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H A TS DI EMRBE DO G &, 2% (Cryptomeria japonica) 9t / %
(Chamaecyparis obtuse) 72 & D NLTHMPIER S, £ 5D OEIRIUTHEF]H AT
REZRRRBIZ 7R > T D, T DO FERBIED N THHEMIL, AF 0 448 /7 ha, b
/% 260 5 ha, 7~ (Larix kaempfer) @ 100 75 ha, bk K~ (Abies
sachalinensis) @ 88 Ji ha, ~ V¥ (Pinus) ® 86 J ha 72 & &ipoTinad (b
BFfF 2016). 2D OBIFEIT 2 E TRIEREMOFE, LERR EZIEITDT
STHIHESNTE 2. o, FTCBRARMOFIME LT, Fpk 24 06 FA
FRE T L 36— o [ 8 i BRI BE AN BR AR S, RENA A~ AFs Bk DR
BARRALL, BEMRED/PNMERBRIHAREL oo TS, EHIT, PRk 32
FICBHEESND 12020 FFHURA Y v By 7 - RT Y By ZHHHRE] 1280
TR iR DREEEM 72 EICAM 2% < LY AN D Z &7 E0bARM OFIHIC
XITHELREED, SHOAMOFHOEKL FEEND (KEFT 2015).
BIAROFIITAECM 2 ED X5 TN Lo w7213 T2 <, BRI RSy
AL ZE LM LOEIZ K - THRIA ST E 7o, SR R AR OF| B
ELTHET BDRIEE OBRITITREIAERD & U TR b D ARRERIE, TR
MC IR AN 72 IR (A dE S 20000 ST E72fth, 4 (Yatagai 1989)
RLWE (Ohta 1994) Zxt LAEMTEMEZ AT 5 LWmE SN TWD. LLED X 9Ig,
BIARIT SRR BRENIAET D & & bICE ORI bR, (LR BRI X -
TMLEN, ZRERFAEELZF > TV D. BxIZE > TERETHOAHARER
ThHDHT2, BUEOEAM 2 A0 U TR & B 72 22 R =0 0& FH D B ffy o FapE Y
RE/LZEEFHEERFETH 5. T THRAROBRSLAFTREEIC L > THEVD



o LML, SR TIIME O ORI TE 5.

AR O TR RARE & L TRIA STV A RSIEEICT IV
NRIA RTHD. T A RiE, LEOTHHINTWEREERH Y, RER
REDIZVENSEONDLI DT A Ou Py ibs. ik, TEREE
L CHESR T 146 5 b o AFEEE TR Y, BEHUH 1 XA, A = L LA,
BEAER, FIRIRA > 7 5k BiRIA A S Tvd (% 2010; B4 2011).
FHER O EICE S FHEL TWDHE /) T2 Th DHopinene 1TFE £ 721%
camphor ORGERE 2 & & LTHEMA SN TS (RIES 2016). ZDEH, 7
N A RIFFFEERELEE S LTHRH S THD 2, BRFUCH > Tk
AR R SBAROPEMEIERICEVWE L L TORERH L LS
TVW% (Harborne 1981). ZD7=®), HiA (K#f) ERTHL I mT JRLEED
ARG 72 Sloxt T 2 bt gh RO /B R A AT DRy BWIFET D
(Martin and Bohlmann 2005; 4HH 2006). f5ZE 478D THE, B/ FT7 A
Fu (BX) RFA Ve ) XHMPICERETDHE / FF 4 — L (B-thujoplicin)
MWHHILTERY, TOPEANRT MIVOILREI D HIER RN ITOI TS
(Debell et al. 1997; Debell et al. 1999; Inamori et al. 2000; Baya et al. 2001).

LOL2 s, EEOT R A ROF|HCEE O BAIFIE1E i i B o
RHGIRE ) TNRRVTAXAER L TEY, MEPS BRI X - TE

BICHFET DB AFT LU ONTOMFIEIT AT D 720, RFIC BITR
L= Y HOMITIT ' AX T VU RAEAKFE D longifolene 3% < G ENTHDY,
b/ F72Fm (BEN) #9203 thujopsene N E < G ENTWER, £/ T/L
RUETVTARVENHHASATWAIZE b BT, b ORS ORRE
HIFEA TOWRWDORBIRTH S, 16> T, BARMRSFIHAZHEES 572012
SRR R XTI OMREMRIA 2 e A BN H 5.



—J7, longifolene X° thujopsene, 7 caryophyllene, humulene 72 & O ERIR
s
DI & UG LTRSS D 2 & (HBMb) BRmbhTnd (B

et

TAXT NSRBI SCTERBEZA L TBY OFABKRE S,

2013). ZOINFTOTHDOREREEEZ R T L EAF T AR UAKFRIRRI)ET
% EEZ 55N, caryophyllene X humulene O34 Tk H BER{LA kM I
TEDRAGKFZ R DPLF REESCHIETEER O D Z EPME I TV D
(Ashitani et al. 2013, 2015). HRFTIIBHEARER &, BIE LM A ERIZS
O I ML S D ATREMED S <, KREITAEFET D AT IS Ak 72 ZIRARKL
WNZEAL U THTZ BN 2RI T 2 BB 2 65700, BEIERLEIS O
FBIRF ORS ODEFEIEINC ST A2 525 ThAD. E>T, LB
longifolene <° thuopsene & H#E(LIUS CTHAWEICIR S EL 2 LN TED
AEEEDN B 2 DL, ENOAERYOEMIEMEZ ETT 2 2 & TRAMB S OFr
T2 2RI D BAZE & Rl oy DAL P AERE FHIBSREfRIA S AR & 72 D L B 2 7.



526 AMTED H P

AT longifolene <° thujopsene & W\ 72t A X T L~ RAVKEL, Lt
AR EICHHENITFEL TV DD, ARRFMEOREIIIA T RN &
kNl KRR TIEIBARATICHFET OIRMAEZXAFT L OH T
longifolene & thujopsene (ZFH L7z. 728, =YXt T longifolene <°
thujopsene N KEIZAEIND DD, £72, TNHDEYIHIER SIZOWTH
i+ 5 MENH S, LHL, longifolene X thujopsene 2SZMAM T b 5 AHE
Fido v m 7 VIZx L CTAEMEEEZ R T LW I BEIRIT LA LR, REILA
AT LB IO N TRV, £ 2 CRIfi TR~ BB LIS ER L,
B DRSO EEBLIZ L > TED LD REBEMMBERT D0y, Z ORRIX
ED XD REREEE R T ONER ST, FIFICET D RN RO R
& BRI T 5 longifolene <° thujopsene DAL & FR{bAE R DEENZ DU
TOMRZGELZ L2 AMNE L. KR TIE, ~YOFEHERDITHD
longifolene <° & /XD FEH K5y T 5 thujopsene O H BNV ZMFT L, & D
AR D AR TE BIFE TS D AEMTEME (FUIEME, HUETEME) &3 L7z,



W2 B AFT A BT D B LRS

B1E Fram

Ashitani et al. (1999; 2008) I%, EHDRKENWERAFT AU RLKETH
% caryophellene X°> humulene [IfiFECHEFEIC L > TEGICHEBIR LIS Z
EHRRLTWD., 72, —BRMETHEM G % #7> thujopsene (Nagahama
and Tazaki 1987) X° longifolene (54 2013) & ZHICIE S5 & HENERL
S5 Z Ll ShTuwb. Longifolene <2 thujopsene DALZERGDRFSEIC
DWTIE, £ OWERTEDHIIED T80 H < 7 HiEFEIZ/THI T & /2. Longifolene
[ZoWTIE, 7 M7 7T kén (Kl S 1978), 4 (Dimitov et al. 2003),
8% B (Nayak and Dev 1963), i~ > 4 > & U 7 & (Nayak et al. 1989)
72 EOFRALA & W= SO O D, longicamphenylone 73 &3 33
A & LTS STV %, Thujopsene 12xF LTI, i< 2B 22K H CTRAF
LTBWEGA, ZEARDOLNDL Z ERMLA T (JIF 1930). 7z
thujopsene (IEFALANT G L THIEE OBIRA L7 ¢ 0 & 72 2 BE FOSH
W SN TS ((FE 1974). F#IC thujopsene (22Tl H BB LSO HERE I
DWW 2 BEREZ IR E 32 OGRS S 1TV 5 (Nagahama
and Tazaki 1987).

L/ L7285, longifolene (22 Tid HEIERLOSSHEITIRHTH Y,
thujopsene |22\ T Nagahama OAFZELIE HEIR L OWME 1372 <, KIED
FEHIZ OV TR ORI R STV A, 70, iR TO BEMBLIXARY % 15
Lo LT 5 LERMH 1-3 ) 00, ORI E WS S CIEFEMMEICZ L.
Z TG EHIET 2 0LEN B 500, BEEBCLAROFIR E L TH FEREE
FRfbAIZ R L7222 RS b, M2 W3 SOn 2 Il S 57280, N



BT L DA T

Z 2T, RETIEIRFMHDT L~/ A K longifolene & thujopsene ¢ #LEH
IZ X2 BEWR LG Z IR CTORES & FiRRa U, INELEE D A5 20 R0 S i
WMERALNITHZEEEHNE LT



o 26 EERITIA

2.1 AROFFR
SRR FRATFR A FHIR L0 E SN EEFTA Oz o U 1 7L
(60N, spherical 63-210 um, neutral; Kanto Chemical Co., Inc., Japan) %
Thraw I T7 40— 98% (GC) 12725 % THHL L 7= longifolene % 5}
ELTHWE. £, iRERAO e MM Z S U B SN T Do a~ T T

7 4 —T98% (GC) (2725 £ THifL L 7= thujopsene ZJ5UEE L THW =,

2.2 HEELE S
2.2.1 =R ToH@ERLE S
2 ml Vo FVEICHERL L 7258 300 mg 2 AN, BEHETICT LI =LA

TEV, =R, BESME T CTiE L7z, Longifolene (X 3 4[], thujopsene |E 1 4F
FIRCE U 7okt 2 .

2.2.2 BT X 5 BEhER LG
10 ml W > FOVEITHERL U 7 JROB S R 2 AN,

Het

Kk b L HicELE
FATHW =, BV X, 7V U Pz TIiTY, Ry F L — R RAZ—F —

THTEREICTMEGWH L. sreilZsicxry vV —2HWTH 7

/ORI L7, I L7 7 3motr 4% & TWmEsE TORIF L7z,

2.2.3 RIRIHT
YTV —ZHONTRYHLEY 7D 1 mg/ml 7% b AAREFR L
7. BETOBHBBLISH DT & b o RE S FRRICHREL L7,

OGS E 1:11272% K5 ICHERERED T hr Ak (Wako) ZiREG L, W



S ST WVR CBRAERD DORIREHT DT, EBHI B/ A X ) —
JRATEIR (80 :20) & iR trimethylsilyl diazomethane (GL Science) % %
ALEA 20 pl, 10 pl Adv, 30 DRIMEL, AT UbERBIiolz. BV T Y
AL DA F NACRIE THIERS DEALR 720 2 &I TR RER CHERRIE A~ Th
5.

