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aroma extract dilution analysis

cooled injection system

correlation spectroscopy
N,N-dimethylaminopyridine

electron impact

ethyl

flavor dilution

flame ionization detector

gas chromatography

gas chromatography-mass spectrometry
gas chromatography-olfactometry
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KIMTIZBWTEEICIND 2 SOfRHEGREZ AW TITENL S, 2B, FFIZGC & MS &

FLA A 1722347113 gas chromatography-mass spectrometry (GC-MS) & FE(EL 5,
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RDBLNYARARY NADT —HZRXR—=AEEH LT 477V —H%—FI2 L0 &S

P T s,

1.24 GC-EHWR X (gas chromatography-olfactometry ; GC-O) (2 X 5 5#Tr
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WTGCO TR TUIRBRWNEDTH D EE->THIHE TR,

#A0 e

|:| |:| [CHL e

o

GG

X 1-8 GC-O O4ms D

1.25 SLARRVE(RD 54T

FIRDFELZDN IR BIER ZFFO L DR L L, S BIT, 1 DO BRI
LTHIEL TV D 2 ENRZ W, SRR CEVOESCEIEILR R D Z & NZ N
SEARBEMER D LR Z ORI DERFHECRE S EET 560D 5, > T, &ihH
DERY ONARFRIERZ T 5 2 EITRBOFELXOFHIICB W TEERZ & Th

o BIZIE, V¥ A OFLHES E LTRSS methyl jasmonate®1% 2 >DRF

)

RFEHEH L TNDTeD 4 DOSARFMAERPNFET 208, (AR, 29)-IKD A3 5RNY v A X
VEEDFER, (BME 3ng/mL) 24 L TWDDITx L, (1S,29)-1A3 K TUV(1S,2R)- 1A LM 5.
(IR,2R)-KITFIVER (BIfE>70ng/mL) TH v . VKRB THERSCHMAEN K E < R
WD ENMBNTWD W, Eio, WA BEEA R EOLREAENH T S floral 727
U213 methyl jasmonate 2327 5- L TV % 2 & NG STV D 2| LR TH S
w4k (Huang Jin Gui) <°8k#1% (Tie Guan Yin) 1@ methyl jasmonate ¢ 7 {& S (KD
FHERZRIZEZA, (IR2S)-ENBMELY L ELFEL TS Z EVHBIL, floral

DELITIZAR2S)-MEN KX K HH L TWD Z Lavran (K19 9,
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MN—=T W
CO.Me __CO,Me CO,Me __CO,Me

(1R,2R) (18,28) (1R.2S) (1S.2R)
odor weak odorless strong, jasmin-like odorless
(threshold) (=70 ng/mL) (3 ng/mL)
oolong tea
Huang Jin Gui 0.89 ug/g 0.15 yug/g
Tie Guan Yin 0.38 pg/g 0.04 pg/g

1-9  JEIEME methyl jasmonate DFX & 7 — 1 LA COEER 1P

GC TOLARBEMRDSFEEIZ X, cyclodextrin 758K Z [ EH & L2 T 007 A0 T
IZHWBN D, Cyclodextrin 1E D-glucose 78 a-1,4 Fi&IC L - THEA L7ZBRIRA U ST
HY. 6N THEALIELDE a-cyclodextrin, 7 437 235ES L= b D% p-cyclodextrin,

TS Lo b D% p-cyclodextrin & -5 (%] 1-10) , Cyclodextrin D PNERIXZE£L &
o TEY, TOZEILIIHFEOETDH I ENTE S, Cyclodextrin H{AK72% D-glucose
DI D NFEVER T H D T OSFRIEFIC L > TRE LT SRR RD 2 &
a-cyclodextrin, p-cyclodextrin, y-cyclodextrin TZEfLO K& XN R 5 Z L #aBbs
Y DORPERS cyclodextrin & DFHAAEM 722 £ Bx 2R DBME S L CILIRERMEAR D 5 BES

BbhoTnseEZXHNTVD

OH

HO
O e}
OH HO
\%/ZO\H HO \%/G—I HO d OH

OH
o’ oH
o e}
HO
acyclodextrln [¢] HO f-cyclodextrin H y-cyclodextrin J
OH HO HO
oH’
OOH OH OH
o HO7 O
OHn_OH HO OH o)
e} o & OH o@//%/ HO
HO
o OH,
HO g
OH

HO

1-10 cyclodextrin D& 1E
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S 512, glucose D/KEEIL A FHEMRILT 5 Z L2k > T, cyclodextrin DS CHEEA L
FHIEE N LD Y | BRI RIEROSBER TRE L 72D, 2L, 3-ALFB L TN6 LDk
e 773 alkyl %5 (methyl, ethyl, propyl, butyl, pentyl 7¢ &) <> acyl % (acetyl, propionyl, butyryl,
trifluoroacetyl) . tert-butyldimethylsilyl 272 & CaBEA{L S F1 724k 4 72 cyclodextrin 7 <
LPBFESNTEY, TS TWDHDbH 5, £z, CHIRAMIX® (V—x /L1
TR, BR)IERD L0 8O cyclodextrin FERZIREG L2 7 AbEAFE ST
BY . 1EkD cyclodextrin FEMAZ 1 FEHOAMEFA L TWA LT L EHEL T, LVIA

HFE OSSO NBERITH Z LN TX 5 19,
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13 EEFXKS
131 EEFRLASY OHER TP

FATHAT X DI BADOFER LR 28 E OERMER 2T X TRET D Z &1
ARARBIZIE D A2, TR TOFRMER S NEREH L TWDH I Tidkv, £IZ 7T,
FERICHFEG L TV D BERERMRS (BEFERNS) 2 RETHENHE S, 61
A SN HBERRE D 7ET T IO RMOEFERUCIHFF AL L EREHETE D
Z LDy T E 7o, Stuart Patton 33 X OY Donald V. Josephson (%, 1957 fFIC &SRS D
B PORE & ZOFXR D OBREOLZH T 5 2 LT, HFXEST DO RMDERIZE
JAHEEMEARELD LN TE S LB LY, Z OfEi odor activity value (OAV)
EFRTHL, BA T TOREN T OEXELDT ODBELU ETH 5 EXK D, 7705 0AV
P11 EZRTELIED T, EORMOFRUCHFLG L TV OHEFRLT L EAD T L
272 %, T D OAV OE& AR S, 1984 4 Terry Acree 512 X ¥ CharmAnalysis™ 2
25, F7- 1987 4 Werner Grosch & {2 ¥ aroma extract dilution analysis (AEDA) 272 L
STEEEFRMIDOA 7 Y —=0 FFEPRE SN, L bIC, RO Y
ZEFEMICHINL Th&, TRENORHREITKT L GC-0 21T\, GC-O THRII NS
BRGy 372 72 FTARAAME VIR L, GC-0 #2179, AEDA T, D EWHA
T&E D KOAREH % flavor dilution factor (FD factor) & &3 L. & FD factor Z7~7

IIBERBEEDOBFESIZB N THEBEDOm WS E L TRET LI ENTE L, —F

5
5

(J

CharmAnalysis™ Tix, FREMEIZINZ GC-O THWAKRIM SN A S EBICANT
Charm value 23 % Hi S 41, &\ Charm value Z 7= 9B IEE BREE D @ VAl sy & L CEE S
N, BOTix, BEOMES 5 AEDA DL & 7> T D, BE STz B

TiE, BRPOFEREZHEL OAV 2HHT 5 Z L2k » T, EBEORMDFL~
DEMREZ RTZENTE D, LM Lan b, EBRICIT R OO R R M

oy & DM EAERICL Y, OAV 28 1 U EERL TCHEMOBERIZHEG L TN
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LEe, WIZO0AV N 1 L0/ THRMEFXRICES L TWAEALH D, IEMIC
1. FRFEREERSCETT VER~OWRMER, 43 v a7 X e POERET A

THo T, TORMITDNRERFET DLEND S,

1.3.2 HEFXKTOEE

i

AEFRMGOFEEORM T CTOFERIL, AR OAV OHEEOAHE LT, FRE
BT 5 ETOIERICHERERE 05, BATOFXSS OERIT, NEEEREL TTT
PG ZENZON, BB TORSG DIHRRT SO E DN R E < | 8H O NI
HWERINECIEH £ 0 EfE72 ERITTE 720, Werner Grosch & Peter Schieberle 13, 1987
HEIZEFRR Sy O X0 IEMe7e Bk & LT stable isotope dilution assay (SIDA) % BE¥ L7z
2, SIDA 1X, xt% LDy 0@ ERMAE CH < PC) Hakdbam iR EizimL,
GC-MS 12 TxIMsy & 2 DRNIRDIFAELL ZET 5 Z L T, b & OB TOLFAE
BERMTHFIETH D, IROS & WL FEIMEENIZIEE D B 7 W2 E RN
b E WA NEEEME L L THWSD 2 & T, BB TR TOMS DIHERLIE L&
MR 72 BEOBMNEREZITI 2 LN TED, L, BELE SN DLERNARE
WAL EMNTIEHE TR S LTIz | R D AR S LRI L0 T D05

VARY PR

1.33 MHEHEEERKM OfFH

HEFZ O, R TOFERPEINE T, 7o, BIESIEF IR sy 23
LIZUIEFET D, DX ) RMBEEEEKKD T, SURDEKED GC-MS TH - T
BEGICTAANY MVESRL ZENTET HELMRAT L 2L BERETH L Z L
2\, —H T, BENEF RN, KRETZORMOFRICKESEETHZ L

B DT | EEEF RS OIT RS OFERITICB N THHERHEDO —>T
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bo. ZOX) IHEANRBEERES 2T 5720121, £ GC-MS IZFB W
THEH - S9HT ATREZR L~V & TRl - I ATV, BRI DB O~ 2 2~ |k
NERDVLEND D, A - BEIX, GC % 2 A#fE L7~ multidimensional GC-MS

(MD-GC-MS) 72 & Otz N2 GRS, RRER VY W IN AT hou< b 757 4
—. high performance liquid chromatography (HPLC) 7¢ E#ptEmiEWZ2FIH L 72 oy il ik
EHWIEHEIZ L VIThID, v AAXRY MTEZT CTIIEZHEE CERWIGAIE. &

fRREE &34 (high resolution mass spectrometry ; HRMS) 72545 AHEE L. B

P

20

L2332 (nuclear magnetic resonance ; NMR) <2744 7361 (infrared spectroscopy ;
IR) 72 EDRHIENOHEEFREZG T, TALERNOMELHET D Z LITRDH,
IO DOGHETIE—ERU LOEMEOREN LI L R D720, K0 BRIk -
RINMEL I D, MEZHEE LRI, #HEMSE L FmIcak L, ST —4 -
W E i L. MR < =BT ERE L 25, 7 A Y {bF2 (American Chemical
Society) 725HihR L TV 5456 T & 5 Journal of agricultural and food chemistry Tid, A~
5y DIRGEIIE 13 DLLEDGHTT — & OpED—8) DL ERMELE ST P,
EH D ITH TR OEFELR DI 21T\, MM 72 peely, balsamic 72 &%= A9 2 E
AR R S & L T (6Z,8E)-undeca-6,8,10-trien-3-one  ( YUZUNONE®) ¥ X O
(6Z,8E)-undeca-6,8,10-trien-4-ol (YUZUOL®) % L LT\ % ), #7 (Citrus junos) 1
TEFED I W RBOHERNEGATH D | BUE T HAR L OE@E TR SR STy
Do RETENE EEEEH L SN D 2 LT R & E b OflF AR
B A S5 & M RE 10 b ORI & W o T RRREEE L CRICERICHW LS,
T IO L TR R DMEERFTVEAT LI ENOEZDHFEVITHONTEL L OIS
PSS TE b OO, HE SNIZEFERMS 2T T3+ OMFr 2 F D 1ITHH T 9,
RIEBFBZDOERII O/ TN TR, 22T 58 I3 O 2 F 0 IC%

595 iy OfF & BRI B RO DT 24T > 7o, H101S, il & ok & DF Y
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DENEW ST A, ALY V=TT N—=Y T4 LDOFD OEREF
i ZAT>7= & Z A, balsamic 7ML OAHE & 5272 o 7ol F-FXRUSHRHERI R ERZ TH L 2 &
Woyrotz (K 1-11) o KW T, MM OMRIEETD AEDA 217728 25, kb
VW FD 128 Z 78 L7z 12 [y @ 9 5. balsamic OF % 7~x 97543 & L C unknown A 33 KT
unknown B 23 HH S 723, R D729 GC-MS TIZH— D~ A A7 MR SLT,
BEARATH T2 (R 11D . TULENDOHKDICH L, MD-GC-MS #{T->72& 2 A, £
NEND AANT bVEGD Z LI LT, v AANRT MAnbHEEZHEE L, H
EMEEZ AR LT, GC-MS TD Rl ¥vAANZ MVBXUOEXN B LIZZ L LD,
unknown A % (6Z,8E)-undeca-6,8,10-trien-3-one. unknown B % (6Z,8E)-undeca-6,8,10-trien-
4-ol THDHEREL (K 1-12) . A6k L7-(6E/Z,8E)-undeca-6,8,10-trien-3-one 35 L Y
(6E/Z,8E)-undeca-6,8,10-trien-4-ol ®/K 1 CORMEIL. FiLZ 4 10 ng/kg 35 L 0V 42 ng/kg
EWVHIFEFITERONBIETH o 72, & 612, MFEREMBEIRA~Th TN EZ I U ERERT
fliz47 > 7 & Z A, (6E/Z,8E)-undeca-6,8,10-trien-3-one (Z(E5 L Tl sweet, floral, balsamic
DIAH 23 B 258 L | (6E/Z,8E)-undeca-6,8,10-trien-4-ol (Z B4 L C i3 sweet, metallic, sour,
balsamic O H 2358 L 7=, Wi | 34hF DRI 72 2355 Td % balsamic Z iR~ % 721)
T, ZTOMOBEROBEREZHRIELZ 000, RAROHTL LI ZRKITLHDIC
HERMBEERLD THL LRI LML ro7z (K1-13)

