH VIR, BEAaATAAXRE, AMvavE,LLHBRESINTVEIE

Y % Figure 1.4 ([Z/r9, v a vy (C lanceolata) M Hidk® A %7 L



~2 v @ cedrol (Shieh and Sumimoto 1992) 28, & =2 A4 7 A 2 ¥ (S
sempervirens) ERE S IXHBALA Y D 20-hydroxyferruginol 3 X OV 4 i H
DT MY T L Th 5 ferruginol, 18-hydroxyferruginol, sugiol,
6a-hydroxysugiol 2 # /5 X T\ % (Sonetal. 2005), 7=, A A v a v (G
pensilis) ODFEENL L7 = ¥ R BAL AW D glypensin A @ BB 23 1 &5
ENTW5% (Zhang et al. 2010),

ok, AFXFBOMAHEMPOBZTAXIAN, AV TFL, TT
™A REWVWoTefkx RfEO ZRMRBI LR HRES LTV D, FFIZ, DG
XNV Ty, MENPLIEZE S TARY, EAXFTARY, TT7KR A K,
RENDIFTEZZ B EZRLE LEYT AN RELHBEIA TS, 25,
FZI7 0 auRAZEAaL T ORRELHE /LA L LTEZLIBRINLTNDE
o, IRRAAHKROMEY EBFTL2EBEME L DILFERS ORI Z 2D
nNTws, ZhboisE, MEMRTCAEDHZOTTFICICHINATND

(Otto et al. 1997),



53 H SHEEBEKRE O AMIEER DI T D W%

BHEERIER R i EAMIEME L OBRIC DWW THRFI L@ e LTix, B/ %
(Chamaecyparis obtusa) DEEIZHSONT, WELIETCTARVBLONY 7
WAL BB OERTHDHANAEL I MY (Spodoptera litura) \Z%F L T
WA ELRT 2L E2HE L TS (Fukushima et al. 2002), % 7=,
Eberhardt b i35 7 % b 7t (Picea glauca, %14 : white spruce) ¥ X O~
BOKRRICEENDL Z = EDN, BAROEEWORKE T 5 Ceratocystis
coerulescens ¥ X OB L A ABEBFHEH O B ThHhDH A&y
(Schizophyllum commune) (2% L THHEEMEZ R T 2HE L TV D
(Eberhardt and Young, 1994), &6, fba#tEMTHEL T 7 v a v (T
distichum) BREIZH £ 5 ferruginol 1%, KM IEALE W5 K 2% LT
BRVHLEIEE A R 2 Wt (FE S 19805 WS 19915 #JF 5 2001;
NEER D 2001) ENTEY, Y~hvra7 VBt =7 Vs LTy
PURTEMEZ R 3 2 L A & T % (Scheffrahn et al. 19885 K¢ & 2004),
ZoOEOIT, HEBMRKRRCEELILFEASICHEHT IREZIILETHO LA
ZLBRVD, REICFET DR RIS SRR EMEENFET 52 &0 M
ERTWVW5D,

ek, ERRFHEFBARLEOBCEMICKLEARAAARRBAATHY, MOEY
DEENLHF EFLEOICRHERORBEREZEETL2EEZLRLTVD
(Yano and Huruno 1994; Theis and Lerdau 2003), X - T, {bf5 &3 o
R EZTOEMEREHEST D2 L0, BHREREBLOHRKEEZCED

THHICHETH D,



INFETHERZEIIE, AFXFBHMLA S ER I ITHEN R TFZRINZ L EE
NTWLZENREI<MBNATND, FFIZAZ AL TRTI 7 UavEnosic
REMRAXBOAFHEBILIIHFR SN, B, XM OME®mns 25
DR BNHRE SN TND, EREIZOWTIE, AHESSEHEICE > CTEE
BREALTHY, SN HEFLROITkRA Pl y & B L, EEH %
BIRhoTWhr@mBETHLIN, INETHGRBFREL TRV, £ T,
T UvavDEKRRICEENDIEMIEER T ZHA LML, ERED B CP#EE
AEALZARZNREAEPOHONICTDEZ L EMEORNE LT,

B2ETIX, J7vya vEKRMEWOMEEHA LML, ALY O
Y~ hou7 VRIS EOEIIH T oMY o EWIENEE2RE LI,

FI3WTIE, 770 a UKRREND OEMERSOHEE - FEL1TH &ILICE
o RSy ORERR & B B v Lz,

FARTIE, BE3ETHESATIILEHO Y~ a7 VITx$ 5 PG,
HEE LAY oAb G & PisiE i & O B%, SOOI R L EED
Bk & m it L 72,

FOHEHTIE, FA4RLFERICHBMINTZ/LAOIETEME, LG D
FHEE L PIEIEME E OBR, S HICITHEHMEEm O & LIEEOBK EBRE L,

UEoRiRa2b L, 7720 avRROEMEELELZH G ML, (LABHE
B ORRIZB T 2L FHBHBEREICOWTERE L,
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¥ 2% Taxodium distichum ¥R 340 H ¥ @ A W i% 1E

1M S

ZI 0 avR EOERITRLREMOREND H ESFDLICDITRER
ICFER D EEELTWVWD, 2D ERSITELC _RHMHETHY, 77
RIAR, TARIAR, Al REVSTZEZMEERRE DO N>
TWb, ZOXE5T, ZRRICFER D S EMMNEET 2B L LT, #BAD
FHERDMETCHIAMBHESCY T VORBENSHE 2T EE2LN
5, £oT, TNETIAMBHEC Y 17 Vst 3 5 KMk &Y iE %
ONWTIEHEHEOHENH 5 (Rudman 1965; Bultman et al. 1979; Cornelius et
al. 1997; Chang et al. 1999, 2000; Bliaske and Hertel 2001; Cheng et al. 2005,
2008),

HEB O FHBEIZIESHICEEL T, LHEBEO -2 THIEKELIA
ALy EFEL, AT AL FERBHEZB /o TWWD EE X BR
TWd, L2L, $FEBMOKREIMEYZ FLRICLEHE - SLEEERIZIEE AL
WE I N TV,

FIT, 770 va VEREOFNYEER S NICT D70, By (~
XY, BT, A% =) ZHOWTEREERREZBS o7, 4
A, AbEE» S MM E TR AR LK AT 5 (Figure 2.1) ¥~ kv
n 7 VU (Reticulitermes speratus Kolbe), B EME O UV 7 % /r (Trametes
versicolor) 3 X N5 A4 # 7 ¥/ (Lenzites betulina), B EHE DO A4 v X
5 %/ (Fomitopsis palustris) £ L "% F U 2 > % # (Gloeophyllum
trabeum), WEFHE CTH D bV 25 v~ (Trichoderma virens) B LU a7
v U 5 (Myrothecium verrucaria), REH 2 I EEHO ) 6 RFERE DN = v
UV v & (Penicillium citrinum) B X OV A& & © U ¥ — 7 2 (Rhizopus

oryzae) % H 7=,

10



B2 EBRIE
2. 1 &
KRB OE N 7 ¢ — L Rt v 2 — 4 W) %5 5 4 520
(Field Sciece Center, Faculty of Agriculture, Yamagata University, Japan)
T, WF L7270 a UEKRERN 20g Z#8E L, BKEIE, B0 R E
TLTWRWEDIZRE L 72,
2. 2 i
2. 2. 1 ZHKk#h
EEH1T6gDEKREE, 7V —XRITA%, V40U —I L THRRIZLEY
TN B T~FH > (n-CeHia) IZREL, 7 HRICHHKZ A8, REL,
COBREE2ERBI R~ FUOMEMES T, FEOBRIELEFERT F L
(EtOAc), A% /—/ (MeOH) TEB I\, Hifg=F LY, * % 7 — il
& 57z,
2. 3 PUMERTE MR B
2. 3. 1 HEAEY
Y~ hio 7 UL, WERBHTATRELLae=—Z2HWnk, LRI
WELLar=— 1327 £ 1 CIZHRFEL, EHMMICATL—TKkE X THE
WD, HERSENTRELE,
2. 3. 2 RBKFE
PURTE MR T, RMEMNBS L OB REFEEZ RIS Z 20y, BE#H O
~N—8—F ¢ 27 (Advantec, 8 mm diameter, 1.5 mm thickness, ca. 30 mg
disk weight) (LL F PD &9 %) % H 7z (Tellez et al. 2002; Ganapaty et al.
2004), FMRTEMEIIECE LS, BREEEEEIZPD B ENLRD T,
AWERX DRIV X%z Figure 2.2 IZRd, VYo7 0id, ThETh A% /) =Lk
HAWT 5mg/mliZ#H L, PDIC60ul ¥ >&A Liz, %2 24 B ET &~
r—H2NTRILEE, ETCOV U TANRR—=N—F ¢ A7 FEIZx LT 1% E

11



EMRD IO L, MR%, TNEThOPDELZFEL, HE 45 mm O T 7
Ay —LVHNIZHWH 3g) EodFRICEELEL, A7 L —TW EEZEH
L, MBIy~ rru7 ) oliEs 10 B3 ORE L, BIEDOAR%Z PD I
GREEZLDET T/, PDELH 220 H O EGEABR (Nofeed) & L T,
BARBRZEICHERLE, Yy — 113227 £ 1 oCORATICHREL, 24 M I &
21 B> THEHZHML, 7TAHBLO® 14 HEO FHHELREL LV
AR (£ SD) 25 U IISE O FER & Lz, BRI T %IC PD 2 8
DL, BBl 7T —FNT 24 FFliZIE S B RELZF &L, PDEAE
B, 24 WfMEICh b Ly a T U A E 2 TCAR LIZE_TEHY, v
a7 Y 1N 1HICEARLZ PDE {(Mass(pug)} 2HH L2, BRI T
SKET 2B 2o, BREMEFERERABRICOVWTIE, 7770 PDEVE

%t 3 % FA ki {Relative Rate (%)} Z % LIS O FEAl & L 7=,

2. 4 PUETEMERBR
2. 4. 1 ALY

KM # 1% JIS (Japan Industrial Standard) A& K1571 (28175 [ A
BHIGE I O VERE LY R OVRBR ik, D OVENIE JIS M Z2119 Ik T 5 TAM @
MFPERBR L] TEDLNLTWDU T RTRENRELZZN T AW,
B EIX U T % (Trametes versicolor, NBRC:30340) ¥ X OV A
75 %/ (Lenzites betulina, MAFF:420199) %, ®OEHEIIA AT X T &
/7 (Fomitopsis palustris, NBRC:30339) B X O & F+ U X v ¥ 7
(Gloeophyllum trabeum, MAFF:420223) %, TN TN AMEFHE & L THL
7=, WEME X MY 25 v~ (Trichoderma virens, MAFF:645007) ¥ X ('
07 v A (Myrothecium verrucaria, MAFF:840074) %, REREIT =
U v & (Penicillium citrinum, NBRC:6352) %, # &4 @#HIZ VU vV — 7 x
(Rhizopus oryzae, NBRC:31005) %, Zh NN TOE L L THWE, 4V T X

o FF ORIy, NX=2 Y Aa, YUY —7 2% NBRC (Natural Institute of

12



Technology and Evaluation Biological Resource Center, Tokyo, Japan) £ ¥,
HAHBTET, FFIVAE7, N aFi~, a7 v AL NIAS (National
Institute of Agrobiological Sciences, Tsukuba, Japan) X VU A L 7=,

72k, WAL 7-HE T PDA (Potato Dextrose Agar) 551 (Eiken Chemical
Co., Japan) L TH;EL, 4+ 1°COREFCHRELE, FHERBROBICIEXK, =
DRFHEHKZ PDARH ET 26+ 1 CHEFTFTHEEL, ZhzRBRICHVT,

2. 4. 2 HBRGE

PrE iR MER BRI, 2o #E (Kofujita et al. 2006; Sekine et al. 2009) (Z
EONWTEB IR,

T, ImgmlBPE LR 2CEnNETROMEMOTE RN LT AX
B REMR L, BRI, EE 8 mm DT T AF v vy — L
1215 ml ® PDA %t LiAZA, BELLEIR o7 bDE H Wiz, 600 pl O
Hanledrrre, 7V —v_XRUFRNTar I —UBe v TR #EE 2K
CBA LT, Tl EEAERE S (30 46 1 RER), FrHiERmEICk LT 10
pg/em?2 L5 ko B AL Z, 600 nl OFEEEOLEH VLD E
aryhbur—b L, BESSmmDILTR—F—%HWTHTE®ELZESL
NixErbEAZFI 0 B, AR LUZERPRICRE L, ZLENMERLE
B XIX 26 £ 1 oCHEFT T, MM 70%D A FaX—X—NTHELL, BT
TETIERNT A, AATTZEK 10 B, AT X723 14 A,

FFUA X ZIEFIHM20HM, PV aF <2 HIM, ot AT 20

141

Hfl, "=V AEFHM5HM, V=723 24 BFRFEELE, ThEh
Ay b —VOEARIIFIBD Y v — VOB WIZREA TRHBRE2&T L L,
FHEAERIE, ThEnFEro 4 FMOEAEEZFHALERLEZ, 21
TUNORBRIZINEL IR, RTOFMRICB N TELERE + SE) 2HH L
7o FRICRLERZHAWTa Ly b — AT EHERE (%) 2B L,
ESRAERBEE O UREEME 2 M & L7z,

13



Average growth rate (%) = 100 x Da/Db
Da: Total average of the mycelium diameter of each sample
Db: Average diameter of control mycelium

B3 MEBLUOBE

3. 1 By

Z7UvavERREORKRME AL Z 2o R % (Table 2.D)ICR T, ~F H
VR Y 10.8%, FEEE = F LN HIM A 3.53%, A X — LHIHN 1.56% &
Y, AL 15.9% L oot Fi2, TOMEIZTZEN LN 68.0%, 22.2%,
9.80%L 72V, ~FH UHHMAKRLEZL, EROKNTEZED TN,

3. 2 PUEIEME
3. 2. 1 FiEiE kB

BWHH &2 H Wi~ s> a7 U (R speratus) \Zxt¥ 2 B IRTE MR B O
i % Figure 2.3 I 7, £72, Table22IC7THRH &L 14 HHOMELZ L L O
oo ~NEFUMM®IZT AE T 12.0 £ 2.00%, 14 H H T 40.3 + 4.47% & 5\
IEMEDS, FEfE— F V1% 14 A B T 28.0 £ 4.90%DIEHERR O bz, =
NI L TAY =T niEEEZ R Lz, 2O X512, ~FH i
MITRVIEERRBO N2 D, 77 U2 a 7 ERE O 23 3% TE
PRI SBEBR LTS Z E R R I N,

3. 2. 2 HEEMEFIEME

B 2 DT E AR EEMEOR R % Table 2.3 127”77, T XTOMHSy
W, EEEEEESER I, B TH, ~F Y Uty (12.3%) B X OFEE
T F Y (16.3%) 12, EFICHWVERHEREELRRB O b, 20 X 91T,
~EFUOEYERE L OFR S F VRIS IERE TR WIEE RO b L
O, TAbEMRT DR X OFBEL S PN EREEFEEICEMR/L TS

ZENRESNnT,
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3. 3.1 HBEEMA

AEEFEDO N T 5 %7 (T versicolor) 38X WA H T % (L. betulina)
Wkt T D PR IEME R BR OF B A Figure 2.4 12”4, AU T X 7% LT, ~
XY A (87.0 +£2.53%) B L UEEM = F it (90.6 + 4.82%) IZH T
DIEERRBO NI, BAH T X 7ICk L THEERIC, ~F 0 oY (86.9+
2.40%) B X O = F LY (88.4+3.20%) ICIHMERRD Lz, A ¥/
— NI, BATTE TR LT 96.4+£2.81%E FHWIEENA N, =
DI, WTFholtmb AEBMEICHT2ARMEIDRITENLEOTH
-7,

3. 3. 2 tBAEBIH

WOBEHEOA A T XT &7 (F palustris) B X OxF VU 2 %47 (G.
trabeum) \Z k9 2 HUEIE MR O R % Figure 2.5 277, WEICx LT,
BRAMED T XTIV IEEERIRBO O, AU XTI Z7iZx L TiE
FEfe — F L Hi 4 (46.3 £ 2.88%) B X UIA~FHF it (47.9 £6.24%) 23 3F
WACHRWHLEIEEZ R L, A% /7 —dii (70.1 £ 3.54%) 2B W T HigHE
DB SN, $F VA 27 LT, ~F ity (47.2+7.47%) 2
ROLBOWTLEEEZ R L, B F Lty (68.7 £ 2.56%) BLU A X/ —
VR (67.2 £ 6.09%) ICBWTHIGERRD b,

INHLOMENL, BRIMHY OB EEHE I T 2 HEEET, BB
WA FEDBUVEREZ R LT, FrIZ, ~FF UoiitmBs K OER - F Aty
DHRVIEMEZ R LT Z &b, &, MmN EEICEEL TV 2 &
DRI T,

3. 3. 3 ®KEME

WG O ) a5 b~ (T virens) BE I a7 v v A (M verrucaria)

Wkt D HUEIE MR O R R A& Figure 2.6 (273, MY aF~<Icx LT, ~
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X (63.8+3.20%) B LU = F LAY (66.0 £ 3.60%) (T
PLETEMELR RO bz, A2 — VWIS 97.2+2.14% & 9 WIEMHER A 5
iz, a7 vy AZHLThH, ~FHomty (88.1 £ 9.26%) 1 L OVHEfE
TF UMY (94.7 £ 2.53%) ICTEMERR O iz,

THHORRNG, BRAMEY OB E T 2HEEMEIL, EoREIC
EOEHICERRBD LN, M aTFa<iZxt L TiE~dH o Es X OE R
T F vl O ARRR M A A3 IS SR DR PE TR D b Tz,

3. 3. 4 HUEH

— W 2EOICEHTH L=V U A (P citrinum) BLORY YV —T7 X
(R. oryzae) \ZXI3 2 HLE G ERBR O K5 R % Figure 2.7 2779, M4 B &I %t
LTETOZRRMEMNELEEZ R LT, =Y U UL LTIE, A%/ =
iy (79.1 £ 4.27%) TR BIEERRD b, FEm = F LMy (83.2 +
3.70%) B L O~FH ity (87.1+2.80%) ICbiEMEN RN, VY —7
2 LT, ~Fhomty (82.1 £ 2.13%) IR BIEENE O LN, A X
J =Vl (85.1 + 1.42%), FEME— F L ihiti® (87.4 £ 1.54%) 2BV Th
HEFOIEMENR 6T,

IR, 2O EEICK L TEZBERMEY T X TIZIEENRD
b, ZOFEMHITENEOTIE RS, MEICID2EZTRBOONR 2T,

3. 4 T distichum B 5 O B 18 B #
3.4. 1 Y¥~hriyurVicxd o0

KROPHEEE LA LI T 270, it E, FiEEME, BREEENE
O Bf% % Figure 2.8 2Rk L7, ZHiZEIiE, ~FH o MEwiIdmEy &
(10.8%) MIEFIZHL <, BT (40.3 £ 4.47%), BEMAFIEM (12.3%)
EHIZHRNZ &b, R - BENICRDBWHUIEEEREEZ A L T, BT
A I R (3.63%) & 7e <, RRUETEME (28.0 + 4.90%), EARME
EME (16.83%) L7220, ~FH WK SIEEZ R L, BRI EITD 2
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WS, B E THUISEIEMEICRERE L Tz, i LT, A% — iy
TR (1.56%) T, FEEEME (14.0£2.45%), A ERME (70.8%) &,
FEH I WHUIRIE M 7> Td o T2,

UbtozZlmnn, Z7vya vEREO a7 VICKT 2 F5 A KK
NEEZEL GL~F Y UOMEMICHELET LI LR REVBDOEE X BRI,

3. 4. 2 @WIZHTLIHH

FICXT DT 7 0y a VERROYEERZ T 57010, JiEiEERRIC
it L2 B2 CREffi L7z (Table 2.4), 77 v ¥ 3 EREZR KM D IL, T
OB SIZEWTHBABEHEICY L TR MOWIIEEEZ 7 Lz, RIZEWD
EHEZRLEHEIREAEO N a T Ao~k LTThHY, ~FHUtiwEs
FOHE =T L) CHEEMEZ R Lz, 20O AaEHE, B EEICx
LTI WEEZFESOLOTH -7,

PUETEME i EICOW TR D &, BEBFEIZT LmWIEMEZ R Lo
FHUMEMARDZ Y (10.8%) Z &b, ~FHUoimhicEEns L&
ADONLOEBER TP RESEET DD EEZ X DI,

UbEDZEenb T 7 0avRRIL, BiZeEre —2A0MRETHLBEEN
HIC T 2OV ZAL TSI bDEEZLNAL, ZOoMIZEH, &EZR
ittt 2 ZL2 4 hix, 770y a vVERRORMBEYEN 15% U ETHDH Z &
ME, SEEWVEEICE E Mo EICH L THLENICIE+ridliEEsfm

LTWws B2 bR,
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AR N

T Y a UERREOAEWIEEEZW OIS D720, Y O Rk, FUISRTE 2%,
PEEEIC O W THRE L,

WFrLEEZ 70 avERROZBRMBEB Z Rk R, ~F i n
10.8%, WFfe— F L HI ¥ 2 3.583%, A % / — L HiH#® 7S 1.56% T, A&F 15.9%
DILERG DTz, EREMEY OMERILH T0%R” ~FH i chbv, 7
N R EDBERBEDILEME LS T LRB LRI,

B ERH WY~ boe 7 VI T 2EIEHERR Bl L OB
FLEEME) 282 7/o7z, BRBIEHEITIVWTLOMEDICLED DTN, ~F
oY (40%/14 HEH) THEWEEZR O b4, BT L HE®HOK 1.5
f5, A%/ =1 ORK3IHETH -7, BEMEEEMEIL, FHEEEID RY
EERRD O, FlIC~FF iy (12.3%) L EFBR—F L AEY (16.3%)
IZHRVIEMER RO b iv7e, PUIRIEME 2 BOIRIE M & B R FEEM O W 6 5 4
T5E, 770 avEKRREOERITEICERHAEEMERICLIEZABKRET VL
Ez bz,

HEBEHE (WU 72 05BXO00A4 7 277) I3 L CHEIEERRE B2
ol kR, MEICKH LTI oM REEE R LIz, BEEMHE (K4
VATZHETBIRXFF VA Z7) IZRLTE, 2CoMEmicaaEmnE%
FHEZSZHEEES RO, ~F0 i X OFFER = F L hl W 28 98 & 12 R
WHIEEME A R L, BEBFME (M) aF B8l Inryvl) sl T
X, B TIEERICENRRLONL, M) aFr<ild L Taxd it es X O
o F LR BRDEEE R Lz, — ORI EE (= VU LABIOY
V=7 Z) Zxt LT, TARTOMBEWICIEERRD &AL 23 OTE M iR
HLOTERLS, MEICKED2ETROONRD 2T,

PURTEMHERBR S LOREEERBROB R LY, iAo 785 %2 5D 5
ANFF O MICIERICHEREMIEELROONT, 2D b, T2 U
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Ya vERREIAFYICEHTOEBERSEZSEGAEL, £, T O

BB RE ThHAHL T YREHEICH L THRWEEZ RT T, HED

fEFHHZ S > TV EERX LN, RETIE, BWEERRBDO LN

~NXH O T VR A4 RO BBEREN I, 2D O/RRIZ DOV TR
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- Reticulitermes speratus

Reticulitermes speratis
Coptotermes fornosanus

Ogasawara Islands

. 4

Okinawa

A,d?

Figure 2.1. Habitat distribution of subterranean termites in Japan (2004).
Figure was excerpted from The Japan Termite Control Association web page

(http://www.hakutaikyo.or.jp/faq.html).

/ 45 mm diameter \

Sea sand (3 g)  Treated paper disk Ten workers

Figure 2.2. Sketch of antitermite activity test.
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Mortality average (%)

Table 2.1. The extractive yields of 7. distichum cones.