ERIHTIE GC-FID &V, W&k CUEEZ A L. GC-FID Z#ricix
GC-2014 SHIMADZU % HWEL T OEMETHM LTz, U T L DB1 (J&W
Scientific) ¥ ¥ 7 UV —Hh T A, F¥ U T —H A~ 7 A, KALREE:230C,
R 250°C, 7 MR HIHNEE 100°C 1 oREfAF), HiE 5C/min T
100°C2>5 200°C, i 10°C/min T 200CHh 5 320°C, Aci&iREEIRFRIFR 2 2
1. BRI 87 2y & L 7=,

EMESHTICIE, GCMS-QP2010 Ultra SHIMADZU # vy, LA TF DTS
HriL7=. 77 2 DB-1 (J&W Scientific) ¥ 7V —hT A, ¥ 17 —HA:
~VY UL, KAERIRE250C, A v ¥ —7 = — AR E250°C, 7 T LR IR
£ 100°C (1 2 MIfEEF), HiE 5°C/min T 100°C25 200C, HiE 10°C/min T

200°C 5 320°C, AAIRBECRIFIFE 2 43l o ATiefEid 37 7o & L7,

2.2.4 &AL O E R
I U EMEE @RS 1975) 2V T, BRIl (meqkg) ZHH L7z
75 222 50 mg DEELE AL, Z ks 10 ml CEfE L. I (kY
¥ LEAFIKESHE 2 ml & 0.02%3 bgk () % & TefERE 5 ml %, KEETT 10
o, F|IRAGE Lz, FRUK 50 ml THDHTO L, 01N FAfmEET U 7 LK
R CHE LTc. WEDEITE, findEe LTT v 7 rimikainz, Aozt z

R L. BT U7 U BIIE, BT Lic7 7 (Wako) 1 g (2 & iRE



RN HEUK 100 ml 2Nz, BRIZAR D2 E THhaERESOMEL, BB Li-b D
o= LAY/

2.3 longifolene f&{b4) 0 B & R E
2.3.1  HENRACAER O HiEf

BV U 72508 332 mg &, 1%/KE{bT b U w7 LAOKESIR, 7K, BafnaiEK
DONENZ N TR N T oo L D & BRIt ic it L7z, sl — 4
U= A\RL—F =X o TR Lo, £70, DAV ERMERIT 6N Hle Clatk
L7, hexane TR L, AMEZEILL, HAKEEET U T LA THAK L.
¥, MPEDIRIFIZIZY b~ ZRBtE vz,

HPEESIEL, VBTN T A a~v NI T 7 4 —ITE L, TEHTEEEIZ hexane
& ethyl acetate (100% n-hexane 7>% 100% ethyl acetate £ T/ 7= 1)
% AT, longicamphenylone, norlongilactone % B L 7=. BEMEERIL, TAHIA
12 hexane 7> 5 hexane;diethyl ether (50;4) {EAAEEEZ W= U D7 v h
Thrvma~x 7T 7 0 —THH L, longifolic acid (37 mg, 99%GC) &

isolongifolic acid (53 mg, 96%GC) % HiffE L 7-.

2.3.2 nrCPBA (T & AL DGRk & B
ik (Bowman et al. 1966; #7415 1988) #UEHLL, m- 7 v w7 BERR
(mCPBA, Wako, #f 69~75 %, #J30 %/K&iEe) %M T longifolene
Db E4T-72. & 5L mCPBA % benzene ~AfR S, M/KMEET RV
7 LT 4 BEi/K &4 72, Longifolene 306 mg #IRANCIRESE, ZHIC mr
CPBA, H/KHiEETFT FU U AEMZ, T/VIHRA /N TEE LT 1 HBERTHE

L7z, RUSHE T, 1%KE{ET b U ¥ DOKEIR, /K, SR EHK ZNHICHV T



WRIRSFN TR L, AEIEEr —% ) —= SR L —Z —Z2HWTEM L. 1556
NIieB % GC-MS fricfit L7z, £72, W% chloroform 12t %, [FIERIC
BIhol.

RUB U TORINEEY 314 mg %, BHIAEEIZ hexane, hexane;diethyl
ether (99;1, 5051, 2031, 10:1) 2V VBTN T L0~ T T 7 4 —
THM L, petroleum ether Z H\CTH#ALMZ MV IK L, longifolene oxide (87
mg, 90%GC) % Hiff L 7.

7 v a i) AHCRIGEEY 298 mg &, IR HHVABEIZ 100% hexane 7> 5 100%
ethyl acetate D7 7V~ NFUT VI TN T T LI~ NI T 7 4—%H
WKL L, methanol % W THf5 24 0 K L, longifolene-hydroxy ketone
(80 mg, 90%GC) = 157=. F£7=, STIRELE % MR T 572912, Longifolene-
hydroxy ketone 10 mg & HE/KEH#E 0.5 ml, BV Y 0.5 ml ZEA L, 12 FFH

MIGEH, TRF U ERBI o7,

2.3.3 H&IRIMT
HEE L 7L B OMEIL GC-MS THER L7, o3 2.23 LIRERTH 5.
{EEMDORIER LU ELHEET 572912 TH-NMR, BC-NMR o2& 272>
7=. %72, longifolene-hydroxy ketone (22 Tl%, HMBC, HMQC 75#r & 3
Z72-72. 1D B LUV 2D-NMR 73 #riciZ JEOL JNM-EX400 (1H400 MHz/13C

100 MHz) spectrometer % H\ 7o, IEEICIZEAR 7 na kL L% o,

2.3.4 fLEMORFIE
Longicamphenylone, norlongilactone, longicamphenylol {22\ Tix, GC-

MS #HhrzBl W RERAOEMLET —F 2B L THRELEZ.

10



Isolongifolic acid, longifolic acid, longifolene oxide (22 Tix NMR 73#71 %
B2 o TH LN EZ SCEME (Dimitrov et al. 2003) & il L7 — & 23—
L7772 DIRE LT,

Isolongifolic acid
1H-NMR &: 0.93 (3H, s), 0.99 (3H, s), 1.00 (3H, s), 1.25-1.41 (2H, m), 1.44
(1H, s), 1.51-1.72 (8H, m), 2.01 (1H, d, ~3.5 Hz), 2.34 (1H, dd, ~4.4,3.8

Hz), 2.95 (1H, dd, ~3.2,2.1 Hz)

Longifolic acid

TH-NMR &: 0.95 (3H, s), 1.01 (3H, s), 1.03-1.12 (3H, m), 1.16 (3H, s), 1.26-
1.44 (3H, m), 1.41 (1H, s), 1.45-1.70 (3H, m), 2.01 (1H, m), 2.11 (1H, s), 2.13-
2.19 (1H, m), 2.55 (1H, m). 13C-NMR &: 20.3, 24.9, 30.1, 31.8, 32.4, 32.4, 33.3,

36.9, 37.3, 39.8, 45.6, 46.9, 60.8, 64.0.

Longifolene oxide
1H-NMR 6: 0.78 (3H, s), 0.93 (3H, s), 1.00 (3H, s), 1.25-1.28 (1H, dd, J~7.3,
14.4 Hz), 1.35-1.50 (6H, m), 1.60-1.71 (3H, m), 1.76-1.82 (3H, m), 2.82 (1H,

d, /~4.6 Hz), 2.99 (1H, d, ~4.6 Hz)

Longifolene-hydroxy ketone
1H-NMR &: 1.09 (6H, s), 1.15 (3H, s), 1.30-1.40 (2H, m), 1.41-1.85 (8H, m),
2.23-2.30 (1H, m), 2.52-2.60 (1H, m), 3.68 (1H, d, &~2.5 Hz), 4.58-4.65 (1H, m).

1B3C-NMR & 21.5, 21.9, 26.4, 27.5, 29.6, 33.7 34.1, 41.4 42.0 43.3, 45.1, 50.7,

11



56.5, 73.9, 217.2.

Longifolene-hydroxy ketone acetate

IH-NMR &: 1.07 (3H, s), 1.10 (3H, s), 1.15 (3H, s), 1.48-1.81 (11H, m), 2.13
(8H, s), 2.25 (1H, bs), 2.48-2.50 (1H, m), 5.69 (1H, dd, #=3.7, 1.3 Hz). 13C-NMR
8:20.9, 21.3, 23.0, 26.7, 27.5, 29.8, 33.4, 34.2, 41.1, 41.4, 41.7, 44.3, 51.7, 56.7,

75.9, 170.4, 210.8.

2.4 thujopsene /b4 O HE & [FE
2.4.1  HEBALA R O HiEf

Nagahama and Tazaki (1987) ®5ik%ESEIZL, T /LI 7 (spherical
75 um; Wako pure Chemical Industries, Ltd., Japan) (ZfEHK % B & T
10%& £, 1 HRMEL, B2 2R LT AVIFhT Lou~ 8T T 7 4
—I|ZC, =R T thujopsene ® HEE{ELY) 300 mg O3 EZ I 727, &
BRI hexane DA% W= 3z, & 512 hexane & W THAEMZITVY,
R Y — B TH 5 bis(A9-thujopsen-8-yl) peroxide (35.4 mg) % Hiff L 7.

R T? thujopsene © HENERLY (1.06 ) > VAT N T LT a~ N7
T 7 4 —IZC, WHEREEIZ 100% hexane 7> 5 100% ethyl acetate D7 7 ¥
N OB 23 Z 78 - 72, Hexane D&MD 43 EY) TlX, thujopsadiene (6.8 mg)
% BB L 7-. Hexane/ethyl acetate % F\ 7= 43 ¥/ 5 epoxy thujopsanol (60.1

mg) & mayurone (30.4 mg) & HEfEL 7-.