ZOEDIT, MEEEFXKD OBFIINETH 5 75T, BmDOFERUCBIT D50
. BAMUICMEEEFIES DA L TVDLERE 525D TR, BRBOEROEFR
FEBICRB A R L, RIROBHOFEZITE DTS & o lo, lHE OEEFTS &
X2 DR R AR T R DD, ZO X ) B EEEFRR D Z AT 5 2 LT,
BMOFEL[DTERZBEE W) BIFEICIASE  RAEROH 5@ E D 7 L—3—OHIRL

(BN D NI E D,
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balsamic sweet

sour floral

metallic

(—@-) yuzu peel oil

=4 =) orange oil
(--&--) grapefruit oil O

—) lime oil

B 1-11  fitE R O &K FE

F£1-1 W oMmAER o AEDA OfE R

FD GC peak
odorant odor quality® identification mode
factor area, %"

(2)-hex-3-enal green, citrus, apple-like 32 0.090 MS, RI, GC-O
octanal citrus 8 0.326 MS, RI, GC-O
oct-1-en-3-one mushroom-like, spicy, earthy 32 0.001 MS, RI, GC-O
6-methyloctanal citrus, herbal 8 0.012 MS, RI, GC-O
4-methyl-4-mercaptopentan-2-one sulfury, tropical fruit-like 128 trace MS, RI, GC-O
(3E,5Z)-undeca-1,3,5-triene peely, citrus, fruity 32 0.001 MS, RI, GC-O
nonanal citrus, peely 32 0.275 MS, RI, GC-O
(2)-non-4-enal floral, citrus, peely 32 0.002 MS, RI, GC-O
(E)-non-6-enal peely, citrus, albedo-like 128 trace MS, RI, GC-O
(3E,5Z,82)-undeca-1,3,5,8-tetraene peely, citrus 32 trace MS, RI, GC-O
8-methylnonanal peely, citrus 32 0.053 MS, RI, GC-O
decanal citrus 8 1.117 MS, RI, GC-O
unknown peely, sweet, floral 32 nd GC-O
(E)-non-2-enal floral, green, albedo-like 128 0.009 MS, RI, GC-O
(E)-dec-4-enel peely, citrus, oily 128 0.063 MS, RI, GC-O
linalool citrus, peely, green 128 74.939 MS, RI, GC-O
(2)-oct-5-en-1-ol° fatty, citrus 128 nd RI, GC-O
(2E,4E)-nona-2,4-dienal® fatty, citrus 8 nd RI, GC-O
(2E,4E)-deca-2,4-dienal fatty, oily 128 0.110 MS, RI, GC-O
unknown A peely, balsamic, floral 128 0.010 GC-O
(2)-dodec-9-eno-12-lactone fatty, spicy, albedo-like 32 0.014 MS, RI, GC-O
(2E)-cis-4,5-epoxydec-2-enal peely, citrus, albedo-like 128 trace MS, RI, GC-O
unknown B peely, balsamic, albedo-like 128 0.003 GC-O
(2E)-trans-4,5-epoxydec-2-enal citrus, peely 128 trace MS, RI, GC-O
unknown peely, citrus 8 trace GC-O
thymol medicinal, spicy 128 1.434 MS, RI, GC-O

@ Odor quality perceived at the sniffing port.

(<0.001%).
¢ Tentatively identified odorant

21
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(6Z,8E)-undeca-6,8,10-trien-3-one  (6Z,8E)-undeca-6,8,10-trien-4-ol

1-12 (6Z,8E)-undeca-6,8,10-trien-3-one F3 L TN(6Z,8E)-undeca-6,8,10-trien-4-ol

balsamic sweet

sour floral

metallic green

(=O-) yuzu aroma model mixture

(=M=) yuzu aroma model mixture +
(6E/Z,8E)-undeca-6,8,10-trien-3-one

(-- A--) yuzu aroma model mixture +
(6E/Z,8E)-undeca-6,8,10-trien-4-ol

1-13 M+ EBH K SLRIZ %3 5 (6E/Z,8E)-undeca-6,8,10-trien-3-one 35 L O

(6E/Z,8E)-undeca-6,8,10-trien-4-ol D #sINZhF:
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14 AREFFEOHM L B

H AR il A R AR K E 3603 ik 28 45 1 A IS M L 7= TR EBIMRAIC L D &
HEFHEOROERIT HERER] Pkbm<, SHICABROROERIT MERER] B
LN TZ24Em) PEEDAEENRH D Z EBRRES TS ¥, HRMICATE M
Rl & TERAE] IIMIEMTHO MLy RThY | REMA—I—TIEINbEEMl L
TR BHR DR ANATON TV D, HEFORESERMOEmEVIZLD | A TIIAARR
PR T — b L lgo T D, AARRITH S DORFR (~ry—7—R) & LTHER
TR SN TIEY, 2013 2 TFR] Ao X a Ot SUEIEEIC SR S
2 llzky, BICREHENEE -T2, AAEGIRIEERH (JETRO) (ZX 2 AARMIZ
X DUESME B ERT v — NI K D b FIE, FEk BB, @E, TAY b,
TITUAAZYTITBWTHE RANERE D &y I TR (AARE) | 2EiTn
T3, 20X RAREOMRIRINEOEE V IISHE- T, BRIGDEM, BRA, H
T UV EL VST AROEM b HEFRAICRIMIN TE TS, ZHUTHFEL T, fid
BMOZ7 L —N—2HFT5MLEMBBEML TS, HiGRast Mintel @ Mintel
GNPD (H:FHpEALE#T — % ~X—2) Z M\ T, 2008 4~2016 HZ351F 5 A A% Bk
SR (R, 77 U I dek, Rk, BIN) T miso) [matchal Tyuzu) [wasabi
DT L—="—Z T DB O DR LR R a2 X 1-14 1R L7, Tmiso)
0 Tyuzu) FEERDL2WVE OO, WTRO T L—3— T ZEETEH RSN LT

WA EDGIND,
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Mmiso] 120 matcha | 300

2008 2009 2010 2011 2012 2013 2014 2015 2016 2008 2009 2010 2011 2012 2013 2014 2015 2016

. 234
lyuzu 61 fwasabi)

43

28

19
12 13 13
7 s

2008 2009 2010 2011 2012 2013 2014 2015 2016 2008 2009 2010 2011 2012 2013 2014 2015 2016

B 1-14 HARZER T Tmiso) Imatcha) [lyuzu) [wasabi] O 7 L—/8—%47

DHEFEM O OHER  (Mintel GNPD 7/-X)

—JT, WEEO MEFRER) & MZ2aim] abI > T, &l RIK] (GMO
TN =RA—=H= 7R E) ZRODMEEENLL RoTe, TOw, IMLAME K
K1 EFRR LB LT\ %, Mintel GNPD % VT, 2007 4E~2016 41
BIsHRT IFF27v) (GMO 7Y — A—H=v I F—NFTF 2T, 2hi,
RN - PRATEE) Z 5ok U 72 BB S O BT S DE A 1 Sk L 72 R & X 1-15 (2R LT,

HRBT [FF 2 T4 2Rk LIHREROBMEL ML TODOR0H 5,
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IFFao ) EHmRUL-FHRROER

67.076 %821

61,139

39,580
35,346 35,704

30,712
27,262

25,364

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

X 1-15 R T [FF 2T 0] ZiFR LB OFEL O OHERE

(Mintel GNPD #{-X)

IR iR LT T R&MIZIE, TR OH57 L—"—0EI7DIFE I £ T
b7 ITRITFICERORMOEREHFB L& 957 TRIRK obsEimER7 v
—N=PROOEND K)o, RDEFTHLRYLINI a——DT L—
N=FZb & LV SO RARRET —LIZHRT 2 HARRAORERM D7 L—/S—IZB LT
b, TR 2RBLLTE 7 L= AN—DFEILL 2o TETWDH, REREFRZMHT
5L TRIREDH D7 L—"—ZAIT 5 2 LIETFATRETH 225, Bk L7z L 5 IT KRR
EERHTILAmR - fh4G - MEAB Y 27 BNE S D7, EEMITITTREZR IR Y G lE
BtOBEMER L TT7 L—N—%ZFHT 25 2 L RNEEND, EREROHLTT L—"—%
S DI DT> TE, EEOBROBFRITEITV, TORLOFRUCH LT HEHE
BRI EMREIT D 2 ENVATH D, FHICMEREFR T OMIHIEERZER BN
TRERAEDO—2>TH D, R EEFRMLIT IR TH D 237 D (TSI
BT — 2550 EREHLL, FET20MNERICHETHL 5T, MEREREE
KR OFHITREMOBFRDEERFRA~DEZRE , RREDOH L EmE D7 L—

—DAIFIIZR BN D E 75T S,
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LLEDOWEFENS, ARSLTIEAARBM & LTRHICAROS DML U, £72. &
BORMTHDL T V=TT =y FLry Vo, oA —OFLXNTEIT- 2B
(R LT MEE T O & ZOFRAMEICBE L TE LTz,

K SNIAREL VRV LTV D, BT, #5 & L TRMEOE el LU+
O EEEF KUK O & EFRA~OF AMEFHmIC R LTl 7z, 5 T,
U EOFHMBEEEELL OMA & U EEFELRA~OH AERHMEICBE L CGhR 5, 5
SETE, S—FTA—y FLrY, Jrd, v A —ORMEEEFSH S D
fi iR & M FERA~OF AVEFRICE L TR 5, HUETIE, AVA RN L—T T ) —
VYEIOE 7 T L= T =Y ORI LORIF O rotundone DEREE 7 L—TF 7
N—YFLZA~OHAMEFMICBE L T2, FLETIE. 7L —T T =Y F L,
Vo, vy I —HIMFET 2HHESAM Y & LTO rotundone O SZARFLEKROfER &

Z O RPERHEIZEE L TR~ S, AR T _ENOELEE TOMREZHRIET 5,
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Sofes — S

.

U OB EE AR OB & T CFTAOF AT

21 ¢

U (UZK) XAARFEEOT 77 TR U EROFEE T, ¥4 & LTI Wasabia
japonica N E < AL TW DM, SRHFAIIZ Wasabia J& % Eutrema J& 72> SIS L2 )& &
LTHREN TV, ERITIE Eutrema japonicum (Mig.) Kiudz. 2354 & 725 3,
FITRERZTVEBA L, HFOAFR, BEROFERE LTSNS, L% 1100 4
ATOBARIZENWTY S EIFERE L L THOW LR TWER, filEHER, BE72 EREN
TIREDIZONT, FEE LTINS L O oTz, HIZ, SHTIIINHGDOHAR
BPWEINCE LT DI, U ESHRMICHEND L5l oTc, Flo, A XU R
RT AV, IFH, FERETHE UV ERERE SN L OICRY | F—EITBT X
INTHPESL DB Z T, HARAOBMLLE AR ED T L— 33— Twasabi] 73%< A
ZToNDE DI hole, BT, TTUARHD Y —AR~ v aRNT ORI 722
EL Vo EEOEFREBICLHEA IND L)1 o TR Y, V¥ Bt i i E 2kl
EWV o THIEF TR,

A=R=RR ETRRINTND T 2 —T A TH R, ZA—/—DFH AR H A0
T D LI BINBOUHY R EOEBAO U Y eI, BFEE LTI LfliefmE v e
(horseradish, Armoracia rusticana) 2MEH SN TW5, WEFETHEIL, UHETZ L—A
—RREARDECEZIRINT HZ LI L > T, UV EORKEOABLAFFER L TV 5D, B
Ko TE, AOTHEZIRIMLTWD Db H Y . BAN T D S OWhe Tkt
THED D LARYO T EDOEN B0%LL EDO DT (RS OEM ] | 50%AH O b

DITIE TADEPRAY | EERRTEHLEEHTNAS D, WEEUS XU EICEE LT
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FHRIFALTWDHAHDOD, UHE LI TREKRBRESEL DL, ZORKOEZMET S
DIZIE, ERERVYET L—R_"—DBRERMAEAE 25,

TOEBALLETIEEFHAEDORICY VEL D FERERLTNDN, JiLdfEx D
isothiocyanate 8 (R-NCS) (2L 5D THDH, VY EEZTVEAT L, WMEIZHET D
glucosinolate & #E4& H AR IZAF4E 3 2 myrosinase 735 L C., isothiocyanate $873 A4 ¥,
T 5, DY EDOEZESIE. 90%LL Y isothiocyanate JE TS B TR Y . HiZ allyl
isothiocyanate DIFFERE N\ ¥ Los L7 S 40 72 To U ¥ el learthy] Imetallic)

lgreen) lcreamy| & W 7= FEXNIRE D G oM/ B %A L TEK Y | isothiocyanate
BT TR TE R, £DD, Fx e 7 —712 1Y isothiocyanate LAk H L
BRI DOEENTONANT WD, KB IE GC-O IZXLDEFERDH 24T\,
3-methyl-2,4-nonanedione ¥ L O vanillin Z 8 EEFELHE Y E LTRHLTWS ), £

= 5B 51X AEDA |2 L Y  furfuryl mercaptan, 1-octen-3-one, trans-4,5-epoxy-2(E)-decenal |
methional, furaneol. 2-methoxy-3-isopropylpyrazine, 2-methoxy-3-isobutylpyrazine % E%:
BRI L LTREL TV D, E6IC4 MBI, FD factor 785 < 7200 & D DBHERFR
%4y & LT (3S,4R)-3-methyl-4-decanolide % f.H L Tuv % %),

Z® X 91T isothiocyanate LIS DEEHXKTIZEH L TOMEBITONTWDHN, Z
NETRHINTZESTZT TEBALIEZTOUVHEDOERD ZBECHITE TR
DODRBURTH D, €2 T, ATV Y EDOREGED—D>TH 2D [HFE] &otralkl L
LT T BALETOY Y EOFERICHE T 2MEHEEE XN OWKE HIIZER

ST EAT T,
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2.2 BB L OVERR A
221 BB LUK - (LEY
2211 UHE
U B R R AR B ERT ORI o — R Rt s TE3E) &2