Extracts Yields (%) *  Relative yields (%) **

n-CgHy4 10.8 68.0
EtOACc 3.53 22.2
MeOH 1.56 9.80
Total 15.9 100

*Yields (%) = 100 x Each extract weight / Dry weight
** Relative yields (%) = 100 x Each extract yield / Total yield of extracts

100 +
—8— n-CgHyy4 .
80 -
—¢— EtOAc
60 +---——- mMmeOH -~/
No feed
40 +————
- - - Blank
20 s
o AA 'r—/
0 74'M..\ -\ .-\. \-.\-.-\.-\ . \-. \-.-\..-\ . \-. \-..\-.-\ .-\. 1

0 7 14 21
Test period (d)

Figure 2.3. Termicidal progress of successive extracts against K. speratus.
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Table 2.2. Termicidal activities of successive extracts against K. speratus.

Mortality of termites °

Extracts

7 days (%) 14 days (%)
n-CgHy4 12.0 £ 2.00 40.3 £ 4.47
EtOAc 6.00 + 4.00 28.0 £4.90
MeOH 8.00+3.74 14.0 £ 2.45
No feed 6.00 £ 2.45 44.0 £4.00
Blank 2.00+2.00 2.00 £ 2.00

a Concentration of paper discs (100 x compound weight / paper disk weight) were 1.0%.

Table 2.3. Antifeedant activities of successive extracts against K. speratus.

Isolated compounds

Mass of paper fed by termites °

Mass (ug) @ Relative rate (%) °
n-CeHys 3.74 + 0.66 12.3
EtOAc 4.94 + 0.51 16.3
MeOH 21.5+214 70.8
Blank 30.3+0.92 100

a The mass of one termite fed par 24 hours (mass loss of paper disc in test period / total number of

termites).

b Relative rates was calculated from blank reading (100 x mass of each sample / mass of blank).
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Growth rate (%)

Growth rate (%)

100

o
o

(o))
o

D
o

N
o

O T. versicolor

__ mL. betulina

: :
——" I
n-CeH14 EtOAC MeOH

Figure 2.4. Antifungal activities of successive extracts against two white-rot fungi.

100

o
o

(@)
(@)

D
o

N
o

O F. palustris
o G. trabeum

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, :r,,,,,,,,,,, o
'|' 1
T
HENE =
n-CgHua EtOAC MeOH

Figure 2.5. Antifungal activities of successive extracts against two brown-rot fungi.
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Growth rate (%)

Growth rate (%)

O T. virens

00 -1 @M. verucaria
T SERA
80 r l
-
T
60 — | L | o .
40 | | 1 I |
20 -
0
n-CgHys EtOAC MeOH
Figure 2.6. Antifungal activities of successive extracts against two soft-rot fungi.
a P. citrinum
100 O R. oryzae
T _ _ T =
80 - - - ==
&0 | | | | |
40 |
20 | | | | |
0
n -C6H14 ‘ EtOAC MeOH

Figure 2.7. Antifungal activities of successive extracts against two non-wood-rot fungi.
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% 3 %W Taxodium distichum BR 5~ 5 Hi HH B4y @ BB

1M S

MEICBWNWT, 270 va VERE~AFH o ITR b ERRES
(10.8%), Y~ b w7 VICK 7T 2 HURTEM:, RMIEAE O 8 G E B & O
BEAE D MY aF = Iicx LTHFICHROREEEEZ R L, Z0Z&nb,
T U a UEREDONFTY DK o THIH & 1 2 AR Bl 53 25 6 52 1 B A0 7
HELTwsEEZONT,

Lo TABETIE, 777V a vEkE~TH U HHBO GC HHTIC & 5 Koy
FROFER, BT bhrm~ T 77 0 —ICKDIEMRKSORBE, BRSO FE
BXoxznho o~ ottt ozl onicds e &L,

B2 EBR Ik

2. 1 ##

BRARE, WEREMICAEST 26BMTOLERFREFHMBESLSENTZ T 4 —
VRREE X — SRR AN ER O 7 2 v v a v (T distichum) 1 {8
K (E1FEEFER-OMEE) POWELEL, RSN T 2 Uy a TERE (800
gldw) KXo @Eon~x¥ it (88.6 g) %l X OMb& W o HEIZH
W7z,

2. 2 HARIu< b IT74—lL FH HEHOER
2. 2. 1 GC-FID

GC-FID %3 #71X HITACHI G-3000 gas chromatograph % f\», DL F & &t T
ST E R o7,

EESNIE, NB-1 ¥y 77U —%77 24 (30 m x 0.32 mm i.d.; 0.4 um film
thickness; GL Sciences, JAPAN), # 7 AR ¥ 100 oC (1 min #£Ff) 7 5 320 C
(2 min & £f), 10 °C/min 7 T 25 oM Z 2o 72,

TSN (T Lok X, DB-1X¥+v 7Y —5F 24 (30 m x 0.32
mm i.d.; 0.25 pm film thickness; J&W Scientific, Folsom, CA, USA), # J A
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B 100 °C (1 min f£#F) 705 320 oC (10 min &%), 5 C/min H-i& T 55 43 i
BIhhotl,

¥, EEEMEST O KALEIRE X 230 oC, BRI E 1L 250 C & L7z,

ERBEOZDODOREIZIE, T/ T AN VBLOEAXFTARVET ZARE
(B-caryophyllene : heneicosane = 0.1 : 1.0, 0.5 : 1.0, 1.0 : 1.0) IZ XV & H &
7= (y =0.9415 x — 0.0009, R2=0.9987) Z v, YT L ix LHHBE
(ferruginol : heneicosane = 0.05 : 1.0, 0.1 : 1.0, 0.5: 1.0, 1.0 : 1.0, 2.0 : 1.0,
1.0:0.3,1.0:0.1) i vEHIN7=HX (y=2.3889x + 0.0712, R2 = 0.9982)
EFRWE, 2704 FE (%) FExOT Lo BoM»rSREME LT,

2. 2. 2 GC-MS

GC-MS 73 #riZ SHIMADZU QP-5000 GC-MS # H\», LLF O & CTE ko #r
AR I oTl,

DB-1 ¥t 7 U —#%7 24 (30 m X 0.32 mm i.d.; 0.25 pm film thickness;
J&W Scientific, Folsom, CA, USA), # 7 AiEE X GC-FID o4t & R UM<
Blhot, BT 20T EOIEIL 450-50 amu & L, ¥+ VU 7 —HRITIX
Vo sz Hvw (3.6 ml/min), k& D4 +& (MW) 130 A4 4 E—71Z
FOVREL, 2FAFT L E—7PHERINLR2VIEAIZIENISTI2 B L ' NIST62
LDV I TV T4 —BRKBEBI o7,

2. 3 HH
2. 3. 1 JSrfdHhh

~FH R (88.6 g) IERNUP ML, BMRBAKET N T LA,
10%K T b U 7L, 1%KEAET B U DU LADNEIZ /RN ToHliddtz B 2
O, BRGSO T VY JEIxEE (pH 2) TEML L%, N8B TH
W UK U D ATHAKLUZ, 5072852 I8 2 sREe v, dmeit

W, S9MRMERR L L, B ETHRoTLAME T L L,
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2. 3.2 WF7L/uxbrT774—I&2{bamOHEE
2. 3. 2. 1 HEMEELOHHEE

99 MR VERS 0 —FF (11.0 g) %, BB ~F F > - Fifz=F L (100:1— EtOAc
only )& H W7+ U # 7/ (silica gel 60N, spherical 63-210 pm, neutral,
Kanto Chemical Co., Japan) # 7 A7~ 7 77 4 — (CC) THH L, 8
> (A—H) ##7=, C, DB XOE (566.3 mg, n-hexane:EtOAc=100:1) %,
NryrEreaHwITHEM/LEZHRDBLEEFER, FatRiEo
6,7-dehydroroyleanone (3, 306 mg) % H. @i L 7=, %\ T, G (542 mg,
n-hexane:EtOAc=100:3) Z~FH v Z H W CHEHMMZ MK LR, &ast
R4S @ taxodal (6, 44.6 mg) % HEE L 7-, F (305 mg, n-hexane:EtOAc=100:1
—50:1) &, ~F¥H¥ o - 7okt h (3:1—chloroformonly) # 7= CC T
Sy L, 40 W4y (F1—F40) #7447, F9, F10, F11 B X O F12 (110 mg,
n-hexane:chloroform=3:1) %, B/ CC (n-hexane:chloroform=3:1) Tkl L
TSR, IR ABCIR A O taxodione (5, 29.0 mg) A HEEL 72, F (10.2 g) (TR
AWM Thotolzd, FiET T RER S (H1, 9.84 g) B X OARE®E S (H2,
334 mg) I/ W L7, 6 g Hl %, ZuonokLizEREBBEIZHWEZ CCIZ
fit LT 48 W4y (H1-1—H1-48) 2@ L7=, H1-9 25 H1-11 (233 mg) %X
VB EHWTHESMS AR L R, AR A O salvinolone (10, 123
mg) XA AEHIRE O sugiol (8, 40.7 mg) & HiEE L 7z, HAEEIC, H1-16 7>
5 H1-19 (461 mg) # X P U2 HWTHMEBL A2 IR LIS, ¥ AR
f @ 14-deoxycoleone U (12, 183 mg) % B L 7=, H1-23 75 H1-27 (922 mg)
% B % CC (benzeneiacetone=9:1) TH ® L -2/ R, MBEAH KL D
5,6-dehydrosugiol (11, 21.3 mg), ¥ o &k & © sandaracopimaric acid (4,

11.6 mg)H L O A $F R 5 @ xanthoperol (9, 37.6 mg) # T T HEE L 7=,
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2. 3. 2. 2 HHEHNLDLOHEE

PP D —E8 (4.89 g) Z~F Y oA EE (N1, 3.84 g), RE# (N2, 976
mg) IZHE L7z, N1 QY vy 7 ABLXOEAYRGEENLTWIZED, TE b
VA ER(NT-1, 3.76 g), RiEER (N1-2,83.4 mg) ICHESE L=, N1-1 % CC
(n-hexane:EtOAc=9:1) T 18 H4y (N1-1-1—N1-1-18) (243 L7z, N1-1-6
(1.62 g) 121X 28.1% D 6,7-dehydroferruginol (1), 44.0%® ferruginol (2)72% &
F TV, EBEBEBESIEFICES, Hx OME b E Y o HEE A L
WrL7-., N1-1-13 8 L ® N1-1-14 (231 mg) % ¥ CC (n-hexane:EtOAc=9:1)
Thy U728, W AR S @ taxodone (7, 7.8 mg) ZHEE L=, 7=, 7
TR THD N2 &, A7 v 7 U A X (nhexane:EtOAc=4:1 —
EtOAc:MeOH=1:1) T CC TH W L72f K, ~F ¥ Wi~ FL=1:1%8
BRI 12 W 72 BRI taxodione (5, 109 mg) % 157,

2. 3. 2. 3 Ferruginol (2) o Hi§

W~ 2 7 v a g £ 5 ferruginol (2) B L Tik, @EORSE (K
5 2000 45 2001) 22512 L C, AX (C. japonica) b1 b
T~ ot % CC (n-hexane:EtOAc=9:1) T/l L HEE L 7=,

2. 3. 2. 4 6,7-dehydroferruginol (1) ® & sk

6,7-Dehydroferruginol (1) (2B L CiZiE0HLE (S 2004) 2552
L T sugiol (8) "6 A L7z, 65.4 mg @ sugiol (8) Z vV ¥ & HEKER
BAWE (101 CEMLEBEEBYVICT BT MEEBZ 2o, ILHE 100% T
5 517z sugiol acetate =% J — VIZHEM L, MAL 22BN 6 AKRFF U FES
U A (NaBHs) % KiEEII2# 5 L C 7-hydroxyferruginol acetate % U=
96% CTH7-, =T —TFT I THIRE, "B UICEML, prhlx= ALK VR
(PTSA) =V &Mz CTHHE CTiEJE L, 6,7-dehydroferruginol actate % {3
36% T, DK FE2MNTARERV P UEE2oML, NP UErEiEk
IZ 10 fEIRED 1%KEEbT b UL« 2% ) — VIERTHMT EF bz 27k
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> T 12.1 mg @ 6,7-dehydroferruginol (1) % I3 18% T/,
2. 4 HLEERR S OIS AT
2. 4. 1 GC
Hiff L7t A oM EIX GC-FID 8 X O GC-MS THEE L 7=, otricix, k
it @ HITACHI G-3000 gas chromatograph ¥ X 8 SHIMADZU QP-5000
GC-MS #HWiz, Fx v 7V —hTJ7r0fEELLIONEREZEIZONTIX
231 R LERMETBE I o, 2k, 4 F+ANOREICIT HR-MS (JEOL
JMS-SX102A) # v, B EEA A bl (EI+), MEEE 10 kV, HES
figfe 3000 THIE L7z, B EACIEIHP-1 XYy TV =7 2% AW,
2. 4. 2 NMR
1A% o m A& = HEE 3 572912 TH-NMR, 13C-NMR, DQF-COSY, HMBC,
HMQC % %2 8B Z 7 »>7, 1D 8 X O 2D NMR #ri2iX JEOL JNM-EX400 (*H
400 MHz/13C 100 MHz) spectrometer % F \ 7=,
2. 4. 3 X MK SIS A AT
Taxodal (6) DN IEMEIEARET 572D, XM AEMmEEEIT 23 272 o7,
DT m B L OCHEMEIZOWTIZUTOEY Th D,
Rigaku RAXIS RAPID diffractometer, Mo-K«a radiation (1 =0.71075 A),

graphite monochromator, Ci19H2603, F. W. = 302.41, orthorhombic, space

group P212121 (#19), cell dimensions a = 6.810(4), b = 11.268(6), ¢

21.796(10) A, V =1672.5(15) A3, Z =4, Dearc = 1.201 g/cm3, n(MoKa)
0.793 cm'1, 16405 reflections collected, 3815 unique reflections (Rint = 0.151),
final R indices (>2.00 (0)): RB1 = 0.0464, wR2 = 0.1243 for 304 variable
parameters.
2. 4. 4 IR-UV- @S - hENE
IR AX7 b VD43 #7121 HORIBA FT-710 IR spectrometer ZfE H L 72, &
B icid KBr XL v F& v, UV W E o #ll Ei2id SHIMADZU
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UV-1600PC spectrometer % f 7=, @l A o #{l & 2 1T YANAGIMOTO
SEISAKUSHO Micro Melting Point apparatus & H 7=, B Y E O HlE 121X
HORIBA SEPA-300 polarimeter % 7=,
2. 4. 5 fEHTH
6,7-Dehydroferruginol (1) D [FE 21X GC-MS oM Z H\v, Tilc7 7 7 A
Y hRSZ =R LI, TOM, HEEHEEYOSEMEEBRITEZL To®Y T
%, ¥, Taxodal (6) @ X #ifss M EMHTIZ >N TIZ3. 3. 3ITxRT,

6.7-Dehydroferruginol (1). Colorless amorphous solid. EI-MS m/z 284 (M+,

50%), 269 (14), 227 (18), 214 (12), 213 (45), 203 (16), 202 (100), 201 (13), 200
(26), 199 (47), 185 (29), 171 (19), 165 (14), 159 (43), 157 (33), 152 (13), 141
(10), 83 (12), (31). HR-MS found 284.2131, C20H2s0 required 284.2141.

Ferruginol (2). Light brown amorphous solid. IR ymax (KBr) cm™!: 3413.4,

2960.2, 2927.4, 2867.6, 1706.7, 1646.9, 1508.1, 1457.9, 1419.4, 1234.2,
1166.7, 1002.8, 891.0, 854.3, 769.5; 'TH-NMR (CDCls): § 0.90 (3H, s, 19-CH3),
0.92 (3H, s, 18-CHs), 1.16 (3H, s, 20-CHs), 1.21 (3H, d, J=6.7 Hz, 16-CHs),
1.22 (8H, d, J=6.7 Hz, 17-CH3), 1.25 (2H, m, 3-CHz), 1.31 (1H, d, J=2.3 Hz,
5-CH), 1.37 (2H, m, 1-CH2), 1.46 (2H, m, 3-CH2), 1.58 (2H, d, J=3.4 Hz,
2-CHz), 1.66 (2H, m, 6-CHz2), 1.73 (2H, ¢, J=3.4 Hz, 2-CH3z), 1.84 (2H, m,
6-CHz), 2.16 (2H, brs, 2-CHz), 2.77 (2H, m, 7-CH32), 2.85 (2H, m, 7-CHz2), 3.11
(1H, hept, J=7.0 Hz, 15-CH), 4.61 (1H, brs, 12-OH), 6.62 (1H, s, 11-CH), 6.82
(1H, s, 14-CH); 13C-NMR (CDCls): § 19.2 (6-CHz), 19.3 (2-CH2), 21.6
(19-CH3), 22.5 (16-CHs), 22.7 (17-CHa), 24.8 (20-CH3s), 26.8 (15-CH), 29.7
(7-CHz), 33.3 (18-CHs), 33.4 (4-C), 37.5 (10-C), 38.9 (1-CHz), 41.7 (3-CHz2),
50.3 (5-CH), 111.0 (11-CH), 126.6 (14-CH), 127.2 (8-C), 131.4 (13-C), 148.6
(9-C), 150.7 (12-C); EI-MS m/z 286 (M*, 83%), 272 (20), 271 (87), 229 (17),

215 (17), 201 (47), 189 (100), 175 (90), 173 (19), 163 (20), 159 (22), 149 (35),
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147 (29), 145 (19), 133 (19), 115 (16), 91 (13), 69 (74), 55 (30); HR-MS found
286.2303, C20H300 required 286.2298.

6.7-Dehydroroyleanone (3). 306 mg. Red needle. IR ymax (KBr) cm':

3360.4, 2961.2, 2925.5, 2910.1, 2869.6, 1663.3, 1642.1, 1625.7, 1551.5,
1457.9, 1377.9, 1329.7, 1298.8, 1272.8, 1253.5, 1164.8, 1106.0, 913.1, 769.5,
756.0, 714.5, 651.8; UV (C=0.05 mg/ml, n-hexane) nm: 451.0, 327.0, 255.5;
mp: 170-171 °C (from benzene); [a]243p=-364.8 ° (C=0.003 g/ml, MeOH);
IH-NMR (CDCl3): § 0.98 (8H, s, 18-CH3), 1.01 (3H, s, 19-CH3), 1.03 (3H, s,
20-CHs), 1.21 (3H, d, J=7.1 Hz, 16-CHs), 1.22 (3H, d, J=7.2 Hz, 17-CH3),
1.25 (2H, m, 3-CHz2), 1.43 (2H, td, J=13.3 Hz, 3.9 Hz, 1-CH2), 1.51 (2H, m,
3-CH2), 1.62 (2H, m, 2-CH2), 1.71 (2H, m, 2-CH32), 2.14 (1H, ¢, J=3.1 Hz,
5-CH), 2.89 (2H, d, J=3.4 Hz, 1-CH2), 3.17 (1H, hept, J=7.1 Hz, 15-CH), 6.46
(1H, dd, J=9.7 Hz, 3.0 Hz, 6-CH), 6.81 (1H, dd, J=9.8 Hz, 3.1 Hz, 7-CH), 7.34
(1H, s, 12-OH); 13C-NMR (CDCls): & 15.2 (20-CHs), 18.7 (2-CHz2), 19.8
(16-CHs), 20.0 (17-CHs), 22.8 (19-CHs), 24.1 (15-CH), 32.6 (18-CHs), 33.3
(4-C), 85.2 (1-CHg2), 39.3 (10-C), 40.5 (3-CHz), 52.1 (5-CH), 121.1 (7-CH),
122.6 (13-C), 138.5 (8-C), 139.6 (6-CH), 140.5 (9-C), 151.2 (12-C), 183.5
(11-C), 186.1 (14-C); EI-MS: m/z 314 (M+, 79%), 299 (27), 281 (6), 271 (21),
258 (16), 253 (16), 246 (15), 245 (68), 244 (74), 243 (23), 232 (100), 231 (45),
229 (22), 217 (23), 213 (25), 201 (15), 187 (25), 185 (19), 129 (18), 128 (21),
115 (32), 91 (24), 83 (41), 69 (30), 55 (75); HR-MS found 314.1906, C20Hz2603
required 314.1883.

Sandaracopimaric acid (4). 11.6 mg. Dark brown needle. IR ymax (KBr)

cm'1: 3401.8, 2929.3, 2850.3, 1695.1, 1465.6, 1382.7, 1276.7, 1176.4, 997.0,
906.4, 860.1; mp: 157-163 oC (from benzene); tH-NMR (CDCls): § 0.84 (3H, s,

20-CHs), 1.04 (3H, s, 17-CH3), 1.14 (2H, m, 1-CH2), 1.21 (3H, s, 19-CHs),
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1.26 (2H, m, 6-CHz), 1.36 (2H, m, 12-CHz), 1.54 (2H, m, 11-CHz3), 1.60 (2H, m,
2-CHz), 1.62 (2H, m, 3-CHz2), 1.66 (2H, m, 1-CH3), 1.77 (1H, m, 9-CH), 1.93
(1H, dd, J=12.4 Hz, 2.5 Hz, 5-CH), 2.21 (2H, d, J=7.0 Hz, 7-CH2), 4.89 (2H,
dd, J=10.4 Hz, 1.5 Hz, 16-CHz), 4.91 (2H, dd, J=17.6 Hz, 1.5 Hz, 16-CHb2),
5.22 (1H, s, 14-CH), 5.77 (1H, dd, J=17.4 Hz, 10.5 Hz, 15-CH); 13C-NMR
(CDCls): 6 15.5 (20-CH3s), 17.0 (19-CHs), 18.4 (2-CHz2), 18.8 (11-CHz2), 24.9
(6-CH2), 26.3 (17-CHs), 34.7 (12-CHg2), 35.7 (7-CHz), 387.3 (3-CH2), 37.7
(10-C), 38.0 (13-C), 38.6 (1-CHz), 47.6 (4-C), 49.1 (5-CH), 50.8 (9-CH), 110.4
(16-CHz2), 129.4 (14-CH), 136.9 (8-C), 149.2 (15-CH), 185.2 (18-COOH);
EI-MS m/z 302 (M+, 17%), 287 (30), 257 (8), 241 (8), 167 (15), 159 (9), 148
(12), 139 (22), 135 (21), 134 (18), 133 (28), 123 (25), 121 (100), 119 (28), 107
(34), 105 (33), 93 (42), 91 (51), 81 (30), 79 (43), 77 (24), 67 (27), 55 (45);
HR-MS found 302.2352, C20H3002 required 302.2247.

Taxodione (5). 138 mg. Dark yellow plate. IR ymax (KBr) cm'!: 3322.8,

2935.1, 2361.4, 1669.1, 1612.2, 1594.84, 1354.8, 639.3; mp: 104-109 °C (from
chloroform); TH-NMR (CDCls): § 1.12 (3H, s, 18-CH3), 1.16 (3H, d, J=7.0 Hz,
17-CHs), 1.18 (8H, d, J=7.0 Hz, 16-CHs), 1.22 (2H, m, 3-CHz), 1.27 (3H, s,
19-CHs), 1.27 (3H, s, 20-CHs), 1.40 (2H, m, 3-CH2), 1.61 (2H, m, 2-CHz2), 1.73
(2H, m, 1-CHz), 1.75 (2H, m, 2-CHz), 2.60 (1H, s, 5-CH), 2.93 (2H, m, 1-CH3),
3.07 (1H, hept, J=7.0 Hz, 15-CH), 6.21 (1H, s, 7-CH), 6.88 (1H, s, 14-CH),
7.58 (1H, s, 11-OH); 13C-NMR (CDCl3): § 18.5 (2-CHz), 21.2 (16-CH), 21.6
(17-CHs), 21.8 (20-CHs), 22.1 (19-CHs), 27.1 (15-CH), 32.8 (4-C), 33.3
(18-CHs), 37.0 (1-CHz2), 42.9 (10-C), 63.0 (5-CH), 125.6 (9-C), 134.0 (7-CH),
136.1 (14-CH), 139.9 (8-C), 145.0 (11-C), 145.3 (13-C), 181.7 (12-C), 201.0
(6-C); EI-MS m/z: 314 (M+, 100%), 299 (17), 286 (58), 272 (19), 271 (83), 253

(13), 245 (69), 244 (25), 243 (25), 232 (38), 231 (44), 229 (25), 217 (33), 215
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(26), 206 (22), 203 (25), 189 (22), 187 (22), 175 (14), 173 (15), 165 (12), 157
(11), 141 (17), 129 (20), 128 (24), 115 (30), 109 (41), 91 (26), 77 (24), 69 (31),
55 (51); HR-MS found 314.1941, C20H2603s required 314.1883.