12



2.4.2 mCPBAIZ X BBt E Rk & HEE
2.3.2 L RAKEIZHKRE o H T m-CPBA (393 mg) % VT thujopsene (306
mg) b Sz, 5ok % A HTABLZ hexane/ethyl acetate % H
e VBTN T Ay e~ N7 4—T4HHE L, thujopsanone (30.7 mg) %

BAREL 7=,

2.4.3 K&ERHT
B L 72 b A oMEYX GC-FID TR L=, oSttt 2.2.3 LFEETH

4. AbEMERET A 72512 tH-NMR, 1BC-NMR %35 Z 72\, SCRkE & Heig L
7-. £7-, 1D-NMR ##7icix JEOL JNM-ECZ-600 (‘H 600 MHz/13C 175

MHz) spectrometer & V7o, EELICITEAKRFE 7 v RV L% oz,

2.4.4 ALEMOFE

Mayurone 1%, GC-MS 5#7 % 8 Z 2 W R REA OEESML D MS A7 kL
EHET B Z LI Lo CRIEZ B Z 72 - 7=. Thujopsanone (% GC-MS 7347 % 33
T2 MS A7 FLZE K (Adams 2012) &S HBTHZ LTk o THEL
7=. Thujopsadiene 1% GC-MS Z3#r& 5 Z 72> MS A7 kL% ik (Adams
2012) F LTV NMR 5471 &> TH S E 2 SCHkE (Tto et al. 1969; Kim et
al. 2013) % H W TR @& L 7=. Epoxy thujopsanol, bis(A4°-thujopsen-8-yl)
peroxide 13 NMR 43712 & o T b AL/ fl & kS (Laurence and Keni

1995; Nagahama and Tazaki 1987) & b L CRIE L7=.

13



Thujopsadiene
1H-NMR &: 0.49 (1H, dd, ~9.6, 4.8 Hz), 0.64 (3H, s), 0.69 (1H, dd, J/=4.8,
4.2 Hz), 1.06 (3H, s), 1.18 (3H, s), 1.91 (1H, dd, /~4.8, 4.1 Hz), 4.70 (1H, d,

J=1.3 Hz), 4.87 (1H, bs), 5.10 (1H, d, /=10.3 Hz), 5.72 (1H, d; J/~=10.3 Hz).

Epoxy thujopsanol

IH-NMR §:0.17 (1H, dd, J=9.6, 4.1 Hz), 0.52 (3H, s), 0.99 (3H, s), 1.33 (3H,
s), 1.41 (3H, s), 2.04 (1H, bs), 2.76 (1H, d, /4.1 Hz), 3.03 (1H, dd, J~4.1,
2.1Hz). 13C-NMR &: 9.1, 17.7, 24.5, 26.6, 27.2, 28.2, 30.0, 31.5, 33.5, 34.4, 36.5,

40.1, 60.3, 67.7.

Bis(A?-thujopsen-8-yl) peroxide
1H-NMR &:0.63 (6H, s), 0.99-1.73 (14H, m), 1.04 (6H, s), 1.14 (6H, s), 1.43 (3H,
s), 5.03 (2H, d, J=10.3 Hz), 5.44 (2H, dd, /~10.3, 2.0 Hz). 13C-NMR &:10.1, 18.6,

27.1, 27.3, 27.8, 29.7, 31.0, 32.9, 36.8, 39.4, 40.7, 79.5, 124.1, 138.8.
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53 HI R L B
3.1 Longifolene ® H #hf&{l )i
3.1.1 longifolene M =i 35 X UINBLERIZ X % B R LS

Longifolene ®=iRIZ X 2 BEWR(LE)S DA O 7 v~ ~ 7T K% Fig. 2-1
R L, FHEARERMDOINEZ Table 2-1 (2R L=, FEHCTH 5 longifolene I3
3 M T 45.9% F TR L7z, F4ERM & LT longicamphenylone 234 /% L,
ff1lZ longicamphenylol, norlongilactone, longifolic acid, isolongifolic acid,
longifolene-hydroxy ketone 23 ifEi8 S L7z, £ E N DOILERITL, 23.0%, 2.05%,
3.02%, 6.17%, 1.35% Td - 7=. Fig. 2-2 (TR DS % 7.

Longifolene O MBI DIRF 21T 9 (2 H 72V, TifaFT & LT 100°C, 120°C,
140°C DR Z it L7z, 140°C TR O SUS THERSEL L, 31 oE
RN IR FE D RIS CE 2o 7. GC CHIBESECOERM % it LTz &
25 120°C TORIGEA, 100°C IZHRTHEBD O B — 27 75 24 K O SG TH
BRICBLEE T & 7272, 120°C OOL 2 IR L, SUSHEME Ofiftr 217 - 7-.
Longifolene OANEVGLEL (120°C) (2 &L 5 HEhER(V X IG C O FE 72 A 5 OB
254t % Table 2-2 |27 L=, SUSHIEAD 1, 2 BEf <X, J5UEFO longifolene 131E
&N ERD LT o Tz, JFEHT 4 IR O R S 1, 24 K% T
1L 22.1% F THA Uiz, MBLE ToO EAEMIT, BROGE & RIS
longicamphenylone T & - 72 . ffl {Z norlongilactone , longifolic acid,
isolongifolic acid, longifolene-hydroxy ketone Z#EFd L7=. 24 FFfi] COZ 2
DI X, longicamphenylone 7% 22.7%, norlongilactone 7% 4.25%, longifolic
acid 7% 2.98%, isolongifolic acid 7% 1.25%, longifolene-hydroxy ketone 7% 2.18%
Thole. ZNENDAEMIIOESRFRIDA R 2 5120 TR/ L7 Z
EMD, AN K-> THEBR(EMEES N EADND.
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SR &MBVLEL D B B ERL S K D AERMITIZE A EED LIRS TR,
FNENIEIR D ERRY AR S, ER TiX longicamphenylol 232 S 7= 23
INBVLEE CIX AR AR S oo, £, MEVLEL TIX longifolene-
hydroxy ketone 734K L 72 IR CTIEMER S 2o 7o, ZTHUE, INEVILERC
L BEBLSIED TR X VNN HEZ OGN D T RXLF =R RENTZDOTH
HEFEZBND., R TIET /L a—/ KD longicamphenylol %45 5 31 5 S A3
214523, MBS TIEZ b KO longicamphenylone % TG 3T L7
Lo LEZ BN, %72, longifolene-hydroxy ketone M /4:1%IZ 1% longifolene ~
DEEFE DA LG DU & Bil- ek & O E G HRIERME SN LETH Y,
FREM TIHERVFEE L= R X =D 7O AR TE T, MBS TIN5
AE SN OB RN X —NE =RV =L o TERLTZBD LEZ BRI
To. L= T, BERMLAOG CIRRESRIEEZZ(T 2 2 & TROND B %
& 2 FEPEHIE T & 5 AIREMED R S 7.

3.1.2 longifolene HEhf2{k D I ixH A D FERE
Longifolene % 120°C THNEVLER (0.5, 1 R L7=AEr D GC-MS S5#ric
Lo TH LA TIC % Fig. 2-3 IZx L72. 0.5, 1 IRFFEINELER U 72 £ siiX, 1%
BV — 7 PRI, BREFRFERS L OYMS A7 b Ld B IRFFREE 10.6 1T
D — 27 H longicamphenylone, RFFFRE[HE 11.8 1T ' — 2 7% longifolene
oxide Th % & [AIE L7z, FRFMOMBVLETIX, BB LEICOFEERM TH
- 7= longicamphenylone X ¥ & %12 longifolene oxide 28ER 5 Z L 2R & h
7o. £ D7z, longifolene oxide 7% HENR{LEICOFRIA L LTE X L.
FEE AR 9 5 729 longifolene oxide Ak L, HJHT 120°C THNEMVLEE L

7=. Longifolene oxide @ 120°C TOAERM ORKRFZ % Fig.2-4 [Z/x L7T=.
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Longifolene oxide %z JNZALEE L 7-#% K, longicamphenylone, longifolic acid,
isolongifolic acid, longifolene-hydroxy ketone 23 2EK L, RIGKFRI & & HIZZ 4L
OOERENEINT 5 Z &R S .

LI ED Z L5, longifolene oxide IX longifolene @ B @hfig{b 5 it D H EHAR D
—DOThHD I EPRINTZ.

3.1.3  HENRILLUS R DB RE K ONLIRELE DR E

3.1.3.1 m-CPBA |2 X% &hkids L UVHHE

Ry FERIEZ v adiL AT longifolene & m-CPBA % Ui, 55
N b % GC-MS 73T L7=. KUt @ Total Ion Chromatogram (TIC)
% Fig. 2-5 TR LTz, XUB OIS T, JFUEFTé % longifolene 1Z1HK L,
FAERY & LT longifolene oxide 7° 67.7%, ¥KI(Z longicamphenylone 7 16.1%
AR LT, £, 7RV AHORIGTIE, EAY E LT longifolene-
hydroxy ketone 7% 58.4%, ¥XI(Z longicamphenylone 7% 8.39%4kL7-. 7 v nm
ARV OO THE, longifolene oxide 234 %H 97, longifolene-hydroxy ketone
INFEAERDE U CHRSNZDE, 7 ook LI FEET D ME Ok
IZ&D, BUESRETICRoTcledEEZ L.

3.1.3.2  Longifolene-hydroxy ketone O 7{AF & DE
Longifolene-hydroxy ketone (22> TiE, #ERED-H TH-NMR, 13C-
NMR 20z, DEPT, H-HCOSY, HMQC B, HMBC #HB4, NOESY A~
7’ Vb 4381 L7=. Longifolene-hydroxy ketone ™4y 1A 4 > E°— 7 1% 236 (M*)
Thote. TMS {batT->72 GC-MS Z5#71E, F U ATF L UILEN —Dffuniz
MS A7 MABBERSNIZZ LD, £ Fuaxiitd —oF T 2{bEW L HEE
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Sz, BC-NMR Tid 15 HORKFE MR STz, §217.2 ICH VAR =VEED >
TFNVNHER SN2 Enn, IAVR=LH LIET VT e REEZET LA
WrHESNZ, Uk, hrvdRFintile Fuxv K2 FT52 5200
7. TH-NMR, 1BC-NMR Z3#7r7 —# & 3CkfE (Lhomme and Ourisson 1964;
Joshiet al. 1976) &b~ 7-fEH, FE{LL L TV 72728 longifolene-hydroxyketone
EHEE SN2, SMEREEOREIZIZE S 2o Tz, D729, longifolene-
hydroxy ketone % 7 & F/LAL L, NMR 547 %17 - 7=. HMBC 547755 Fig.2-6
(R HEE 23 E > longifolene-hydroxy ketone acetate D23 A€ S 417z,
NOESY 73 OFEHR 5T v F VIO RO KT ITHEET DKFE L 18, 1441
DAFNVFEDKFELE OB (Fig.2-7) ™Mo ni=Z b, 11 ALORFEDIAK

BLEIL SIETH D Z LRSI,
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3.2 thujopsene ® H &L
3.2.1 thujopsene O =I5 L OVINEMLELIZ K 5 B EEE{L G

Thujopsene D=FEIRIZ LD 1 FH D BEF{LES TOFEERERY) DI %
Table2-3 |27k L7z, I CoH 5 thujopsene 1% 0.226% % THA L, 1FL AL
<7poTWi=., EA KM E L T mayurone A% L, thujopsadiene,
thujopsanone, epoxy thujopsanol NHERR S 172, ENEILDILERIE, 37.6%,
3.16%, 1.38%, 1.27% CTh 7.