Yl

2212 R - kAW

7 % 2 {AD 3-methyl-4-decanolide I % 1-heptanol & methyl crotonate 7> & SCHRFE#HL D J775
T 72 %9, SHEME 7R 3-methyl-4-decanolide 1%, Je3TEM: 73 y-decalactone & v 3R
L7z, (R)-y-Decalactone (>99.0% e.e.) I, OF LM HEEREE U X—B 2 W THHRI L
72 479 (S)-y-Decalactone (91.8% e.e.) I%. (R)-y-decalactone (>99.0% e.e.) 753U /-
(R)-N-benzyl-4-hydroxydecanamide (=53 % YAE S 2 #%H L Calld L 7= *°9, 1-Heptanol |
methyl crotonate . p-toluenesulfonic acid monohydrate . lithium diisopropylamide .
hexamethylphosphoric triamide . m-chloroperoxybenzoic acid . methyl lithium . sodium
borohydride (NaBH,) (X8 ptfbpk T3S (B, HA) XV, NalO,, H0, Tl
bR et (g, BA) X v . 1,1-bis(t-butylperoxy)cyclohexane, phenylselenyl
bromide (% Aldrich (R, HA) J U | silicagel 60N (spherical neutral, particle size 63—210
um) TERE R bR AS A GRAt, HA) XV, Cul, NiCl,-6H,0, Wakogel C-100 (ZF1
MK T MRSt ORI, BAR) KVBA L7z, Zofioikds L ORI o7 L —

FObDEfEH LTz,

2213 & I{KD 3-methyl-4-decanolide  (+)-1 DEHE (€ 2.1) O
1-Heptanol (303.2 g, 2.61 mol) % 145~150 ‘CE CHIE L. BIET 2 mER K % ¥

£ L7273 5 1-heptanol (33.7 g, 0.290 mol) . methyl crotonate (29.0 g, 0.290 mol) F X}
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1,1-bis(t-butylperoxy)cyclohexane (i 50%, 7.5 g, 14.5 mmol) DIRAVENR % 5 BFH CTliF
T L7z, 82150 CT3HFH UG S E721% . R F| D 1-heptanol A 8L T8 % L 7= (~80 C,
1.6 kPa) . SEAKZ 0 CETHMHA L7, 5% NaOH /K¥ik (270 g, 0.320 mol) Z /N
R MEERE T 2 REI RS LTe, RONERIR A2 il £ CTH#EI%, toluene TP L. 30%fit
Fe/K¥siHE (65 9) THEeMEIZ L7z, AcOEt THhiHI#., AcOEt Ak 2 UL TifE L. IRHEY)

(41.4 g) (Z toluene (200 mL) & p-toluenesulfonic acid monohydrate (1.0g) %Nz, Fl
AT DKEEE LD BB T 4 REHIBUS LT, BOSTAIR Z2 5l £ T Az, A
Na,COs /KRR, AR RHE/K THE L, MgSO, (& CHEM: LT, I FIME L=, MY

(33.19) ZJETAREL (~110 C,0.1kPa) . 7 {KD 3-methyl-4-decanolide (14.2
g, trans : cis =61 : 39, U= 27%) %4572, 15 B2 7 & IR 3-methyl-4-decanolide (1.0
PICXFL. Y DTNV T LY a~ kT Z 7 ¢ — (silicagel 60N: 100 g, n-hexane/Et,0=1/2,
viv) % 4TV . trans-3-methyl-4-decanolide (283 mg, trans : cis = 99 : 1) B L O

cis-3-methyl-4-decanolide (34 mg, trans : cis=2 : 98) Z437=,

2.2.1.4 St2EiEYE 3-methyl-4-decanolide DAL (X 2-4 B 1R)
2.2.1.4.1 (3S,4R)-3-Methyl-4-decanolide DA k.
(4R)-2-Phenylselenyl-4-decanolide  (4R)-5

EFRIRPHS T lithium diisopropylamide (0.5 M THF &%, 200 mL, 100 mmol) (Z
(R)-y-decalactone (8.5¢,50 mmol) @ THF %% (20mL) % —70 °CC 1 K¢l T T~
L7-, —70 °CT 30 /MifE# L7=#. hexamethylphosphoric triamide (20 mL) % /l% .
N phenylselenyl bromide (28.3 g, 120 mmol) @ THF &% (20 mL) % —70 ‘C T 45
G373 TR T Ui, BOGHSIR 2 S8l CROBEHR L7212, B3R NH,Cl KBRSV,
KJE % Et,O THIH L. AHE 2 80 Na,COs KIRIE I L Ui &K T L. MgSO,

(ZCHZE LT, BUE TIRAME L7z, IRME (226 9) 2> VAT NATLIa~ NTT7

30



4 — (silica gel 60N: 600 g, n-hexane/AcOEt=20/1 ~ 5/1, v/v) T k8 L |
(4R)-2-phenylselenyl-4-decanolide ((4R)-5, 8.6 g, V=R 53%) % 157-,

'H NMR: § 7.68 (2H, d, J = 7.6), 7.31-7.38 (3H, m), 4.31 (1H, g, J = 6.8), 3.94 (1H, dd, J = 3.2
and 7.6), 2.25-2.36 (2H, m), 1.64-1.72 (1H, m), 1.49-1.56 (1H, m), 1.26-1.43 (8H, m), 0.88
(3H,t,J =6.4). BC NMR: 6 175.8, 135.8, 129.4, 129.1, 126.9, 79.5, 37.2, 36.7, 35.2, 31.6, 28.9,
25.1, 22.5, 14.0. GC-MS: 326 (M, 41), 158 (49), 157 (47), 116 (46), 83 (42), 77 (37), 69 (76),

55 (100), 43 (47), 41 (47).

(R)-2-Decen-4-olide  (R)-6 ****

JKIK# T, (4R)-5 (4.0 g, 12.3 mmol) @ MeOH A% (30 mL) (Z NalO, (3.9 g, 18 mmol)
KRR (10 mL) % 10 “CBAF T 304323 T F L7z, i R, IR T 3 REREFER L.
FOSEHE 2 ARKIZHEWTZ, ELO THi L, ABEE 2 8350 NagS,05 KIiR., #3410 Na,CO;3 7K
R, SRR K CHE L, MgSO, 12 CREME LT, JRUE FIgME L 7=, Y (169 %
YUBTNHT AT a~ 7T 74— (ilica gel 60N: 150 g, n-hexane/AcOEt=4/1, v/v)
THB L, (R)-2-decen-4-olide ((R)-6,1.6 g, U3 75%) Z15%7-,

'H NMR: 6 0.87 (3H, t, J = 6.8), 1.28-1.47 (8H, m), 1.61-1.79 (2H, m), 5.03 (1H, dddd, J = 1.6,
2.0, 5.6 and 7.2), 6.09 (1H, dd, J = 2.0 and 5.6), 7.45 (1H, dd, J = 1.6 and 5.6). *C NMR: §
173.1, 156.3, 121.5, 83.4, 33.1, 31.5, 28.9, 24.9, 22.4, 14.0. GC-MS: 168 (M", 2), 139 (30), 126
(12), 113 (16), 108 (19), 97 (29), 84 (89), 69 (19), 55 (77), 43 (100), 41 (46), 39 (19). [a]5

~89.3 (¢ 1.03, CHCly).

(3S,4R)-3-Methyl-4-decanolide  (3S,4R)-1
EHRFBL T, Cul (5.19,26.7 mmol) @ Et,0 #¥i#&ik (50 mL) {2, methyl lithium (1.1

M Et,0 %%, 48.6 mL, 53.5 mmol) % —30~—20 CCT30min 2 i@ FL7=, 0 CT2
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WEEFEFR U, 07 — MR Z iR L=, %\ T, (R)-6 (3.0 g, 17.8 mmol) @ Et,0 &k

(10 mL) #—10 CT 30 3/ Tl F L. 0 ‘CT 2 Wfilfi#: Lc, BUST K A fafn
NH,CI 7KIEHRIZIE X, Et,0 J&8 2 B f Na,CO,; /KIa R 3 L OMufn & /K THEF L, MgSO,
(ZTCHEER L CL BUE TIRAE L7, I8fE B79) 23 VBTN T hru~ NI T7 4
— (silica gel 60N: 250 g, n-hexane/AcOEt=9/1, v/iv) L. (3S,4R)-3-methyl-4-decanolide

((35,4R)-1, 1.4 g, U= 44%) %157z, M (FID) :99.5%, 2.2.5.1 (ZREHkD FIEIZ T,
el (BT 2 I L7 5L, 99.29% e.e. (GC IRFFAFH:161.64 min) T -7, [olfy +71.0

(c 100, CHClj), '"H NMR, ®C NMR B X R~ A AXZ ML iFT7EINKOD

171

trans-3-methyl-4-decanolide & —% L 7=,

2.2.1.4.2 (3R,4S)-3-Methyl-4-decanolide DA%
(4S)-2-Phenylselenyl-4-decanolide  (4S)-5, (S)-2,2-bis(phenylselenyl)-4-decanolide (S)-7
EHFFPHL T lithium diisopropylamide (0.47 M THF &%, 100 mL, 47.0 mmol) (Z
(S)-y-decalactone (4.0 g, 23.5 mmol) ® THF &k (80 mL) % —70 CT 40 32T T T
L7z, —70 ‘CT 20 sr[EE#: L7=1%. hexamethylphosphoric triamide (10 mL) %/l z.
T phenylselenyl bromide (11.2 g, 47.0 mmol) @ THF &% (50 mL) % —70 CC—
SRUTHNZ T BOGEIR %2 281, C VIR T HR L 72#2 . 1 N HCL KBSV 72, 7K 8 % AcOEt
THIH L. AFEE 2k ds KO R HEK TURE L. MgSO, (2 TReM: L T, J8UE T L
T-o WEHEY (115 q) 23U BSN AT L7 a~ 7T 74— (silica gel 60N: 100 g,
n-hexane/AcOEt=50/1, v/v) TH5HLL . (4S)-2-phenylselenyl-4-decanolide ((4S)-5, 2.7 g, IX
H 35%) I L 0(S)-2,2-bis(phenylselenyl)-4-decanolide ((S)-7, 4.6 g, UL =R 40%)
(S)-2-phenylselenyl-2-decen-4-olide ((S)-8, 29 mg, V=% 0.4%) % 457-,

(49)-5: 'HNMR, “CNMR B XU~ A AT FLIE@4R)-5 &~ LT,
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(S)-7: '"H NMR: 6 0.85 (3H, t, J = 6.8), 1.16-1.40 (10H, m), 2.21 (1H, dd, J = 9.6 and 14.4),
2.34 (1H, dd, J = 6.0 and 14.4), 4.24 (1H, m), 7.31-7.48 (6H, m), 7.68 (2H, d, J = 7.2), 7.74 (2H,
d, J =7.2). ®C NMR: ¢ 174.3, 137.5, 136.9, 130.2, 129.6, 129.3, 128.3, 127.1, 77.7, 46.1, 42.7,
34.6, 31.5, 28.8, 24.6, 22.5, 14.0. [a]2 +28.1 (c 1.01, CHCly). AALA W FERMETH o 72

72%. GC-MS Tv AAXY "MUIHE LR o7,

(S)-2-Decen-4-olide  (S)-6 >

KK T, (49)-5 (2.6 g, 8.0 mmol) @ THF %k (30 mL) 1= AcOH (1) ZM%. 0 °C
T H,0, (ffif 35%, 3.5 g, 36.0 mmol) ZWp->< v &iNx7z, 0 CT 1KLL,
FOGHEIZ 10% NapS,05 KR & iz iz (A 30 ‘CE T EFA) | KM T THEEL
7oo IRE THIE L7, AcOEt THEH L. A 4 /K L OB &K THEE L.
MgSO, (Z THzME L T, WL ThME L7, ey 2.79) 22 VATV AT L7 n< b7
Z 7 ¢ — (silica gel 60N: 50 g, n-hexane/AcOEt=9/1, v/v) T L | (S)-2-decen-4-olide ((S)-6,
1.3 9, =R 97%) ZE157-,

'HNMR, ®CNMR B LU~ A A7 FLIE(R)-6 & L7=,

(3R,4S)-3-Methyl-4-decanolide  (3R,4S)-1

EHEEMA F. Cul (1.49,7.4mmol) @ Et,O B&¥&#EZ (10 mL) (2. methyl lithium (1.10
M Et,0 ¥4, 13.0 mL, 143 mmol) % —20~—10 CT 104327 F Ti@ F L. —20 CT10
5. —5 CT 1KRFEIEFR L 87 — M EEARZFHE L 72, TR CL (S)-6 (800 mg, 4.8 mmol)
Z—30~—20 CT10 2 T FL, —20~—10 CC 3 Befifii# L7z, IS %
FT NH,Cl /K IRIZIEE . AcOEt ThilH L7z, AHEE 4 fafn NH,Cl KK, 7K. fafnfs

KR CHer L, MgSO, ICTHZE L T, BT FiEfE L7, IRMEY (852 mg) 2> U b7
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NI T A7 wv~< k7 Z 7 ¢— (silica gel 60N: 10 g, n-hexane/AcOEt=30/1, v/v) T 2 B[}
H# . (3R,4S)-3-methyl-4-decanolide ((3R,4S)-1, 379 mg, UL 43%) %157,

'HNMR, BCNMR B L~ 2 A7 hLid T & 2RO trans-3-methyl-4-decanolide & —
B L7z, #iE (FID) : 96.6%, 2.2.5.1 ([ZRLHDHIEIC T, SR AERIRALRE L7H

B 93.1%e.e. (GC {#¥FH#1:163.20 min) TdH -7, [a]5 —69.1 (c 0.84, CHCI,).