Taxodal (6). 44.6 mg. Colorless needle. IR ymax (KBr) cm™1: 3230.2, 3012.3,
2969.8, 2948.6, 2861.8, 2775.1, 2751.9, 2503.2, 1689.3, 1666.2, 1614.1,
1581.3, 1469.5, 1461.8, 1425.1, 1400.1, 1346.1, 1276.7, 1253.5, 1211.1,
1172.5, 979.7, 898.7, 763.7; UV (C=0.05 mg/ml, EtOAc) nm: 285.5; mp:
233-234 °C; [a]20p=-131.4 ° (C=0.005 g/ml, MeOH); 'H-NMR (aceton-d¢): &
1.17 (3H, s, 17-CH3), 1.22 (3H, s, 18-CH3s), 1.26 (3H, d, J=7.0 Hz, 16-CHs),
1.27 (3H, d, J=7.0 Hz, 15-CH3), 1.55 (3H, s, 19-CH3s), 1.62 (2H, m, 1-CH2),
1.67 (2H, m, 2-CH3), 2.43 (2H, ddd, J=13.3 Hz, 13.3 Hz, 4.0 Hz, 3-CH2), 3.31
(1H, hept, J=7.0 Hz, 14-CH), 7.16 (1H, s, 10-CH), 7.73 (1H, s, 13-CH), 9.20
(1H, s, 11-OH), 9.68 (1H, s, 6-CH); 13C-NMR (CDCls): § 17.6 (2-CHz), 20.8
(15-CH3), 20.8 (16-CHs), 24.0 (19-CHs), 25.5 (14-CH), 25.6 (17-CHzs), 28.4
(18-CH3s), 36.9 (3-CHz), 38.9 (1-CHz2), 43.1 (4-C), 51.4 (9-C), 114.3 (10-CH),
124.8 (7-C), 131.4 (12-C), 136.5 (13-CH), 146.9 (8-C), 158.7 (11-C), 190.2
(6-CHO), 213.2 (5-C); EI-MS: m/z 302 (M+, 26%), 287 (3), 274 (8), 269 (2),
259 (9), 256 (3), 241 (5), 232 (9), 231 (51), 220 (55), 219 (36), 205 (14), 204
(18), 203 (100), 191 (29), 190 (22), 189 (15), 187 (16), 177 (17), 175 (16), 161
(22), 159 (10), 147 (12), 128 (14), 115 (15), 91 (16), 77 (11), 69 (11), 55 (27);
HR-MS found 302.1865, C19H2603 required 302.1883.

Taxodone (7). 7.8 mg. Pale yellow plate. IR ymax (KBr) cm™1: 3432.7, 2960.2,
2929.3, 2869.6, 1612.2, 1560.1, 1457.9, 1432.9, 1363.4, 1305.6, 1255.4,
1160.9, 1093.4, 1052.9, 977.7, 908.3, 810.0; 'H-NMR (CDCls): § 1.11 (3H, 4,
J=6.8 Hz, 17-CH3s), 1.13 (3H, d, J=6.8 Hz, 16-CH3s), 1.13 (3H, 5, 20-CH3), 1.19

(8H, s, 18-CH), 1.19 (3H, s, 19-CH), 1.40 (2H, m, 3-CHz2), 1.43 (2H, m, 3-CH2),
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1.54 (1H, m, 5-CH), 1.55 (2H, m, 2-CHz), 1.63 (2H, m, 1-CH32), 1.65 (2H, m,
2-CHz), 2.89 (2H, m, 1-CHz2), 3.04 (1H, hept, J=6.8 Hz, 15-CH), 4.67 (1H, brd,
J=8.4 Hz, 6B-axial-CH), 6.52 (1H, d, J=2.7 Hz, 7-CH), 6.79 (1H, s, 14-CH),
7.46 (1H, s, 11-OH); 13C-NMR (CDCl3): 6§ 18.8 (2-CHz), 20.8 (16-CH3), 21.4
(17-CHs), 21.7 (20-CHs), 22.8 (19-CHs), 26.7 (15-CH), 34.1 (4-C), 36.7
(18-CHs), 37.6 (1-CHz2), 40.7 (10-C), 43.2 (3-CH3), 58.0 (5-CH), 70.0 (6-CH),
126.2 (9-C), 130.4 (13-CH), 135.7 (14-CH), 142.0 (11-C), 143.4 (8-C), 149.1
(7-CH), 181.7 (12-C); EI-MS m/z: 316 (M*, 26%), 301 (7), 298 (8), 283 (9), 273
(12), 255 (9), 245 (13), 242 (12), 233 (19), 231 (21), 229 (24), 220 (43), 219
(37), 217 (24), 215 (30), 205 (33), 203 (27), 191 (25), 177 (28), 173 (21), 128
(27), 115 (33), 95 (21), 91 (35), 83 (31), 77 (28), 69 (50), 55 (100), 53 (26);
HR-MS found 316.1957, C20H2503 required 316.2039.

Sugiol (8). 40.7 mg. White needle. IR ymax (KBr) cm'1: 3399.9, 3118.3,
2929.3, 2865.7, 1643.1, 1569.8, 1508.1, 1457.9, 1375.0, 1311.4, 1267.0,
1180.2, 1089.6, 869.7, 775.2, 661.5, 584.3; 'H-NMR (DMSO0-de): § 0.87 (3H, s,
18-CHs), 0.93 (3H, s, 19-CH3s), 1.12 (3H, d, J=7.1 Hz, 17-CH3s), 1.14 (3H, d,
J=6.9 Hz, 16-CH3), 1.14 (3H, s, 20-CH3), 1.17-2.15 (7H, m), 2.41-2.57 (2H,
m), 3.12 (1H, hept, J=6.9 Hz, 15-CH), 6.78 (1H, s, 11-CH), 7.64 (1H, s,
14-CH), 10.23 (1H, s, 12-OH); 13C-NMR (DMSO-de): & 18.5 (2-CH2), 21.1
(19-CH3), 22.2 (16-CHs), 22.4 (17-CHs), 23.0 (20-CHs), 26.0 (15-CH), 32.3
(18-CH3s), 32.8 (4-C), 35.5 (6-CHz2), 37.4 (1-CHz2), 38.9-40.1 (10-C signal was
overlapped with DMSO-d¢ signal), 40.8 (3-CHz), 49.1 (5-CH), 109.3 (11-CH),
122.6 (8-C), 125.0 (14-CH), 132.5 (13-C), 155.8 (9-C), 160.1 (12-C), 196.5
(7-C); EI-MS m/z 300 (M+, 69%), 285 (100), 243 (34), 218 (10), 217 (45), 215
(40), 203 (45), 201 (18), 189 (14), 175 (13), 173 (16), 163 (32), 161 (16), 147

(11), 145 (11), 128 (11), 115 (14), 91 (11), 69 (29), 55 (27); HR-MS found
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300.2073, C20H2s802 required 300.2090.

Xanthoperol (9). 37.6 mg. Yellow needle. IR ymax (KBr) cm': 3371.0,

2961.2, 2938.0, 2903.3, 2871.5, 2361.4, 1715.4, 1655.6, 1592.0, 1566.9,
1466.6, 1328.7, 1290.1, 1263.2; mp: 246-249 oC (from benzene); 'H-NMR
(CDCls): 6 0.46 (3H, s, 19-CH3), 0.97 (3H, s, 18-CH3), 1.22 (3H, s, 20-CHa),
1.28 (2H, s, 1-CH2), 1.28 (3H, d, J=7.0 Hz, 17-CH3s), 1.30 (3H, d, J=7.0 Hz,
16-CHs), 1.31 (2H, m, 3-CH2), 1.45 (2H, m, 3-CH3), 1.57 (2H, m, 2-CHz2), 2.47
(2H, d, J=14.8 Hz, 1-CH2), 2.64 (1H, s, 5-CH), 3.22 (1H, hept, J=7.0 Hz,
15-CH), 6.86 (1H, s, 11-CH), 8.04 (1H, s, 14-CH); 13C-NMR (CDCls): § 18.9
(2-CHz2), 22.3 (16-CH3), 22.3 (17-CHa), 24.1 (19-CH3), 27.0 (15-CH), 31.4
(18-CH3s), 35.4 (4-C), 36.3 (1-CH2), 38.5 (20-CHs), 39.4 (10-C), 42.0 (3-CHb>),
68.9 (5-CH), 111.2 (11-CH), 127.2 (8-C), 129.8 (14-CH), 134.7 (13-C), 150.6
(9-C), 160.5 (12-C), 179.9 (7-C), 200.1 (6-C); EI-MS m/z 314 (M*, 28%), 286
(7), 272 (9), 271 (43), 229 (11), 217 (25), 205 (22), 204 (100), 203 (33), 187
(12), 173 (7), 161 (33), 128 (8), 115 (14), 91 (10), 77 (8), 69 (11), 55 (22);
HR-MS found 314.1865, C20H2603 required 314.1883.

Salvinolone (10). 123 mg. Pale yellow needle. IR ymax (KBr) cm'!: 3373.9,

3250.4, 2960.2, 2869.6, 2361.4, 2341.2, 1625.7, 1583.3, 1506.1, 1456.0,
1371.1, 1314.3, 1260.3, 1178.3, 1048.1; mp: 204-206 °C (from benzene);
1TH-NMR (CDCls): 6§ 1.27 (3H, d, J=7.0 Hz, 16-CHs), 1.30 (3H, d, J=7.0 Hz,
17-CHs), 1.43 (3H, s, 18-CHz3), 1.43 (3H, s, 19-CH3), 1.44 (2H, m, 3-CHbz),
1.50 (3H, s, 20-CHs), 1.75 (2H, m, 2-CHz2), 1.78 (2H, m, 1-CHz), 1.90 (2H, m,
2-CHz), 1.93 (2H, m, 3-CH3), 2.28 (2H, m, 1-CHz2), 3.19 (1H, hept, J=7.0 Hz,
15-CH), 5.78 (1H, s, 11-OH), 6.86 (1H, s, 6-CH), 7.15 (1H, s, 12-OH), 8.01
(1H, s, 14-CH); 13C-NMR (CDCls): &6 17.6 (2-CHz), 22.3 (16-CH3z), 22.5

(17-CHs), 26.9 (15-CH), 27.6 (18-CHs), 28.2 (19-CH3s), 33.6 (1-CH32), 35.9
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(4-C), 37.9 (3-CHz2), 40.3 (10-C), 111.4 (6-CH), 120.9 (8-C), 125.6 (14-CH),
133.8 (13-C), 141.0 (11-C), 143.8 (9-C), 154.9 (12-C), 157.7 (5-C), 179.7
(7-C); EI-MS m/z 314 (M*, 99%), 299 (11), 286 (5), 272 (11), 271 (44), 258
(10), 255 (5), 245 (89), 244 (100), 229 (34), 215 (29), 203 (20), 175 (14), 128
(10), 115 (12), 83 (18), 55 (24); HR-MS found 314.1934, C20H2603 required
314.1883.

5.6-Dehydrosugiol (11). 21.3 mg. Pale yellow needle. IR ymax (KBr) cm!:

3056.6, 3004.6, 2962.1, 2933.2, 2867.6, 1637.3, 1560.1, 1506.1, 1459.9,
1386.6, 1324.9, 1263.2, 1182.2, 1095.4, 879.4, 651.8; mp: 256 °C (from
benzene and acetone); 'H-NMR (acetone-de:MeOH-d4=9:1): § 1.18 (3H, d,
J=7.0 Hz, 16-CHs), 1.20 (3H, d, J=7.0 Hz, 17-CH3s), 1.21 (3H, 5, 18-CHs), 1.32
(3H, s, 19-CHs), 1.47 (3H, s, 20-CHs), 2.40 (2H, m, 1-CHz2), 3.23 (1H, ¢, J=1.7
Hz, 15-CH), 6.30 (1H, s, 6-CH), 6.95 (1H, s, 11-CH), 7.84 (1H, s, 14-CH);
13C-NMR (acetone-de:MeOH-d4=9:1): § 19.2 (2-CHz), 22.6 (16-CHs), 22.7
(17-CHa), 27.5 (15-CH), 29.7 (20-CHa), 32.8 (18-CHs), 32.8 (19-CH3), 38.0
(4-C), 38.5 (1-CH2), 41.0 (3-CHz2), 41.9 (10-C), 111.4 (11-CH), 123.2 (8-C),
124.6 (6-CH), 124.9 (14-CH), 135.0 (13-C), 155.3 (9-C), 160.5 (12-C), 174.5
(5-C), 185.7 (7-C); EI-MS m/z 298 (M+*, 61%), 283 (25), 255 (32), 242 (14),
241 (16), 230 (35), 229 (84), 228 (42), 214 (18), 213 (100), 199 (34), 187 (30),
185 (10), 171 (11), 170 (12), 165 (15), 157 (13), 152 (11), 128 (11), 115 (12),
83 (10), 55 (23); HR-MS found 298.2021, C20H2602 required 298.1934.

14-Deoxycoleon U (12). 183 mg. Pale yellow crystal. IR ymax (KBr) cm!:

3523.3, 3382.5, 3257.2, 2960.2, 2929.3, 1637.3, 1583.3, 1558.2, 1473.4,
1342.2,1270.9, 1187.9, 1135.9, 1060.7, 997.0, 908.3, 784.9, 5674.7, 462.8; mp-
210-212 °C (from benzene); 1H-NMR (pyridine-ds): § 1.30 (3H, d, J=7.0 Hz,

16-CHs), 1.30 (3H, d, J=7.0 Hz, 17-CH3), 1.64 (3H, s, 18-CH3s), 1.68 (3H, s,
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19-CHs), 1.95 (3H, s, 20-CH3), 3.64 (1H, hept, J=7.0 Hz, 15-CH), 7.10 (1H, s,
-OH), 8.24 (1H, s, 14-CH), 8.39 (1H, s, -OH); 13C-NMR (pyridine-ds): § 18.3
(2-CHz2), 22.8 (16-CH3), 23.1 (17-CHs), 27.5 (19-CH3), 27.6 (15-CH), 28.3
(18-CHs), 28.4 (20-CHs), 30.6 (1-CHz), 36.7 (4-C), 36.9 (3-CHz), 41.4 (10-C),
116.4 (14-CH), 121.6 (8-C), 135.6 (13-C), 140.3 (11-C), 142.4 (9-C), 144.2
(5-C), 144.3 (6-C), 150.2 (12-C), 180.7 (7-C); EI-MS m/z 330 (M*, 35%), 315
(6), 287 (12), 274 (9), 262 (16), 261 (94), 260 (100), 248 (19), 247 (12), 245
(28), 233 (15), 232 (12), 231 (15), 219 (14), 217 (14), 191 (8), 128 (8), 115 (9),
82 (15), 77 (8), 69 (8), 55 (17); HR-MS found 330.1818, C20H2604 required

330.1834.
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FIH MRBLUOEBZ
3.1 ~XH A Y O R R
3. 1. 1 ~FH ity ooy
T a U TERE800gE ~F Y THIH L, ~FH% iYW 88.6 g ()
11%) Z17-, Z oY % mEe ki, hEeEim, mEHs X OhEi 7 7
s va L, FNTEh 1.41¢,1.23¢g,11.2g,74.8¢g ##7- (Figure 3.1),
INDOIFRIFIEIIC 1.59%, 1.39%, 12.6%, 84.4% ThH-71=, DV, BEIEES
1% 25.6%, THEEIL 84.4% TH YV, MM T D 81% % G5 28 5D Tz,
3. 1. 2 ~xHr#E®mo GC o
70 avKREA~TH WO GC-FID 7 v~ k27 J A% Figure 3.2
ZRT, REFEERE 35 20 0I5 T 20 D E— 27 R H B, 16 4y LI
DE—IBEEKERS> TV, GCMSHMIZEVHFE—27 041+ & (MW) %
WRL, TNbov—27 Ofk% Table 3.1 12577, ZHICART LI, B—
71 (MW 150) IZE/FAXvoT7ra—LEfiEsn, ©—27 2 —4 (MW
220, 202,220) EEAXFT AN BLRZOT Vv a— L EHEIRT, S HIT,
5—-20 ®Ov—7 (MW 270—330) VT A g sk, #—27 OMH
NEEXEHTDE, £ 2T AN 0.3%, BEAXFT AN 4.0%, VTR
VM98 T%E TR, IBU%LL LR T AN ThDL I ERHALMNE R T E T,
GC-FID THRIHENZR WY (7 v 7 AMoBLOMEAM O ESIKE) & HH
T5EK30%L R0, GCHufr TR SN DIZEERDK T0%TH > 72,
728, GC-MS /5#Hr T —27 92 6,7-dehydroferruginolo (1), ¥— 7 10 2
ferruginol (2) L FERE S AL, M HF ITERE A~V D O 50% % #Ek L T iz,
3. 1. 3 SBREHD GC o
FEtEE R O 81%% O Tzt o GC-FID 7 v~ K 7 7 A% Figure
3317, REKM3INLL 200N T T30 —7 2R T5H5ZLNT
X, 16 UKoY —7 BHEKO EKE > Tz, GC-MS THE—27 D41
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EEMR L, TOMMAZ Table 3.2 (IC7"7, =27 18XV 2 (MW 154) 3%
JTNRDOT N a— L EHEEIS, E—27 3 —30 (MW 270—330) 1LY T L
Ny EHE SN, ~F Y UM THRB I N ERAFT AN CVEITHER S L
T, BT ANRUN 1.6%, TNLUID 9BANN T TN ThDHZ LRPL
mElp o,

Flo, ~F VU OEERE KK S TH o 72 6,7-dehydroferruginol (1)
B L O ferruginol (2) 1% 2.2%, 6.2% &L 1T L AR D LNT, FFEEMEEICIT
7 v a VERRICREM R T AN NEZLEENTVWD I ERHLNE R
> 72,

3. 1. 4 HFHEEO GC oM

SO GC-FID 7 v~ F 7 7 A% Figure 3.4 12/5~7, REFEFME 3 00 5
200 ICMIF T 2D — 7 2 fERT HZ LN TE, 16 m D Y — 7 B KD
FRERoTWE, E—=27 1 (MW 150) BE/ T AXO7 La—), E—
7 2 —5 (MW 220, 220, 202, 220) " EAFT AR BLOEZDOT )L a— b
EHEEIN, =276 —22 (MW 270—330) BNY T AN EHEEINT, £/,
TAF, VTAXCVOMMRITZZENEN 0.1%, 3.9%, 95.9%TH Y, T
J A REEDOK 60%% 6,7-dehydroferruginol (1) & X O ferruginol (2) 73 5
HTWiz (Table 3.3), Z DX, TN/ A4 ROWREIZ~FV ity &
IERLCTH -7,

3. 2 VUK O BEE L R E
3. 2. 1 SMMEE»LOHEELSY

B R T AN R BERBICZ R INTRD, YV ATV T T
n~ 777 4— (CC) ZHWTHME L7, 7 E A ¥ — A% Figure 3.5 IZ/R7,
o DR, 6,7-Dehydroroyleanone (8) 23 R &k fh & L T 306 mg, taxodal
(6) NEEMAEHIRAG & LT 44.6 mg, taxodione (5) 2NIEH AHIRG & LT 29.0

mg, salvinolone (10) 23 ¥ & A&k sk & L T 123 mg, sugiol (8) 2% [ 4 &Ik
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g & LT 40.7 mg, l14-deoxycoleone U (12) MK E ARIR A & L T 183 mg,
5,6-dehydrosugiol (11) 2 HE A K4 & LT 21.3 mg, sandaracopimaric
acid (4) MR\ ARG & LT 11.6 mg, xanthoperol (9) 23 # @ F KM & L T
37.6 mg, TN ENHBEEZI LT,
3. 2. 2 WHE»LOHBLAEY
6,7-Dehydroferruginol (1) & X O ferruginol (2) NEZ < & E N b L %
BT AV~ T T 7 40— ThH M L7 (Figure 3.6), 47 W O ff 3,
6,7-dehydroferruginol (1) £ X O ferruginol (2) DIRAE 7 7 7 v a v =/ 7= ),
SEENKREECH o7, T OFEE DI, taxodone (7) NEFHARKM & LT
7.8 mg, FHEEMEER L 0 9 CIZHEE & U7z taxodione (5) A% 109 mg HEE X 7z,
3. 2. 3 Ferruginol (2) B X W 6,7-dehydroferruginol (1) @ iR
Ferruginol (2) 2B L Tix, #@Eo#HE (BEE DS 2000 =45 2001) 2%
Z L C, A X (C japonica) Kt & ~ % % v i H ¥ % CC
(n-hexane:EtOAc=9:1) T4y L Bl L, &ML O O R O L,
6,7-Dehydroferruginol (1) (2B L Tix, BEGFOHRE (IS 2004) (2K
T sugiol (8) 7» b A K L 7=, & M K % Figure 3.7 & /& T,
6,7-Dehydroferruginol (1) O fEEIX, LI/ Rr L=k (BRES 2000, 45
2001) 1D GC-MS AR bV DT T 7k M AP L ORFEREH & O L
kB o7,
3. 2. 4 HEERS OFE
CC T L2 IR EEOHBMEEZLEBZ R R,
6,7-dehydroroyleanone (3), sandaracopimaric acid (4), taxodione (5), taxodal
(6) , taxodone (7), sugiol (8), =xanthoperol (9), salvinolone (10),
5,6-dehydrosugiol (11), 14-deoxycoleon U (12) # HE L 7=, AXH L5 D
BBt XL OB CHEFR L 72 6,7-dehydroferruginol (1), ferruginol (2) % il %,
HEtlk X ORI NZILAYW DOHEE %2 Figure 3.8 12”779, LLFIZ, T D
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CEMDOREIZOWVWTIHRRD, ok, HHIEYW TH D taxodal (6) OV [
I L O X BRAE S E AT IS K DV EEOREICE LT3, 3 Til~D 2
L e L,

3. 2. 4. 1 6,7-Dehydroferruginol (1)

6,7-Dehydroferruginol (1) @ MS A7 k)L % Figure 3.9 IZ/~"T, 0+ A
Fre—213 284 (MY) ZRL, HRE—7 HXWEE —HL T, BFEOD
wWE (S 2004) (I2HS50 T sugiol (8) 705 6,7-dehydroferruginol % & ik
L, R L7, kB oFER, ZICR- L2 (REDS 2000 ##/ 5 2001)
RSN GC-MS AT M DT Z 7 A A A B XOREFERHR & OXfH
(2 &k v 6,7-dehydroferruginol {IUPAC 4 : (4bS)-4b,5,6,7,8,8a-hexahydro-2
-isopropyl-4b,8,8-trimethylphenanthren-3-ol} & [ & L 7=,

3. 2. 4. 2 Ferruginol (2)

Ferruginol (2) ® MS A< kL% Figure 3.10 [Z/"T, A A E—7
X 286 M*) Th o7, IR A7 r/ (Figure 3.11) %, 3400 cm-1 {1127k
W 3k DYWL A5, 3000 cm-1 AHIEIC CHAEBGEZH/T DT VI R T V7 2 ORIL
DHER STz,

ITH-NMR (Figure 3.12) TiX, 60.90 (3H), §0.92 (3H), 6 1.16 (38H) I A
FEO 7T, 6311 (IH) KHFBFRICHMET 20 Y TR E VLD AT L
#,66.62(1H) BLW66.82(0H) 7 A7 >DFua hrdy 7 F L nfEiR
7=, 13C-NMR (Figure 3.13) TiX 20 DO RFENRED S, KBS ICH B+
DHNVAR =NV ITHB I N7, NMR 5 #ric X 2 ERIfE%, CDCls & H
W 72 SR fE (Tezuka et al. 1998) & kg L2 5%, + <X ToJll & MHEHN
ferruginol ® CEAE & —F L 7= (Table3.4), 2TNHLDOFER LY, Tz X F
¥ % H 3 % ferruginol {IUPAC 4 : (4bS)-4b,5,6,7,8,8a,9,10-octahydro-2