Thujopsene DONNESLEE % longifolene & [FERIZ 120C TIT o 72KER, AN
U T le O RISERMH% T ICELRA Uz, 22T 100CTRIGEITo 12 &
ZARIFIZAERRMMN O TE 722 £ 225, thuyopsene DKt~ DfEHT 2 100°C T
179 Z & & L7=. Thujopsene ® 100°C TO H &L ISDOAERM DV v~ k7
7 A L% Fig. 2-8 (Z7k L, Thujopsene OMNEVLEE (100°C) (2 KL 5 HBhiig
{U T D EH 72 A ) D %R 284k % Table2-4 (27~ L 7=. Longifolene & |3 %72
D BOGEE 1, 2 B CEEFC & 5 thujopsene 13424307 < £ T L, 20 FERE
% TIE 11.4% 2R o 72, B CToO EAERWIE, FEiROLAE & RIS
mayurone C& > 7-. fitliZ thujopsadiene, thujopsanone, epoxy thujopsanol
G RERICHER S 72, 20 BFE COZNZENDOILERIX, mayurone 2% 23.1%,
thujopsadiene 7% 1.47%, thujopsanone 7% 5.51%, epoxy thujopsanol 75 1.87%
Thole. TNENDOERMIIEISKFNE R DI O TR EM L7 2
EMD, AN X > THEBR(EMEES N LB bR

3.2.2 WM DIE &
Thujopsene DOINELIRIZ X % BEE LY O 3 U B EEIC X DBy o
EEER % Fig. 2-9 & Table 2-5 (Z/xk L7z, BHEERALETOFEHI BB LA 0
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meq/kg TH VBRI 7208, IIEL 1 BERICHINL, 8 MR Tl Al
(1414 meq/kg) %R L7, ZO®%ID LT o iz Z LBl b L, i
LS ERR T 2 EHEETE 5. RIRTOHBEM LY (1 FR) T, @By
23 1557 meq/kg & MMEVLER LV & @il E b i 4 7= L7-. Nagahama (1987)
[k, EIE TO thujopsene O HERRILWITITEEE L _EIKTH 5 bis(4-
thujopsen-8-yl) peroxide BT 25 Z & AR L TWA. 4E, I UHEFEEEIC
Ko THEBILEISIZRB T 2B AR ORFEZ R LIZZ LITX - T,
BEIR L OSF K E U THRBIEmDEES L Tnd Z EREMITF b, £
TE MBS BT BIR O KU & RERO RS TH 2 Z L ¥R a .

3.3 HEMWRILSIEDE &

Longifolene @ HENEE(LLTlE, =R TOHEA 1L longicamphenylone,
longicamphenylol, norlongilactone, longifolic acid, isolongifolic acid,
longifolene-hydroxy ketone 7% fiff 58 & v, BB o I & T i,
longicamphenylone, norlongilactone, longifolic acid, isolongifolic acid,
longifolene-hydroxy ketone % i L7-. =L TO B Bl LG TIIAMER TE 72
Mo 72Dy, INEVLEEC o B B8hli2{l Ot Tld longifolene oxide 23 &H AR TH
% LR & 7. Dimitrov et al. (2003) %, longifolene ® 4> » ER{L DOWFSET
longifolene oxide i3 enol % TER{L X4, longifolic acid # 4k 2HE % L
TW5. F72, Nayak (1963) 1%, 7 v ui/L AHTO longifolene oxide & 8%
BAERR & D5 enol IE hydroxyaldehyde % #% T ketone <° hydroxy ketone
DERT 2 EHEL TWD. LLEDZ L2253 % 7= longifolene d H BRI
JHERE A Fig. 2-10 (2R L7z,

Thujopsene @ H BFRAL )i D A ¥ 1%, mayurone, thujopsadiene,
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thujopsanone, epoxy thujopsanol 23R8 X 417-. Thujospene D=L TO HH)
P b OB IE Nagahama (1987) IC k- ORENTE Y, WL &K%
15 MOSHEHENTEE ST b (Fig. 2-11). AFZEICBWVTH, HiRB L O
BALE O B BIEAIZ I\ TR ER L) D AR T HERR S 4172 72 O SO XTI
BRThoEEZOND. WL LORIFE(L D, thujopsene DIIESLELT
(X, WAL O3RN 8 KEf R b AR E EIEY , AR ENBADICER L, =T
DI & i U CTRWME L 7o > TNz, 2O 0mBIEm %1525 B 07 5=
RCORIENEE LL, DM ESRD B THIUTMBSISZITH 2 L2k -
THRARMZGD Z ERARETH D EEZbND. LIRS, KIGAERY
(LB ORI K > THEMEL 72D L B2 i, BB ORI Z &)
5, SREO ZREGIZE > TEBIEW LS OB EO LR S TIRINLS.
Thujopsene (% longifolene & kit U TRV MRS CRIRFRNICH < b L7z 2 &
SRS E L, RISEHIET 5 2 L3N L2 E btz A%,
BRI D43 R 2 9~ 5 5 vk 2 RS X 0 BB LEUS OB ATEE L 72 5
Lo rEbhb. 72, longifolene [Z3\ )T % longifolene oxide 235t H A
EHER L7223, MBI OBEE S EETERVIZDEROLENH D,
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LS.

LC

\ isoLAc

LAc
S
T IFA
5 7 9 11 13 15 17 19 21 23 25

retention time (min)

Fig. 2-1 Total ion chromatography of longifolene autoxidation products at room

temperature
L:longifolene, LC:longicamphenylone, isoLLAc:isolongifolic acid, LAc:longifolic acid,

LL:norlongilactone
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Table 2-1 Yield of autoxidation products and unreacted longifolene from reactions at room temperature

Conditions Products (%) Unreacted material (%)
Temperature Time LC LA LL LAc iSoLAC LHK L
120°C 24N 227 - 425 298 1.25 2.18 22.1
Room temp. 3 years 23.0 2.05 3.02 6.17 1.35 - 45.9

Note: L:longifolene, L.C:longicamphenylone, LL:norlongilactone, LA‘longicamphenilol, LAc:longifolic acid, isoLAc:isolongifolic
acid, LHK:longifolene-hydroxyketone
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= o~ HO

longifolene longicamphenylone longicamphenylol
H

HOOC

COOH
H
isolongifolic acid longifolic acid
Y
0}
o) HO
longifolene oxide longifolene-hydroxy ketone

Fig. 2-2 Structures of compounds produced by longifolene autoxidation
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Table 2-2 Yield of autoxidation products and unreacted longifolene from reactions at 120°C

Products (%) Unreacted material (%)
Time (h) LC LL LAC isoLAC LHK L
1 0.500 0.581 - - - >99
2 0926  0.526 ] - ] >99
4 2.44 0.861 ) ) ) 873
8 7.50 1.72 1.05 ) 0.794 707
12 17.0 3.35 2.25 1.07 1.61 615
24 22.7 4.25 2.98 1.25 2.18 221

Note: L:longifolene, LLC:longicamphenylone, LL:norlongilactone, LAlongicamphenilol, LAc:longifolic acid,
isoLAc:1solongifolic acid, LHK:longifolene-hydroxyketone
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0.5 hours

LOX

r T T MMT

5 10 15 20
= T L T T T T T 1
2 7 12 17 22 27 32 37

Retention time (min)
1 hour
LC LOX
5 10 15 20

= lA l T T T T T 1
2 7 12 17 22 27 32 37

Retention time (min)

Fig. 2-3 Total ion chromatogram of longifolene autoxidation products at 120 °C for 0.5h and 1h.
LC: longicamphenylone, LOX: longifolene oxide
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w
)

4.5 -
47 eLC
— 3.5 -
S X LAc
v 3
© X IsoLAc
n 2.5 -
5] OLL
3 2 -
o
Q1.5 -
$
1 >
X
0.5 -
O T 1
0 0.5 1.5

reaction time (h)

Fig. 2-4 Time course of the yield of products during longifolene oxide autoxidation at 120°C

LC:longicamphenylone, LL:norlongilactone, LAc:longifolic acid, isoLLAc:isolongifolic acid
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LOX

In dry benzene

LC
T T = ,\I A T T T T T T T
5 7 9 11 13 15 17 19 21 23

LHK
In dry chloroform

LC
r T J\ A‘k Tk = A T 1 T T T T T T
5 7 9 11 13 15

17 19 21 23

Retetion time (min)

Fig. 2-5 Total ion chromatogram of reaction mixtures of longifolene with mr-
chloroperbenzoic acid in benzene (upper) or chloroform (under).

Note. LC; longicamphenylone, LOX; longifolene oxide, LHK; longifolene-hydroxy ketone
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Fig. 2-6 HMBC correlations observed in the NMR analysis of longifolene-hydroxy

ketone acetate
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Fig. 2-7 NOESY correlations observed in the NMR analysis of longifolene-hydroxy

ketone acetate
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Table 2-3 Yield of autoxidation products and unreacted longifolene from reactions at room temperature and 100°C

. Unreacted material
Conditions Products (%)
(%)
Temperature Time TD TN M ET T
100 °C 24 h 1.47 5.51 23.1 1.87 114
Room temp. 1 years 3.16 1.38 37.6 1.27 0.226

TD : thujopsadiene, TN : thujopsanone, M : mayurone, ET : epoxy thujopsanol, T : thujopsene
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Thujopsene  Thujopsadiene ~ Thujopsanone Mayurone 9,10-Epoxy-8-

thujopsanol

B -
. - 1
Thujopsene Mayurone - |
_- - I
- 1
-
- 1
-
- I
______ h_ B |
lr 1J~_ i L _I_ —
5 10 15 20 25 30 35
Retention time (min) Retention time (min)

Fig. 2-8 Total ion chromatogram of longifolene autoxidation products at 100°C for 20h
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Table 2-4 Yield of autoxidation products and unreacted thujopsene from reactions at 100°C

Product (%)

Unreacted

material (%)

Time (h)
TD TN M ET T
1 1.32 tr. 1.89 53.0
2 1.74 1.01 4.82 tr. 62.0
4 1.59 2.12 9.43 tr. 44.3
8 1.82 4.30 12.5 tr. 42.6
12 1.82 5.25 16.7 0.857 25.4
20 1.47 5.51 23.1 1.87 11.4

TD : thujopsadiene, TN : thujopsanone, M : mayurone, ET : epoxy thujopsanol, T : thujopsene, tr. : trace
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1600.0

1400.0
o0
< 1200.0
(o3
£ 1000.0
¢ 800.0
S 600.0 ¢ —9
Q
©
2 400.0
2
g 200.0
o
0.0
0 4 8 12 16 20 24 28 32 36 40 44 48

reaction time (h)

Fig. 2-9 Time course of peroxide value of thujopsene autoxidation at 100°C
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Table 2-5 Peroxide value (meq/kg) of thujopsene autoxidation products at room temperature and 100°C

room temperature heating products at 100°C (h)

(1 year) 1 4 8 12 24 36 48

1557 160.6 960.0 1414 1359 712.9 668.0 584.8
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.0-0- peroxide
(0)
" LC ¢ LL

L 0—o0.