2.2.1.43 (3R,4R)-3-Methyl-4-decanolide MDA ¥,
(3R,4R)-3-Methyl-2-phenylselenyl-4-decanolide  (3R,4R)-9

ZEFE P T, lithium diisopropylamide (0.55 M THF ¥&iiZ, 20 mL, 11.0 mmol) {Z(3S,4R)-1

(1.0g,5.4mmol) @ THF ¥&#k (10mL) % —70 CT45 3} T F L7z, —70 CT
45 S [RE#R L7, hexamethylphosphoric triamide (3 mL) %/l %. ¥R\ T phenylselenyl
bromide (1.8g, 7.6 mmol) ® THF i&#% (10mL) % —70 CT45 43 Ciiii F L7z, =
IR C 2 REEIRERE Lo, fafn NH,Cl KRRV, KIE% ELO TR L. AféiE %
AN NaHCO; /KImiR ds & OMERI B HE /K THEH L. MgSO, (2 THEM: L T E T iR L 72,
By (24 9) VIS NVIT A a~ 7T 7 ¢ — (silica gel 60N: 150 g,
n-hexane/AcOEt=9/1, v/iv) T ¥ & L . (3R,4R)-3-methyl-2-phenylselenyl-4-decanolide

((3R4R)-9, 863 mg, K 47%) %1537, NEETHDL Z LN INTY, HBHbh

72(3R,4R)-9 (X IE B IR D S L7z,

(R)-3-Methyl-2-decen-4-olide  (R)-10 ¢

JKK# T, (3R,4R)-9 (863 mg, 2.5 mmol) 33 & O NaHCO; (214 mg, 2.5 mmol) @ CH,Cl,
iR (10 mL) 12, m-chloroperoxybenzoic acid (#ifE 70%, 940 mg, 3.8 mmol) %/ L9
O ATz, 0 CT LR HR U722, SOSHRIZ IR NapS,05 K¥#E (10 mL) &Nz, 1

REEEEE L. ELO T L7-, BB 2K, fafn NaHCO; KIAHR., fafi K Cotg
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L. MgSO, (2 THEME L T, UL TIRME L7z, #=fE (800 mg) > U AT NVh T LY
n~ k%777 ¢— (silica gel 60N: 150 g, n-hexane/AcOEt=4/1, viv) THHL L |
(R)-3-methyl-2-decen-4-olide ((R)-10, 365 mg, X% 79%) #1537~

'H NMR: § 0.87 (3H, t, J = 6.8), 1.28-1.52 (9H, m), 1.88 (1H, m), 2.04 (3H, s), 4.82 (1H, dd, J
= 2.8 and 7.6), 5.79 (1H, s). 3C NMR: 6 173.3, 168.6, 116.9, 84.6, 31.9, 31.5, 28.9, 24.3, 22.5,
14.0, 13.9. GC-MS: 182 (M, 4), 153 (27), 113 (42), 111 (39), 98 (100), 97 (81), 69 (83), 55

(19), 43 (64), 41 (72). [0]> 5.9 (¢ 1.02, CHCly).

(3R,4R)-3-Methyl-4-decanolide  (3R,4R)-1 5"

NiCl,-6H,0 (119 mg, 0.50 mmol) @™ MeOH #&#&ji% (10 mL) (Z, 0~10 “CC NaBH, (57
mg, 1.5 mmol) %/ L3z 7z, 0~10 CT30 i# L7=#%. (R)-10 (182 mg, 1.0
mmol) @ MeOH ¥ (1 mL) Z 0~10 CT—XuUIx 7=, ¥iZ 0~10 CT NaBH, (132
mg, 3.5 mmol) Z/» L4z, 0~10 CTE o L=, MISERAER L, Bk
KEM A, EL,O THIHH L7-, AHEE 2 f3F0 NaHCO; KIEH ;s & OMafn &K THed L,
MgSO, IZ THzE L C, T MRM L7, I 212 mg) 2 VA5V T L7 v~
k272 7 ¢ — (silica gel 60N: 50 g, n-hexane/AcOEt=15/1, viv) ([ZTHEI L. (3R4R)-
3-methyl-4-decanolide ((3R,4R)-1, 61 mg, U¥=% 33%) . (3S,4R)-1 (16 mg, IVK 8.5%) I
X OY(3R,4R)/(3S,4R)=94/6 ¢ 3-methyl-4-decanolide (89 mg, UXZR 49%) % 157-,
(BR4R)-1: 'H NMR., ®C NMR B L O~ A A X7 bV iXT T & koD
cis-3-methyl-4-decanolide & —Ft L7, #HME (FID) : 99.4%, 2.2.5.1 (ZFCaD HFIEIZ T,
BEG A TR =R 2 I 2 L 77 5 99.4% e.e. (GC {R:-F[E]:171.38 min) T~ 7=, [a]y +64.2

(c 1.03, CHCIy).
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2.2.1.4.4 (3S,45)-3-Methyl-4-decanolide ®D A ¥,
(S)-2-Phenylselenyl-2-decen-4-olide  (S)-8

KRBT, (S)-7 (409,83 mmol) @ CH,Cl,# % (40 mL) (Z. m-chloroperoxybenzoic
acid (% 65%, 3.5 g, 13.2 mmol) @ CH,Cl,#&#k (20 mL) % 20 3/ Tl F L7z, 0 °C
T 1.5 WEEIRER Lotk SOSIE Z il Na,S,03 /KA & faFn NaHCO; /KA DIRATAIR
(TR KK T CHEE L72, CHCl, THIH L. A HE 2 800 NapS,05 /KA. fafn
NaHCO; /K&, 7K. BaFEHEAK CHal L. MgSO, I THzME L T JBUE T L 7=, iR
M (36 9) VB XV BT L~ T 57 ¢ — (silica gel 60N: 100 g,
n-hexane/AcOEt=30/1, v/v) THEH L, (S)-2-phenylselenyl-2-decen-4-olide ((S)-8,1.9g, X
T T12%) 137,
'H NMR: § 0.87 (3H, t, J = 6.8), 1.21-1.41 (8H, m), 1.59-1.69 (2H, m), 4.92 (1H, ddd, J = 2.0,
5.2 and 7.2), 6.72 (1H, d, J = 2.0), 7.35-7.41 (3H, m), 7.64 (2H, dd, J = 1.6 and 8.4). *C NMR:
o 171.1, 149.1, 1355, 129.8, 129.2, 127.6, 125.7, 84.0, 33.5, 31.5, 28.9, 24.8, 22.5, 14.0.
GC-MS: 324 (M, 12), 212 (10), 183 (25), 157 (11), 113 (100), 102 (14), 91 (13), 85 (22), 77

(16), 57 (11), 51 (11), 43 (36). [0]> —64.4 (c 1.02, CHCI,).

(4S)-3-Methyl-2-phenylselenyl-4-decanolide  (4S)-9

EHEFEMA F. Cul (1.40 g, 7.38 mmol) @ Et,0 % (10 mL) (2., methyl lithium (1.10
M Et,0 ¥4, 13.4 mL, 14.8 mmol) % —30~—10 CT 10 /T T F L, —20~—10 C
T 5045, —5 CT 1R L, 807 — MR Z R L7, &\ T, (S)-8 (1.60 g, 4.92
mmol) % —10~—5 ‘CT 10 /32 Tl F L, —5 ‘CT 2 Refilfi#R L7z, SUGIR & ffi
NH,Cl KEERICIEE, AcOEt THiIH L7z, AHEfE 2 fafn NH,Cl AKEIR, K, fafn &
IKTUEH L. MgSO, 1 THEME L C, JE TR L7z, IR (1.709) 2V 7T

Z L7 v~ h7Z 7 ¢ — (silica gel 60N: 15 g, n-hexane/AcOEt=50/1~20/1, v/v) THEHEL L |
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(4S)-3-methyl-2-phenylselenyl-4-decanolide ((4S)-9, 1.63 g, V=K 98%) % 1H7=, RZLET

HDH I ENBEINTTD, 5O 72(4S)-9 1ZENEIC R O S IZHEH Lz,

(S)-3-Methyl-2-decen-4-olide  (S)-10 ¢

KK T, (45)-9 (1.0 g, 3.0 mmol) @ CH,Cl, %% (30 mL) |Z. m-chloroperoxybenzoic
acid GFiFE 70%, 1.1 g, 45 mmol) @ CH,CL##Kk (10mL) % 543 F T FL7=, 0 C
C 50 43 fitHe L7214 ROGIRIZBAD NapS,03 K EEHE (10 mL) &2 00 %, 1 REE#EE L CHLCl,
THhH U7c, AHE 4 faf NaHCO; KIEHR, /K, BaFI &K THed L, MgSO,4 12 T HMR:
LC. UE NIRME Lz, B (0829) 2> U BT NhThru~ h7 T 74— (silica
gel 60N: 25 g, n-hexane/AcOEt=10/1, v/v) THk5HL L | (S)-3-methyl-2-decen-4-olide ((S)-10, 504
mg, UK 94%) w1537,

'HNMR, ®C NMR $ L U~ 2 227 FLI(R)-10 & —F L7=, [a]> +4.6 (c 1.02, CHCL,).

(3S,45)-3-Methyl-4-decanolide  (3S,45)-1 *®

NiCl,-6H,0 (196 mg, 0.83 mmol) ® MeOH %#&##Z (10 mL) (Z. 0 “CC NaBH, (94 mg,
25 mmol) /X 7=, 0~10 CT 30 iR#E L7=1%, (S)-10 (300 mg, 1.7 mmol) ¢ MeOH
Wik 5mL) 0 CT—XICMzx 7z, —5 CIlc#H#EI#%. NaBH, (219 mg, 5.8 mmol) %
—RUTIA, 0 CT 10 /¥R L7c, BUSTIRZ U8 L, JEiRIC/K 202, AcOEt THi
H U 7o, AHE)E 2 /KIS L O &K THEf L  MgSO, 12 THzME U C L RUE FRME L7z,
EAEY (324 mg) > VAT NH T AT a~ ~T T 7 ¢ — (silica gel 60N: 60 g,
n-hexane/AcOEt=15/1, v/v) 2 CHHL L, (3S,4S)-3-methyl-4-decanolide ((3S,4S)-1, 240 mg,
IR 79%) . (BR4S)-1 (30 mg, U 10% ) I K U8 (35,49)/(3R,4S)=51/49 D

3-methyl-4-decanolide (29 mg, ¥R 9%) #1537~
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(35,49)-1: '"H NMR ., ®C NMR B L O~ 2 A X7 b LT T % I@ED
cis-3-methyl-4-decanolide & —tL7-, i (FID) : 94.7%, 2.2.5.1 |ZFCHE D HIEIZT
BEG I TR 2 T E L7248 5, 91.6% e.e. (GC {R-FF[4]:169.47 min) Tdh - 7=, [a]h —61.3

(c 1.02, CHCy).

222 U EFERIEMY TR

THEORELENSG L emZETVHEE L, A 7 TREZES FWH, KRBA
LTTUEALE, EHIZBALYHE (159) IZCHCl, (75 mL) Zinx it L, fh
HE 2 T8RS L | I8 2 SAFEC TR L7z OKIBIREE 140 °C. B : <2.2x10° Pa) ,

HE 2 Widmer 208275 & FOVETTE T 0 100 ul £ CIEG L. 7 9 E RS 2157,

2.2.3 AEDAY®
TV EERIEMEDICRT L AEDA 1TV, EEFKRR D OEFGEEZT T, T EEFR
PEHEY A CH,Cly 12T 1:4, 1:16, 1:64, 1:256, 1:1024 OEISIZ72 5 L 9 IZARAIR L

FFRUZxE L 2 4T GC-MS/O (2 TH#Ar 217>, FD factor #7-7E L 7=,

224 UHEFEKWREW Oy

T Y EEXIEMY 125 mg (CHCLIEW) oxtL, YU BT NI Lhra~ NI T 7
+4 — (Wakogel C-100: 10 g) (ZTHr iz T > 72, EB#K & L T n-pentane (Fr.l) .
n-pentane/Et,0=20/1 (Fr.2) . n-pentane/Et,0=5/1 (Fr.3) . n-pentane/Et,0=1/1~0/1 (Fr.4)
ZNEIZHE L. 4 BT 7o, A Eisr 2, Widmer 7385 & FHWVETE T CRRME L, &R
#E¥ (Fr.1: 14.8 mg, Fr.2: 5.4 mg, Fr.3: 0.1 mg, Fr.4: 0.1 mg) %L GC-MS-O T4

ZATo 77,
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225 st
2251 GC-MS

GC-MS #I7E 1%, Agilent 5973 E &4 s (Agilent Technologies, Santa Clara, USA) &
FID 2345kt S #17- Agilent 6890 %7 A 7 v~ k77 7 (Agilent Technologies) |2 T{T > 7=,
BT BIE, ERES OSHICIE TC-WAX  (0.25 mm i.d. x 60 m, 0.25 um film thickness; <
—T A R, R, BAR) & ORFEAERRE 21T heptakis-(2,3-di- O-acetyl-6- O
tert-butyldimethylsilyl)-B-cyclodextrin # 7 2 (AcTBDMSBCD, 0.25 mm i.d. X 60 m,
0.25 pum film thickness; A IFEEHIC THE) AEH L7z, U7 2K0mIE 2 D12y
I U, ANEEF Y EF U —0 7 M THEEREERS K OFID 208 L7, HEARREE
250 CIZRE L., FidBHIA 7Y » FEEB0:1 12T 1uL A L7z, TC-WAX 717 I fifi
RFE, A =7 3HRAIO 353 40 CTHREF L2k, 3 C/min (2T 230 ‘CETHE L,
X VT HTAZEIA~NY L EFEHL, 1.8 mL/min O— &g e L7z, AcTBDMSBCD
77 LMERFRT, A—7 13240 CH2»5 0.7 Cmin 2T 180 CETHIEL, ¥ U T
ZEFEA~V T L EHEHL, 0.7 mU/min O—EifEE L7z, ~A A7 hLid electron
impact (EI) E— RT70eV OA A ALEEICTHEEIT>72, LAY D RIIE C5 >
5 C30 DEHHT VA OURFFR I 2 B EICR I Lz, FEMmOMEX FID ITXk - T
Bonbsdsu~ N7 7508 — 7 EEE LV EH Lz, &kiho 3-methyl-4-decanolide
OFEMGAEWF I, HRERHRIZL > THEOND b= LA F 7 r~ F 7T A (total
ion chromatogram ; TIC) O V¥ — 7 HMEM LV EH L, VHERED T O
3-methyl-4-decanolide DG AEREIZIL, HEMRHBIC L > THONDL A A7 1~ |k

77 2 (mfz99 CTHitH) OmEMEMELIVEH L,
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2.25.2 GC-MS/O

GC-MS/O I 1%, Agilent 5973 & &:fi Hi#k & B\ X [ (Olfactory detection port 3, ODP
3; GERSTEL GmbH & Co. KG, Miilheim an der Ruhr, Germany) 73$%#¢ & A17- Agilent 6890
HAIZa~< N7 7712 THTo 72, 77 L TC-WAX (0.25 mmi.d. x 60 m, 0.25 um film
thickness) ZfEfH L7z, 77 AR 2 22l L, REHF Y TV —I 7 AICT
BRSOV E QIZHR L7, HEARRE, BEHEAR, 27V v M, 4 —
T URIRGME, ¥ v VT A FiElE 2.25.1 ii#io GC-MS HIE (TC-WAX fi k) &