-isopropyl-4b,8,8-trimethylphenanthren-3-ol} & [FE L 7=,
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3. 2. 4. 3 6,7-Dehydroroyleanone (3)

6,7-Dehydroroyleanone (8) ® MS Z-<Z kL % Figure 3.14 |[Z5%, 4 F
A A E—271% 314 M*) Thol, IR A2 /L (Figure 3.15) 1%, 3300
em™ AT T IC KRB O WAL DS, 3000 cm AT CHEAEZAET LT VAT
NV ORI B FERE S LT, 2950 cm' 1 38 X TN 1400 ecm L IR ORI 2B 7 e
EVEEDOAFIEN, 1650 e fF 1T 3 K OV 1150 ecm ! DRV & & b o iE D
FENRE Sz, @i 170-171 °C (from benzene) T, X#kfE (Tezuka et
al. 1998) (X 148-153 °C (from MeOH) Th » /=,

ITH-NMR (Figure 3.16) TiX, 60.98 (3H), §1.01 (3H), 6 1.03 (8H) I A
Fkor 7, 6317 AH) KHEFERICHET 210 Y TR ELED AT L
H, 6646 (1H) BLUW66.81(1H) 7 A7 >DFa hrdy 7 F L nfER
7=, 13C-NMR (Figure 3.17) TIX 20 fHDORFEN RO L, §183.5 B LS
186.0 IC2MHDO A NR=VENEREN, F /) U EREZAT AW EHES
fu7=, DEPT, H-H COSY, C-H COSY Tk VW kFLRFZLWBEIYE, v 7
Loy 7Y T I~ (Figure 3.18), NMR > #r iz & % E#HlfE %, CDCls
Z MW7 O ME (Tezuka et al. 1998) & M L 72 R, 3~ T oMl & 2
6,7-dehydroroyleanone @ CHRfE & — % L 7= (Table 3.5), T b DFER LV,
7 v = ¥ v B ¥ &% H + 5 6,7-dehydroroyleanone {IUPAC #4
(4bS)-4b,5,6,7,8,8a-hexahydro-3-hydroxy-2-isopropyl-4b,8,8-trimethylhena
nthrene-1,4-dione, 54 : 12-hydroxy-abieta-6,8,12-triene-11,14 -dione} & [A]
E L7,

ZokEMITZ N E TIC, Hensch 512k » Ty VB (Labiatae) 7V 7 b5
> % A (Plectranthus grandidentatus) 75 O & L CTHEE (Hensch et
al. 1975) &h, BFETHL Y YR TIXVREBOY L ET (Salvia deserta) O IR
BXOXoMmtmr o HlE (Teixeira et al. 1997; Tezuka et al. 1998; Nagy et

al. 1999) ESh CTW5b,
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3. 2. 4. 4 Sandaracopimaric acid (4)

Sandaracopimaric acid (4) ® MS 2<% /L % Figure 3.19 1ZR"¥, &0 A
F e —2713302M*) ThHho7-, IR 2227 kL (Figure 3.20) %, 2900 cm'!
B 1400 ecm 1 fHTic B = v O WU, 1700 cm™ 3 L OV 1250 ecm™! £F 47 12
HANRF T NFEDOROBEINAGRD 57, @A 157-163 °C (from benzene)
T, CHEME (Yang et al. 1998) % 167-169 °C (from EtOH) T® » 7=,

ITH-NMR (Figure 3.21) Ti%, §0.84 (3H) B3 X 1§ 1.21 (8H) I A FLED
Y7 F N, 64.89 2H) 3LV 85.77T (1H) ICE=VEDO Y 7 F A NHER S LT,
13C-NMR (Figure 3.22) TIX 20 HORKFZENFE O H L7z, §185.3 [T W /LK =L
EO T FAREERIN, TAHTE R LB AINVARFIALELZETLIEY
LHEE N7, DEPT, H-H COSY, C-H COSY IC LV KkFLRFLR/BIE
Tefilk, 782 P U BREIRLLIERGKEZAT2/ILEMTH 5 v EE
PR s, EUEEEHTLHII/LEMEMABLEMAR, UL Uik aeh
TLYTANyThirhAERBRI mFBRINTELD, 5 F&2D
sandaracopimaric acid & #E L, HMBC #HE # # R L 7= (Figure 3.23), #t
W, EHHE %A CCls # H V7= sandaracopimaric acid @ X #Ek i (Wenkert and
Buckwalter 1972) & thdg L 7= %5 % (Table 3.6), 4T o 13C-NMR ® 5 Jl {# %
B TE, 1ISNMVOAF NV HNVEARFT VIV EHF T 5 sandaracopimaric acid
{IUPAC 4 : (1R,4aR,7R)-1,2,3,4,4a,4b,5,6,7,9,10,10a-dodecahydro-1,4a,7
-trimethyl-7-vinylphenanthrene-1-carboxylic acid} T& 5 L [HE L 7=,

ZobEMIE, 1I3MORFBIZE=VEELZHL 18D XA F LT LR F T
WIERHKAGLEHEEZAL TS, ZRAETIE, B/ FRXIIFVEONA
v v 7 v (Juniperus chinensis) ® % (Fang et al. 1993) X, A4 F 1 &
(Taxus) O Taxus MAIREI (B4 : fLE ) 6 HEEEE ST b (Yang et

al. 1998),
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3. 2. 4. 5 Taxodione (5)

Taxodione (5) ® MS A~X7 k)L % Figure 3.24 27 ¥, A4 E—7
X 314 M*) Thot=, IR A7 kL (Figure 3.25) (X, 3300 cm™! 4112 /K
f oW, 3000 cm'! FHEICT A A R0T Vv ORIL, 2950 cml B L O
1400 cm !PT 7w BV EE, 1600 em ! AT IS b AR =V FE O SV S /L D
iz, Bl X 104-109 °oC (from chloroform) T, C#kfE (Kupchan et al. 1968)
I% 115-116 °C (from benzene) T®H - 7=,

ITH-NMR (Figure 3.26) TIi%, §1.12(3H), §1.27 (6H) I A FLED ¥ 7 F
v, §3.07(AH) KHFROA Y Tubrko X F ik, §7.57 (1H) 12 kEEE
HLLKIWERVBUrROT e by A RER I N, 13C-NMR (Figure 3.27)
TIH20DORENBD B, §181.THBLVE201.0 W NVR=rEDy 7T
ARROBI, IVAR=AVELLIETAT e FREEETLIEmEHESN
72. DEPT, H-H COSY, C-H COSY (kv /kFLxkFELIFEYE, CDCl;
7o SCHERE (Tezuka et al. 1998) & kel L 72 f5 5, 3~ T ol & 8 23 SCHk
il —H L7 (Table 3.7), Lo T, #FEB IO NMR DA~ FLT —F»n
5  taxodione {IUPAC 4 : {4bS}-4b,5,6,7,8,8a-hexahydro-4-hydroxy-2
-isopropyl-4b,8,8-trimethyl-phenanthrene-3,9-dione, Jll4 : 11-hydroxy-7,9
(11),13 -abietatriene-6,12-dione} & [AE L 7=,

ZoEMITEZ LA UEOTP T AN THY 6L 120K ) VK E,
11 (LIS AKBEEZFE T HHETH S, Kupchan 5L > TT7 7 7 v a vEkEN
L AL & & L T BB 5 (Kupchan et al. 1968) & v, T4 TIlX
6,7-dehydroroyleanone (8) LR UL, Y YHROMEMMHLLEZI HEINTWVD
(Simées et al. 1986; Tezuka et al. 1998),

3. 2. 2. 6 Taxodal (8)

HEEL72ba® (6) EFHILEWTh D LHE SN0, & %M IC

KV w2 HEE L, X B S S AR AT IC K0 SLIRAE IS 2 IR E L 72, Taxodal
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(6) Doy TR, HEMAT OFEMIC OV TIE3. 3ITiET,
3. 2. 4. 7 Taxodone (7)

Taxodone (7) ® MS A-X7 k)L % Figure 3.28 [Z "¢, b A A E—27 1%
316 (M*) TH o7z, IR A7 kL (Figure 3.29) 1%, 3400 cm™ {} i {2 /K fig 5%
O, 3000 cm L fFAEIC T B LT A ORI, 2950 eml E X O 1400
em M 7 e BV, 1600 e U AT IS W VAR =V EE DR WIRIL A HL B Tz

ITH-NMR (Figure 3.30) Ti%, 6§1.13(3H), §1.19 (6H) I A F LED ¥ 7 F
o, §83.17T(AH) ICHEFBROA Y T LD A FVHE, §7.46 (1H) (2 KBk
HLLKIWERVyBrREOT e by T ARER I N, 13C-NMR (Figure 3.31)
TIX 20D RFEVHEREIN, §181L.TICHNAR=LEOT T F AR HEREINT-
ZEDDL, AIAMNR=AHL L ET AT e NEEZATHILEWEHESINT,
DEPT, DQFCOSY, HMQC iz k W kF & kF % Ji/E <&, HMBC B4 % #38
L 7= (Figure 3.32), EJlfE%, CDCls % 7= (ki (Kupchan et al. 1969)
L LR, T T oM EME A taxodone @ CHkE & — 3 L 7= (Table 3.8),
X » T, taxodone {IUPAC 4 : (4bS,95)-5,6,7,8,8a,9-hexahydro-4,9-dihydroxy
-2-isopropyl-4b,8,8-trimethylphenanthren-3(4bH)-one} TH 5 & W E L 7=,

ZDfbAEMiL, taxodione (5) @ 6 LD H /LR = LB A IR T & UK EE N
HELEEEEZALTEY, 70 a vEKRENOHBILADE L CHEBESN T
% (Kupchan et al. 1968),

3. 2. 4. 8 Sugiol (8

Sugiol (8) ™ MS %2 ~<7Z kL% Figure 3.33 12 R"T .45 FA 4> v — 7% 300
(M*) ThHot, IR 227 b (Figure 3.34) 1%, 3400 cm ! fFiric KfEgH o
WL, 3000 cm L fHEIC T VB R T AV OWIL, 2950 cmt F X O 1400 em'?
i 7 v EVHE, 1600 cm ! fFIT I I VAR = L EOBR WIS L 5 7z,

1H-NMR (Figure 3.35) Ti%, 60.87 (3H), §0.93 (3H), §1.12 (3H), 6 1.14

BH) ITAFLED Z7F L, §3.12(1H) ITEHFEBEDA VT EILEDRAF )L
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%, §6.78 MH)B L6 7.64 (1H) IZKBEEDL LIV EVRROTm v
7 F v, 6§ 10.23 (1H) ICKBEEO L 7 F VN HR ST, 13C-NMR (Figure
3.36) TIX 19O RFENDHERIN, 6§ 1965 I NVKR= VDO 7 F IV BiER
Sz e, IAR=LHELLIETAT e FEEZATIILEMEHTE SN
7=, FEMAE A, DMSO-de & JH V72 kA (Li et al. 2003, Li et al. 2008) & Lt
LR, 3T N ToOMEM sugiol @ CEkfE & —% L7~ (Table 3.9),
C-10 D LHME 6 39.9 Z A7 MLV TR T DI ENTE RN, o
TIANRET—HLTWSZ &b, DMSO-de DALY 7 F v &g 2B AL
TWb b0 LW Lz (Figure 3.37), ZH 6 DOFEF LY, sugiol {TUPAC 4
(428)-2,3,4,4a,10,10a-hexahydro-6-hydroxy-7-isopropyl-1,1,4a-trimethylph
enanthren-9(1H)-one} ToH 5 LW IE L 7=,

TOEMEITEZ X LUAOTCTFARTHY, TICHLVR=VEE AT
LEETHDL, AXHBOHEMNLZIHmE LTS (Li et al. 2008),

3. 2. 4. 9 Xanthoperol (9)

Xanthoperol (9) ® MS A X7 K /L% Figure 3.38 IZ/ "3, A4 A4 E—
713 314 (M+) ThH o7, IR A~<Z kb (Figure 3.39) %, 3300 cm'! {1 I
KEEFE DU, 3000 cm ! fITIC T L h R T v OWIL, 2950 cml B L Y
1400 cm ' fFIT I 7 v BV E O WL, 1600 cm ! A U712 7 V7R = )L £ O 58 VBRI,
1250 cn 1 AHEIC 7 = 7 — L OBRWVIRINA R b7, @llusi 246-249 oC (from
benzene) T, XHkfE (Liet al. 2003) % 257-258 oC (from EtOAc) ThH » 7=,

IH-NMR (Figure 3.40) TiX, 6 0.46 (3H), &§ 0.97 (3H), 6 1.22 (3H) T A
FAEDOY 7T, §3.220H) ICHFFEOA Y TV EDAF LI, §6.86
(1H) BB X W 8§ 8.04 (1H) IZKkKEEDL LI FERXVyEUVrEO T F v 7T AR
R <7z, 13C-NMR (Figure 3.41) TIX 20 fHORENBO L, §179.9 8
KU 2001 ICHNA=nNEOT T FANRHERIN, TALR=VELLIET

NF e REEAT HEAM L HEE S A, DEPT, C-H COSY 1T & b A% &
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FxJRESE, HMBC M A2 L 7= (Figure 3.42), EW/ i %, DMSO-ds
Z 7= xanthoperol @ X ikfE (Li et al. 2003) T 13C-NMR % 1.0 (2 Fhigg L
72 %% (Table 3.10), ¥ 7 F LA e&Taxttb3¥ 52 &M TE, xanthoperol
{IUPAC 4 : (4aS)-1,2,3,4,4a,10a-hexahydro-6-hydroxy-7-isopropyl-1,1,4a
-trimethylphenanthrene-9,10-dione} & [A @& L 7=,

o EMIT, 6L TAICHINAR=NVEELZRL I2MICKBREEZHET LT E
THX RNV 2RO TARTHD, ZETIZ, AFX (C. japonica) Hf =
(Kondo et al. 1963), b / FH XX I Y EO A X (B4 EiR
Juniperus conferta) @ [># (Doi and Shibuya 1972), ¥ & J& (Podocarpus) O
Podocarpus ferrugineus ® ff ¢ (Wenkert et al. 1974) 7> 5 O H @R & 08 72 X
nTwnas,

3. 2. 4. 10 Salvinolone (10)

Salvinolone (10) @ MS A -~X7Z bk /L % Figure 3.43 122" 79, 0 F A 4 E—
7 1% 314 (M*) Toh o7, IR 227 v (Figure 3.44) 1%, 3300 cm! i
7 u— ROKBEDORII, 3000 com LTI T A B RTINS ORI, 2950
em' 13 X 1400 em M fFiEIC 7 m BV EE ORI, 1600 cm T I iV 7 LR
=N EORIL, 1250 cmt AFFIC T = — L OBRWRINARD & v, @aiE
204-206 °C (from benzene) T, CHkfE (Lin et al. 1989) (X 253-254 °C (from
MeOH) THh o7z,

ITH-NMR (Figure 3.45) TIi%, 6§1.43(6H), §1.49 (3H) (A F VD> 7 F
W, 83.190QH) IZHFFBROA Y T u Ko AF IV, §5.78 (1H) Z KR
L LLET7 v, 66.86 (1H), §7.15 (1H), 6 8.01 (1H) IZ/KmEEHE S L < I
RUBVEROT R v T OVRHER S uiz, 13C-NMR (Figure 3.46) TIiX 20
BMORFEBED LN, 6§ 179.7T ICHNVKR=VEOT T FANRHERIS NI Z Lo
5, INVAR=nNb L EFTATe FEZAET L{bEWEHEINT, DEPT,

H-H COSY, C-HCOSY 2 L VW KkF L RFELmESHE, HMBC tHE Z 8 L /-
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(Figure 3.47), | % CDCls & W 7= | & ®» CHEkfE (Yamamoto et al., 2003)
EHH LR, BC-NMRICEIT S C-6BLUPC-14UND T FVE S
52 LN TE 7 (Table 8.11), C-H COSY 27 L d % (Figure 3.48)
BLOHMBC HBE LV, §6.86 D 7 F /L 6111.4 DFEIZ, §8.01 D7
FIE 8 1256 DRFEICIMBETED T ENnD, CEMENE > TWD & HErL,
salvinolone {IUPAC 4 : (S)-2,3,4,4a-tetrahydro-5,6-dihydroxy-7-isopropyl
-1,1,4a-trimethylphenanthren-9(1H)-one} TH % LR E L 7=,

ZOEEWMIX, THICHNVER=VHEE —~2HL, 11L& 12 LD R FEICKER
KEFHEOSM-6MAHAESNEZTEZL VYV BROY T L2 ThHbH,Lin
Sk > Ty YR D Salvia prionitis 7> 5 B - FE & (Lin et al. 1989),
Z7UvaUERENL LERIN TV D (Yamamoto et al. 2003), VL ET &
MmHOHBEEHRENZ S D (Kawazoe et al. 1999; Ulubelen et al. 1999),

3. 2. 4. 11 5,6-dehydrosugiol (11)

5,6-dehydrosugiol (11) ® MS A X7 h /L % Figure 3.49 [Z/R"T, W1+ A A
Y E—271%2298 M*Y) Tho7-, IR 222 /L (Figure 3.50) i%, 3000 cm!
LT R T IV v DU, 2950 cm™ 1 B X Y 1400 em L AT 7 m L
oW, 1600 cm I fFIT IRV A LR =L EOWIL, 1300 cm ! T 7 = /
— L OWINNFRO bz, @AIEL 256 °C (from benzene and acetone) T, X
BkfE (Li et al. 2003) 1% 281-282 °C (from EtOAc) TH » 7=,

IH-NMR (Figure 3.51) Ti%, 6 1.21 (8H), & 1.32 (3H), 6 1.47 (8H) T A
FNAEHKDOY 7T, §3.283(1H) KHEFROA Y Tu ko XFLE, §
6.30 (1H) ICABKEL L EITA IO 7 F 0, §6.95 (1H) BLUE 7.84
(1H) CABEDL LLERVEBUVRO V7 FARHER I N, 13C-NMR (Figure
3.52) TIX 20 DRENDABD LA, 8§ 185.TICHNR=VED ¥ 7T )LD HERE
SN Eenb, IAR=AE L ETATE FEZAET LA EHTE SN
7o, FEWPAE A DMSO-de & H 72 Lk fE (Li et al. 2003) & kg L 72 f5 &
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(Table 3.12), 'H-NMR T § 0.1-0.7, 3C-NMR T § 0.2-2.4 OAENHER S 1
e, BTOY 7 FrEbsg s EnTERLRED, GC-MS A7 ML
X ™ NMR 4 # o # % » & 5,6-dehydrosugiol {IUPAC %4
(S)-2,3,4,4a-tetrahydro-6-hydroxy-7-isopropyl-1,1,4a-trimethylphenanthre
n-9(1H)-one, %FFl: As-dehydrosugiol} & [RE L 7=,

ZOfEAE Wi, salvinolone (10) @ 117 D KFEFENFLAK ik T, 7141
DRFICAHNVE=NVEEHL, 12MLORFICKRELZFOT X M) 2R
DOYT N Th D, Taxodione (5) & #1Z Kupchan HiZk»TT7 7 vy ay
(T distichum) ODERE» L HBALAEW E L CHEEH Y (Kupchan et al. 1968)
Shi, BHFETIE, xXIY v RE (Juniperus) O X A4 T B x 7 vy
(Juniperus formosana HAYATA) O DM O BEEER 5N H 5 (Kuo et al.
1990).

3. 2. 4. 12 14-deoxycoleon U (12)

14-Deoxycoleon U (12) ® MS A7 kL% Figure 3.53 IZ 7T, A4
Y E—271%330 M*) Thot-, IR 222 /L (Figure 3.54) 1%, 3500 cm!
i, 3300 cm AT T I AKER B O WL, 3000 cm M P EiZ T v L RT IV D
W, 2950 cm 13 KON 1400 em L AT 7w BV EE O WU, 1600 cm 1 3T 12
HANVR =V E ORI, 1200 cm'! fFITIC 7 =/ — /L OBWIRINAR D 5
7o EhAi1X 210-212 oC (from benzene) T, X#kfE (Hueso-Rodriguez et al.
1983) (% 205-207 °C (from EtOAc and n-hexane) T& » 7=,

IH-NMR (Figure 3.55) Tix, 6 1.64 (3H), & 1.68 (3H), 6 1.95 (3H) (&
FNEOY 7T, §3.64(H) IZHFFBRDOA Y T u oA FVE, §7.10
(1H), 6 8.24 (1H), 6 8.39 (1H) (ZKMEDL LI B UEO T 7 T L3
B EN7z, 13C-NMR (Figure 3.56) TIiX 20 fH DO RFENR O B, §180.71CH
NR=ZNVEOT T FARHERINTEZ D, INVAR=1H LIETTALTER
Kz I sbemtEsni, FNWNME%LZ pyridine-ds & M\ 72 3T fE
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(Hueso-Rodriguez et al. 1983) < 13C-NMR % ' .0» 12 b8 L 7= # &,
14-deoxycoleon U @ SCHkfE & — % L 7= (Table 3.13), GC-MS 2 X7 h LB L
" NMR @ 45 #r f& % X v , 14-deoxycoleon U {IUPAC 4 : (R)-2,3,4,4a
-tetrahydro-5,6,10-trihydroxy-7-isopropyl-1,1,4a-trimethylphenanthren-9(1
H)-one, B4 :6,11,12-trihydroxy-5,8,11,13-abieta tetraen-7-one} T& % & [A
E L7,

oA, THORFBICALVER=VEEZLFL, 60, 114, 1202 h
TN AKBELTAITLZTE 2 PV U BOY T AR TH D,
Hueso-Rodriguez » (2 X » T Salvia phlomoides 7 & B - [Fl & S h 7=
(Hueso-Rodriguez et al. 1983), Z 4L CICHBERE 1TV, 70 v a vy
DB F (Yamamoto et al. 2003) # 1 U ®, ¥ Y F D Salvia phlonoides =X
Salvia broussonetii. ® 7> & Bl #H & ST %5 (Hueso-Rodriguez et al.
1983; Fraga et al. 2005),

3. 3 #HHAAW taxodal (6) O HEERE
3. 3. 1 GC-MSHu#rsXIWIR G

GC-MS 7 Z 7 A v A A DY —7 % Figure 3.57 2”7, A4
E—2713302(MY) Thole, BRREBIVCEAFTKRZHET 57201, IR
reslliol,

IR 731 O fE B % Figure 3.58 (2779, 3230 cm-1 {1 T (2 KEEFE DO WL UL, 3012
eml, 2970 cm1 72 & 3000 em M fFEIC T A R T V7 8o C-H A D
WL, 2861 cm™t 35 KON 1400 ecm L {2 7 @ BV EE O RIL, 1689 em 12 5 FERIZ
HETDHNR=NIEDROIIL, 1277 cm 27 = / — /L ORI A3 F8 6
iz, 723, 2752 cml, 1173 cm’!, 980 cm ! D WILIE, FHERICHE ST D

TNAT e REOLDOLEHM L=,
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3. 3. 2 NMR #Hr