Figure 2-10 Reaction mechanism of longifolene autoxidation

Note: L:longifolene, LC:longicamphenylone, LL:norlongilactone, LA:longicamphenilol, LAc:longifolic acid,
1isoLAc:1solongifolic acid, LHK:longifolene-hydroxyketone

Reference:(a) U.R.Nayak, S. Dev (1963) Tetrahedron, 19 : 2269-2280, (b) V.Dimitrov et al. (2003) Helvetica Chimica

Acta, 86 106-121
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17 10

Fig. 2-11 Reaction mechanism of thujopsene autoxidation (Nagahama and Tazaki 1987)
1 ;thujopsene, 2 ;thujopsadiene, 9 ;smayurone, 10 ;epoxy thujopsanol, 12 ;thujopsen-8B-ol, 13 ;thujopsen-8a-ol, 14 ;thujopsene-8a,9a-
diol, 15 ;thujopsene-8a,10a-diol, 16 ;thujopsan-9a-one, 17 ;thujopsan-9p-one
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5 AE /N

ARIETIE, RRHDOT L~/ A Kd longifolene & thujopsene DA ZhF| %
R, BRI X2 BEB (LD A IMERKICHEE A b hicT 5 2 &
ZHBE LT, FHiRBIOMBVLEIC L2 BB LA B 2o 7e.

% 7" longifolene M=EIRIZ X % B E)fE{L TlX, longicamphenylone 73 3= Z A= Bk
W& L THiH &H, 2 norlongilactone, longicamphenylol, longifolic acid,
isolongifolic acid 2342k L7c. INEVLERIZ X % HEIRIL T [RARIC EE ARy
< longicamphenylone T & ¥ , fil|(Z norlongilactone, longifolic acid,
isolongifolic acid, longifolene-hydroxy ketone &8 L7=. ZHZH DALMY
ISOCHRFF AR K R DIZHONTIERBEM L2 Z L b, MBI K- THEEE
fbMfEtE sz Ex b,

Thujopsene D =EIRIZ X 5 HENA(LTIE, mayurone A EEAEKRY & L TR
X3, T thujopsadiene, thujopsanone, epoxy thujopsanol 23R S u7=. AN
HULHERIC X 5 BERIL T REEEIC EEA LY L mayurone TH D, iz
thujopsadiene, thujopsanone, epoxy thujopsanol % [E#fICHER LT=. =N F
NOAERDITOERER P ELS RDICONTIRBZEIM LT Z &b,
thujopsene @ BB INEUC L - TIRES N LB X DLz,

% 7=, longifolene ® H BRI 1T epoxide FRIAZ R CTHATT 5 Z LA
i 2 L7z longifolene oxide O [ isift 7> 67~ S 417=. Thujopsene @ H #EE{L X
TR D AR« Rt THEAT 9% Z & 28, ZERT D il b DR AL
DB BB S T,
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%3 HEWRLARA) O LIS

B1E Fram

% 2 FIZBEW T, longifolene & thujopsene MR & BVULHEIC X 5 H#hig1k
IZOWTHRE L, #x7e BEERLY O 4% #ei® L /2. Longifolene <°
thujopsene (ZSGMEICE To720, % 72O R OBRFATHILT X 72,
Eio, EWEEICOWTHRET SN TEBY, BHEEFTH % longifolene I%, 77 A
Bt (Himejima et al. 1992), fE#eE(Tsuruta et al. 2011), FeMA %I LUV
JATH S (Sweet and Meier 1997), ##%1# (Gordien et al. 2009) (Zxt L TiF
MWRD D Z L EHE STV 5. Thujopsene 1F, F X JIIHT 222U 0 IS
. (Ahn et al. 1995), HEMOERE (Manter et al. 2007), HiX27 7V 7IEME
(Oh et al. 2011) B"H 5 Z &R HE SN TWADH. Lo L, longifolene <
thujopsene NEIRER TH LT r 7T U RLERE TH O ARMEFIE IR L CEMDE
PEZRT LWV ) REITIT L ARV,

T AXT VR URIKFE TH 5 caryophyllene X° longifolene [T HUIETE M 2 7~
Shholen, O HBBALAEKY TH 5 caryophyllene oxide <°
longicamphenylone, norlongilactone (FIREMEZFFOZ LD HMEIN TV D
(Ashitani et al. 2013; 54 2013). % 2 # T longifolene & thujopsene ¢ [ &}
MAbIZ K015 o Tpliy b A MR AMTEEZ R TR R H H Z L 2R LT
5.

Z ZTCARETIE, RAHAHEY TH % longifolene <> thujopsene DAL
HiEDO—>2L LT, BENER(L LAY OLEMIEREZB BT 5720, AME
/BRI 2 WIS (BUSRIEME, PUETENE) A 3Hm L 7.
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26 EBTIE
2.1 HUlETE MR
2.1.1 4w
R IIT Y~ by a7V (Reticulitermes speratus) % AV 7=, 2010 4
IR N CTERIRL -2 n =—&2 H\W2, 2 =—]326+1°CIZREFL,
EHIIZ A 7 L —TK%E G52 THFFLEICR D, HR=ENTHE Lz, R
Y~ hoa T VRO 2 .

2.1.2 Bk - AR

AOEHIZ % 2 FEICCHBEE L 72 longifolene, longicamphenylone ,
longicamphenylol, norlongilactone, longifolic acid, isolongifolic acid,
longifolene oxide, longifolene-hydroxy ketone ¥ & Uf thujopene, thujopsanone,
mayurone, epoxy thujopsanol, bis(A9-thujopsen-8-yl) peroxide % FH\ 7=. &
BHE, 7 F 2N L, Paper Disc (PD: Advantec, /£ X 1.5 mm, [EAE 8 mm,
& 30 mg) EICH L TCENENIEE 0.50%, 1.0%, 2.0% (wiw) (2725 X9
IZ PD ICEiR S, 24 FEEET > — 2 W CIHRIEA 5 S TRV 2. 24 B

M, ThZziho PD BEZ2RE LT,

2.1.3 PD silE R
Y~ b7 U azHnciRiEERRIcE, BEHo PD I X 2Bk
(Kusumoto et al. 2009; Ashitani et al. 2013; Morikawa et al. 2014) %\ C,
PD HHERRR L B o7, ARBR T, Bl oBAESEEMR L OE AR
FEFEPEIZOWTIHRET L2, W45 mm OH T A ¥ v — LINIZHERS (Wako, 300

~600um) 2 g # X, PD & HRICE 2. 27 L —CRERLK & 1 2 D % 1
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WLz y— LRI~ hva 7 U oz 10 IBERA L, 26+1°C ORFATICE
L Yy — LINITEE A Y L—CIREICR D, BOEKIZER & 72 5720Z O
JEELY PR, 24 IR 2 & 21 AfIC 7z o TS A 7 7 o b L, R BRI
THIZ, PD LT 7 —#INT 24 R S, PD OGN E RV frE, 8
BEAZRFE L7z, Acetone DA% PD ICHEIR S E7-H D% control HO PD & L
THWZ. PD 5 2 20 O & HEFEER (No feed test) Z[RIRFICI Z 7220y, &K
Btz 3 K L.

BIEIEVEIZ DWW T FORX LY 21 B HOFEHESILE (Termite mortality)
RS (SE) A5 LA L7z,

Termite mortality (%) = 100x (N+/N7)
Ni: Number of initial termites, N2: Number of dead termites
BRAEFEMEZ, PD OE&ERD LY, FHEERDFE (Massloss) &AEHERZ
&SE) #LTFToXoH ML, FHm L7,
Mass loss (%) = 100x(W; — W2)/W;

W;: pre-treatment paper disc weight, Wo: post-treatment paper disc weight
AT TN 3 AT o 7o BRIAFEEMER, =2 e —Lo PD A &Ikt
T ExHE (%) 2R L, 3L 7.

2.1.4 PD BEHUE AR
Y~ b7 Uz e HugiE BRI, BB o PD 2 & 23 8ki%E (Ashitani
et al. 2013; Morikawa et al. 2014) %\ C, PD MHHERRBREZ B o7z, A
BT, B OB RBIEEM R L OBRETRISEIC O W TRF L. 2.1.3 &
F LA LREBETH DA, acetone DA% 120 pl &2 SH& i L7 control @ PD
o, BB EZEREEZPD LRILYy—LHICERE L, > u 7 VITERICESR
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SR BB THEOR— v — LNOALE PD & control @ PD @ &&=

WZOWT b L7z,

2.1.5 HRHLEE
Z Bt O BIERE L OVPD B EEEIZ DU T Stateel 2 software (OMS, Tokyo,
Japan) % MV T ANOVA @ Tukey-Kramer & X 2 # et B 2B Z /o 7-

(p<0.05).