[l — D&M TIT -T2,

2.25.3 MD-GC-MS
MD-GC-MS #IiE 1%, 'DPD GC-MS ¥ 27 L % 2. 7= Agilent 7890A H A7 u~ 75
ZIZTT o7, A Agilent 7890A 77 A 7 m~ 77 71Zi%, multicolumn switching system
(GERSTEL) »M&#i STV, 1847 AIZiX DB-WAX (0.25 mmi.d. x 30 m, 0.25 um
film thickness, LTM H. Agilent) ZfiH L. 77 LKL 3 D20k L, RiEES v &
Z U =% 7 AT 5975 B EMRHE. FID 31O ODP (Z53fd Lz, BRI IX
multicolumn switching system (2T 1% %7 5 L7 S H SR IS Bl IS ERE 2" ) 5 L~
A L72,2" % 25213 DB-1(0.25 mm i.d. x 30 m, 0.25 um film thickness, LTM ffl, Agilent)
AL, 0T LKL 3 DIZHIE L, NEWESX v 7 U — 7 LS THEEM S, FID
L VODP (Z57HE L 7=, 1 A H1iZ cooled injection system (CIS, GERSTEL) #{#H L7z,
HBREHIA T Y » L RIZ Tl AL, BEHEAZ 05 77/ 10 CTREF L. £D1%
2 Clsec (2T 250 CETHIA L, F¥ U7 HAZII~NV U LZEH L, 362 kPa D—
TEES) TR L2, 1M GC DA —7 IHxAID 70 Cne 5 Clmin (2T 230 CETHIREL
2. BHIOREFEHOM, B %E-50 COa— L K7 v 7IZEAL, 05 5% HT

v %250 CETHIE L T2YGCIZHEALT7-.2"GC DA —7 1% 40 CH 5 5 Clmin
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12T 230 CETHIE L, A A MbSthi 2.2.2.1 it GC-MS HIE & [F— DT

??O f:o

2.254 NMR
'H NMR (400 MHz) . *C NMR (100 MHz) 3 & O nuclear Overhauser effect spectroscopy
(NOESY) (%, JEOL JNM-ECX400 (H AFE ¥, HA, HA) IZTHIE L7z, MEIE CDCl,
H1, CDClys 4 I A7~ (*HNMR: §=7.26 ppm. *C NMR: 6= 77.0 ppm) % H:vfE L
LTHWe, Iy 7 MEppm, By 7V r7ar2& b (JfE) 1% Hz Tilak

L7,

2255 LhhEYLHE

LelEE RS, P-2300 polarimeter (H A6, HUR, BHA) (1T THIE L7,

226 HASHHE **

RANERRASH REMZEFTORTE 10 £ 233 Y X b & LT 217 - 72, #Ffh
AEFE LTI, VY EEREMS L U TR FHESE D (3R,4R)-3-methyl-4-decanolide
BRI EREEEIRA) SR (BREMENR B) 2 HE Lz, FXEHEIR A
%, allyl isothiocyanate (256 mg/g) . (Z)-1,5-octadien-3-one (0.828 pg/g) . 4-pentenyl
isothiocyanate ( 18.2 mg/g ) , 5-hexenyl isothiocyanate ( 854 mg/g )
2-isopropyl-3-methoxypyrazine (0.173 pg/g) . 3-methyl-2,4-nonanedione (67.8 ng/g) .
6-(methylthio)hexyl isothiocyanate (5.56 mg/g) . vanillin (13.9 pg/g) ICX VAR L 7=, &
KSR B 1T, BHRMEZEIR A 1Z(3R,4R)-3-methyl-4-decanolide (1.52 pg/g) Z L

TR L7,
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FHAEEIEL, FRIOE Y v a B WTASR Y XA N TT 4 ANy v a Y EITVRE S
6 > DM FEE (pungent, sulfurous, metallic, earthy, green, creamy) %38 L7-, &LEERIC
L0 3MTOREE T EZOT B 3fEZ 1y FE LTAARY X MR LT, SR
MIBRBOFLICE LT, FHMIHFEICSE, 1 &EARV) L 2 (330) | 3 (R
L5V 4 (Fad) | 5 (ResRVY) L 6 (BRVY) L 7 GEEIZIVY) O 7 BB TRIE &2
1To7, BEREFHEFERIT 23 CITERE SN REE TIT o 7, SFHEHGEIC SV T
AaTEHEEREE L, AL X —F ¥y — Ty b LT
HHREAHIAS RO A BZELRET D720, 53T KO Tukey DL B ELEHRIE 21T -
7o BN CIMEIET 7 7 % — S5, BHRE, VWV, oHdt (FE) 25
L. #ESIKYE 0.05 B LN 0.01 THEZAZMRE LT-, Tukey DZEEMRE ClIZNE
NOFHH TR DWW TR S L ORI EEZHH L. fESIKYE 005 THEXEZ

E L7,
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23 fERBIUER
231 UV EOEEFQL T DRE

U Y EELIENEY D GC-MS i OfE R, 96.86% (GC-FID area%) 73 isothiocyanate
B ThoTo, AEDA OFER, 256 35 L 101024 & &\ FD factor & RO B EF LM 1T.
10 iy T o7z (F 2-1) » 485 10 sy DA, 5 %4y (No.2 : allyl isothiocyanate, No.4 :
4-pentenyl isothiocyanate . No.5 : 5-hexenyl isothiocyanate ., No.9 : 6-(methylthio)hexyl
isothiocyanate, No0.10 : vanillin) X, <A A7 kL, Rl BLXOHWOEBEES & —
LIZZEMORGIZREST D Z LN TE 2,580 D 5 s DAL 4 Fsr (No.1, No.3, No.4,
No.7) 13U EFXIREY T OFERPBRE TH o727, ~AAXZ MADBTELR
FTREST D ZENTERN>72, No.8 ORI L TE, A EENBMETH L LI
LDy EER ST LEY, YARAXNZ MABELNTHRET HZ LN TERPST,
KRFEED 5 4 (No.l, No.3, No.4, No.7,No.8) Z#[FET H7=diz, TH EFERIEMEY D
SUATNAT AT v~ NI T T 4 =KD EAEAT KRG O RS B - e & 3T,
SYEIZ X 5T No3 (Fr2 lZf7fE) . Nod (Fr2 IZA7fE) . No.7 (Fr.d \ZfFfE) O 3 pisy

2B L TIX, GC-MS HTIC LD~ AANRT ML EHFDLZENTE, YAART ML,
RIBECHWOENEME =B L2 D, Z1LZE 4 No.3 : (2)-1,5-octadien-3-one,
No.4 : 2-isopropyl-3-methoxypyrazine, No.7 : 3-methyl-2,4-nonanedione & [FE L 72, No.l

(FrUIZfHE) IS L TIIAEIC L D2 E 21T > Th, v AANT MUIR/RLNR)»-
7=, Rl BXOBWOE XY | 3-methyl-2-butene-1-thiol & H#£E L 7=, No.8 Dpksy 2R
LTI, ZEZIT>THYAANT ML EGDZENTERMN>TEN, Fr3 @
MD-GC-MS #4179 Z &0k > T, BHMOTAANRY M EB{LZENTE, +
AANT PRI BEOCBHVWOERESE —HLEZ LB, No8 X
cis-3-methyl-4-decanolide & [Fl7E L7z, ABFIEIC &V [FE L7z 9 FEOHEF XS

(2)-1,5-octadien-3-one 3 L X cis-3-methyl-4-decanolide |7 ¥ EOFEZ LS & L THIH T
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RIS RIS Th oo, THEDRTHRELSL LSS (1] 2otk e L

22D, TROOFHREREFERDZAHT I LR TE L LEZXATVD,

#2-1 U EEXOBEEEXS (AEDA (2 XV fliH)

FD

GC

identification

No. odorant odor quality® RI e — Fr.
1 3-methyl-2-buten-1-thiol hop-like, sulfurous 1127 256 trace RIl, GC-O 1
2 allyl isothiocyanate garlic-like, pungent 1383 1024 73.819 MS, RI, GC-O
3 (2)-1,5-octadine-3-one metallic 1392 1024 trace MS,RI,GC-O 2
4 2-isopropyl-3-methoxypyrazine earthy, nutty 1448 256 trace MS,RI,GC-O 2
5  4-pentenyl isothiocyanate pungent 1564 1024 7.695 MS, RI, GC-O
6  5-hexenyl isothiocyanate green, pungent 1685 1024 6.516 MS, RI, GC-O
7 3-methyl-2,4-nonanedione earthy 1741 256 trace MS,RI,GC-O 4
8  cis-3-methyl-4-decanolide celery-like 2221 256 trace MS,RI,GC-O 3
9  6-(methylthio)hexyl isothiocyanate green, oily 2406 256 1.108 MS, RI, GC-O
10  vanillin vanilla-like 2605 256 0.006 MS,RI, GC-O

& odor quality perceived at the sniffing port PRI on TC-WAX

¢FD factor: flavor dilution factor 9 trace: trace amount (< 0.001%)

2.3.2  UHYEH O 3-methyl-4-decanolide Off%s ST AR & DR E
AW TUH EDOFZAMS & L THIO TRIE S L7z cis-3-methyl-4-decanolide 1%, 241

FCRERMDLITHE COMBLEIEINTNDDOLT, BEOLREESNEHE T/, X

LSRR T TORMISLRBLEIZE T 2 @A b 2R,

—Ji. SERRIERTH D

trans-3-methyl-4-decanolide 1. 77 V& — O AL URH 9 < x Y L REE 9

BIOUHE ONbRWEIRTEBY, U4 BTk 7 FEE T

(3S,4R)-3-methyl-4-decanolide T % & #HiE ST\ 5,

AEIOT Y EOFELIIHIZE T, cis-3-methyl-4-decanolide (TEH & TH 72 H DD

FD factor (% 256 & SVMEZ /R L B L7 X 29IV EOEFZSD E LTESRIFIH TR

HENTZbDThHo72Z b, VI B Tofof LR E %

[ A N B W/ SN

SEDOSHIZEB W T S, FD factor 1T > 7-208, SN TS L OEEEFERKS E LT
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A L7z trans-3-methyl-4-decanolide & S 417=7-® (GC-FID area% : 0.008%., FD
factor : 1) | Ao THbx AR E 2 fEid L7z,

FT. EMEL TT & KD cis-3-methyl-4-decanolide F X O trans-
3-methyl-4-decanolide %Ak L (IX] 2-1) . 3-methyl-4-decanolide @ 4 FE D 7K FLER )
GC THHET 552 % L=, 1-Heptanol & methyl crotonate 7> 5 7 & 2 {AD
3-methyl-4-decanolide @ cisitrans &G4 G L. VBTN T Lo ua~ NI T 7 4
—IZTcis-ik & trans-1K % Sr#fE L 72, 7235 . 40 BiE L 7z cis-K & trans-{R D L AR{BF 13 nuclear

Overhauser effect (NOE) 2k > THRE L (¥ 2-2) .

1) 1,1-bis(t-butylperoxy)cyclohexane

2) aq. NaOH
/\/\/\/OH + /\/COZMG
3) TsOH, toluene (S

2 3 (27%)

-1
separation
by silica gel

(x)-trans-1 (z)-cis-1

2-1 7 J{RD 3-methyl-4-decanolide d Ak,

NOE
H/c% HyC H4> NOE
. ’LZX““H NOE 5 /A/ZX““H
CeHi3 CeHis
(x)-trans-1 (x)-cis-1

2-2 trans-3-methyl-4-decanolide & cis-3-methyl-4-decanolide @ NOE

3-methyl-4-decanolide @ 4 FE D STARKEMAR A J3EfES << | octakis-(2,3-di-O-methoxymet

hyl-6-O-tert-butyldimethylsilyl)-y-cyclodextrin™. octakis-(2,6-di-O-methyl-3-O-trifluoroacetyl)
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-p-cyclodextrin™. heptakis-(2,3-di-O-acetyl-6-O-tert-butyldimethylsilyl)-g-cyclodextrin (AcT
BDMSBCD) % iftie LCa—7 1 > 7 LIz& A T L8 LT CHIRAMIXe™® % T
GC WEA To7o& 25, ACTBDMSBCD 7 7 A% FV RO 242 T D SEARBLIE R A B
BT D Z Lo Tz, K 2-3 1271 2 {RD 3-methyl-4-decanolide ¢ cis/trans
H & U EFELRENEY O ACTBDMSBCD 1 7 A% HV /= GC-MS 7341281 5 A 4
sua~ h7T L& LT (3-methyl-4-decanolide DA 4> m/z 99 THiHY) . X 2-3
L. UV eERENEY T O cis-3-methyl-4-decanolide 35 X T trans-3-methyl-4-decanolide

I, ENEN T OSERBEMEPEENIHFEL TWD ZENGhoT,

trans
3-methyl-4-decanolide
racemate
cis
T — 71 ‘"~ T ' 1 T 1 T 1 T 1T
162.0 164.0 166.0 168.0 170.0 172.0

7

wasabi aroma concentrate

r?