1H-NMR (Figure 3.59) TIi%, & 1.17 (3H), § 1.22 (3H), § 1.55 (3H) IZ
FAEDOY 7T, §3.31(H) ICHFFEOA Y Tu bV EDAFLHE, §7.16
(1H), 6 7.73 (1H), 6 9.68 (1H) IZ/KEBEL LIV B VROV 7 F B0
» 53T, 13C-NMR O % £ % DEPT90 & & Of 135 & 312 Figure 3.60 IZ/R 7,
§ 190.2 1IC aB AfafnT T e FEL LI AIAVR=rEDOL T F N, §213.2
W7 VT e REEEZOND V7T ARBDO LN, DEPT 6, 710K
R, Ao AF, 3HOAF LY, 5HDOAFLNRHERENT-, KEEH,
TNAT e RE, INVR=LVEE—-—2>FTo(FT5bkameBZronlld, 2
LOMEBLIODTFELY CioH2603 ¢+ XEHEL, VT A~ 0MEKE
AWM THDHEBE X, HH COSY B L C-H COSY & FH W TAER LW
RFEDIFEZ B 272> 72§ B % Table 3.14 |27k L, HMBC i % Figure 3.61
T, TORE, §9.68(1H, s, H6) TRV EUVRICHEEGTDHT VT & M
O 7 F v, §3.31 (1H, hept, J=7.0 Hz, H-14), § 1.27 (3H, d, J=7.0 Hz, H-15),
§ 1.26 (3H, d, J=7.0 Hz, H-16) A Y 7 u L EDOL T F NV THDH I &Mk
Wani, BC-NMR T6foT7T Vi rEkDy 7 F 1 (6 158.7, § 146.9, §
136.5, §131.4, §124.8, §114.3) B"@EH LI, XU EBUVEEZ -2HT LS
MEHEINTZ, £, 6 LDOKFENS THL, 8L, 13 DRFEIT, 13 (LD K
FD 6L, 8SOL, 1147, 14D RFICHMBCHBEA RENTLZZ &b, 7
NT e RERRUVEBUVRICEAT A2 Z EVRMRINTE, 612, 10 fiDKFE
(1H) 28 741, 947, 11D RFEIC, 190D KkFE (BH) 2 1407, 507, 847, 9
fir, 10 fLDEFIC, 13D AKFE (1H) 28 6, 84, 1147, 14 (LD KFEICE
NERMHBAZRLEZ EDG, RIXAFA—FXRY T T7aF Vg, X8
VBBLOAY 7oL EORAERRENTE, TNOMEMITOER LY,
Figure 3.8 |Z/k L 7= ik # % {IUPAC 4 : 4-hydroxy-5-isopropyl-2-(1’,3°,3
-trimethyl-2’-oxocyclohexyl)benzaldehyde} & #7E L 7=,
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HUbEMEMBR LI- L 25, Cupressus goveniana #t 2 X 0 BBt (Jolad et
al. 1984) &1 7- cupresol (58-hydroxy-6-oxasugiol) ® X F/ALIZ L % 7% EIK
ThHDH B BN MAE LKL Methyl(R)-2-(1,3,3-trimethyl-2-oxocyclohexyl)-4
-hydroxyl-5-isopropylbenzoate (Figure 3.62) & JE& (24T TH-NMR o il & &
AL, ZOFERITTMORIBICHEST DAL INVENRANF IR
SAEICEBRINTEEELZAL TV, 2O/ RNG, X B G S 6T
WCRDMNEMEOREELB 2o T,

3. 3. 3 XM

ST OFEMB L OHESRMEICO N TIT 2. 4. 31T,/ L, X BRAG S
HrickovEonz =®kxy +#1%EKXK (ORTEP) % Figure 3.63 (2”79 ,19 i D
AFNVEOSTREE % R (B) BliE & E L ORTEP IZ KM L 722, X BB
FOEHREHETIEIRB BLOS() OHBIEZBIR) ZENTE Mol
ZD7=%, Figure 3.61 ([Z/R L7HEMLE D 19 i D XA F AN R BEE A
LTWlkeoehd, ~BlRT e UMY TF L0 ERERIC 20 (LD A F L
EOSREEZ R (B) Bl & L TR LT,

X B AG bAE E AEAT B L OV 1D, 2D NMR 3 #r o5 %722 5, taxodal (6) % Hr#l
ftE&EmeE LT hRmErRE L, X BN OMNERRIZHO>NTIT,
Cambridge Crystallographic Data Centre (CCDC) 2 CCDC 685499 & L T
Bk L7,

72 %, 6,7-dehydroferruginol % &\ 7= 11 %4> @ 'H-NMR (Table 3.15) &
L Ot 13C-NMR (Table 3.16) O FEHEIZ SV TIT—FIZFHEL L 7=,

3. 4 HEEA D O~FH Y O R AL

HEE 12 sy o, ~FF Y P O %2 GC-FID & L U8 GC-MS T8
L 7= (Figure 3.64), ~X Y% U fi®H o HEE 12 ik O A%k % Table 3.17 I
KT, &b % Wk 4 T H D ferruginol (2) A 39.4% , & W\ T
6,7-dehydroferruginol (1) 7% 20.4%TH VY, VT2 E2ERDK 60%% 1# ik
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L CTW7=, Taxodione (5) % 12.3%, taxodone (7) ¥ 6.19%, salvinolone (10)
X 4.80%, 14-deoxycoleon U (12) (% 2.08% C, sandaracopimaric acid (4),
taxodal (6), 5,6-dehydrosugiol (11) IV EMER I 7=,

mEB, BB nlksix, 720 va vk~ UodmIcEE N5 YT
N D 8T.6%% s Tz,

BAE N

BoEICBWT, IWEHZ L, MWEMEE CRMBAME, EME, »O
W, Y~hivua7V) ZRLETIZUYa vEREAITH Y SLFERK Y
DODHEEZ B Z o7,

£7, GC-FID, GC-MS Z# W T~XH P 0T v~ A KEO K
ERARZ, TORRE, £ T AT =B 0.3%, EAXT AN T L
=V 4.0%, VT ILNUR 9B TNDHERTH Tz, o, ~F T gty o7
N A RIEHR T0%T, 580 OF 30%IE 7 v 7 ApL4sr72 & GC s it s h
RV EEM M ORI TV LB LN,

~F YUY E SREMEEICE D HmT 5 &, REEME (1.59%), Rk
o (1.39%), 99ERVEES (12.6%), HVEES (84.4%) IT4ymi &7z, ERYVEE T,
IRPEI K 80% % Lo b E ot WMMEMOT VN A FOMITE, E
J TR T3 — LN 1.6%, VTRV N 98.4% T, ZHER Y TR InD
e T, 2L, FHEEOT Vv~ 4 FOBRIE, T/ 7T~ v
T a— RN 0.1%, T AF T T L a— ) 3.9%, ferruginol (36.9%) B
£ O 6,7-dehydroferruginol (21.8%) # EFEE L7 T T X2 95.9%D 1§ ik
EloTWle, TOX T, BHMEMP SRR T AR E R > TV
&, FHEEMEES O R K 5y O BLEE A2 R A T

R EE o sy o fE R, B XY 6,7-dehydroroyleanone (3),
sandaracopimaric acid (4), taxodione (5), taxodal (6), sugiol (8), xanthoperol

(9), salvinolone (10), 5,6-dehydrosugiol (11), 14-deoxycoleon U (12) ® 9
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MEOVT AR UPHEES L, Zoficd FrEE» S taxodone (7) 23 B S
Nz, T OHBER TIIT7T vV BROILEM ThHoT, HEES 7 10
LA, 1D B8 L 2D NMR 5 #r & H o 7o i s Mg Ar, BE# o STk & 52 300 4
EDL R EICIVILEMEZRE LT,

NV UHHEYMO TEAR YT L Th D 6,7-dehydroferruginol (1) B X
O ferruginol (2) 1%, MFICHEET 2 2 ERNETH o722 &2 b A X HE D
b HEE L, 6,7-dehydroferruginol (1) i% sugiol (8) 725 Ak LHkERR L 7=,

Taxodal (6) IXH LA TH D Z L5, IR ok, NMR b, X #i e
WIEMAT 2 3 Z 72\, £72, cupresol A FIALFHEER & OB &0 b &
NS 2 IR E LT,

%2, HEE 128 o~FH i Ok 2 R Lo, I B ALK
4y T& 5 6,7-Dehydroferruginol (1) 7% 20.4%, ferruginol (2) 7% 39.4% T4
VTN DK 60%% 5, taxodione (5) 4% 12.3%, taxodone (7) 7% 6.19%,
salvinolone (10) 7% 4.80% , 14-deoxycoleon U (12) 2% 2.08% ,
6,7-dehydroroyleanone (38) 7% 0.88%, xanthoperol (9) 7% 0.79%, sugiol (8) 2%
0.74% & 72 v , sandaracopimaric acid (4), taxodal (6), 5,6-dehydrosugiol (11)
WZOWTIEA BB SN, £, UL HBERSI~FY T o YT
N DK 90% E R L TV,

e X, EMEERIRBOONT T 7 vy a UERE~T T R HYIX
ferruginol (2) 3 X O 6,7-dehydorferruginol (1) # TEYF LR L T5%
R T X RTINSO IS N TWD ZERP L MNITR ST,

mEB, RKETHE, ZHULHEERSOREFEEICOVWTHLNCTT S,
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n-CgH,, extract
88.57 g
100%/total ext.

Saturated NaHCO; aq.

1% NaOH aq.

Strong acidic 10% Na,CO; aq.
1419
1.59%/total ext.
10.2%/acidic ext. Middle acidic
1.23¢g
1.39%/total ext.
8.89%/acidic ext. Weak acidic
11.2g

12.6%/total ext.
80.9%/acidic ext.

Neutral
7489
84.4%/total ext.

Figure 3.1. Separation scheme of n-CeH14 extract of 7! distichum.
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Figure 3.2. GC-FID chromatogram of n-CsH14 extract of 7. distichum cones.

I.s.; Internal standard (heneicosane). Peak No. refer to Table 3.1.

Table 3.1. Terpenoid constituents of n-CsH14 extract of 7! distichum cones.

Peak No. R. t. (min) Contents (%) * MW ** Identified compounds
Monoterpene 1 3.9 0.3 150
Total 0.3
Sesquiterpene 2 8.9 1.5 220
3 9.7 1.9 202
4 12.0 0.6 220
Total 4.0
Diterpene 5 14.0 2.2 270
6 15.2 1.8 286
7-8 16.1 4.7 298
9 16.3 14.8 284 6,7-dehydroferruginol (1)
10 16.4 35.2 286 ferruginol (2)
11 16.8 2.8 314
12 16.9 2.1 282
13 17.2 2.7 300
14 17.4 12.3 314
15 18.1 1.6 316
16 18.5 4.7 314
17-20 19.2 10.9 330
Total 95.7
Total terpene 100.0

* Contents were calculated according to substitute each AREA ratio of GC-FID for calibration curve
mentioned below. Mono- and Sesquiterpene: AREA ratio between B-caryophyllene and heneicosane
(x-axis); y = 0.9415x - 0.0009 (R2 = 0.9987). Diterpene: AREA ratio between ferruginol and heneicosane
(x-axis); y = 2.3889x + 0.0712 (R2 = 9982). ** Molecular weights (MW) were determined by molecular

ion peak according to GC-MS analysis. When molecular ion peak could not find because of its lower

concentration, MW were supposed by similarity retrieval using NIST12 and NIST62.
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Figure 3.3. GC-FID chromatogram of weak acidic fraction from n-CeH14 extract of 7. distichum cones.

I.s.; Internal standard (heneicosane). Peak No. refer to Table 3.2.

Table 3.2. Terpenoid constituents of weak acidic fraction from n-CeHi4 extract of 7. distichum cones.

Peak No. R. t. (min) Contents (%) * MW ** Identified compounds
Monoterpene 1 3.4 0.3 154
2 3.8 1.3 154
Total 1.6
Diterpene 3 14.6 2.0 288
4 14.7 4.5 270
5 15.2 2.2 286
6 16.1 2.0 286
7 16.3 22 284 6,7-dehydroferruginol (1)
8 16.4 6.2 286 ferruginol (2)
9-12 16.7 12.9 314
13 16.8 8.3 316
14 17.0 4.3 302
15 17.2 3.4 298
16 17.4 1.6 314
17 17.4 2.1 300
18 17.6 2.4 312
19 18.1 1.6 316
20-22 18.2 3.3 314
23 18.5 11.6 314
24 18.7 5.0 298
25 18.9 3.2 316
26 18.9 4.0 316
27-30 19.2 15.5 330
Total 98.4
Total terpene 100.0

* Contents were calculated according to substitute each AREA ratio of GC-FID for calibration curve
mentioned below. Mono- and Sesquiterpene: AREA ratio between B-caryophyllene and heneicosane
(x-axis); y = 0.9415x - 0.0009 (R2 = 0.9987). Diterpene: AREA ratio between ferruginol and heneicosane
(x-axis); y = 2.3889x + 0.0712 (R2 = 9982). ** Molecular weights (MW) were determined by molecular
ion peak according to GC-MS analysis. When molecular ion peak could not find because of its lower

concentration, MW were supposed by similarity retrieval using NIST12 and NIST62.
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Figure 3.4. GC-FID chromatogram of neutral fraction from n-CeéH14 extract of 77 distichum cones.

I.s.; Internal standard (heneicosane). Peak No. refer to Table 3.3.

Table 3.3. Terpenoid constituents of neutral fraction from n-CsH14 extract of 7. distichum cones.

Peak No. R. t. (min) Contents (%) * MW ** Identified compounds
Monoterpene 1 3.6 0.1 150
Total 0.1
Sesquiterpene 2 8.8 24 220
3 9.2 0.3 220
4 9.7 1.1 202
5 12.0 0.1 220
Total 3.9
Diterpene 6 14.0 1.4 270
7 15.2 1.4 286
8 15.6 0.9 282
9-10 16.1 4.4 298
11 16.3 21.8 284 6,7-dehydroferruginol (1)
12 16.4 36.9 286 ferruginol (2)
13 16.5 1.2 298
14 16.7 2.5 314
15 16.9 1.0 302
16 17.2 1.4 302
17 17.4 10.7 314
18 18.1 1.2 316
19 18.5 4.0 314
20-22 19.2 7.3 330
Total 95.9
Total terpene 100.0

* Contents were calculated according to substitute each AREA ratio of GC-FID for calibration curve

mentioned below. Mono- and Sesquiterpene: AREA ratio between B-caryophyllene and heneicosane

(x-axis); y = 0.9415x - 0.0009 (R2 = 0.9987). Diterpene: AREA ratio between ferruginol and heneicosane
(x-axis); y = 2.3889x + 0.0712 (R2 = 9982). ** Molecular weights (MW) were determined by molecular

ion peak according to GC-MS analysis. When molecular ion peak could not find because of its lower

concentration, MW were supposed by similarity retrieval using NIST12 and NIST62.
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1.2g

Weak acidic

12.6%/total ext.

silica gel 60N CC

Fr.C,D, E
566.3 mg
0.64%/total ext.

6,7-Dehydroroyleanone (3)
306.3 mg
0.35%!/total ext.

Fr.

n-hexane to EtOAc with gradient

0.05%/total ext.

F

304.7 mg
0.34%/total ext.

silica gel 60N CC

n-hexane to chloroform with gradient

Fr. F9, F10, F11, F12

110.0 mg
0.07%!/total ext.

Taxodione (5)
29.0 mg
0.03%/total ext.

Fr. G Fr.H
541.9 mg 10.2¢g
0.61%/total ext. 11.49%/total ext.
Taxodal (6)
44.6 mg

soluble
Fr. H1 Fr. H2
9.84¢g 333 mg

11.1%/total ext.
6.00 g/9.84 g

silica gel 60N CC
chloroform only

0.38%!/total ext.

extracted by EtOAc
insoluble

Fr. H1-9, -10, -11
233.1 mg
0.26%/total ext.

Fr. H1-16, -17, -18, -19
461.1 mg
0.52%/total ext.

Salvinolone (10)
123.2 mg
0.14%/total ext.

921.
1.04%!t

Sugiol (8)
40.7 mg
0.05%/total ext.

182.8 mg
0.34%/total ext.

14-Deoxycoleon U (12)

8 mg
otal ext.

Fr. H1-23, -24, -25, -26, -27

silica gel 60N CC
benzen:aceton=9:1

5,6-Dehydrosugiol (11)
21.3 mg
0.02%/total ext.

11.6 mg
0.01%/total ext.

Sandaracopimaric acid (4)

Xanthoperol (9)
37.6 mg
0.04%/total ext.

Figure 3.5. Isolation scheme of weak acidic fraction from 7. distichum cones.
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Neutral
7489
84.4%/total ext.

4.899/74.89g
extracted by n-hexane
soluble insoluble
Fr. N1 Fr. N2
3.84¢g 975.7 mg
4.34%/total ext.

1.10%/total ext.

silica gel 60N CC
extracted by acetone

n-hexane to MeOH with gradient
soluble insoluble | | | | |
Fr. N1-1 Fr. N1-2 Fr. N2-3, -4
3.76 g 83.4 mg 364.6 mg
4.25%/total ext. 0.09%/total ext.

0.41%/total ext.
I
silica gel 60N CC

Taxodione (5)
n-hexane:EtOAc=9:1 108.6 mg
| | | | | | 0.12%/total ext.
Fr. N1-1-6 Fr. N1-1-13, -14
1.62g 230.5 mg
1.83%!/total ext. 0.26%!/total ext.

6,7-Dehydroferruginol (1) (28.1%)
Ferrginol (2) (44.0%)

Taxodione (5) (9.42%) silica gel 60N CC

n-hexane:EtOAc=9:1
] | | |

Taxodone (7)
7.8 mg
0.01%/total ext.

Figure 3.6. Isolation scheme of neutral fraction fraction from 7! distichum cones.
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OAc

Acy0 NaBH,

Pyridine EtOH

%,
7,
%

Sugiol (8) (Y=100%) Sugiol acetate (Y=100%) 7-Hydroxyferruginol acetate (Y=96%)

PTSA 1% NaOH

MeOH

Benzene

v k v
6,7-Dehydroferruginol acetate (Y=36%) 6,7-Dehydroferruginol (1) (Y=18%)

Figure 3.7. Scheme of 6,7-dehydoroferruginol (1) synthesis.

10:R,=H, R,=0OH
11:R1=H, Ry=H
12:R,=0OH, R,=0OH
Figure 3.8. Chemical structures of isolated diterpenes from n-CeH14 extract of 7. distichum cones.
6,7-dehydroferruginol (1), ferruginol (2), 6,7-dehydroroyleanone (3), sandaracopimaric acid (4),
taxodione (5), taxodal (6), taxodone (7), sugiol (8), xanthoperol (9), salvinolone (10), 5,6-dehydrosugiol
(11), and 14-deoxycoleon U (12).
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Figure 3.9. MS spectrum of 6,7-dehydroferruginol (1).
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Figure 3.10. MS spectrum of ferruginol (2).
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Figure 3.11. IR spectrum of ferruginol (2).
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Figure 3.13. 13C-NMR spectrum (CDCls) of ferruginol (2).
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Table 3.4. 1D NMR data for comparison of ferruginol (2) (CDCls, § in ppm).

'"H-NMR Data (5) * ®C-NMR Data (5)
Carbon No. - -
Literature value ** Observed value Literature value ** Observed value
1 1.37 td (13.5,3.5) 1.37 m 389 CH, 38.85 CH,
2.15 dtd (13.5,3.5,1.5) 2.16 brs
2 1.58 dq (13.5,3.5) 1.58 d(3.4) 194 CH, 19.30 CH,
1.72 qt (13.5,3.5) 1.73 t(3.4)
3 1.23 td (13.5,3.5) 1.25 m 418 CH, 41.68 CH,
1.46 dtd (13.5,3.5,1.5) 1.46 m
4 335 C 3342 C
5 1.31 dd (12.5,2.0) 1.31 d(2.3) 504 CH 50.33 CH
6 1.66 dddd (13.5,12.5,11.0,7.0) 1.66 m 19.3 CH, 19.22 CH,
1.85 ddt (13.5,7.5,2.0) 1.84 m
7 2.76 ddd (16.5,11.0,7.5) 2.77 m 29.8 CH, 29.74 CH,
2.85 ddd (16.5,7.0,2.0) 2.85 m
8 127.3 C 12724 C
9 1487 C 14864 C
10 375 C 3748 C
11 6.61 s 6.62 s 111.0 CH 110.96 CH
12 4.60 brs-OH 4.61 brs-OH 150.7 C 15069 C
13 1314 C 13139 C
14 6.81 s 6.82 s 126.6 CH 126.59 CH
15 3.11 heptet (7.0) 3.11 heptet (7.0) 26.8 CH 26.79 CH
16 1.22 d(7.0) 1.21 d (6.7) 226 CHj 2254 CH,
17 1.24 d (7.0) 1.22 d (6.7) 228 CHj 2272 CH,
18 0.93 s 0.92 s 33.3 CHj 33.28 CHj
19 0.91 s 0.90 s 217 CHg 21.59 CHs;
20 1.16 s 1.16 s 24.8 CHj 2476 CHj

* Jvalue were shown in parenthesis.

** Literature value were refer to Tezuka et al. 1998.
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Figure 3.14. MS spectrum of 6,7-dehydroroyleanone (3).
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Figure 3.15. IR spectrum of 6,7-dehydroroyleanone (3).
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Figure 3.17. 13C-NMR spectrum (CDCls) of 6,7-dehydroroyleanone (3).
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Figure 3.18. Long range coupling of 6,7-dehydroroyleanone (3).

Table 3.5. 1D NMR data for comparison of 6,7-dehydroroyleanone (3) (CDCls, § in ppm).

'"H-NMR Data (5) * 3C-NMR Data (5)
Carbon No. - -
Literature value ** Observed value Literature value ** Observed value
1 1.43 td (13.5,4.0) 1.43 td (13.3,3.9) 35.2 CH, 35.17 CH,
2.89 dt (13.5,4.0) 2.89 d(3.4)
2 1.61 dq (13.5,4.0) 1.62 m 18.7 CH, 18.69 CH,
1.70 qt (13.5,4.0) 1.71 m
3 1.24 m 1.25 m 40.5 CH, 40.54 CH,
1.49 dt (13.5,4.0) 1.51 m
4 33.3 C 33.28 C
5 2.14 t (3.0) 2.14 t(3.1) 52.1 CH 52.12 CH
6 6.47 dd (10.0,3.0) 6.46 dd (3.0,9.7) 139.6 CH 139.62 CH
7 6.81 dd (10.0,3.0) 6.81 dd (3.1,9.8) 121.1 CH 12112 CH
8 138.5 C 13847 C
9 140.5 C 14052 C
10 39.3 C 39.26 C
11 183.5 C 18346 C
12 7.36 s-OH 7.34 s-OH 151.2 C 15120 C
13 122.6 C 12260 C
14 186.0 C 186.06 C
15 3.17 heptet (7.0) 3.17 heptet (7.1) 241 CH 24.09 CH
16 1.22 d (7.0) 1.21 d(7.1) 19.8 CH,3 19.82 CH,4
17 1.23 d (7.0) 1.22 d(7.2) 20.0 CH,3 20.01 CH,
18 0.98 s 0.98 s 32.6 CH,4 32.61 CH;
19 1.02 s 1.01 s 22.8 CH,4 22.81 CH;
20 1.04 s 1.03 s 15.2 CHj, 15.18 CH,4

* Jvalue were shown in parenthesis.

** Literature value were refer to Tezuka et al. 1998.
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Figure 3.19. MS spectrum of sandaracopimaric acid (4).
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Figure 3.20. IR spectrum of sandaracopimaric acid (4).
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Figure 3.22. 13C-NMR spectrum (CDCls) of sandaracopimaric acid (4).
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Figure 3.23. HMBC correlations of sandaracopimaric acid (4).

Table 3.6. 1D NMR data for comparison of sandaracopimaric acid (4) (CDCls, § in ppm).

Carbon No. 'H-NMR Data (5) * "®C-NMR Data (5)
Literature value ** Observed value Literature value ** Observed value
1 1.14 m 38.4 CH, 38.55 CH,
1.66 m
2 1.60 m 18.3 CH, 18.42 CH,
3 1.62 m 37.1 CH, 37.29 CH,
4 47.2 C 47.55 C
5 1.93 dd (12.4, 2.5) 48.7 CH 49.10 CH
6 1.26 m 24.9 CH, 24.94 CH,
7 2.21 d (7.0) 35.5 CH, 35.73 CH,
8 136.2 C 136.89 C
9 None 1.77 m 50.7 CH 50.83 CH
10 37.8 C 37.67 C
11 1.54 m 18.8 CH, 18.83 CH,
12 1.36 m 34.6 CH, 34.70 CH,
13 37.4 C 37.98 C
14 5.22 s 129.3 CH 129.39 CH
15 5.77 dd (17.4, 10.5) 149.0 CH 149.16 CH
16 4.89 dd (10.4, 1.5) 110.5 CH, 11042 CH,
17 4.91 dd (17.6, 1.5) 26.2 CH,4 26.28 CH,4
18 1.04 s 185.3 COOH 185.21 COOH
19 1.21 s 16.8 CH, 17.04 CH,4
20 0.84 s 15.3 CH,4 15.47 CH,4

* Jvalue were shown in parenthesis.