2.2 PUETETERER
2.2.1 BUBE - BB

AREHIXSE 2 I CHEEL = longifolene, longicamphenylone ,
longicamphenylol, norlongilactone, longifolic acid, isolongifolic acid,
longifolene oxide, longifolene-hydroxy ketone ¥ X OF thujopene, thujopsanone,
mayurone, epoxy thujopsanol, bis(4°-thujopsen-8-yl) peroxide % f\>7-.
Thujopsadiene (ZBH L TiL, HEEHDNVETHSTZ 00T M AAZAETH
ST T EMBRBRIZH W Do 7o, SR acetone 2 VT, 0.50, 0.10,

0.020 mg/ml {2 LT, #BRICHLL 7=,

2.2.2 fEAAEY
MW= HE1X, Trametes versicolor (A @i, NBRC 30340), Lenzites
betulinus (A tJ& 5%, MAFF 420002), Gloeophyllum trabeum (&AM,
MAFF 420223), Trichoderma virens (#J&EA5 %, MAFF 645007), Rhizopus
oryzae (NBRC 31005) # F\ 7=, FRERATICE %L Potate Dextrose Ager (PDA)

Feh FC 26+1°C OBESM T CRifbSE L, #RBRICHLL 7=,
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2.2.3 WBRIjiE

PR TERBR I, BEH (Kusumoto et al. 2010) (ZHESWTEB I -7, BR
HEHIITIZNAR 85 mm A & v — L IZ PDA BiHiA 15 ml /39E L, fntk, [k
L72d D% Wz, PDA 55 iR 250N 0.2, 1, 5 mg/em2 (12705 L D TR L
72#BF 600 pl 2 PDA BrHUERHEICH)—1270 2 KO I L, 1 ReffEEAGE L,
TR % 524 |25 472, Control & LT acetone DA% 600 ul B4 L, [RIERIC
L ST hE A V2, BikE R LB O #EANRH 2 D 5 mm =LY R
— 7 —TCHELZ VL&, AR L72EMfRIcES, Z20% N7 7 4V ATHU
7o, ARBREEHIIE, IR T 26+£1°C OREEIE T CHEES#E L, control 7213
RERETHL O AR Y ¥ — L ORKICEE LIZRER TR T & Lz, &3 8 X

BZlhoT-.
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B RRLEBR
3.1 longifolene O AE#iEME
3.1.1  HUkIEMERER
3.1.1.1 PD mfilE &R

Longifolene ¥ X U* longifolene H &2t 40 PD il ARERIZ L 56T
G ME 2 AT L, ABOBIEIEEL L OEREFEMEIZOW TR L.
Longifolene 3 & 0" longifolene H B (kA pi) D BIETE DR R % Fig. 3-1 12
RLU7Tz. BEBLOFENCoH % longifolene IXBIEIEMEZ R S 2o 72, B bl
W ELBETE M & o) L 72 @13 longifolene-hydroxy ketone T+~ T i i T
100+0.0% & 58\ Mi&EMEZ 7~ L 7=, Longicamphenylol & U MEM: 2= L, #2E 1.0%,
2.0%C 100+0.0% DBEFEIHEMEE R LT2AY, 0.5% CEMRIcH< 720, RERFR
7N B D & F 2 515 . Longifolene oxide |58V UEIE A 7R L, IR 0.50,
1.0,2.0% TFNEN 23.3+2.7%, T6.7+2.7%, 93.3+5.4% & I FE{KAFRY 72t ) 23
& - 7=. Norlongilactone |Z X CORLE T 70~80% DHIEIEMZ R L, (KR
T b HIEIEMEDFEDN 72 73 - 7=, Isolongifolic acid 3 X8 longifolic acid I3
20% CHREREDOBIIEEZ T L, REKFHNRBEM A HLLEEZLHND.
Longicamphenylone [ZHREEDOIEMEEZ R L7, 7 HE & 21 H H OB
NHEVEDLLY, RBREIHHIC e T VAR LLEZILND.

Longifolene 3 XU longifolene H#Eh(LERY 2 W icv~ Fra 7 Uilxt
T HERFEEOM R % Fig. 3-2 1278 L7z, Longifolene IZE &AL FEIGMEL R
& 72 7» o 7= . Norlongilactone, longifolene oxide, longicamphenylol,
longifolene-hydroxy ketone 73R\ ME & EE M % 7k L 72, Isolongifolic acid ¥
L O longifolic acid IZHFREDIEMEZ R~ L, REKTFIICHEEMEZ R LT,
Longicamphenylone |Z{EMED 220Dy, FEFIZTIVIEMEE R LT,
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3.1.1.2 PD #FUEEHER

PD SRIFUE AR TIX, BULEMR X OEREBEEIC SOV THRETLZ.
Longifolene 3 L U longifolene H#&)E{LAR 2 W v~ b T ViTxd
L EFIEHEORE R % Fig. 3-3 128 LTz, BOEEMEIZ DWW T, PD il &R
CRAE O Z R LA k& # i, longifolene, longicamphenylone,
longicamphenylol, longifolene-hydroxy ketone T -~ 7=, ERIITIERETX %
ZENOERICEIAEMELD QHEBLIEMEICLILZRETH D LHEE L.
Norlongilactone, longifolene oxide, isolongifolic acid, longifolic acid |% PD &
FFE AR & i U, BOEEEMES 22 M0 H 5. ik, WE O e
R BIRIZEEEZ B OND Z ENFEEL TWDH EEZX LS.

Longifolene 3 & T longifolene HER{LAKYD Z AW v~ a7 Uikt
THERRBDRIEEORK R E Fig. 34 I L. BEEEE RIS R o T
longifolene %, control ® PD Z&ERIZER L Tk Y, BREHEEZ R LT,
Longifolene-hydroxy ketone IFFBRHIHOWMIC a7 U REATLE ST
ENDLERBBHEMENA SN0 o 1o, BOEIEEDOEWMEEME L OREICE
WTH, BWEREEEEZ T Z ENbhoT.

8.1.2 PlEETEMEEER
Longifolene 3 & T longifolene H&ER{bLAR) OHtETEMHREBR AL, &
K% Fig. 3-5~9, Table 3-1 (Z/r L7-. HEIER{LOJFEETH 5 longifolene 1E, G
trabeum (5 pl/em?) (Z%F LT 14% & B5VEMEZ R LIS, MOBEIZIXIZEAE
PLETEMEZ R S o 7. BEBL)S CEAB Th % Longicamphenylone
%, PLETEMED 5 pglem? T 10%R1#% & §IVIEMEZ R L7228, R. oryzae \Zxf L

TIXEM: 2/~ 727> 2. Norlongilactone 1%, AMEFE T3 L THVWEMEE
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R L, R oryzae \Z13# T3\ 21+£3.2 (5 ug/em?) O HLEIEM 2~ L 7=,
Longicamphenylol i%, + X TOFEIIxf L THREREDOIERZ R L, WOMEIZ X
HIEMEDEWTIT & A E 7275 7=, Longifolic acid I3 X TOEIZX L T b &
WHLETEMEZ R L7c. ¥R T virens \ZxF U CIXIREE 5 pl/em?2 C 92+0.25% & FF
HIZHRUENE %2 7~ L7z, Isolongifolic acid IZ longifolic acid DRI @& W HLE TGN
% 7~ L7=. Longifolene oxide % 7! versicolor, G. trabeum % &< FEIZxf L CTH
P DOIEM: 27~ L7=. Longifolene-hydroxy ketone % longicamphenylol & [F4f
WZT _XTOEIC L THREOEMEZ R L, WORMBIZ X DEEDEWTIZE
o ETR o T,

Longifolene 3 J U longifolene H &2 (kAR Tl OB CTIEMEDO R S
WERIC DT E L E T,

46



3.2 thujopsene O/EMTEME
3.2.1 Pl R
3.2.2.1 PD i@fil#E AR

Thujopsene 35 X U thujopsene HEEE{LAER D PD sREHEARERIC X 28T
IR 2 AT L, Bt BEIEMER L BRI FEMEIC DWW TR L.
Thujopsene ¥ £ UF thujopsene H BhEE{LA= 5l D £ FETE M DA F % Fig. 3-10 (2
AL, BEBILOJFECToHh S thujopsene IIBIEIEMEZ R I Do 7. bl
WEIEIEME 2 7Rk L 72 D1% mayurone T 0.5, 1.0, 2.0% CakBR 01 1
100£0.0% & 5 W &P & 2Rk L 72 bis(A°-thujopsen-8-yl) peroxide (% 2.0 T
36.7+12% & TR OJEM: % 7% L7-. Epoxy thujopsanol |% 0.5% T 100£0.0% &
FEHEITIRVEME A2 7% L 7=, Thujopsanone 1% 2.0% T 100+0.0% & SRV MEME AR L,
1.0, 0.5% CTlEZ N4 63.3£14%, 12.5+8.2% & I E K F T &\ 7=,
Thujopsadiene ($1Z & A EESEEMEZ RS 2270 72,

Thujopsene 3 & U thujopsene H &2 {bA ) OB R FLETEMEOR R % Fig.
3-11 1SR L7, HEE{LOJEEICTdH 5 thujopsene [THEAPLEEM 2R S 0o
7. Mayurone (34 < PD OB HE ST, 58O ERHEEME & ZEIEEL
FoTWwWa LR a7z, £7, bis(4-thujopsen-8-yl) peroxide, epoxy
thujopsanol, thujopsanone, thujopsadiene |Zi&FEHEAFAYICTE & L ETE MY R,
N2 &b, BHWERHEEENH D LRI .

3.2.2.2 PD #FERRER

BRERRBR T, BUOEEMER X OERBBHEEIC W THRE LT,
Thujopsene ¥ X O thujopsene HEWE{LARZ AW~ a7 Uicxtd
D HICIETEDORE R % Fig. 3-12 (28 L, BSEEMEIC DWW, PD siiliERR
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Bk & FIERIC mayurone 23 b mWEBSEIEMEZ R L, BEBRMIR A & T2 iRix
FEAEENT, B L TV DI R 272, MOLEY bis(A49-thujopsen-8-
yD) peroxide, epoxy thujopsanol, thujopsanone, thujopsadiene |T#%IFIE A3
72WERWEM: 2 7% L 7=, Epoxy thujopsanol, thujopsanone [TiERAJIZIER T
XD LIk THBIENH 722 &, EREIBEEEZIIERMEICL D
FEMEIS R S HLTC.

Thujopsene ¥ & OF thujopsene HENR(LAKD Z AW v~ hom 7 Uikt
THEADREE O A Fig. 3-13 IR L7z, OWEEFEMEZ R L=
mayurone LS OILEMITE R SRHEME 2R Lo, BUEEEOERVMEEWIZE
WThH, BWERREHEEZRTZ ENbho T,

3.2.2 PlETEMEER

Thujopsene 5 X T thujopsene H B4 OPLETE MR 2 ML, &
R% Fig. 3-14~18 |\Z/r L7=. BER{LDOJEECTH % thujopsene 1, 7] versicolor
(% L CIEMEIE AR 0v o 72, G trabeum (25 LT 0.2 nglem?2 T 20%FEE & 55\ &
PEZ R L7228, R0 @ERETIE 10%MRE LiEMERT5 < 220, IREKAFRIITITZ)
WTWRW, R, oryzae \ZxF L TIE TR TORE T 10%EE & EHTHEEEZ R L
D, RERFIICIINN TR oo, L7e o TT R TOFEBEICK L THHER
BU TR 3R & 7270 7=, Thujopsanone |+ T virens, R. oryzae \=% L CIHiE
Ma IR &> 7208, L.betulinus, T virens (2% L CIEE 5 nglem? (28T

20% R L IREEARAFRIICTEME 2R LT W alo), JHWHEEEEZ R L2, G
trabeum |25t L CIET N TOREE T 20% & FRREDOTEMZ /R LTV a7z, (K
BRETHIEMEZR LTV 5 &l L7-. Mayurone 1%, 7 versicolor \Zxf L Ti#