Pl e

T T T T T T
162.0 164.0 166.0 168.0 170.0 172.0

2-3 7 2 {Kd 3-methyl-4-decanolide O cis/trans IR A & U Y E EFERIE D DA A

vrua~ 75 A (mlz99 THiH)
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RIZ, 3-methyl-4-decanolide @ 4 FEDSLAKRMARD AR Z1T o7 (K 2-4) , FEFEE
& U TR S5 65 y-decalactone % HZ89E & LT, phenylselenyl JL 03 A% L
OERAL « BLEEA ATV af-REIFNT 7 ko & L=, Gilman 3R3R8I1C L VW methyl JL4 38 A
L. (3S4R)-1 # L TX(BRAS)-1 &k L7z, (3RAR)-1 (2B L TiE. (3S,4R)-1 I2%f L
phenylselenyl D& A X O®eL - BEEAZ 1TV ap-REaf1Z 7 b & L7, nickel
boride |Z X A KBIRIMNC LV ARk LT, 7ok, AKFWMIGIEL, Raney nickel <> Pd-C
il U CHWESAIT T & IMAHEIT L7223, nickel boride A filifif & L CHW =35
A7 bRl &7z, (35,4S)-1 1. (BRA4R)-1 DA AkEE & [RIEED )71 CT(3R,45)-1
MOBKT DL TEEN, AR TEZBRAS)-1 N Do l=2, BIERME LT
PRI R B ZAF B T72(S)-7 ZFIH L TEEL L7z, (S)-7 @ phenylselenyl ZEDfz{l - Bl
24T\, Gilman FR3K(Z X 0 methyl 2523 A L, 3 phenylselenyl ZEDig{b « BiEkEA 1T

V), nickel boride TKFRIRIMZITVN, (35,4S)-1 ZEhk L7=,
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PhSe

LDA, PhSeBr NalO, E\/\/\/
_— > B
0™ 0™ g

HMPA, THF 0™ g H,0, MeOH
’ (53%) (75%) (R)-6
(R)-4 (4R)-5
(>99.0% ee)
MeLi, Cul
— oA A
Et,O O O
449
(44%) (3S,4R)-1
PhS
46 LDA, PhSeBr 'S¢ PhSe—| PhSe
HMPA, THF 0N NN 0N U NN 0N G  NN
(82-4 (4S)-5 (S)-7 (S)-8
(91.8% ee) (35%) (40%) (0.4%)
H,0,, AcOH — MeLi, Cul
@488 ———— ¢ NN T
THF 0 Et,0 SER
0,
(97%) (5)-6 (43%) (3R.4S)1

LDA Phsesr PhSe. & MCPBA, NaHCO, ﬁﬁ—f\/\/\/
- . T —
0™y HMPA, THF 0™ CH,Cl, 070

(47%) (79%)
(3S,4R)1 ° (3R,4R)-9 ° (R)-10
NiCl,-6H,0, NaBH, ﬂ/\/\/
Ehlasinith
MeOH 0 o
(33%)
(BRAR)1
MCPBA, NaHCO, ' NSe MeLi, Cul  NSe MCPBA, NaHCO,
Sp7 —— = "7, = _ s
CH,Cl, 0PN N O 0N NN CH,Cl,
0, 0, 0,
(72%) S)8 (98%) 45)9 (94%)

é/\:f NiCl,-6H,0, NaBH,
tchaliashiennle it
O o NN MeOH OQ""//\/\/

(S)-10 (79%) (35,4S)1

2-4  SJEEFIEME 3-methyl-4-decanolide Ak

ARk L7z 3-methyl-4-decanolide @ 4 DD NAAREMERORMIE, HheLEL LOBWOE

FR 22 TR LT, 4 ODOONARBMERIZIZNENRI D E/EXRZ2A L TV, Kz
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(3R,4R)-3-methyl-4-decanolide | XAt D STARFL (A & bz LT [creamy, celery-like) 72 &0

FALRERREEA L TV,

#2-2 AR LTSS 3-methyl-4-decanolide OFE . HEiEE R L OVEWOE

compound purity (o] odor quality
o
(enantiomeric excess) ° (1% EtOH solution)
99.5% +71.0
(3S,4R)-3-methyl-4-decanolide oily, waxy
(99.2% ee) (c 1.00, CHCly)
96.6% —69.1
(3R,4S)-3-methyl-4-decanolide peach-like, fruity
(93.1% ee) (c 0.84, CHCly)
(3R 4R)-3-methyl-4-decanolide 99.4% +64.2 peach-like, fruity,
' (99.4% ee) (c 1.03, CHCI5) creamy, celery-like
94.7% —61.3
(3S,4S)-3-methyl-4-decanolide peach-like, weak
(91.6% ee) (c 1.02, CHCly)

2-5 [ZA L L7 3-methyl-4-decanolide @ 4 FEDSEARRMEAR & U W B FLRIEMEY O
ACTBDMSBCD # 7 L% /= GC-MS pifrickiF 24 A7 u~ 77 (mlz 99 T
) 2R L7z 5 & ORI EGWOEO—ED 5, T EH O cis-3-methyl-4-decanolide
B &L O trans-3-methyl-4-decanolide @ & % 37 & il & % . % 4L £ 1L (3R4R)-

3-methyl-4-decanolide & (3S,4R)-3-methyl-4-decanolide & &7E L7z,
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trans cis
racemate
160.00 161.00 16200 163.00 164.00 165.00 158.00 169.00 17000 171.00 172.00 173.00
(354R) (3R.A4R)
160.00 161.00 162.00 163.00 164.00 165.00 16800 169.00 17000 17100 172.00 173.00
(3R.4S) (35.45)
160.00 16100 16200 16300 164.00 16500 168.00 169.00 17000 171.00 172.00 173.00
wasabi aroma concentrate
A
160.00 161.00 16200 163.00 164.00 165.00 16800 16900 17000 17100 172.00 173.00

2-5 SIS ME 3-methyl-4-decanolide & VY EEFERIEMEM DA A7 u~ 8T T A
(m/z 99 THhH)
2.3.3 'EHEAHM

A [al L B H L 72 (3R, 4R)-3-methyl-4-decanolide @ V¥ EFRHIZBIT 520 B4
AET L BRERHMEi 21T o 72, AEDA I CEHEFRSLY & LCRIE SN 8 ks (allyl

isothiocyanate, (Z)-1,5-octadien-3-one, 4-pentenyl isothiocyanate, 5-hexenyl isothiocyanate,
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2-isopropyl-3-methoxypyrazine, 3-methyl-2,4-nonanedione, 6-(methylthio)hexyl isothiocyanate,
vanillin) ZH W TV e HXEHEEK A 2L, T EFIEMER A I
(3R,4R)-3-methyl-4-decanolide Z ¥ L U EFKEAELEIHK B A L=, £/, V¥ b
TV EALTOLRHPREOLEFERNRESEMT DL L0 Rk L LTiTY
P ERRBE I T L & L,

BHERHMEOAE R, (3R,4R)-3-methyl-4-decanolide Z¥siN4 2% Z L2k~ T,  lcreamy)
DA a7 DM ERB L Tpungent] DA a7 OB R LI, W OFhAEICB W
THUHEEXRIHEIR B LU Y EHQRMEY DS HIHEED A 2 7 I A B R EN
L Ip o=, T2 5, (3R,4R)-3-methyl-4-decanolide (%, FFAEEEIK DFE LU M &2 KIRD

U Y EEFRBM O EXEFHECLDT 23RN DD Z L ane (K2-6) .

sulfurous creamy

metallic green
n=10
earthy p<0.05

wasabi aroma concentrate
------------ wasabi aroma reconstitute A (8 odorants)

- = = = wasabi aroma reconstitute B
(8 odorants + (3R.4R)-3-methyl-4-decanolide)

2-6 UV EEKERESIIZ BT 5 (3R,4R)-3-methyl-4-decanolide D FRAN%EHF-

(B XLFOMNTWHIEA TITARBICRE R D)
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2.4 HE
AETIZ, VP EOREENED > THD [EFE| 2ok e LT, +0BALE

TUVHEOFERCHFETOIWMBEEEXLTOWRRZAT 1o, VT EFXRNEY O

e

GC-O ¥ LT AEDA %47\, FD factor 256 35 J U 1024 Z7~3 9 fll D B FH Uk 7 % [F]
& L7, 9 54 @M, allyl isothiocyanate,, 4-pentenyl isothiocyanate, 5-hexenyl isothiocyanate,
6-(methylthio)hexyl isothiocyanate . vanillin IIF ZICRIET 5 Z &N TE 72N,
2-isopropyl-3-methoxypyrazine .  3-methyl-2,4-nonanedione . (Z)-1,5-octadien-3-one .
cis-3-methyl-4-decanolide 1Z 7V ¥ B HFXKIREMED H COFIEEDNME TH T2/, U D
TNAT L7 a~ NI 77 4 =K D0 KRz B LI O~ 227 b v a3 T
FE LTz, 7B, BRED 2SIV EFNLHD TR LIEKS TH D,

cis-3-Methyl-4-decanolide (213 Z #UE TRAKWY T T ORI LARRLE B3 D& 2372
Mol Z LMD, trans-KZ & 4 FONARRMRZ B L, U5 B oM LR E
AT, BNRRIER L U Y ERKRNEY O ACTBDMSBCD 71 7 A& Vo X 7L
GC-MS 43 #1 % 17 \» . U ¥ ¥ {2 % (3R4R)-3-methyl-4-decanolide ¥ X O°
(3S,4R)-3-methyl-4-decanolide AL MICHFEMEL TWVWD I EZHLIT LT,
(3R,4R)-3-Methyl-4-decanolide 73 KA B [RIE S N7 DI, KIFERHH T THDH, S
DT, B LT NRBIEARDBFER A IR LTI 2 A, TNENERDIBFL[EA LTV
23, FFIZ(3R,4R)-3-methyl-4-decanolide 1l O 37K ALK &b bhilis U CTREA 72 F SRR

(creamy, celery-like) %A L T\ 7=,

[FE L7z Bl oo 8 FED A XL 27 SiR L7 U ¥ EFRLEMER A, U EEX
FHABZLIE A IZ(3R,4R)-3-methyl-4-decanolide ¥R L 72 U ¥ B FLRFHELEK B, B LY
P EHRIREY MO THEREMM 21T o 72, TORR. VI EFXEHELEER B 1TV Y
EEREELIE A LU, Tereamy] oA =7 Off R XL Tpungent] DA =7 D

AP, WTNOFMAFFICE N TS, U EEREED OS5I HFEDO 2 =7
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I ERENELS o=, 7725, (3R4R)-3-methyl-4-decanolide 1%, FAESLIR DFE
SUEHEE KIRD U EOFRIEMY OFLFFEICES T 2R N H 5 Z LR STz,
PLEDZ Ev5 .| (3R,4R)-3-methyl-4-decanolide (X7 E &3 D 84 LIERRICN B B2

% U CRR OF D OFBUCHE I AR TH D &S,
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Sofes — S

o

R O R T AU Sy O & Bk~ DA FIVEREAT ™

31 ¥

EWIREO B EORWEREA LT RYOFEV LT L—n"— 7L T T
YAMBIZBWT AR @S FERE LTIERMICE SO REOLZWEHERFTMNTH
%o FRCHEFCHE FICB W T —Y 7 L— =2l L2 %< . RREKOH 5
TN—=Y T L—=N=ORFEPEELL RS> TETNDL, RREDDH LT V=27 L—s3—
DFIFEIZTT T, TN E TRAIIFERTIEMR A R OFD T 21T > TE 7z, RYD
FLZHHTTIL.GC-0 IZB W THWZ MK L7 EFT O Rl & E DB WOE A FLET 5723,
INFETHTo CELRYOELR ST AR K> THI- L T A BRENZ & 1T, RI1:2300

(InertCap WAX) Z L. BWVWOEN woody Th D —DDEXKD IEX I B DF
L[APTTHBL THRAISNTWD Z ERGnolc, EOFEXIMDTIENTNORYOEFL
IHICBNTHEY AR MAPELNRWVIEEHETH Y  ERHOR S THh - 72,
AEoriE. ZAET woody BEXRAEHT 2 EMONTWDERNDY LITRRD XA TD
woody X EZA L THEY, £t /2RI LIV woody FR TH -T2,
KGR S V=T T =y ALy, Yra, v 3—0 GC-0 BBV Tl
SHAISNTWER, ZNHORMOFY o EH: Te /X248 S+ 2 woody FX
LD Z L1372 R OBEXITEB WO TH LRI Z R > TW D O TIEZRW D &R
(RSO0 S/IRE S el g e

WD ¥ 2 2 FEFEO A 7 2IZHF D R (2300 : InertCap WAX, 1680 : InertCap 1MS)
B LY woody &) B WO HE NS A4S IE rotundone [ (3S,5R,85)-5-
isopropenyl-3,8-dimethyl-3,4,5,6,7,8-hexahydro-1(2H)-azulenone] Tix7a\ 2> & HEH S 7=

(¥ 3-1) , Rotundone I3/3F = UkEH P 5 —RXU A4 v 5—XT Ry (V5
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—RTA OFROT Ry) 00 LRASLA A (AR, BB, ~Ya 75 ALH

V%) O RS NTE A Y vy T EE D VT VR P 8O BEFEKR
G LTHMLBNTVDN, ¥ T —=X7 RULUADRYOFLK T & L TOHEITR,
Flo, 2T HOHEIZIBT rotundone DFEXIE woody L ¥ & peppery/spicy & FIZEKEL
ENTWVDER, Fex DRV OFEZINITEBT pepperylspicy & FHH SN Z Eide<
Mote, LAEDZ En . ARy A rotundone ThH D & D FERFIT /e < AEIEARIA 24T
DTDIITER DN T —F 22 MENH DL EEZ B,

FHDEFEDIZL > TRETH L woody FXPRYDEVIZED X D et Be KiET
PNTRABLREE S | ARy OFFAD RIRED 8 D R 7 L — " — DS IZEE N 5 DTl
IRNINEFB T, T T TARMIZE TR, RO A L OHEH O &b 88 53 1> B ARy
EFHEEL, BEMAEZITO, HIZ, =T 70—y Yo d v I TORER
1Tol=, BWBIZ, KD L—TT0—y FLory, Jod, w0 d—0FKHPT

DEXIIEE ZH 5T 5 2 Lz B ERERHE 21T > 72,

3-1 rotundone
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3.2 kHR L OEBRITIE
321 BB X ORI - LAY
3211 #E

AL U ORI OB Sy (FEdh4 : sinensal) X R. C. Treatt & Co. Ltd (Suffolk, UK)
MWHEA LT, JL—77N0—Y (v—3 a2 ¥—KLR) | Vo= (o50) 136
FMNBENEHTDOA—=N—v—F > T, voAd—Ea—L (TAT7+Y) TF—UA