** Literature value were refer to Wenkert and Buckwalter 1972.
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Figure 3.24. MS spectrum of taxodione (5).
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Figure 3.25. IR spectrum of taxodione (5).
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Figure 3.27. 13C-NMR spectrum (CDCls) of taxodione (5).
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Table 3.7. 1D NMR data for comparison of taxodione (5) (CDCls, § in ppm).

'H-NMR Data (5) * C-NMR Data (5)
Carbon No. - -
Literature value ** Observed value Literature value ** Observed value

1 1.75 m 1.73 m 371 CH, 37.01 CH,

2.94 m 2.93 m
2 1.59 dq (13.5,3.5) 1.61 m 18.6 CH, 18.53 CH,

1.71 qt (13.5,3.5) 1.75 m
3 1.20 m 1.22 m 42.6 CH, 42.56 CH,

1.41 dtd (13.5,3.5,1.5) 1.40 m
4 329 C 32.83 C
5 2.60 s 2.60 s 63.1 CH 62.97 CH
6 201.0 C 201.03 C
7 6.21 s 6.21 s 134.0 CH 13397 CH
8 140.0 C 139.91 C
9 125.7 C 12563 C
10 42.9 C 42.87 C
11 7.57 s-OH 7.58 s-OH 145.0 C 14498 C
12 181.7 C 181.70 C
13 145.4 C 14534 C
14 6.88 s 6.88 s 136.2 CH 136.14 CH
15 3.07 heptet (7.0) 3.07 heptet (7.0) 27.2 CH 27.13 CH
16 1.18 d (7.0) 1.18 d (7.0) 21.3 CH 21.21 CH
17 1.16 d (7.0) 1.16 d (7.0) 21.6 CH, 21.62 CH,4
18 1.12 s 1.12 s 33.3 CH, 33.26 CH,4
19 1.27 s 1.27 s 221 CH, 22.10 CH;
20 1.27 s 1.27 s 21.9 CH, 21.83 CH;

* Jvalue were shown in parenthesis.

** Literature value were refer to Tezuka et al. 1998.
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Figure 3.28. MS spectrum of taxodone (7).
; ey
| o/ ey ! W
. //*M"J «q{/
WWWWWW N / U \\r i '\ o
Iy s W‘ fA \ (al
\f“ / \ J ﬁ \ | /ﬁd v
/o . \f‘vﬁv
Ve | f\/ 1612 — "' |
3432 M/ 1363
2960 '~ o909
4000 3000 2000 - 1000 400

Wavenumbers (cm1)

Figure 3.29. IR spectrum of taxodone (7).
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Figure 3.31. 13C-NMR spectrum (CDCls) of taxodone (7).
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Figure 3.32. HMBC correlations of taxodone (7).

Table 3.8. 1D NMR data for comparison of taxodone (7) (CDCls, § in ppm).

'H-NMR Data () * "*C-NMR Data (5)
Carbon No. - -
Literature value ** Observed value Literature value ** Observed value
1 1.63 m 37.6 CH,
2.89 m
2 1.55 m 18.8 CH,
1.65 m
3 1.40 m 43.2 CH,
1.43 m
4 34.1 C
5 1.54 s 58.0 CH
6 4.70 m 4.67 d (8.4) 70.0 CH
7 6.55 d (2.5) 6.52 d(2.7) 149.1 CH
8 143.4 C
9 126.2 C
10 None 407 C
11 7.49 s-OH 7.46 s-OH 142.0 C
12 181.7 C
13 130.4 C
14 6.81 s 6.79 s 135.7 CH
15 3.00 heptet (7.0) 3.17 heptet (6.8) 26.7 CH
16 7 1 1.13 d (6.8) 20.8 CHj;
17 1.10 1.11 d (6.8) 21.4 CH;
18 1.17 five CH3 1.19 s 36.7 CH;
19 1.22 1.19 s 22.8 CH;
20 ! ! 1.13 s 21.7 CH;

* Jvalue were shown in parenthesis.

** Literature value were refer to Kupchan et al. 1969.
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Figure 3.34. IR spectrum of sugiol (8).
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Figure 3.36. 13C-NMR spectrum (DMSO-de) of sugiol (8).
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Table 3.9. 1D NMR data for comparison of sugiol (8 (DMSO-ds, § in ppm).

'"H-NMR Data (5) * "®C-NMR Data (5)
Carbon No. - -
Literature value ** Observed value Literature value ** Observed value
1 37.41 CH, 37.44 CH,
2 18.43 CH, 18.45 CH,
3 1.20-2.15 1.17-2.15 40.80 CH, 40.81 CH,
and m and m

4 2.41-2.56 2.41-2.57 3281 C 3284 C

5 49.04 CH 49.06 CH
6 35.46 CH, 35.49 CH,
7 19640 C 196.48 C

8 12253 C 122.55 C

9 165.75 C 155.81 C

Overlapped
10 39.92 C with DMSO-dg C
signal

11 6.78 s 6.78 s 109.26 CH 109.30 CH
12 10.23 s-OH 10.23  s-OH 160.05 C 160.05 C
13 13244 C 132.48 C
14 7.64 s 7.64 s 12494 CH 124.97 CH
15 3.13 heptet (6.8) 3.12 heptet (6.9) 26.02 CH 26.02 CH
16 1.15 d (6.8) 1.14 d (6.9) 22.15 CH3 22.18 CH,
17 1.1 d (6.8) 1.12 d(7.1) 22.32 CH3 22.35 CH,
18 0.86 s 0.87 s 32.24 CH, 32.27 CH;
19 0.92 s 0.93 s 21.08 CH, 21.11 CH;
20 1.13 s 1.14 s 22.98 CH; 23.01 CH,

* Jvalue were shown in parenthesis.

** Literature value were refer to Li et al. 2003 and Li et al. 2008.
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Figure 3.37. 13C-NMR spectrum of DMSO-ds and sugiol (8).
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Figure 3.38. MS spectrum of xanthoperol (9).
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Figure 3.39. IR spectrum of xanthoperol (9).
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Figure 3.41. 13C-NMR spectrum (CDCls) of xanthoperol (9).
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Figure 3.42. HMBC correlations of xanthoperol (9).

Table 3.10. 1D NMR data for comparison of xanthoperol (9) (CDCls, § in ppm).

'H-NMR Data (5)*

"*C-NMR Data (5)

Carbon No. - -
Literature value ** Observed value Literature value ** Observed value
1 1.28 s 35.22 CH, 36.27 CH,
2.47 d (14.8)
2 132-237 m 1.57 m 18.40 CH, 18.85 CH,
3 1.31 m 40.98 CH, 41.95 CH,
1.45 m

4 34.71 C 35.44 C

5 2.60 s 2.64 s 68.07 CH 68.94 CH
6 199.70 C 20010 C

7 179.04 C 17993 C

8 12542 C 12722 C

9 150.18 C 15062 C
10 38.98 C 39.44 C
11 6.91 s 6.86 s 110.59 CH 111.17 CH
12 16225 C 16049 C
13 13444 C 13472 C
14 7.77 s 8.04 s 127.95 CH 129.75 CH
15 3.16 heptet (6.4) 3.22 heptet (7.0) 26.32 CH 26.95 CH
16 1.30 d(7.0) 21.94 CHs3 22.25 CH,
17 1.28 d(7.0) 22.09 CH,; 22.34 CH,4
18 0.82 s 0.97 s 30.96 CH,; 31.36 CH,4
19 0.31 s 0.46 s 23.61 CH,; 24.12 CH,4
20 1.1 s 1.22 s 37.94 CH,; 38.53 CH,4

* Jvalue were shown in parenthesis.

** Literature value were refer to Li et al. 2003.
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Figure 3.43. MS spectrum of salvinolone (10).
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Figure 3.44. IR spectrum of salvinolone (10).
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Figure 3.45. '"H-NMR spectrum (CDCls) of salvinolone (10).
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Figure 3.46. 13C-NMR spectrum (CDCls) of salvinolone (10).
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Figure 3.47. HMBC correlations of salvinolone (10).

Table 3.11. 1D NMR data for comparison of salvinolone (10) (CDCls, § in ppm).

'"H-NMR Data (5) * "*C-NMR Data (5)
Carbon No. - -
Literature value ** Observed value Literature value ** Observed value
1 1.78 m 33.55 CH, 33.60 CH,
2.27 m 2.28 m
2 1.75 m 17.55 CH, 17.59 CH,
1.90 m
3 1.44 m 37.83 CH, 37.88 CH,
1.93 m
4 35.87 C 35.90 C
5 157.76 C 157.72 C
6 6.85 s 6.86 s 125.54 CH 11143 CH
7 179.72 C 179.72 C
8 120.80 C 12090 C
9 143.73 C 14378 C
10 40.30 C 40.31 C
11 5.87 s-OH 5.78 s-OH 14114 C 141.04 C
12 715 s-OH 7.15 s-OH 15489 C 15490 C
13 13384 C 133.81 C
14 8.01 s 8.01 s 11140 CH 125,58 CH
15 3.12 heptet (7.0) 3.19 heptet (7.0) 26.84 CH 26.90 CH
16 1.26 d (7.0) 1.27 d (7.0) 22.25 CH; 22.29 CH,4
17 1.28 d(7.0) 1.30 d(7.0) 22.45 CH; 22.49 CH,
18 1.43 s 1.43 s 27.53 CH; 27.56 CH;
19 1.43 s 1.43 s 28.17 CH; 28.22 CH;
20 1.49 s 1.50 s 35.16 CHs; 35.20 CH,4

* Jvalue were shown in parenthesis.

** Literature value were refer to Yamamoto et al. 2003.
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Figure 3.49. MS spectrum of 5,6-dehydrosugiol (11).
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Figure 3.50. IR spectrum of 5,6-dehydrosugiol (11).
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Figure 3.51. 'H-NMR spectrum (acetone-de:MeOH-ds=9:1) of 5,6-dehydrosugiol (11).
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Figure 3.52. 13C-NMR spectrum (acetone-ds:MeOH-d4=9:1) of 5,6-dehydrosugiol (11).

91



Table 3.12. 1D NMR data for comparison of 5,6-dehydrosugiol (11) (acetone-de:MeOH-d4=9:1, § in
ppm).

'H-NMR Data (5) * "®C-NMR Data (5)
Carbon No. - -
Literature value ** Observed value Literature value ** Observed value
1 37.29 CH, 38.48 CH,
2.40 m

2 131-230 m 18.00 CH, 19.22 CH,
3 39.78 CH, 41.04 CH,
4 36.92 C 38.01 C

5 172.21 C 17446 C

6 6.23 s 6.30 s 123.76  CH 124.64 CH
7 18325 C 185.68 C

8 12162 C 123.18 C

9 15344 C 15525 C
10 40.44 C 41.92 C
11 6.94 s 6.95 s 110.51 CH 11140 CH
12 15918 C 16049 C
13 13343 C 13495 C
14 7.71 s 7.84 s 12359 CH 124.86 CH
15 3.16 heptet (6.8) 3.23 t(1.7) 26.15 CH 27.49 CH
16 1.16 d (6.8) 1.18 d (7.0) 22.17 CH; 22.57 CH,
17 1.18 d (6.8) 1.20 d (7.0) 22.35 CHs; 22.68 CH,4
18 1.19 s 1.21 s 32.24 CH; 32.78 CHs;
19 1.29 s 1.32 s 32.51 CH; 32.83 CH,4
20 1.42 s 1.47 s 28.85 CH, 29.36 CH,4

* Jvalue were shown in parenthesis.

** Literature value were refer to Li et al. 2003.
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Figure 3.53. MS spectrum of 14-deoxycoleon U (12).
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Figure 3.54. IR spectrum of 14-deoxycoleon U (12).
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Figure 3.56. 13C-NMR spectrum (pyridine-ds) of 14-deoxycoleon U (12).
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Table 3.13. 1D NMR data for comparison of 14-deoxycoleon U (12) (pyridine-ds, § in ppm).

'"H-NMR Data () * "®C-NMR Data (5)
Carbon No. - -
Literature value ** Observed value Literature value ** Observed value
1 30.4 CH, 30.59 CH,
Overlapped

2 350 with H-15 18.2 CH, 18.28 CH,
3 signal 370 CH, 36.86  CH,
4 36.6 C 36.70 C

5 143.8 C 14415 C

6 8.39 s-OH 143.9 C 14434 C

7 180.5 C 180.68 C

8 121.3 C 12155 C

9 142.3 C 14244 C
10 41.3 C 41.39 C
11 139.9 C 14030 C
12 7.10 s-OH 149.7 C 15023 C
13 135.4 C 13560 C
14 8.12 s 8.24 s 116.4 CH 116.40 CH
15 3.53 heptet (7.2) 3.64 heptet (7.0) 27.6 CH 27.59 CH
16 1.28 d 1.30 d (7.0) 22.8 CH,4 22.82 CH,4
17 1.28 d 1.30 d (7.0) 23.0 CH, 23.09 CH,
18 1.59 s 1.64 s 28.1 CH, 28.29 CHs;
19 1.63 s 1.68 s 27.6 CH,4 27.50 CH,4
20 1.89 s 1.95 s 28.4 CH,4 28.36 CH,4

* Jvalue were shown in parenthesis.

** Literature value were refer to Hueso-Rodriguez et al. 1983.
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Figure 3.57. MS spectrum of taxodal (6).
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Figure 3.58. IR spectrum of taxodal (6).
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Figure 3.60. DEPT 90 and 135 spectrum (acetone-ds) of taxodal (6).
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Table 3.14. NMR data for taxodal 6 (acetone-ds, § in ppm).

C# 53C?, mult*® S HP®, mult (J in Hz)
1 38.9 CH, 1.62, m
2.17, ddd (12.9, 13.0, 3.5)
2 17.6 CH, 1.67, m
2.04, m
3 36.9 CH, 1.64, m
2.43, ddd (13.3, 13.3, 4.0)
4 431 C —
5 213.2C —
6 190.2 CH 9.68, s
7 124.8 C —
8 146.9 C —
9 51.4 C —
10 114.3 CH 7.16, s
11 158.7 C —
12 1314 C —
13 136.5 CH 7.73, s
14 25.5 CH 3.31, hept (7.0)
15 20.8 CHj 1.27,d (7.0)
16 20.8 CHj 1.26, d (7.0)
17 25.6 CHjy 1.17, s
18 28.4 CHjy 1.22, s
19 24 CH, 1.55, s

a Spectra were recorded at 100 MHz.
b Spectra were recorded at 400 MHz.
¢ 13C-NMR multiplicities were obtained from DEPT-90 and -135 .

15

Figure 3.61. HMBC correlations of taxodal (6).
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Figure 3.63. ORTEP view of taxodal 6.
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Figure 3.64. GC-MS chromatogram of diterpene composition in n-CeH14 extract of 7axodium
distichum cones. L.s.; Internal standard (heneicosane). 6,7-dehydroferruginol (1), ferruginol (2),
6,7-dehydroroyleanone (3), sandaracopimaric acid (4), taxodione (5), taxodal (6), taxodone (7), sugiol
(8), xanthoperol (9), salvinolone (10), 5,6-dehydrosugiol (11), and 14-deoxycoleon U (12).

Table 3.17. Constituents of diterpenes in m-CsH14 extract of Taxodium distichum cones.

Compound Retention time (min)  Contents (%)"
6,7-dehydroferruginol (1) 229 20.4
ferruginol (2) 23.0 394
6,7-dehydroroyleanone (3) 23.4 0.88
sandaracopimaric acid (4) 23.5 t°
taxodione (5) 24.8 12.3
taxodal (6) 25.5 t°
taxodone (7) 26.8 6.19
sugiol (8) 27.4 0.74
xanthoperol (9) 27.8 0.79
salvinolone (10) 28.4 4.80
5,6-dehydrosugiol (11) 28.5 t°
14-deoxycoleon U (12) 30.1 2.08

Total 87.6

a Contents (%) = 100 X Each component peak area / Total diterpenoids peak area (GC-FID).

b Trace.
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¥4  Taxodium distichum ¥R 3 1% 55 @ B IE

B1HE S

BIEICIB T, 770 v a UEKEAXH UHEHOT V2 A FiX 90%LL E
WETNRUThDHIERERIN, ZOWKIX, 6,7-dehydroferruginol (1)
BB L O ferruginol (2) K6 H %2, MWAENT 7 v v a VEREICHREN YT
NRXUMBBREINTWDL I EBRH LN, £, T L7 u~ T T
74—l KV GEERATY, G E ST E Y R AL E LT 12 1k
G & HBE - FE L,

COETIE, TNOLHBERSIOEMEELZWA LN T L LTI IV ay
ERE DA Z B A 2L FER Y O &N - B RENLH LT 2 &L
77

B, MRETHEME LT, BAREBRICB T 2 ARAEEROE Ty fRE
D—>ThHbY~ b7V (Reticulitermes speratus Kolbe.) % v, &
PTG MR 3 & OV IR TG M 2 Bt L 72,

B2 EBR Ik

2. 1 HUlETE M R
2. 1. 1 A

Al LT, o222, 3LRAMKICILBREMTNTRELZY~ Y
107 U (R. speratusKolbe) ®»anu=—%f\/, an=—|%, 27+10°C Tt
FLEEESNTREL, EHMMNICATL—TkE 52X TERBMICE-S -,

2. 1. 2 RBRKFE

MR GIER L OEMEORE GIEIZ, H28E2., 3. 2LFAMKOLTETREIR
ST, WEIERXR—""=F 4227 (PD) 7=V 1%, BEIEMES L OEEHEER
MBI ZNZR3KETORMFICH 2 boL L, 24 B &, 14 A
MiZhles THRTCHEEZFHHL, 5HEBELC 10 HHOFEHHIE LR L OHE
M= (£SD) #H& L7,
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F3HI RMRBIUOBL
3. 1 HUEERK Iy O RS

ZI7 v aUERRAFYOMMEMEIVEBELEZ 12 kEHOT L, BRI
etk T& 72 111 &% (sandaracopimaric acid (4) % <) o £ 7% MR B o #5
R % Figure 4.1 |2, SHEHB LW 14 HH OISR % Table 4.1 217,
6,7-Dehydroroyleanone (3) 25 H H T 46.7+3.33%, 10 HH T 70.0+10.0%
EHEFEICHWNENEZ R LT, W T, taxodone (7), ferruginol (2), taxodione
(5) 2% 10 HH TZH Z4L 24.0 + 6.00%, 20.0+ 11.6%, 20.0 + 11.6% & IE M %
7 L7z, Salvinolone (10) (2% 16.7 + 6.67T% & A T OIEENB O i,
6,7-dehydroferruginol (1), sugiol (8), 5,6-dehydrosugiol (11), 14-deoxycoleon
U(12) ITIFERBIEEIEIRB OO oTc, 2O X 51T, BHEH LG TIHEMHIC
REREBRRO LN,

INETORSE (FFE S 2004) TIX, ferruginol (2) RHUEEME AL H T 5 =
ENMLENTWVWD, A OFERTIX, 6,7-dehydroroyleanone (3) T ferruginol
(2) ® 3.5 [FDRNFEEIEENR O b vz, §812, 6,7-dehydoroyleanone (3) &
HORBRYM (5 M) T 4.5 U EOIF EFICEOEEELZ R LD,
TExZH RO T AR ORTIERWVEREZET LI AR LNE RS, 2
DILEWOREEIL, CRICANA Fexo X)) UGz 7 560 ThH-o T,
NI LT, CERML BERIZNIT TH /v AF RE#k T 5 taxodione (5) &
£ O taxodone (7) IZIXBEWIEERRBD Nl &b, 7T BT X VFHK
DCERIZK /) U HELZATOIRHHENRIEFRmENEEICTFELTVDEEZXD
iz,

6,7-Dehydroroyleanone (3) & ¥l L 7=#% & (Figure 4.2) ® royleanone,
taxoquinone, cryptoquinone, 7a-hydroxy-11,14-dioxo-8,12-abietadiene,
7a-acetoxy-6B-hydroxy -royleanone, horminone & \Wo 7% / VU BHREZHT 5
TEZ X RO T A0, FIEIEER O ENE & v o T RF R e IE M &
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HTHZ ERMEESNTHEY (Kupchan et al. 1968; Kofujita et al. 2002,
2006; Gaspar-Marques et al. 2006), C ER D X / F ¥ 23 kk x 220 P D F Bl
B ThHdrZtaEXFHFLTNWD,

3. 2 HBEEKS oS REREE

11 &M OB L HEFEERAER DR R 4 Table 4.2 [Z/”7 7, 2 ToOAEWITHE
BEEFEEELSRO BN, P TH, xanthoperol (9) ® PD & & (Mass) 2
0.0 ng (0.0%) T, ABHHMPICELBREINL RN 2Tz, 2O LD, 20
IEEMITIEFICHENEBRAEEEZAFL TWVWDH 2 EDRER I, Ferruginol
(2) B L 14-deoxycoleon U (12) ® PD #E A& (Mass) I, TN Zh 0.44 +
0.19 pg (0.99%), 0.83 + 0.55 ng (1.87%) & 72V, xanthoperol (9) IZK W T
MW RIEEEEZ AT 2 TH DL Z LB 62 E 72 572, Taxodione (5),
taxodone (7) ICBWTIX, FHEFH 2.97 + 0.729 ng (6.70%), 3.44 + 0.30 pg
(7.77%) & 10%LL F OB WIEMENZE D 5 iz, £72, 6,7-dehydroferruginol (1),
6,7-dehydroroyleanone (3), salvinolone (10), taxodal (6) {2 W T4, ZTh
i 7.35+2.56 ug (16.6%), 9.87 + 1.91 ng (20.3%), 9.33 + 0.86 pg (21.1%),
16.7 £ 2.21 pg (37.7%) & MWIEHENER I NTZ, > T, EHOBBBIEH 5
LOOHBENTEZT R TOPTARVICESHEFRENRED 5,

UH R B AP EEME DR D 5 L7z xanthoperol (9) 1, 7 ¥ % U Fk B B
D6NfE TNDRFBIZHNVAR=NVEEZFET2EMTHY, TAIZDOHRT VR
=NV EHT D sugiol (8) WIFLEALEEMEZRIZWVWI END, 6 LD IR
SV ENEAEEEEEICHRSEFS L TWVWDAIZ ERRBEINT, KBEOKID
BETDLE, TNICAHWNVKR=NVIEEZHET S sugiol (8) TIXIEMEZ RE 2o
2, CEO 11 NI KEEELENFEA L 72 salvinolone (10) TiXiEMHZ "L, &5
iz, CED 6(LIZ/KEEFEN b > 7= 14-deoxycoleon U (12) TIXIEH IZH K
MrRLTe, 2o &hn, 12/ KEBELAET /LA TIX, 117, 6
MEEETHIRKBEOENMZ L LICLTLVMWERREEREZRL T,
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VFNANRCOEBAMEBEICOVWTE, ZThAETIKTEZS MY = B TR
ferruginol (2) THER S T 5 (Kano et al., 2004) 7217 TH 5, AHFEIL,
a7 ez Z MO T AN CONTHRHENTEZINO TORETH 5,

3. 3 T distichum % O Hig 5

HIEB L OBERMEFEEOEBNOHIREEZALNICT 27202, 10 B A
DEBHHERL IO 7 U 1RO} PD # & &% Figure 4.3 [Z/8 L7, #*
Il L OEBREEEFEOm HI2I1Z & A EIEER R G2 sugiol (8) 1%, HEEX L
LT NARORTEM—-HUREEZ RS RVEAM TH D EE 2T, 201
DT _XTOHEMESICITEEMERENR LN, #I2 6,7-dehydroroyleanone
3 WA EE LA, Zof 25, ferruginol (2) B L O
6,7-dehydroferruginol (1) 2 L& LT 27 vy a vEkBE~FH oY%
T 5T AXRCOREFIFCEREEFERICTEEL TWD EEX LT,
6,7-dehydroroyleanone (3) ® X 9 2/ & (0.88%/total diterpene) (T L 2> {F
ELRWA, BMOWERBREEZ R ITEMLHY, ZnbbHRERICEEL L
ATWDHbDEEZON, 0k, AL 2,3 ORI T VU ZRA LT
TR ERLLIABRIIITDORDPSTED, ~FH i F O T XU RNEAD
WERT 22 & TRIBEERICHFS LTV Z B2 b,