FE 5 uglem2 (28T 50%FEEE & iV EMEA R LT, $£72, Lbetulinus 5 X OV T
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virens \Zxf L CIZIVEERN S > 2. G. trabeum (2% L TiL 0.2 pg/em? T 20%
FREE L BUWEPEZ R L7272y, K0 @i Tl 10%RE iGN < o ez,
TEVERRY TH D MT DB 720, R, oryzae \[ZxF L CIXIE & A ETEMIT 0o 7=,
Epoxy thujopsanol I3 L.betulinus, T. virens, R.oryzae|Zxf L CIZ59V\EM:%
A LTeH, T versicolor (2% L CIIEMEZ RS 720272, G trabeum (2% LT
[T _RTORET 20% & RFREDOTEMEZ /R L TWelo, KRE THIEEEL R
LCu % &CHI L 7= . Bis(A%thujopsen-8-yl) peroxide 1% 7 versicolor,
L.betulinus, T virens, R. oryzae \Zxt L CIEMZ RS> 7205, G trabeum
CX LTI N TORET 20% & FREOTEEZZR L Tz, KRETY
EMEZ R L TWD & L7z,

L L7 6, BO%FRE DIEMEZ 7R L= DX T versicolor (Z%t3 % mayurone
DHT, longifolene @ HENERLWY) & X TEWIEMEZ R L TWAILEMITIZ L
A ETRINo T

3.3 HEMIC X D& DLl & IEE

HEIRR (L ORI Td 5 longifolene 1THUlE, HTRETEMELZ 1T L A ERS R0 T2.
PURTEMERABR 12U T, longifolene DER{LALE M) TRV VERIFIEMEZ R L 72 DI,
hydroxyl group #f 3 % longicamphenylol & longifolene-hydroxy ketone T
HoTl-Z LD, hydroxyl group NEEWVERIRIGEMEICEI G L TnWbd LB X BN,
% 72, norlongilactone ¥ J O\ longifolene oxide IFMEEE TH @O FRIEIE MR X
DEREHFEEEZ R L TWeZ &0vh, lactone 35 X Y epoxide group #E & FH
EILMICE 5 L TWb EE 2 B 5. Longicamphenylone, isolongifolic acid,
longifolic acid X5 WEMEZ /R L T\ Z &5, carbonyl 35 X TN carboxyl

groups 1359 WREEIEMEICBE G- L TWAD. T b D Z &EhvD, longifolene O H#)
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AL AR T, hydroxyl group %A HHED i b IRV PURIEEE > Z &
DNH S NS i o 72, PUETETERBRIZ BV T, longifolene DER{LALAY) TRV VL
EIEME AR L7010, carboxyl group %49 % isolongifolic acid & longifolic
acid TH-72Z L5, carboxyl group 23FRWBLETEIEICE G5 LTV b & %
5315 . Hydroxyl group %74 3 % longicamphenylol & longifolene-hydroxy
ketone [ZHRREDIEMZFF->TEBY, 1T& A ERKDERS OIEEZRL TS
Z &5, hydroxyl group BHLETEMEIZES 5 L TH Y, longicamphenylone 73
PLEEMEZ R LTV Z &5, longifolene-hydroxy ketone @ carbonyl
group HHUETEMEICR G- L CW i3 2 5415, Lactone group 131 & A EHT
HIEPEZ R L TN E0vh, FIEEEIIZIEEG L TnineEZEx o s.

HENER (LD ETd 5 thujopsene ITHURIE M2 /R S 7270 7273, FLETEMEIC
B L CiX G trabeum, R. oryzae |Zk} L THHWHLETEM: %7~ L7-. Thujopsene
H B AE R D T b TROHUETE M 2 7R L 72 D1 carbonyl group #H 4 %
mayurone CT& ¥, thujopsadiene NFIWERIHFIEME LOVRI R o702 &
5, Z @ carbonyl group NiEFMHICEAGELTWA EEZLND. T2,
thujopsanone % carbonyl group #f L CU\)5 7%, mayurone & U [ZIEMEDMED>
- 7z. Epoxy thujopsanol & IEHF MW FIRIENEZ A L TRV, longifolene Tik
hydroxyl group 23 FWEEIEPEIZER L T2 Z &5, hydroxyl group 23%
PEIZEEE- LT D EHEET 5.
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L: longifolene, LC: longicampenylone, LL: norlongilactone, LA: longicamphenylol, LAc: longifolic acid, isoLAc: isolongifolic acid, LOX: longifolene oxide, LHK:

Fig. 3-1 Termiticidal activities after 7 and 21 days of longifolene autoxidation compounds in the no-choice test.

longifolene-hydroxy ketone
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Fig. 3-2 Antifeedant activities after 21 days of longifolene autoxidation products in the no-choice test.

L: longifolene, LC: longicampenylone, LL: norlongilactone, LA: longicamphenylol, LAc: longifolic acid, isoLAc: isolongifolic acid, LOX: longifolene oxide, LHK:

longifolene-hydroxy ketone
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Fig. 3-3 Termiticidal activities after 21 days of longifolene autoxidation products in the dual-choice test.

L: longifolene, LC: longicampenylone, LL: norlongilactone, LA: longicamphenylol, LAc: longifolic acid, isoLAc: isolongifolic acid, LOX: longifolene oxide, LHK:

longifolene-hydroxy ketone
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Fig. 3-4 Antifeedant activities after 21 days of longifolene autoxidation products in the dual-choice test.
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L: longifolene, LC: longicampenylone, LL: norlongilactone, LA: longicamphenylol, LAc: longifolic acid, isoLAc: isolongifolic acid, LOX: longifolene oxide, LHK:

longifolene-hydroxy ketone

Asterisks denote a significant difference between sample and control papers; Tukey—Kramer test, p<0.05
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Fig. 3-5 Antifungal activities of longifolene and its autoxidation products at concentrations of 5, 1, and 0.2 pg/cm? against Trametes versicolor.

L: longifolene, LC: longicampenylone, LL: norlongilactone, LA: longicamphenylol, LAc: longifolic acid, isoLAc: isolongifolic acid, LOX: longifolene oxide, LHK:
longifolene-hydroxy ketone
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Fig. 3-6 Antifungal activities of longifolene and its autoxidation products at concentrations of 5, 1, and 0.2 pg/cm? against Lenzites betulinus.

L: longifolene, LC: longicampenylone, LL: norlongilactone, LA: longicamphenylol, LAc: longifolic acid, isoLAc: isolongifolic acid, LOX: longifolene oxide, LHK:

longifolene-hydroxy ketone
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Fig. 3-7 Antifungal activities of longifolene and its autoxidation products at concentrations of 5, 1, and 0.2 pg/cm? against Gloeophtllum trabeum.

L: longifolene, LC: longicampenylone, LL: norlongilactone, LA: longicamphenylol, LAc: longifolic acid, isoLAc: isolongifolic acid, LOX: longifolene oxide, LHK:
longifolene-hydroxy ketone
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Fig. 3-8 Antifungal activities of longifolene and its autoxidation products at concentrations of 5, 1, and 0.2 pg/cm? against Trichoderma virens

L: longifolene, LC: longicampenylone, LL: norlongilactone, LA: longicamphenylol, LAc: longifolic acid, isoLAc: isolongifolic acid, LOX: longifolene oxide, LHK:
longifolene-hydroxy ketone
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Fig. 3-9 Antifungal activities of longifolene and its autoxidation products at concentrations of 5, 1, and 0.2 pg/cm? against Rhizopus oryzae

L: longifolene, LC: longicampenylone, LL: norlongilactone, LA: longicamphenylol, LAc: longifolic acid, isoLAc: isolongifolic acid, LOX: longifolene oxide, LHK:
longifolene-hydroxy ketone
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Table 3-1 Bioactivity of longifolene and its autoxidation products against select fungi

L LC LL LA LAc isoLAc LOX LHK
Trametes versicolor
5 ul/cm? 3.7+1.3 9.3+1.5 7.3+1.4 30+4.1 68+1.4 43+2.9 8.4+5.3 33+2.3
1 pl/em? -20£6.5 -6.943.0 -7.5+6.5 3.9+2.0 17+1.6 24+4.8 3.5+2.8 13+5.8
0.2 pl/em? 2.8+1.0 -0.27+1.5 -2.0+3.0 3.8+1.2 7.2+2.6 19+2.4 5.7+1.4 10+5.7
Lenzites betulinus
5 ul/cm? 6.1+1.1 9.8+0.53 11+1.3 30+1.9 69+2.3 60+4.4 28+8.0 35+2.0
1 ul/cm? 1.5+£1.5 1.2+2.7 3.6+1.3 12+2.9 494+2.1 38+1.5 8.1+1.7 13+£3.4
0.2 pl/cm? 2.5+£2.8 3.6+1.4 3.1+1.8 9.8+1.4 19+2.3 11£2.1 4.4+0.5 3.0+£2.3
Gloeophyllum trabeum
5 ul/cm? 14+2.3 7.6+2.0 4.1+0.21 25+2.1 60+2.4 55+1.7 15+1.7 2940.65
1 ul/cm? -1.3+1.8 10+£3.5 -1.1+4.0 22+2.4 27+0.4 26+0.9 5.2+0.3 3.3£1.1
0.2 pl/cm? -4.0+£2.2 5.6+4.8 -6.3+1.9 11+4.8 2240.6 16+0.9 -2.6£0.3 1.0+0.9
Trichoderma virens
5 ul/cm? 3.5+1.8 15+0.75 12+1.3 35+1.7 92+0.25 87+1.1 28+1.9 56+2.2
1 ul/cm?2 -2.8+3.9 2.6+2.9 4.2+3.2 14+1.0 46+1.3 34+0.7 3.9+2.7 16+
0.2 pl/cm? -2.2+1.8 -1.6£1.2 0.30+3.6 7.243.1 20+2.3 11£1.6 1.7+3.3 7.2+1.7
Rhizopus oryzae
5 ul/cm? -14+1.8 -8.6+0.9 21+3.2 29+2.2 59+0.83 55+0.46 23+4.2 38+3.8
1 pl/em? -11+1.9 -12+0.9 3.3+4.3 9.0+1.7 28+1.8 25+2.0 10+1.6 7.0+
0.2 ul/cm?2 -4.6£2.1 2.8+0.6 3.4+2.5 4.24+0.6 9.0+2.1 10+0.8 2.3£0.7 3.6+1.1

L: longifolene, LC: longicamphenylone, LL: norlongilactone, LA: longicamphenylol, LAc: longifolic acid, isoLAc: isolongifolic acid, LOX:
longifolene oxide, LHK: longifolene-hydroxy ketone
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Fig. 3-10 Termiticidal activities after 7 and 21 days of thujopsene autoxidation compounds in the no-choice test.