MR OGER BA) L0EA LT,

3212 W - LW

(—)-Guaiol, cobalt(ll) 2-ethylhexanoate, cobalt(ll) acetylacetonate, cobalt(ll) naphthenate
Id Sigma-Aldrich (St. Louis, USA) X ¥ | toluene, pyridine, N,N-dimethyl-4-aminopyridine,
4-methyl-2-pentanone | IAUE L PRt R, HA) XV | acetic anhydride 13#k= 2
HAA L (R, BA) X, silicagel 60N (BRIK ok, B8 63210 um) 134
FALFRA S (B, BA) | Wakogel® C-100 (I AEMisk T3S GRnt, BA)
K OMEA LT, B IT~— NV AR OMARMER LFY-1-5F NhoRESEL D%
L7z, £ OMoREES JOWEII o 7 L— PO b 02 L7z, B Reskh T i
LIeFRHT. BRRINEFERRASHAEA O b D2 L7z,

3.2.1.3 Rotundone D& 5 ARk

Rotundone . SCHkEC#EID 71k 0% B E (2 (-)-guaiol 725X 3-5 D HIETAR LT,
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2-[(3S,5R,8S)-3,8-Dimethyl-1,2,3,4,5,6,7,8-octahydroazulen-5-yl]propan-2-yl acetate (3, guaiyl
acetate)

KT (4 °C) . pyridine (3.08 g, 39.0 mmol) ¥ X U toluene (5 mL) DIEEHHIZ,
(-)-guaiol (445 mg, 2.00 mmol) . acetic anhydride (225 mg, 2.20 mmol) ¥ X O°
N,N-dimethyl-4-aminopyridine (12.2 mg, 0.100 mmol) DIEAW % F L7=, RIL T 1 K
HpE R L7, acetic anhydride (5.17 g, 50.6 mmol) . N,N-dimethyl-4-aminopyridine (598
mg, 4.90 mmol) 3 X O pyridine (3.08 g, 39.0 mmol) ZFH OV, 50 CT 6 KL
Too BUSEHEZ 2N HERRICIEE . AcOEt Thl L7z, AHEJE 2 fFl NaHCO; /KI5 &
OB FIRHK TYe L. MgSO, IZ THEMEER, JBUE TiMg L7, IRME% (731 mg) %3
VBTN Z 87 a~x ~7 57 ¢— (silicagel 60N: 10 g, n-hexane/AcOEt=100/1, viv) T
KL L . 2-[(3S,5R,85)-3,8-dimethyl-1,2,3,4,5,6,7,8-octahydroazulen-5-yl]propan-2-yl acetate

(3,453 mg, K 86%) Z1F7z,

2-[(3S,5R,8S)-3,8-Dimethyl-3,4,5,6,7,8-hexahydro-1(2H)-azulenon-5-yl] propan-2-yl acetate (4)
3 (353 mg, 1.33 mmol) . cobalt(ll) 2-ethylhexanoate (22.9 mg) . cobalt(Il) acetylacetonate
(20.0 mg) . cobalt(ll) naphthenate (48.5 mg) 5 & TF 4-methyl-2-pentanone (10 mL) @

IREMHRICIEFE LR EIALILN G, 70 CT 2 R Lo, ROSEKR 2 =i E T5

HU7=%%. £ NaS,05 KIEHRHIZIEE | AcOEt THlit L7z, AHE 2 /KI L OMafn &

HK TP L. MgSO, S THEME L T, J8JE T L7z, % (571 mg) #> U 57

N T A a~ 7 Z 7 4 — (silicagel 60N: 20 g, n-hexane/AcOEt=25/1, v/v) THHLL |

2-[(3S,5R,8S)-3,8-dimethyl-3,4,5,6,7,8-hexahydro-1(2H)-azulenon-5-yl]propan-2-yl acetate (4,

45.2 mg, P 12%) Z 157,
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Rotundone (1)

4 (47.7 mg, 0.171 mmol) % 280-300 ‘C T 1 FifliF#R L., iR F THA%., VU7
NAT N7 a~ ~7 77 1 — (silicagel 60N: 1.0 g, n-hexane/AcOEt=50/1, v/v) THFHEL L |
rotundone (1, 15.0 mg, UL 40%) %157,

Ak L7z rotundone @ NMR (*H, BC) B X U~ A A7 bV SCHkGER Ol ™ & —%

L7,

3.2.2 MGGy DOfEY]
AV RO SRR LBERE VDTN DT Do a~ v T T T 40—,

57 B HPLC DR Ty z1T -7 (X 3-2) .

3221 WEAY

F L VRSO &b AE 5y (801.3 9) A JREAE T THriE L 7= (Fri-1: 136 “C /1.0 kPa,
282.4 g; Fri-2: 136 °C / 1.0 kPa, 96.8 g; Fr.i-3: 136-157 °C / 0.9 kPa, 165.4 g; Fr.i-4:
157-169 °C /0.9 kPa, 85.6 g; Fr.i-5: 169-172 °C /0.9 kPa, 18.4 g; F%if: 140.8¢9) . £ Mi%y
® GC-MS/O 43Hr DFESF, Fri-3~Fr.i-5 35 L UVEIEIC H B woody & XAMRA =7
W, FLi-3~Fri-s B X WREZRA L, ROV I BTNV T Ara~x NI T 7 4 —IZH

Wiz,

3222 VUNMITNIT LA NTTT 4 —

Fri-3~Fri-5 5 X ORIEDOIREY (350.09) %, YU BTSN BT LI a~ NI T 7 4
— (silica gel 60N: 1800 g, n-hexane/AcOEt = 3/1, viv) (Zfft L. 5 W/ L7 (Frii-1
~Frii-5) , W5y & /3K b— 2 — 2 THRME L. GC-MS/O (2T H B DIFAES D 7

B L7z & 2 A, Frii-3 12 HRYD woody I S 7z, Frii-3 O (112.8 g)
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ZoWT, BEYIY ISV T L 7a~ 87T 7 ¢ — (silica gel 60N: 2000 g,
n-hexane/AcOEt = 5/1, viv) |2 CTHrE 24T\, 7 4y 2157~ (Friii-1~Fr.iii-7, % 15L) .

5y % T oNR L— 2 — 2T L. GC-MS/O 12 C B DI EE TR LT L 2 A,
Fr.iii-3~Fr.iii-5 |= H 50 woody &5 /M40 S 7=, Friii-3~Fr.iii-5 O (385 g)

WXL BEY DSV H T AT a~ 7T 7 4 — (silicagel 60N: 1750 g, toluene/AcOEt
= 100/1~75/1, viv) IZCoHEZAT\, #EE7 v~ 2777 ¢— (TLC, EHIHK
toluene/AcOEt = 4/1, viv) 1= T Rf A3 0.58 D[4y DI Z D T-, KR4y Z = /3K L—H
—IZTHRME L., MY (10.0 g) Z157-, GC-MS/O |[Z TR LI=E Z A, BHIRT O
woody & XULMERR TX 7228, R IR HE TH < A AT MAARGLRNE EE
Thole, TN ET VDTN AT Ara~ NTT 7 4 —IZTHRHE - BTS2 & I13R

HThHoLEZ, SBHPLC I K DB AT > 7,

3.2.2.3 4rHUHPLC

SURTNTIT LT a~x NI T T 4 —DREDFEIC L > THE LIV IRMEY (10.0 g)
(Z%F L. 3.2.4.L IZFEH D SAMFC 2 [ D43 B HPLC 12 X 5 43 i 1T - 7=, BV RIZ T HPLC
W OF R Z i~ B woody FZ AT 55y 24, HPLC 474 (1.3 mg)
Zf372s A HPLC 73 HiMIZxt L GC-MS 5t &fr~7c & 24, HEYRRST 23 Tk sy THLod
AN TIG 10%A THD Z &R ano7z (BRI OHIE 36.7%) . A D
HRMS (EI) (E m/z 218.16680 23t &, #HAAS CisHpO TH D Z LR E T2,
HPLC ZyEi#® NMR 43#r (*H, °C, H-H COSY, HMQC, HMBC) D#ftH. AR /1x
rotundone ThH 5 LHEE I N7z, S EKHEON T —F 2 L, Kk oy oS %

rotundone & ¥RE L7-,
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high-boiling fraction of orange essential oil
801.3¢g

vacuum distillation

Fr.i-1 Fr.i-2 Fr.i-3 Fr.i-4 Fr.i-5 d
136°C/1.0kPa 136°C/1.0kPa |136-157°C/0.9kPa | |157-169°C/0.9kPa | | 169-172°C/0.9kPa ;‘ZSE‘) ;e
28249 96.8g 16549 85.6g 18.4¢g ©4

| detection of woody odor by GC-O

silica gel chromatography
n-hexane/AcOEt = 3/1

Frii-1  Frii-2 Fr.ii-3 Frii-4  Frii-5
112.8¢

detection of woody odor by GC-O

silica gel chromatography
n-hexane/AcOEt = 5/1

Fr.iii-1 Fr.iii-2 Fr.iii-3 Fr.iii-4 Fr.iii-5 Fr.iii-8 Fr.iii-7

| 35.8¢g detection of woody odor by GC-O

silica gel chromatography
toluene/AcOEt = 100/1-75/1

| R; values of 0.58

10.0g

15t preparative HPLC
Inertsil ODS-3, MeOH/H,0=70/30—80/20(0—10 min)
2.0 mL/min, 40 °C

| retension time: 9.3—10.2 min

2nd preparative HPLC
Inertsil 80A x Sunrise C28, MeCN/H,0=80/20(0—20 min)
1.0 mL/min, 40 °C

| retension time: 13.0-13.6 min

target woody compound
1.3 mg, purity 36,7%

32 AL UM SOSE T 0 —F v — b
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323 JL—T77nN—r  Jrd, < IA—|Z8F 5 rotundone DIF]E
3231 7 L—77)—>|ZE} % rotundone D[RE

RUA BT L= TN—Y BADREDT TR EDIHEFA 7 Thex, Hbhi-7
7K (1.20kg) IZ n-pentane (2.4L) ZMZ., ¥ L7en 5 30 i L L=, 7
AT —3 a3 &V n-pentane Bk & 4rBfE L. FRIEEBIZHT LU n-pentane (1.2L) %N
Z. 30 DML L, THT—3a LD n-pentane IR &R, ED
n-pentane &K & AT, Na,SO, THiK L7z, #JET 43 CTH 200 mL & CTiEfE L.
35 CC SAFE %17 o 7z, MONIEAEHIET 43 CTRMEL. KU A M L—T7
=2 KR (509 9) #1370, MDA REMON 12.0 g # =/ K L —F —|ZTRHE
BiEL., SO EY B4 9 2>V ATV TAru~ T T 74— (Wakogel®
C-100: 40g) Zf L7z, n-Hexane (900 mL) 35X TN AcOEt (900 mL) TR L. AcOEt
7y AR TSR b—F — O ERAME L. RGO (44.3 mg) #1572, 3.2.4.1
IZFLHE DT 2 [ D43 HPLC (2 X 247217V, woody 5% & el 4y (ELO ¥
%, 10.7 mg) =7, KE5 D GC-MS/O HIEIZFH T, rotundone D~ A AT |/
Rl (InertCap WAX : 2300, InertCap 1MS : 1680) 3 X OGWD'E (woody) 2EF 541, =

U523 rotundone DFESL & —E3 5 Z & AR LT,

3232 U 2RI S rotundone D FEE

U0 EEzENEN 45T L, N ERERWR, KT 0EBALE, T
BALZYU = (2400g) IZELO (16L) & NaCl (240g) #MMx kL7, 0 CT—
WEEFE L, 77— a T EQOWIRE L7, ®ET 43 CTR100mL £ T
HfE L. 60 °CT SAFE %#17o72, oM NE = KR L—2 — I CRIERME L., &
bl v IELERY (255 mg) 1IZ2OWT 3.2.4.1 [ZEE O ST 2 [A0 4 E HPLC

(2L D E ATV, woody R EZ B TSy (ELO WK, 7.8 mg) %157, A4 D
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MD-GC-MS {l7E 23\ T, rotundone D~ A Z~<7 kL RI(InertCap WAX : 2300, InertCap
1IMS : 1680) LMW D'E (woody) 2345541, ZAUH A rotundone DA & —Erd

Dl EMR LT,

3233 v I—|ZRI} D rotundone P [FIE

~v > d—E=—1 (1000g) (Z2R C Na,SO, (1000g) #/x. L<EAE L7, ELO

(15L) ZA0Z., 0 CT1RFMIEEE L. IEHIEE Lo, I8k A HE T 43 CTH 200 mL
ETIRMEL, 5% 60 CTSAFE Z1To7, LIS % T/ AR L — & —(TTHUE
Bl Sohiz~r I—FKENEY (204 mg) 12OV T 3.24.1 [ZEHEHOSMET 2 1
D453 ELHPLC 12 L 543 24TV, woody &5 & & e sy (ELO ¥&#K, 11.8 mg) Z=157-,
AKiE| 55 D GC-MS/O HIEIZFB T, rotundone D~ A A7 kLRI (InertCap WAX : 2300,
InertCap 1MS : 1680) 5 MWV D'E (woody) 2345 541, Z 41528 rotundone DFE i &

—HT o5 L AR LT,

3.24 HEERAOHT
3.24.1 437HEUHPLC F5 [

3223 ZEUHPLC) BLW 1323 ZL—77—>y VJra, ~<rI—ZBS
% rotundone D[FEIE ] IZBWT, 220D HPLC BER T A7 A (VAT LA BLOB) %
EH L7z, & 27 2 Al Waters 600 controller, Waters 600 pump, Waters 2707 autosampler,
Waters 2487 dual A absorbance detector (Waters Corporation, Milford, USA) 7> SA8k% X4
72o ¥ A7 2 B IZ Shimadzu LC-20AT, Shimadzu SIL-20AC, Shimadzu CTO-20A, Shimadzu

SPD-M20A. Shimadzu CBM-20A (SiERERT, R, BAR) oMk I,
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3.22.31Z81F5 1[EIH D HPLC 73X, LA IR LIZ&E:TiTo 72,

#3-1 3.223® 1[AH® HPLC 4y igft

JEBE #7 20% MeOH 1A%

1L VAT A

I Inertsil ODS-3 (5 um particle size, 250 mm x 4.6 mmi.d.; ¥ —=x/L
Az R)

BEFH MeOH/H,0=70/30—80/20 (0~10 min), 90/10 (10~15 min)