3. 4 PiEEHELETE X R EY ORI

ZI7 U vavEKRREATF OB I HEEE - FAESATILEDOKREN
ferruginol (2) O@LYH ToH - 7=, LA L IL ferruginol (2) MR R L L
b %% L TW% (Yamamoto et al. 2003), % Z T, ferruginol (2) o1k
B L HEE L O OWE M & & it L 72K % Figure 4.4 IZ7R ¥, “a” IC L5
EYEME, “b” 121X PD 0EREEZ TN ferruginol (2) OfE% 100, 1 & L
THE L, “a” ITERE T T LICEERBS o2 2R L, “D” IZEMN
WS ZEZEERBHLS ol B RT,

RRIGYEIL, 6 i & TALA /K FE S vz 6,7-dehydroferruginol (1) TILiE M
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WK E L WA T 5D, 6,7-dehydroroyleanone (8), taxodione (5), taxodone (7)
DEICx /) U EERT 2{LEWICEI S5 L ferruginol (2) L RI%E S L
SWEZENU EDOBRWNIEMER D ER D, 72, TMICHVER = VIEE AT 5 sugiol
(8) IC@fb I D LIEMEEZ K SN, 11 M IZKEEE N KA L7z salvinolone (10)
W2 EHBOEEEZTRT X OICRD,

e W CTHE A EIGMEIL, 6,7-dehydroferruginol (1) T % 2% 5% M [F &R (2 35 M
RSV, B{b o #E4T L 72 taxodione (5) 35 L O taxodone (7) TIXIH M %
R~ L7z, [AERIZ, sugiol (8) T AL IEM % /R I 725 > 727, xanthoperol (9),
14-deoxycoleon U (12), salvinolone (10) 72 FEfbic & v kg s L <13 h b
N=NVERREE LI/bAw TIiE, EFITHNIEEZ R LT,

INDDORERNSL, BILICHES 7T & UEEDOZALIZ X o TIEMEN A T
2565000, ZLOBGETERLIBILICE > THWEERHENT L2 &0
Hohllol,2FE0, 7270 avURREOEEIT L TH S ferruginol
(2) OEALIZ—FERICIEEZ D S0, kxR BILEEZ L2 210LD
EMHEAZHERF D LIIIZHER DI RIE, Hx2EMIT T 2L FR i %

fToTWwWaboEtEZLNT,
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A /N

U a KRR~ OMEM I HEE-RE L2 124060 F 0 11 1bE
MEMRWT, Y~bhbra7 VAT 5FIREEBLOCEREMEEERKREL L 2
o,

BRIETE ML, 11k h 5 O aMIC B/ Z LR DEENRD b,
¥31Z, 6,7-dehydroroyleanone (3) (X 10 H T 70%LL LD REZ R LT, Th
S oL EiE, BIBRIEENHRE TV 5 ferruginol (2) (20.0 £ 11.6%) &
FREOIEMEZ R L, IEFITHEWIEME%Z R L7z 6,7-dehydroroyleanone (3)
X, 7TEZ X UBERO CRICY / UHEXA L 12 LICKkBELHT 25K
ETHY, ferruginol (2) L RBEEDOEMENE D 51D taxodione (5) B L O
taxodone (7) I X CBRIZC¥ / UV AF REFTLMETH-T, ZDOZ&nb, C
BROFFRIRF ) VERPRIBEEEZ R LICEEZAONT,

BREMFEMEIC OV T, sugiol (8) B ATOMEMITIHEERR D b1
7=, ¥1Z, xanthoperol (9), ferruginol (2), 14-deoxycoleon U (12) @& Ix
FEFICHM, 2% U TOMIBEBRELZ R LE, Z0OMICH, taxodione (5),
taxodone (7), 6,7-dehydroferruginol (1), 6,7-dehydroroyleanone (3),
salvinolone (10), taxodal (6) 23 % Z 4L 6.70%, 7.77%, 16.6%, 20.3%, 21.1%,
3T.T% ENEMZ R LT, FEFICHRNEBERIAFIGEM%Z R L7 xanthoperol (9) @
L FMEEIL, T X B BEO 6L TANOF )V MLV =VEEH
TOEMT, 6 MDA NAR=NVEPNEREFEEEICHRIFLEL TWVD Z LM
R ENTe, BREEEEEZKBEOKENOEET DL, BERO TLIZH VAR
=NVHEEHT D sugiol (8) TIXIZ LA ELEMEA RS WA, FHEOHE T C B
D 11 ALIZ KB H 3 #5 A L 7= salvinolone (10) TXiEMH 2 "3 b5 e 72v, C
B 6 NI & BIC/AKEEFEN D - 7= 14-deoxycoleon U (12) Tik 5 |2 58 W i M
ARIAbEam~Zl L, ThoDZ & XD, LiLoMEIZl Wy ClIKEE
DML > TERAEFEEELIRED LEZX BN,
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B 2 o PLIs TR MERBR O #5 IR %, ferruginol (2) % Hi A & U 72 FR b % %
N B &% L 7=, Ferruginol (2) O by W B ok & W T b D
6,7-dehydroferruginol (1) <X sugiol (8) %, IEFHERKEICH LT H 0D, &
S5k 2 # 4T L 7= 6,7-dehydroroyleanone (8) (C B o x / v #1E),
xanthoperol (9) (BE DA/ k% / ), 14-deoxycoleon U (12) (K g 3 o H#10)
EV o T EEIZET D L HONEMENEE Y, ferruginol (2) % E[E 56V %
sl Z2OZE XY, T F UBMUT AN TR EITL BREBEIODC
BB EZBRRMEEMD ZEICko T, EHAMFLLIFIWMEETWDLEE
b,

ko Xsic, 2720 aviRRICHERBRINLETEDZ RO T L~ U0F,
SRR PIEESEZ R L, FICEBREHEO R TCHWEEEZ R LI, 202 b,
770 avRROTa T VICHT L0 EEREIL, RICEEEFEEICLLSL
DEEZONT, £, TE Z U ARIDT LR UIMILERICB T SEED S

BRILICE D, BB L OCEBRIEFE L Wo bk s RIEHICHFLET L LERA DN,
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% 5 = Taxodium distichum ER 558 45 @ HU G & M

1M S

FBAFETIE, 770 vavERE~IVUoMEBIcEEND 12 L& E AW
T, P~bhryme7 00T 2% ESBIOCEEGHAEEERBRZ Z 220,
6,7-deydroroyleanone (8) 258\ £ %1% 1% 2, xanthoperol (9), ferruginol (2),
14-deoxycoleon U (12) 125V E A EEME AR D 5, sugiol ZR< LAY
R PUREE SR I LT,

AMBHEIZ, AMOMAELZZ LB TFSEDLZ LD, TR E TITAM
Ay EPLEIEMEICB T 28k 2 2 F 23 A STV % (Rudman 19655 Chang
et al. 1999, 2000; Cheng et al. 2005, 2008), L 7> L 72 &, Pk M [FEE,
BFEMERREICE EN DM EHEEHICO VT, TRETITIEFEATHES
NTHWRWVW, Lo TARETIE, ~FF i rbBEBESATLEHIZONT,
REBZR 2O ARMBEHE IR T 2 EMEZRE L, PSSO FEL & [k
IZ ferruginol (2) OALBRICH T HIEEOE/{IZOVWTHELEL -,

%2 FEBRITIE

2. 1 HUBETE MR B
2. 1. 1 fHEAEY

ARBRTE, REMWRAMBFHE»O ACEHE O DY Z % 7 (Trametes
versicolor, NBRC:30340) X5 X O A FHE O A4 v X7 % /7 (Fomitopsis
palustris, NBRC:30339) #IEMHBRICH WA, 2 bR EIXZFE2=E2. 4.
1IZ/R L7 X 512 NBRC 2> 5 A L 7=, i B # 1L PDA (Potato Dextrose Agar)
f#h (Eiken Chemical Co., Japan) b TH;# L, 4+ 1°C THRAEFELE, HHER
BriX, PDAHZH W77 2F v 27 vy —1L (88 mm) ET 26+ 10°CHHT
TCHIENCE > TiHEEE A B Z 22, BRICHW,

2. 1. 2 RBHFIE
PLEIEHRBRIL, F28E2. 4. 2LRAKOHFIETEI o, BEX, K
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HFEmEIZx LT 10 pg/em?, ThENIKMEE Lo, 2 TORMBITIS W TR
% (+SE) #HHL, arvbtuo—nicH T2 FHEEE (%) #HH LT,
ARAERME 2 b HUE &% 2 7840 L 72,

B3 MEBLUOBE

3. 1  HBEER S O PR ST

Z7UvavRREATHTOMMEH I HEEL T 12 (LEWOKRMIEFEIC
T LI EIEHERER O % Figure 5.1 12773, £ERFELZ KT 2L, AABEM
HOAUZHZT7IIx LT 12dbEMFR 9L EMITHAEEERN AN T FTYH,
14-deoxycoleon U (12) 7% 38.7 = 2.05% L & lCM WiEM 2/ ~x L, KW T
taxodione (5) 7% 51.3 + 0.88%, salvinolone (10) 7% 69.6 + 1.63% & 7 i P
oLz, @ABHEOA AT XTI X 7icxt LTiE, 1260 X TIZHHEIE
PERH ST, Z D9 5, taxodione (5) 7% 21.6 + 1.50%, 14-deoxycoleon U (12)
2 22.6 £ 0.84% & FFIZHRWIEME A /R L72, KT salvinolone (10) 7% 46.0 +
2.31%, taxodone (7) 7% 50.3 + 0.65%, ferruginol (2) 7% 62.0 + 0.50% & fiL D
fEE®m X iEEEZ R LT,

JEME EBOBHEICT 5 12 kA OIEEOMEZ R D &,
6,7-dehydroroyleanone (8) ¥ X U" sandaracopimaric acid (4) Z B\ T, B
JEFEIZ L CIHEFICHEWNVERZ R T ZERHALNE kol RBRICHWE 12
L& ¥ Tk, $512 14-deoxycoleon U (12), taxodione (5), salvinolone (10) IZ
W AR D mVIEER RO b,

TEZ X RO T AN OBEOENVCLEDINEEEOE(LEZER LT, £
¥, 5,6-dehydrosugiol (11) # FEAMIE L L T, KBEOH L HEEN & DM
% % % % L 7= (Figure 5.2), 5,6-Dehydrosugiol (11), salvinolone (10),
14-deoxycoleon U (12) X, N ZEN 5L & 6 L BABAKFE I 4L, THAICH VAR
=NV EEAET LN e Tz NI UBEEZALTBY, hUZE 7
Cxt L TERZA 91.1 £ 1.06%, 69.6 + 1.63%, 38.7+ 2.06%, 447 X5 %
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FIZH L TENZEN 79.8 £ 1.43%, 46.0 +2.31%, 22.6 +0.84% &, 12 A7, 11
fir, 6 (LIRS T DKMBENEMT DICHEVBOFIEEEEZ R L, 20X
IZ, 5,6-dehydrosugiol (11) # EAME L LTRSS, KBEOHBL LI OX
DNLEDARMEHEIC R T 2HEEERICRSEB/L TV D ARENE X b,
fe T, FEF TR WG A2 R L 72 taxodione (5) (X taxodone (7) & L L 7= 4%
1w % FH (Figure 5.3), taxodione (5) % 6 iLiZ 7 /LR =L} %, taxodone (7)
TKBEEZAALTND . 20O, X )V AFREHETLHINLDOIEY TIX
KEBEIVINAK=VEEZAETLO2HBENRVVEREICTEST2EZ2005, %
7=, WUWPLE I % 78 L 72 taxodione (5), taxodone (7), salvinolone (10),
14-deoxycoleon U (12) X, Wb 11 (LIC/KEEEZEZA L Tz,

X UEKEART DT E DY MO T AN IR OCIIEE R E AT S 2 LN
i E 0 #RE (Kofujita et al. 2002) o6 65N TW5SH, LavL, S ERBRIC
W7z 12 ka5 L, CRIECANAAA FRFIXRUY X)) UBEXTART D
6,7-dehydroroyleanone (8) LM & (Z X%t L CIGtEZ /RS9, KMBEAE I L
THEX /U EEOATEEEZR LI T TCERVWEEZ LN,

3. 2 T distichum B3 %5y O B 1% %

AMBHE (WU 7275804 AT XTI X27) x4+ 567 70 a vkE
O ZBMT 27200, HEELE 12 (LAY ORI EEEZ ¥ L -
(Table 5.1), HLEERL 7 D K23, AEABEFE L LB AR EICR L CTlRWig
MrRLc, 20X, ~FH ol RocilBERE—FHLTEY,
SENEEDO B NI AL EMDBHEEEICES /R L T EEx b, ~F
oo Y F LY T D ferruginol (2) B L O
6,7-dehydroferruginol (1) IZ b FLEIEERR O D= D, VT X2 O HERK
2% 12.83% @ taxodione (5), 6.19% ® taxodone (7), 4.80% ® salvinolone (10),
2.08% ® 14-deoxycoleon U (12) &, TR KDL EOBNEENE D 5
7=
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UbkozZEnt, 270y a 7EREOAFOEIL, KEELEHERT L2711
XD 60% % H® D ferruginol (2) B X W 6,7-dehydroferruginol (1) 723 &
W72l CHEEMEICEFES L, LA DK 25% % 4 5 taxodione (5) 72 &%
R T AU PERNE THEEEICEAS L Tns EBx b, ZOMn
X, FFICBABEMEICH LBSBN, 7270 a vERREOIFRIY EEERE O
MW SMNE 2o T,

3. 3 HHEEMHLETEz X AL EY O

FAEI3., 3THIRLIZELIIZ, 70y a VKRR~V hiH L0 Bk
Shi 12 bEW DO KFD ferruginol (2) OBk EEZLND Z &b,
Figure 4.1 & FARICILA D O HEICEE SV T ferruginol (2) ZH RS &I 50
L#% ¥ ¥ L O ferruginol (2) 12X 4 215 O %6 % Figure 5.4 (R,
Ferruginol (2) OIEMEE 100 & L, ThICHTH5H T T X OE%HMEE “a”
2, AAUXTE2roEEEE D7 R Lz, 2D OKENEKD T DI
WV, BOWHIEEMRZ R L2 L R D,

BAwE (hv 2 8707) ElaEmE A0 X7 2 707) 12X 2HHEME
A DREREEITAONT, M@ ESFEKLOMMAAZ AL, 2F Y ferruginol
(2) » 6,7-dehydroferruginol (1) ~E{t S5 LIGEMENR K E WA T 503,
taxodione (5), taxodone (7) @ X HIZF /) A F R 1IfICKBEELZHET L
HiigE~ L AL N HEIT T 2 & ferruginol (2) L EOBRWIEMERL Y & 72 o 7o, [FI AR
IZ, sugiol (8) Ic@mfbsiLd & REEMEE K I D, BIEBNET L KBEL S
< 9 % salvinolone (10) ¥ X O 14-deoxycoleon U (12) &L+ 2% &, HFO
FRUWVPUE IEMERL Y & T2 o T2,

kb tns, 70 aviRRICEZEICE TN D ferruginol (2) % H 0
LT e RO TN N, BB SRR EEICE LTS 2L
WZ X - T, PUEIEMERAMR, RMBHEICH T 22RRIEHICHFSTLHDLE
bz,
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A NE

Z70vavRRA~FH MBI BEEE-RES N 12662 W T,
KMBEHEOAL D 727 (AABHE) 3L 0440 X720 @EEMHE)IC
HTLHEEERR LB 22 o7,

HEBAE (WU Z87) I LT, 12/680F 9ILAWICHEEEN AL
1, 14-deoxycoleon U (12) 7% 38.7+2.05% & #1291 < , taxodione (5) 7 51.3
+ 0.88%, salvinolone (10) 7% 69.6 + 1.63% & M WFLEHIEMZ R LT, BEE
Pl (AA D X7 %27) 2xLTiE, 12 {b&EWT X CTICHEEENR A D,
taxodione (5) 7% 21.6 + 1.50%, 14-deoxycoleon U (12) 7% 22.6 + 0.84% & JE &
[ZHRWEPE Z 7R L, ¥\ T salvinolone (10) 7% 46.0 + 2.31%, taxodone (7) 7°
50.3 + 0.65%, ferruginol (2) 7% 62.0 £ 0.50% & MW iEMEZ R Lz, #ic,
taxodione (5), salvinolone (10), 14-deoxycoleon U (12) 7% 12 % L T I H
WP IEME 2R LT,

ITNENOFEEDO SN LHEEEAE5 79 5 L, 5,6-dehydrosugiol (11)
D 1107, 6 (L (2B KR K R 5 78 4% & L salvinolone (10) ¥ X O' 14-deoxycoleon U
(12) L L THROVWHIIEIEEZ R T I 00, KBREDEEL X OZ O A
MRARMBEBHEICK T 2EEEICHBRCBERLTVWD EBZ 2 6T,

AMBFE (W72 5B8L0F AT H27) ZxT57 27 0 a vk
ROPEHEEZBMRT 5720, HEELZ 12 kAW OMEEELZFTML -, £
DiEFR, 770 a VERROAFLHGEIZERRZHELT L2 T X DR 60%
%Z 5 % ferruginol (2) ¥ X O 6,7-dehydroferruginol (1) 7% & 72 i THiE
EHICTwE L, ZhUNDOK 25% % 5 ® % taxodione (5) 72 & L4k ¥ 7 L~
HRERRE THEERICEE L WS EE XN, T oML, FICHE .
BEATE X LIRS Blav, 77 v v a v RS o R 224k 7 0 B 1 B A% 3 B & 2>
Lol

Texz xR EMOBIALBRICE T DR EEEO LIS W T,
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ferruginol (2) # R L L TEE LR, ACEMER X OCBAEIEO M
2 % L, ferruginol (2) o Wt {t # taxodione (5), salvinolone (10),
14-deoxycoleon U (12) BNIEHICHWHFEEEZ R L2 &b, ZRICE E
N5 ferruginol (2) Z L& L7 B X B IUF LU0y, gl B P I E W
ZRREEICET D22 LIk o T, HURIEMERER, KM@V BT 5 2k
RIEMEICFET 200 EE X BRI,

EDzZ e, 720 v aviRRBICEENDITED X AT LU RNH
HIEMICREL<SEEL, b 0EWPBAALDOETITHEVWSRIZET S 2
LWk oT, EEMEMARSBLIOZEOBLY BN - B I KM E %3

HAEZIEICHEE L TS D EEZ LT,
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%6 RS

72 v v a v (Taxodium distichum) \ZBAFT 2 RE\W LA EM CTH
D, TOERRIZIZINETICHBEHRTEZ X MO TARURELGFHET D
ZEBMESNTEY, ZabofaWicix, FumiE, MiksErE, MED
TEME, PUMIBEIEME, ARG E W 2R AEMEEIER I LTV D, L
L, 205 DOBRORFIEME OMEEFAMICE EY, EKEOMFEHLE L WD
BENOOMZEE, FEAERBIRbATWARY, RIF%EIE, 777 a UK
REONCFERN S E AT 2720, REMHD OB E Z0EMIEEZ AL
DI D LI, R O EEE L FE, S OICITHEI LG O EYITEME
RE LT,

F2ETIE, 70 vavKRROEMERZWALNICT S0, A O
B, PUERTEME, PLEEMEIC OWTHRE L, 727 73 a3 UERROFE KA Tl
~F G U 10.8%, FEfg T FOLEIH® DY 3.583%, A X — Hiiim A
1.56%DINETH LN, £, EHMEMDOK T0%205~F ¥ Hl ¥ 2 b HE Rk
EShTWi, Bt oY~ s v 7V (Reticulitermes speratus) %4
LPURTEE GRE, BRMEE) X, ~F Vo iHmIc kR KO OWE R E
W, FERR = F A IR WEREEEERRBD b, ~F Uit e
K OVEERE — F VI & F D IR A Sy FIERMETREICFES T LEE 2
b, ZRMHDOREEEIT, AQEHEO Y J %7 (Trametes
versicolor) 3 X O\ h A 577 %/ (Lenzites betulina) \Zxt L TiT~F ¥ v
W s, BaEihE o4+ X7 % 7 (Fomitopsis palustris) 3 X OVF F U A
v %/ (Gloeophyllum trabeum) \Z%f L CiE~F &+ i E L O F = 5
A DR TEEZ R Lic, B E O MY 27 v~ (Trichoderma virens)
B XU sy n (Myrothecium verrucaria) \=% LTiE kU 25 b~ 0 &
ATV Y L O F L N EEEZ R L, P EEON=V T D
2 (Penicillium citrinum) 3 X OHESE O Y V' — 7 X (Rhizopus oryzae) |Z
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KLU TIHBWIEMEIZR O SN0 o 7o, FRITHWIZE O F TIE8 6  BE Ik
LTAFH I RWEER RSN, 20 X518, M EEROK 7H
ZEOLA~FY oA WICERICBEEREMEERNROONL, 727 U a UK
ROBRYER A7 VB LI OEAEICK L TRWEEZ RS Z L2850
Wz L7z,

BIWETIE, F2ETHRLDBOVIIREMES LOHBEEEZ R L ~F W M
WD DIEWR S OHEEE REZ B Zotz, ~FH i PoT Ly 4
REOWBRIZE /T T a3 — RN 0.3%, BAFXFT A0 4.0%, V7
NN 95 T%E H, VTARUNEEMEK S ThoT, ~FH Y
Z oy BRI RIS L0 B MRS (59 ER MRS - PER MRS - SRERMEND) & P M 4y
L, P o EFER S & LT ferruginol 3 X O 6,7-dehydroferruginol % i 72
THEHIZ, R TAXRCOBEPERINT-HBRESELY OEEO YT
JL~% 6,7-dehydroroyleanone, sandaracopimaric acid, taxodione, taxodal,
sugiol, xanthoperol, salvinolone, 5,6-dehydrosugiol, 14-deoxycoleon U %
Wt - gLz, ZOF T, taxodal IZFHHILAH TH Y, NMR b, XMk
ST S 2B IR VW RREEAZRE L, 20X, BOWIEERRD L
w77 v ya vEKREASX Y MY IT, ferruginol B X O
6,7-dehydorferruginol % EEER Ly & T HE R T X BT LR
MOl I TWbHdZ ExHonIT LT,

BAETIE, 770 va vk~ I HEE - RELL 12 bH
W 1lfbawER Y~ e T VIcH T HHuEiEtE (g, BREE) &
mELE, 11 k&P 5 ITHEEEE®RB DL, FIZ
6,7-dehydroroyleanone [X3EH IZH WEIEE (T0%) # L=, ZOLLEWIT
TETH UEKRO CERICKY / Ui, 12001ICKBEEEZH L, CBRORB®N
ERREEEZ R Lo EA b, BREEEEMEIL, sugiol k< 2Tofk
AWICERD 5, #1C xanthoperol, 14-deoxycoleon U I[CHI X[ #E & & 2%LL T
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O IEFITNTEEN R X iz, Xanthoperol IX, 7B ¥ VB BEBRO AL
MIWZANVR=NVEEHETHIEHTHY, tholLEMITH SN2 BB DK
M e BEPROVEBRILEEEEZ R LZEEZE AN, £72, BERO TALICh
NWR=NVEEZAT D sugiol IZITTEENBO G2 0d, RUHEETCEO 11
MLz KERE 255 L 72 salvinolone TIXE EHFEMEAZRL, S HIZBERD 6
NEAZ KR H % fF N L 72 14-deoxycoleon U TIFIEFIZH BB EFEME L R L
leZens, KBEOHWMAEEHEEE®RICHFLE T LHEEZXONTL, TEZ X
VLY T R OFURIE M & ferruginol 20 b DAL TELET D &, ML
M) #] > 6,7-dehydroferruginol X sugiol TILIEM23%E L < WA+ 22, ik
R #EFT L 7= 6,7-dehydroroyleanone, xanthoperol, 14-deoxycoleon U TId
CHWIEMR 7 Ll o7c, TRHDORBEIY, 70 avREoran7 i
3o BT, RICERHEEFEE®RICELIbOTHY, T2 YT L
R DOBALIC L D2EEDZRILIC L o T, BIBEBLIOCERMEE L Vo I FERD
nEEETRT DO LEE XL,
S5ETIX, 7 v va vk~ ol 8- AIESInz 12 1k
DHREIE®Z, KMBFHEO T 727 (ABEHE) BI04 AF Y X T
s (BEBEHE) W TR Lz, U 72 icx LT, 12468 F9
IEAEWIZIEME NS 5L, 14-deoxycoleon U, taxodione, salvinolone {Z &>
EHERBDO LN, A TXTHZ TR L TIE, 12660 T X TIZIEEDRR D
b #, taxodione, 14-deoxycoleon U (ZHFIZ 7R W\ {23, salvinolone, taxodone,
ferruginol IZHVVEMERE O b/, ZOMI T, HWZAGAEHE OGN
RELL EHEL2bDTHoT, £, MEICHFLTHERWIIEFEEZ L
taxodione, salvinolone, 14-deoxycoleon U DL FHE N DIGEE Z L3 5 &,
5,6-dehydrosugiol ® 11 {iz, 6 LICNER KEEE 2 #5A L salvinolone & L O
14-deoxycoleon U & 72 % Z &L THWMEMME S L R D2 Lnb, KBEOKE X

CZDOREE AN AMIBEFHEICH T 2P EEEICHERSBBEBRLTND EELDR
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R 2HEORMBHEIZNT 277 vy a VERREON HEEZBMET 5720
12/EWOREEEEFMT 2 &, 7270 a UERREO(FEIBGE L ER R 2 1%
T 5T DR 60% % 5% 5 ferruginol 3 & % 6,7-dehydroferruginol
WEE THREEEICFS L, THLUSNDOK 26% % 5 5 taxodione 72 £ %
R T AR PNERRE CTHEEEICES LD EEx N, 20N
X, FICHEABEHEIC Lm<En, 77U a v ERROWTED;HEEEO
MR B MNE o, TEZH VO T L2y QR EIEN % ferruginol 7> 5 0
ML CTERT DL, AEBIOHEmMEE I L ferruginol O RELY
taxodione, salvinolone, 14-deoxycoleon U MIEF ICHWHIEEMEZ R LT7Z 2
Eb, ZEICEHEEND ferruginol # EE L L7 v VAU T LU0,
AL ICHE N ZRRMEICET 522 & T, FURIERRER, KRMBEMHEIC
TOHERRIERICHFE T 2b0EExLNT, D b, 703 ay
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EEWHP AL DEATITHEVWSZRIZELT D2 LT, TEBRRTB LOZ OB
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TEx RO T AR, REROAFRBEEICHRIBEKRL TS ZERHL
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LTWwa B2 bR,

130



51 FH 3k
FARER, RFEM, EEGFS, EHE 1, WHtwD 2001, & X & ik

DFFE. KM REE 47:276-281.