M: mayurone, P: bis(A9-thujopsen-8-yl) peroxide, ET: epoxy thujopsanol, TN: thujopsanone, TD: thujopsadiene, T: thujopsene
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Fig. 3-11 antifeedant activities after 21 days of thujopsene autoxidation compounds in the no-choice test.
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Fig. 3-12 Termiticidal activities after 7 and 21 days of thujopsene autoxidation compounds in the dual-choice test.

M: mayurone, P: bis(A9-thujopsen-8-yl) peroxide, ET: epoxy thujopsanol, TN: thujopsanone, TD: thujopsadiene, T: thujopsene
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Fig. 3-13 Antifeedant activities after 21 days of thujopsene autoxidation compounds in the dual-choice test.
M: mayurone, P: bis(A9-thujopsen-8-yl) peroxide, ET: epoxy thujopsanol, TN: thujopsanone, TD: thujopsadiene, T: thujopsene

Asterisks denote a significant difference between sample and control papers; Tukey—Kramer test, p<0.05
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Fig. 3-14 Antifungal activities of thujopsene and its autoxidation products at concentrations of 5, 1, and 0.2 ug/cm? against Trametes versicolor

T: thujopsene, TN: thujopsanone, M: mayurone, ET: epoxy thujopsanol, P: bis(A9-thujopsen-8-yl) peroxide
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Fig. 3-15 Antifungal activities of thujopsene and its autoxidation products at concentrations of 5, 1, and 0.2 pg/cm? against Lenzites betulinus.

T: thujopsene, TN: thujopsanone, M: mayurone, ET: epoxy thujopsanol, P: bis(A9-thujopsen-8-yl) peroxide
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Fig. 3-16 Antifungal activities of thujopsene and its autoxidation products at concentrations of 5, 1, and 0.2 pg/cm? against Gloeophyllum
trabeum

T: thujopsene, TN: thujopsanone, M: mayurone, ET: epoxy thujopsanol, P: bis(A9-thujopsen-8-yl) peroxide
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Fig. 3-17 Antifungal activities of thujopsene and its autoxidation products at concentrations of 5, 1, and 0.2 ng/cm? against Trichoderma virens

T: thujopsene, TN: thujopsanone, M: mayurone, ET: epoxy thujopsanol, P: bis(A9-thujopsen-8-yl) peroxide
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Fig. 3-18 Antifungal activities of thujopsene and its autoxidation products at concentrations of 5, 1, and 0.2 pg/cm? against Rhizopus oryzae
Went

T: thujopsene, TN: thujopsanone, M: mayurone, ET: epoxy thujopsanol, P: bis(A9-thujopsen-8-yl) peroxide
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Table 3-2 Bioactivity of longifolene and its autoxidation products against select fungi

T TN M ET P
Trametes versicolor
5 pl/cm? 0.86+1.3 2.9+4.2 49+3.7 17+0.7 8.8+2.2
1 pl/cm? -12+#1.4  -0.30+0.81 30+3.9 -3.0+0.82 0.0£1.5
0.2 pl/cm? 0.2+4.1 2.2+£2.7 -2.4+1.4  0.33+0.59  -8.0+1.9
Lenzites betulinus
5 ul/cm? -5.7+0.9 26.2+0.7 33.7+0.3 21.3+1.1 -9.9+0.6
1 pl/cm? -3.6+0.6 2.0+0.6 6.7+0.3 -3.6+0.0 -5.7+0.7
0.2 pl/cm? -2.8+0.7 7.1+£7.3 -1.6+£2.0 -2.0+£0.9 0.8+0.9
Gloeophyllum trabeum
5 pl/em? 14+2.3 7.6+2.0 4.1+0.21 25+2.1 60+2.4
1 ul/em? -1.3+1.8 10+3.5 -1.1+4.0 224+2.4 27+0.4
0.2 pl/cm? -4.0+£2.2 5.6+4.8 -6.3+£1.9 11+4.8 22+0.6
Trichoderma virens
5 pl/em? 3.5+1.8 15+0.75 12+1.3 35+1.7 92+0.25
1 pl/cm? -2.8+3.9 2.6+£2.9 4.2+3.2 14+1.0 46+1.3
0.2 pl/cm? -2.2+1.8 -1.6+1.2 0.30+3.6 7.2+3.1 20+2.3
Rhizopus oryzae
5 ul/cm? -14+1.8 -8.6+0.9 21+3.2 29+2.2 59+0.83
1 pl/em? -11+1.9 -12+0.9 3.3+4.3 9.0+1.7 28+1.8
0.2 ul/cm? -4.6+£2.1 2.8+0.6 3.4+2.5 4.2+0.6 9.0£2.1

Note: T: thujopsene, TN: thujopsanone, M: mayurone, ET: epoxy thujopsanol, P: bis(A9-thujopsen-8-yl) peroxide
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Summary

Currently, development of new utilization methods is strongly required for forest materials
in Japan. The use of chemical components contained in woody material is regarded as a promising
method for non-construction forest material and woody wastes. Many components in wood extracts
have various functions, including anti-fungal, anti-insect, and insect-attractant. However, studies on
bioactivities for sesquiterpene hydrocarbons are limited. Sesquiterpene hydrocarbons with high steric
hindrance are easily autoxidized. The oxidation which occurs under natural conditions is an easy
synthesis method to convert the sesquiterpene into useful bioactive compounds. In addition, natural
autoxidation is advantageous in that the reaction proceeds automatically without catalysis or special
instruments, as compared with other methods such as hydroxylation or isomerization.

Longifolene is a main sesquiterpene component of Pinus densiflora and Pinus thunbergii.
Thujopsene is a component of sesuquterpene hydrocarbons in useful coniferous woods such as
Thujopsis dolabrata, Cryptomeria japonica, and Chamaecypress obtusa. Low-polarity extracts of pine
and Hiba wood consist mainly of terpenoid components, which are useful products. Monoterpenes—
such as a-pinene, B-pinene of Pinus wood, and hinokitiol (B-thujaplicin) of Hiba wood—in the
extracts are used as flavor and/or medical materials, and the resin components of diterpenes are used
as sizing reagents during pulping. However, longifolene and thujopsene, which account for most of
the sesquiterpenes in the extracts, have not been regarded as a useful component compared with the
mono- and di-terpenes. Thus, characterization of longifolene and thujopsene will not only lead to the
elucidation of the terpenoid reaction, but it will also enhance the use of wood extracts. However, the
mechanism for the natural autoxidation of longifolene, as well as the bioactivities of its products, has
yet to be reported in detail. Specific autoxidation of thujopsene has been known about since the 1930s.
In the 1960s, active studies were conducted concerning the structure decision and the chemical

reaction of thujopsene. The reaction mechanism via the peroxide dimer of thujopsene is known for
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thujopsene autoxidation but bio-activity of the autoxidation products has yet to be studied. Therefore,
to obtain fundamental knowledge for longifolene and thujopsene autoxidation, | examined the reaction

at high temperatures and the bioactivities of its products against termites and wood-rot fungi.

In the second chapter, reaction and products of autoxidation for longifolene and thujopsene
were investigated. Autoxidation was examined by heating and non-heating (room temperature)
methods. A longifolene sample was autoxidized at 120 °C or room temperature, and the products were
analyzed by gas chromatography. Longicamphenylone, norlongilactone, isolongifolic acid, longifolic
acid, and longifolene-hydroxy ketone were detected as the autoxidation products at 120 °C. During
the reaction, longifolene was converted into the other autoxidation products via the formation of
longifolene oxide as an intermediate. In the non-heating method, when longifolene was placed at room
temperature for 3 vyears, longifolene, longicamphenylone, norlongilactone, longifolic acid,
isolongifolic acid, and longicamphenylol were detected as the main products, with longicamphenylone
having the highest yield. Longicamphenylol was not detected following autoxidation at 120 °C. It was
considered that the longicamphenylol would be converted into longicamphenylone by further
oxidation under high temperature conditions. In contrast, longifolene-hydroxy ketone was not detected
following autoxidation at room temperature. Concerning longifolene-hydroxy ketone formation,
rearrangement with ring expansion occurred in addition to oxidation. Therefore, high temperature
conditions were needed to supply energy for longifolene-hydroxy ketone formation.

Oxidation products of thujopsene at 100 °C and room temperature were analyzed by gas
chromatography. Thujopsene rapidly disappeared and reacted faster than longifolene. Mayurone,
epoxy thujopsanol, thujopsanone, and thujopsadiene were detected as the autoxidation products by
GC analysis. These compounds and bis(4°-thujopsen-8-yl) peroxide as an intermediate of the reaction

were isolated from room temperature autoxidation products. Because autoxidation of longifolene and
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thujopsene proceeded faster at higher temperature than at room temperature, the reaction was

accelerated by heating and products could be controlled by setting the reaction temperature.

In the third chapter, bioactivities of the autoxidation products of longifolene and thujopsene
were examined against termite and wood-rot fungi. Anti-termite activities of the longifolene and
thujopsene autoxidation products were examined against a Japanese subterranean termite
(Reticulitermes speratus Kolbe) by paper disk methods in Petri dishes. Anti-fungal activities of the
autoxidation products were investigated with white-rot fungi (Trametes versicolor and Lenzites
betulinus), brown-rot fungi (Gloeophyllum trabeum), and soft-rot fungi (Trichoderma virens and
Rhizopus oryzae).

Longifolene and the autoxidation products exhibited anti-termite activities, and all the
autoxidation products had stronger termiticidal and antifeedant activities than did longifolene. All the
autoxidation products had stronger lethal and/or antifeedant activities for termites than did longifolene,
and longifolene-hydroxy ketone showed potent termiticidal activity. Longifolene showed very little to
no anti-fungal activity against any of the fungi. Its autoxidation products, longicamphenylol, longifolic
acid, longifolene oxide, and longifolene-hydroxyketone, did show anti-fungal activities. In particular,
longifolic and isolongifolic acid demonstrated strong anti-fungal activity.

In anti-termite activities of the thujopsene and its autoxidation products, mayurone exhibited
the highest termitcidal activities among the isolated compounds. The autoxidation product of
thujospene showed no strong activity other than mayurone against T. versicolor in an anti-fungal
activity test. Mayurone, which is the main product of the autoxidation of thujopsene, showed the
strongest anti-termite activity, and showed moderate antibacterial activity against T. versicolor.
However, little activity was shown for other fungi.

From the above results, longifolene and thujopsene were easily autoxidized and it was revealed that
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autoxidation was promoted by heat treatment. The product obtained by autoxidation was newly anti-
termitic and anti-fungal activity, thus indicating that longifolene and thujopsene can be converted
easily into bioactive components by autoxidation. Application to the unused component of the
autoxidation leads to the synthesis of novel useful compounds and is therefore very effective for the

utilization of woody materials.
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