Bajpai, V. K., Rahman, A., and Kang, S. C. 2007. Chemical composition and
anti-fungal properties of the essential oil and crude extracts of
Metasequoia glyptostroboides Miki ex Hu. Industrial Crops and
Products 26:28-35.

Blaske, V. U. and Hertel, H. 2001. Repellent and toxic effects of plant
extracts on subterranean termite (Isoptera: Rhinotermitidae). Journal of
Fconomic Entomology 94:1200-1208.

Bultman, J. D., Beal, R. H., and Ampong, F. F. K. 1979. Natural resistance
of some tropical African woods to Coptotermes formosanus Shiraki.
Forest Products Journal 29:46-51.

Chang, S. T., Wang, S. Y., Wu, C. L., Chen, P. F., and Kuo, Y. H. 2000.
Comparison of the antifungal activity of cadinane skeletal
sesquiterpenoids from Taiwania (7aiwania cryptomerioides Hayata)
heartwood. Holzforschung 54:241-245.

Chang, S. T., Wang, S. Y., Wu, C. L., Su, Y. C., and Kuo, Y. H. 1999.
Antifungal compounds in the ethyl acetate soluble fraction of the
extractives of Taiwania (7aiwania cryptomerioides Hayata) heartwood.
Holzforschung 53:487-490.

Cheng, S. S., Liu, J. Y., Chang, E. H., and Chang, S. T. 2008. Antifungal
activity of cinnamaldehyde and eugenol congeners against wood-rot

fungi. Bioresource Technology 99:5145-5149.

131



Cheng, S. S., Lin, H. Y., and Chang, S. T. 2005. Chemical composition and
antifungal activity of essential oils from different tissues of Japanese
cedar (Cryptomeria japonica). Journal of Agricultural and Food
Chemistry 53:614-619.

Cornelius, M. L., Grace, J. K., and Yates, J. R. III 1997. Toxicity of
monoterpenoids and other natural products to the formosan
subterranean termite (Isoptera: Rhinotermitidae). Journal of Economic
Entomology 90:320-325.

Doi, K., and Shibuya, T. 1972. Diterpenes of Juniperus conferta.
Phytochemistry 11:1175.

Eberhardt, T. L., and Young, R. A. 1994. Conifer seed cone proanthocyanidin
polymers: characterization by 13C NMR spectroscopy and determination
of antifungal activities. Journal of Agricultural and Food Chemistry
42:1704-1708.

Enoki, A., Takahama, S., and Kitao, K. 1977a. The extractives of
Metasekoia, Metasequoia glyptostoroboides Hu et CHENG. I. The isolation
of Metasequirin-A, Athrotaxin and Agatharesinol from the heartwood.
Mokuzai Gakkaishi 23:579-586. 1997b. The Extractives of Metasekoia,
Metasequoia glyptostoroboides Hu et CHENG. II. The 1isolation of
Hydroxyathrotaxin, Metasequirin-B and Hydroxymetasequirin-A.
Mokuzai Gakkaishi 23:587-593.

Fang, J. M., Lee, C. K., and Cheng, Y. S. 1993. Diterpenes from Leaves of
Juniperus chinensis: Phytochemistry 33:1169-1172.

Fujiyama, I. 1983. Neogene termites from northeastern districts of Japan,
with references to the occurrence of fossil insects in the districts.

Memoirs of the National Science Museum (Tokyo), 16:83-98.

132



Fukushima, J., Yatagai, M., and Ohira, T. 2002. Abietane-type and
labdane-type diterpenoids from the cones of Chamaecyparis obtusa.
Journal of Wood Science 48:326-330.

Fraga, B. M., Diaz, C. E., Guadano, A., and Gonzalez-Coloma, A. 2005.
Diterpenes from Salvia broussonetii transformed roots and their
insecticidal activity. Journal of Agricultural and Food Chemistry
53:5200-5206.

Ganapaty, S., Thomas, P. S., Fotso, S., and Laatsch, H. 2004. Antitermitic
quinones from Diospyros sylvatica. Phytochemistry 65:1265-1271.

Gao, J., and Han, G. 1997. Cytotoxic abietane diterpenoids from Caryopteris
Incana. Phytochemistry 44:759-761.

Gaspar-Marques, C., Rijo, P., Simdes, M. F., Duarte, M. A., and Rodriguez, B.
2006. Abietanes from Plectranthus grandidentatus and P. Hereroensis
against methicillin- and vancomycin-resistant bacteria. Phytomedicine
13:267-271.

Hensch, M., Riiedi, P., and Eugster, C. H. 1975. Horminon, Taxochinon und
weitere Royleanone aus 2 abessinischen Plectranthus-Spezies (Labiatae).
Helvetica Chimica Acta 58:1921-1934.

Hirao, T., Nakano, Y., and Yamamoto, H. 2008. Four new 6,7-dioxyabietane
diterpenes from cones of 7Taxodium distichum Rich. Bulletin of the
Faculty of Education, Ibaraki University 57:71-76.

Hirasawa, Y., Izawa, E., Matsuno, Y., Kawahara, N., Goda, Y., and Morita,
H. 2007. Taxodistines A and B, abietane-type diterpenes from 7Taxodium

distichum. Bioorganic & Medicinal Chemistry Letters 17:5868-5871.

133



Hueso-Rodriguez, J. A., Jimeno, M. L., Rodriguez, B., Savona, G., and Bruno,
M. 1983. Abietane diterpenoids from the root of Salvia phlomoides.
Phytochemistry 22:2005-2009.

AEEL T, A, ARTE -, EEEKR 1975, 45 HpEAE YRS I B3 5 BFgE
(56 88 ) A X v oA 7 ORMMS O 1. HAHEGE 95:349-351.

Jolad, S. D., Hoffmann, J. J., Schram, K. H., Cole, J. R., Bates, R. B., and
Tempesta, M. S. J. 1984. A new diterpene from Cupressus goveniana var.
ABRAMASIANA: 58-Hydroxy-6-oxasugiol (cupresol). Journal of Natural
Products 47:983-987.

FREFA R, MEA R, MRRE, A RS, LEE— 2004 AXF LM OHEEIEICE
FIEFTEEGZEREORE. KM ¥a3E 50:91-98.

ISk —, KMFER 1996, A X a4 T OHRMREICHTENDL 7 TR/ A F
OB AL G, e RFE AR — Y [ER 2GS, 8:78-81.

AR, BEREER, fMHR T 1991, AFABICLD VA ¥ rofkts 7=
XDy FRARERE. AMFEREE 37:971-975.

Kawazoe, K., Yamoto, M., Takaishi, Y., Honda, G., Fujita, T., Sezik, E., and
Yesilada, E. 1999. Rearranged abietane-type diterpenes from Salvia
dichroantha. Phytochemistry 50:493-497.

INEREANEE, R, e KEL, RAME, KBERK—, A% — 2001. R
TR OEEME E T OBEK T KM PR 47:479-486.

Kofujita, H., Fujino, Y., Ota, M., and Takahashi, K. 2006. Antifungal
diterpenes from the bark of Cryptomeria japonica D. Don. Holzforschung
60:20-23.

Kofujita, H., Ota, M., Takahashi, K., Kawai, Y., and Hayashi, Y. 2002. A
diterpene quinone from the bark of Cryptomeria japonica.

Phytochemistry 61:895-898.

134



Kondo, Y., Ikenoue, T., and Takemoto, T. 1963. Structure of xanthoperol.
Chemical & Pharmaceutical Bulletin 11:678-680.

Kuo, Y. H., Wu, T. R., Cheng, M. C., and Wang, Y. 1990. Five new compound
from the heartwood of Juniperus formosana HAYATA. Chemical &
Pharmaceutical Bulletin 38:3195-3201.

Kupchan, S. M., Karim, A., and Marcks, C. 1968. Taxodione and taxodone,
two novel diterpenoid quinone methide tumor inhibitors from 7axodium
distichum. Journal of the American Chemical Society 90:5923-5924.

Kupchan, S. M., Karim, A., and Marcks, C. 1969. Taxodione and taxodone,
two novel diterpenoid quinone methide tumor inhibitors from 7axodium
distichum. The Journal of Organic Chemistry 34:3912-3919.

Li, A., She, X., Zhang, J., Wu, T., and Pan, X. 2003. Synthesis of C-7
oxidized abietane diterpenes from racemic ferruginyl methyl ether.
Tetrahedron 59:5737-5741.

Li, W. H., Chang, S. T., Chang, S. C., and Chang, H. T. 2008. Isolation of
antibacterial diterpenoids from Cryptomeria japonica bark. Natural
Product Research 22:1085-1093.

Lin, L. Z., Blaské, G., and Cordell, G. A. 1989. Diterpenes of Salvia prionitis.
Phytochemistry 28:177-181.

Lockheart, M. J., van Bergen, P. F., and Evershed, R. P. 2000.
Chemotaxonomic classication of fossil leaves from the Miocene Clarkia
lake deposit, Idaho, USA based on n-alkyl lipid distributions and
principal component analyses. Organic Geochemistry 31:1223-1246.

AP, B RVE—, AT, NIEINES, NE LA, FHER 2001, X

EMTNAX )AL RO A ZTEAERMEER. AMFEEEE 47:58-62.

135



AR, BT —, BEAME, KREFILE 2004, A X (Cryptomeria
Japonica) MO T VX A4 ROBBB LR 7 =¥ ) — VoL FEH. T
i R T AL 22 33:63-73.

O, EARMZE, WEAERE 1980, AXM T O A F rEIERSY. AM RS

i 26:698-702.

al

REHS, #BMER, FAER 20000 AXHMOT L) 4 Fidy (5 6 #)
Kokt ek 3 5, RILY 35, RIAR 14 5O, AMF R 46:225-230.

Nagy, G., Giunther, G., Mathé, I., Blunden, G., Yang, M. H., and Crabb, T. A.
1999. Diterpenoids from Salvia glutinosa, S. austriaca, S. tomentosa and
S. verticillata roots. Phytochemistry 52:1105-1109.

Otto, A., Simoneit, B. R. T., and Rember, W. C. 2003. Resin compounds from
the seed cones of three fossil conifer species from the Miocene Clarkia
flora, Emerald Creek, Idaho, USA, and from related extant species.
Review of Palaeobotany and Palynology 126:225-241.,

Otto, A., Walther, H., and Pittmann, W. 1997. Sesqui- and diterpenoid
biomarkers preserved in 7Taxodium-rich Oligocene oxbow lake clays,
Weisselster basin, Germany. Organic Geochemistry 26:105-115.

Rudman, P. 1965. The causes of natural durability in timber XVIII. Further
notes on the fungi toxicity of wood extractives. Holzforschung 19:57-58.

Sato, A., Senda, M., Kakutani, T., Watanabe, Y., and Kitao, K. 1966. Studies
on wood phenolics (II) extractives from heart wood of Metasequoia
glyptostoroboides Hu et CHENG (Part 1). Bulletin of the Wood Research

Institute, Kyoto University 39:13-21.

136



Scheffrahn, R. H., Hsu, R. C., Su, N. Y., Huffman, J. B., Midland, S. L., and
Sims, J. J. 1988. Allelochemical resistance of Bald Cypress, 7Taxodium
distichum, heartwood to the subterranean termite, Coptotermes
formosanus. Journal of Chemical FEcology 14:765-776.

Sekine, N., Ashitani, T., Murayama, T., Shibutani, S., Hattori, S., and
Takahashi, K. 2009. Bioactivity of latifolin and its derivatives against
termites and fungi. Journal of Agricultural and Food Chemistry
57:5707-5712.

Shieh, J. C., and Sumimoto, M. 1992. Antifungal wood component of
Cunninghamia lanceolata. Mokuzai Gakkaishi 38:482-489.

Simdes, S., Michavila, A., Rodriguez, B., Maria, C., and Hasan, G. A. M.
1986. A quinone methide diterpenoid from the root of Salvia
moorciuftiana. Phytochemistry 25:755-756.

Son, K. H., Oh, H. M., Choi, S. K., Han, D. C., and Kwon, B. M. 2005.
Anti-tumor abietane diterpenes from the cones of Sequoia sempervirens.
Bioorganic & Medicinal Chemistry Letters 15:2019-2021.

EREZED, LM, WD 1996 A X EIATROPT I U avDT =
SRRy B 46 [l HAARMFERRIEREEL p.402.

mAEFE N 2002, “BIAR OB BRI H BRSO &R - P EESCH R, e
t p.124.

AR RS, SR = 1997, WA EA, My o, 11 &, myAmT. S
PN fW, BH OB B A pp.204-207.

Teixeira, A. P., Batista, O., Simdes, M. F., Nascimento, J., Duarte, A., Torre,
M. C. D. L., and Rodriguez, B. 1997. Abietane diterpenoids from

Plectranthus Grandidentatus. Phytochemistry 44:325-327.

137



Tellez, M. R., Khan, I. A., Kobaisy, M., Schrader, K. K., Dayan, F. E., and
Osbrink, W. 2002. Composition of the essential oil of Lepidium meyenii
(Walp.). Phytochemistry 61:149-155.

Tezuka, Y., Kasimu, R., Li, J. X., Basnet, P., Tanaka, K., Namba, T., and
Kadota, S. 1998. Constituents of roots of Salvia deserta Schang.
(Xinjiang-Danshen). Chemical & Pharmaceutical Bulletin 46:107-112.

Theis, N., and Lerdau, M. 2003. The evolution of function in plant
secondary metabolites. Plant Science 164:93-102.

Wenkert, E., and Buckwalter, B. L. 1972. Carbon-13 Nuclear Magnetic
Resonance spectroscopy of naturally occurring substances. X.
Pimaradienes. Journal of the American Chemical Society 94:4367-4369.

Wenkert, E., Campello, J. D. P., McChesney, J. D., and Watts, D. J. 1974.
Diterpenes of  Podocarpus  ferrugineus bark. Phytochemistry
13:2545-2549.

Yamamoto, H., Hirao, T., Wakayama, K., and Chida, T. 2003. Abietane
diterpenes from cones of 7Taxodium distichum Rich. Bulletin of the
Faculty of Education, Ibaraki University 52:31-39.

Yang, S. J., Fang, J. M., and Cheng, Y. S. 1998. Diterpenes from Zaxus
MAIREI Phytochemistry 49:2037-2043.

Yano, S., and Furuno, T. 1994. Resin acids from extracts of pine cones of
Kuromatsu (Pinus thunbergii). Mokuzai Gakkaishi 40:72-77.

Ying, S., Xi-hua, Y., Can-Kui, Z., and Zhi-Ben, T. 2005. C-32 triterpenes
from Taxodium ascendens. Biochemical Systematics and FEcology

33:211-214.

138



Zhang, Y. M., Yin, R. T., Jia, R. R., Yang, E. H., Xu, H. M., and Tan, N. H.
2010. A new abietane diterpene from Glyptostrobus pensilis. Fitoterapia

81:1202-1204.

139



KRBT T DICHI-T, RBGELRTHEE, THEZBY ELEILE
FREEMAEVRE SR OSEF N ER, F A | R MR, KL — 4 & B,
Vg IR AR O AT I R, A TR R I AR BB R AR O /) kA 38 Uk H
, GLAT R B RS AR LR O AR B B T D K0 R, AL
HLLEF XTI,

Flo, REAATRFZAAL TV A =0 22RO AR IT X B s
fEAT DA, WOICSEEEEOREICH L TER2D THEZ2HBY L, &
(2, TUINRZRZFEREERZMMO#EHLENZITHICEMOMRRITH -
STIZHEZ2HY £ Uiz, BT, BKHRSLRZARM & N A JE T o BEAR 7%
PR B HRIEE S KO EEERBROZRITICHT > TEZLOZTHE LBV
L, BERTHELEL ETFET,

%IZ, NMR SHricdHiz ) ZRK2WH a2 LT IEE s UJERERFERE
FHPZER O REE K, WK XHEIIHTE D ZRRWH ) LEF 287l
T R 57 J 2 B A W BR B 2 B AR AR IR R R AR AR R TR R E SRR O RE DD &

N Al D=

140



Summary
Chemical defenses of living fossil conifer,

Taxodium distichum Rich. cones.

Taxodium distichum Rich. (Taxodiaceae), commonly known as “bald” or
“swamp” cypress, 1s well known as an extant deciduous, living fossil conifer.
Abietane-type diterpenes are widely distributed in the plant kingdom as
natural compounds. They reveal characteristic bioactivities (e. g. cytotoxic,
antimicrobial, and antibacterial effects). Cones of 7! distichum have been
known to contain characteristic abietane-type diterpenes, however, only a
few reports have considered self-defensive compounds in living fossil
conifer cones. These compounds might have been important for the
persistence, and thus, evolutionary success of 7. distichum. The aim of this
study was to investigate the bioactivities of components from 7. distichum
cones, and to evaluate their chemical self-defense mechanism.

In the second chapter, antitermitic and antifungal activities of successive
extracts from 7' distichum cones were examined. The fallen cones of 7.
distichum were extracted successively using n-CesH14, EtOAc, and MeOH
solvents and these yields were 10.8%, 3.53%, and 1.56% per dry weight,
respectively. In the antitermite tests, the n-CesH14 extract showed 40% of
potent mortality in 7 days against subterranean termite, Reticulitermes
speratus. The n-CeéHis and EtOAc extracts showed potent antifeedant
activities. All extracts showed antifungal activities against brown-rot fungi,
Fomitopsis palustris and Gloeophyllum trabeum, much stronger than
white-rot fungi, Trametes versicolor and Lenzites betulina. The n-CsH14 and

EtOAc extracts especially showed potent activities against F. palustris.
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These two extracts also showed antifungal activities against soft-rot fungi,
Trichoderma virens. From these results, the n-CsHi14 and EtOAc extracts
had higher antitermitic and antifungal activities than MeOH extract. In
addition, the yield of n-CsH14 extract was three times higher than that of
EtOAc extract. Thus, it was suggested the low polar components in 7.
distichum cones mainly related to their chemical defense.

In the third chapter, chemical components of the n-CesH14 extract were
investigated. The n-CséH14 extract was analyzed by GC-FID and GC-MS. It
was consisted of 70% terpenoids and 30% waxes and/or polymerized
components. These terpenoids were mainly diterpenes (95.7%), with few
sesqui- (4.0%) and monoterpene alcohols (0.3%). The extract was separated
by partition extractions to the strong, medium, and weak acidic fractions
with a neutral fraction, and these yields were 1.59%, 1.39%, 12.61%, and
84.41% per n-CeH14 extract, respectively. Weak acidic fractions were mainly
several types of diterpenes (98.4%) with few monoterpene alcohols (1.6%).
Neutral fraction had similar chemical composition to n-CsH14 extract, and it
was consisted of ferruginol and 6,7-dehydroferruginol. These two
compounds were determined from the comparison with standard and
synthesized samples by GC analyses. The weak acidic and neutral fractions
were separated by silica gel column chromatography. Structures of isolated
compounds were determined by GC-MS, IR, and NMR analyses. Nine
diterpenes, 6,7-dehydroroyleanone, sandaracopimaric acid, taxodione,
taxodal, sugiol, =xanthoperol, salvinolone, 5,6-dehydrosugiol, and
14-deoxycoleon U were isolated from the weak acidic fraction, and taxodone
from the neutral fraction. Isolated diterpenes, excluding sandaracopimaric

acid and taxodal, had abietane-type structure. Taxodal was a novel
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diterpenes, therefore, the configuration was determined by X-ray
crystallographic analysis. These identified compounds consist 90% of
diterpenes in the n-CeéH14 extract. Thus, most of abietane-type diterpenes in
T. distichum cones were identified.

In the fourth chapter, termicidal and antifeedant activities of the twelve
identified compounds against R. speratus were examined. The
6,7-dehydroroyleanone showed strongest mortalities (47% in 5 days and
70% in 10 days) in the components. All of twelve compounds showed
antifeedant activities. Xanthoperol, ferruginol, 14-deoxycoleon U, taxodione,
and taxodone especially showed ©potent antifeedant activities.
6,7-Dehydroroyleanone has a hydroxyquinone structure; xanthoperol,
taxodione, and taxodone have carbonyl groups; and 14-deoxycoleon U has
three hydroxyl groups. These results suggested that the characteristic
forms of the abietane-type structure due to the degree of ferruginol
oxidation reflect their various activities.

In the fifth chapter, antifungal activities of the twelve identified
compounds against white-rot fungi, 7. versicolor, and brown-rot fungi, F.
palustris were revealed. Most of the identified compounds showed
antifungal activities against F. palustris much stronger than 7. versicolor.
This tendency was the same property as n-CeéH1s extract. Taxodione and
14-deoxycoleon U especially showed potent antifungal activities against £
palustris and T. versicolor; and salvinolone, taxodone, and ferruginol also
showed antifungal activities against F. palustris. Hence, the quantity of
abietane-type compounds is not the only factor influencing the antifungal
activities of 7 distichum cones, but that there is also an effect of oxidized

abietane-type compounds. This illustrates that it is important to
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investigate the antifungal properties of both major and minor oxidized
compounds when evaluating potentially active compounds.

As consequences, chemical self-defenses of 7. distichum cones were
strongly related to the activities of characteristic abietane-type diterpenes.
T. distichum cones utilize these compounds for self-defense by oxidizing

ferruginol to the various active compounds.
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