Dk 2.0 mL/min

17 MNEE |45 C

3 HUREH] - 9.3~10.2 min

Bonr-8goicst L, BE FEEZBREL, B (15%, wiw) Zilz. Et,0 THiH
L7-, AikE% MgSO, CTHalie L. WUEEM L7-, oMM LT, 2 mE®

HPLC 43 %2 LA FICR L= S Tfr o 72,

#3-2 3.223® 2[AH® HPLC 4yl &eft

JECRE #J 10% MeCN ¥k

EE VAT AB
Inertsil 80A (5 um particle size, 250 mm x 4.6 mm i.d.; ~—=x /L

VAN A = A) XSunrise C28 (5 um particle size, 250 mm x 4.6 mm i.d.;
sa~v=w 777 /a —x, KK, BA)

B MeCN/H,0=80/20 (0~20 min)

P 1.0 mL/min

717 KR . |40 C

Gy HRefH] 13.0~13.6 min

O/ 7, 1IEIH O HPLC 43 & [REROITIEIC TREE L | I z2i57-, 55

Nil-iEREY (1.3mg) ([Zxt L, 3.223 TR Lz X ) &M O 21T -7,
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323128175 1EH® HPLC 4y, L FISR LS TiTo 72,

#3-3 3.2.3 ® 1[81H D HPLC 77 H Z:4:

JEBE #7 20% MeOH 1A%

1L VAT LB

I Inertsil ODS-3 (5 um particle size, 250 mm x 4.6 mmi.d.; ¥ —=x/L
Az R)

BEFH MeOH/H,0=70/30—80/20 (0~10 min), 90/10 (15~20 min)

Dk 2.0 mL/min

17 MNEE |45 C

3 HUREH] - 9.3~10.2 min

B8535, 3.2.2.3 @ 1A H® HPLC 431 & A D FEIC TREL L 7=, b7z

ERE IRt LC, 281H @ HPLC 43l & LL R L7258 CT1To 72,

#3-4 3.2.3 ® 2[a]H D HPLC 77 H Z:4:

JEURE #7 10% MeCN &tk

Y AT LB

e Sunrise C28 (5 um particle size, 250 mm x 4.6 mmi.d.; 7 v~=-
7T ) ay—X)

EAE MeCN/H,0=80/20 (0~20 min)

Dk 1.0 mL/min

717 NRFE 40 C

53 BUREfH] - 6.2~7.2 min

o=/ 1%, 1EIH O HPLC 47l & [FIRED FiEIC TR L, B =157, 15

i-EfEmIc L, 323 IR L L H KT 21T -7,
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3.24.2 GC-MS

GC-MS JI7E 1%, Agilent 5975 & B HHi#s & FID 2385t S 7= Agilent 7890 T A 7 o~
77 7\ TEiT o 72, 717 A% InertCap WAX (0.25 mmi.d. x 60 m, 0.25 um film thickness;
VYA R) AL, T L5RImIE2 DI L, NEEF Yy ET U —70

LMSTHEBMRHZR LU FID (2558 Lz, EADRET 250 CloiE L, AalEha
A7V w RS0 IZTL pLiEA L, =7 30D 345 40 CTHREEL, 0
# 3 CImin{2T230 CETHE L, F+v U7 HAZFIA~V v LEMHH L, 1.0 mL/min
D—EMEE LTz, vAAXT NULEIE— RTT70eV OA A4 ALELEIC TRE Z1T
o7, BALEWO RI 1L C5 725 C30 DEHHT VI OiRFiR &2 EEICHEH Lz, &

Bt OREILZFID Ik~ TEONS 7~ M7 20— 7 HifaiE L W B L,

3.24.3 GC-MS/O

GC-MS/O HIE X, Agilent 5975 & &% % & GERSTEL ODP 3 GV R X 1 (GERSTEL
GmbH & Co. KG) 73 #%f5t S417- Agilent 7890 A7 i~ ~ 77 712 T T- 72, T A
InertCap WAX (0.25 mmi.d. x 60 m, 0.25 um film thickness) ZfEfH L7z, 7 AEKGT 2
DI L, NEHF Yy TV —0 7 MM THERPESHRB L OBV E 0258 LT,
HEADIRE, BHEAR, A7V v b, =T U FIREH, T VT A, EX
3.2.4.2 Gl GC-MS HE & [l —DSRIETIT 272, [FIED =8 D rotundone £Eih & DL
B2V TIE, InertCap IMS (0.25 mm i.d. x 60 m, 0.25 um film thickness) H{#H L 7=,
FOBEOA—T 0%, &AID 3 43[40 CTHREFL, £D#% 5 C/min (12T 250 CET

HiIE L7,
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3.2.4.4 MD-GC-MS
MD-GC-MS i#flliE1%, GELSTEL CIS-4 ¥ A1 & FID 235t S417= Agilent 7890 4 A 2
n~ k777 (1GC) &, Agilent 5975 & A %% & GERSTEL ODP 3 EJV R X 15345
S 7= Agilent 7890 H A7 v~ F 757 (2™ GC) & AL SN HEEIC TIT- 7,
1"GC IZ. # 7 12 InertCap WAX (0.32 mmi.d. x 60 m, 0.25 um film thickness) % {i#
L. BT LRMHE 2 2120 L, REESF Y EF U —5 T AZTFID B L2 GC I
B LTz, 2MGC %, T A InertCap IMS (0.25 mm i.d. x 60 m, 0.25 pm film thickness)
ZRER L. 77 LKL 2 210 L, NEEF Y E 7 Y —0 T L THEER S
OBV E DR L7z, AT ORI 05 43 10 ‘CTHREFL, £D% 12 “Clsec
I2C250 CETHE L, FEHIATY v hL A = RIZTLluL HEA L, 19GC
DA—T 3D 5 53 40 CTHREFL., ZD% 10 C/min 12T 190 ‘CE THIEL .
ZOFEFE 20 pHRFE LIz, 1" GC OF v U T HAZIFEAY v AEMHEH L, 7.5 mL/min
DO—EFERE Lz, BRORFRR (241 505 245 3% T) O, BH%E-50 CO
IV RETy FICEAL, 05 3%%IChT v 7% 250 CETHIRLT2YGCIZEAL
720 2YGC DA —T L TEAND 343 40 CTHRFFL, D7 10 C/min (2T 280 CF

THIE L2, A A AMbSMF1E 3.2.4.2 Fedid GC-MS HI7E & [Rl— DA TiT o 72,

3.245 NMR
'H NMR (400 MHz) . *C NMR (100 MHz) . H-H correlation spectrometry (COSY) .
heteronuclear multiple quantum correlation (HMQC) . heteronuclear multiple bond correlation
(HMBC) &, JEOL JNM-ECX400 (HA®E¥) (& THIE L7z, HEIT CDCly
tetramethylsilane %z NERIEHE(L A4 & L CHVZ (5=0.00 ppm) . &7 2 /L7 R ppm,

By Vo rTaryAB b (JfE) X Hz Tiddk L7z,
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3.246 HRMS
HRMS IX. AccuTOF GCv4G (HARE ) ICTHIE LT, 7 A, HEALEE, BB
HEARE, A7V v bbb, =T U HIESRME, v VT WA, JiElL 3.2.4.2 itd D GC-MS

HE & [Fl—DRMETIT o 72,

325 HHAERTAMm °*°
BANEFERRA S REEFOFIEZ/ <x ) 2 M & L G2 To72 (FL—"7
TNh—Y 114, ALY 104, v a— 134, Ur 13 4) , HMEARE.
FHOE Yy v a ATBNVT AR Y X MR TERORYZRHME LR S, 71 Ay v
I UEITVIBE LT (£35) , B, 2 TCORMIcE L-HETH D Tcomplex) 1X
fcomplex flavor of natural fruits| . [discordant] (% Tunpleasant taste or artificial flavor

(unnatural) ] & L CERE L7,

#* 35 Rl HEE

JVL—77—> | sweet, sour, bitter, fresh, juicy, peely, complex, discordant
Ty sweet, sour, floral, fresh, juicy, peely, complex, discordant

o= sweet, sour, green, fruity, pulpy, complex, discordant

~ o d— sweet, sulfurous, green, fruity, metallic, ripe, complex, discordant

PRI E LTCIE, =TT =Y FL Y Jra, v I—0FTIAEEO
rotundone ZEAINS & BNGh &2 ZHZ U E L7z, Rotundone HEAINE 7 /VECEHE, FElE
e CRBEZ RO BEbE 6.5%, 7 =8 0.1%) (2K R OFRFEEERZ RN LR L
72, Rotundone #RANE T /VECEHEL, [FER D HERRH T IR O A R4 O 7 P 5Lk &
rotundone (5ng/kg) Z AN LAHEE L7, AR OBFLKIEGLRIL, SCHRFLHE O & = ff %

oL (3 3-6) O
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ELBRICEY 3HTORERE S 2O ik 24 1y & LT/ Y A MIfERL
72 /NP Y A MIBREEZRA T, HREHEECSE, 1 &C2R) 2 (55) | 3
(@) . 4 (FRVN) . 5 GERITIRVY) 0 5 By CRMili 21T - 7, B RERHM FEBRIL 23 C
IR E ST RN IRER TIT o 7o Bl HFRIC DWW TR a 7 SEfEE R L, A1
F—Fx—hMI7Fmy hLT,

HREAMIS ROF B ELZMET 5720, TNEILOFHIE HFEIZ W THEKHE 0.05

BLV0.01 THREZIT- T,
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# 3-6 ERERHMHIC W R B S EE DO SRR Sy ALK
No  compound . concentration (ng/kg)
grapefruit orange apple mango
1  acetaldehyde 6150 8305 940
2 limonene 2308 85598
3 ethyl 3-hydroxyhexanoate 117 1136
4 (2)-hex-3-enal 108 187 11
5  myrcene 94 594
6  decanal 89 45
7 linalool 76 81 160
8  ethyl butanoate 70 1192 34 11
9 vanillin 69 67
10 a-pinene 42 308 1500
11  hexanal 33 197 4305
12 octanal 32 25
13 nonanal 9.3 13
14 ethyl 2-methylpropanoate 5.8 8.8
15 ethyl hexanoate 4.3 63 280
16  ethyl 2-methylbutanoate 3.9 48 33
17  trans-4,5-epoxy-(E)-dec-2-enal 3.1 4.3
3,6-dimethyl-3a,4,5,7a-tetrahydro-1-
18 benzofuran-2(3H)-one 11 08
19 (E,E)-deca-2,4-dienal 1.0 1.2
20  oct-1-en-3-one 0.8 4.1 0.27
21 4-sulfanyl-4-methylpentan-2-one 0.8
22 (E)-non-2-enal 0.5 0.6
23 3-methylsulfanylpropanal 0.2 0.4
24 1-p-menthene-8-thiol 0.01
25  3-methylbutanol 639
26 2-methylbutanol 270
27  butanoic acid 74 12330
28  hexan-1-ol 1450
29  butan-1-ol 900
30  (E)-hex-2-enal 306
31  p-damascenone 4.6 7.9
32  dimethyl sulfide 1.3
33 terpinolene 23560
34 linalool oxide 1710
35  2,5-dimethyl-4-methoxy-3(2H)-furanone 1660
36  J-3-carene 1260
37  ethyl octanoate 610
38  y-terpinene 530
39 ethyl decanoate 140
40  p-methylacetophenone 140
41  fS-ionone 27
42  (E,Z)-nona-2,6-dienal 19
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33 MRBIUBZR
3.3.1 HEERHIRL ) O HiEEd K OYED

TL—=TTN—=> FLrY Jra v A—OFXIRMEY THRE S L7z woody
FEREAT HHEERHORY ZMHATHI2H720 KD~ AART MV EH/LND
OG- R L., SLICAEETHIVUENMR JIEEIT O DI+ BE BT 2 &
ZHME Lo, LIRS, KEGIIFRMOFRJIRMED T TH~ A AT MLV AR
HTE AL R AR S Th ool 2 b DR B AR & Bl 51213k
BEORMNPVEL 2D ERTRINTZ, BHOBS L Rl (InertCap WAX: 2300,
InertCap 1MS: 1680) M HEZHIEWWZ LD BB AT T AU Th D EHEHl S
2%, BFETAXT AL ELL GV VHEROFEREMTHD (4L DR
DEWAE Y WCER L, 20 T L RO a% 5] 1 Tsinensal] &9
LA CHERIEM E LTUEAFRETH Y, & 51T GC-0 HricF W\ TiEvVy woody 7 %
AT H 2 LR TE, B DEE L TND Z LR SN, BMOFLKIEMEY X
Db HMO DL AAEL TWD Z ERHIFRF SN, RSN B~ ART MVESE
LT, R - BHESMNETHLZ Enghote, [F L UREMO &R ) o3t
UIIEZAE B L ORI AE X203 3 B0V Y ATV T AIa~ N T T 7 14—
IZ L AN AT 7208, BRI D~ A AT NI E SRR -T2, KIZ 2 B4 E
HPLC IC K 2 3l T o7& 2 A, BRI DY AANT ML ER/{GDHZENTE, &6
(ZHE % 36.7% (GC-FID, X 3-3) FCM EX®5Z LN TE7, MEIZHKREKNE
DTS, AL L TEHEEN TN DOIEAT 10%ARG M TH 0 . BRI 23 ERL
DT END, BEMRITZ1T 5 DI+ nth 7 —2 3 56 7-, HRMS (EI)
BLONMR F—% (*HNMR, *C NMR, H-H COSY, HMQC, HMBC) 75, A4y O
1% % rotundone T& % & HEE L 7= (IX] 3-4) . Rotundone O#E i % il @ (-)-guaiol L ¥ 3L

ik OO FIEEBEICAR L (K 35) , &k L7- rotundone & HEEE L 72 B B9RLSY
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DETDHHTT —% (HRMS, % NMR 7

5. ARKSY % rotundone & PRE LT,

abundance
210000
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80000

“Woody”
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— % Rl BELOEVOENR—FHLZZ &d
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@)
Ac,0, DMAP O,, Co cat.
Py MIBK
OH (86%) OAc (12%) OAc
2 3

280-300 °C
R

(40%)

3-5 Rotundone D&%

Rotundone (X5EIC R N7 EBEEFL KT & L TCOREOMIZ, -~~~ A% (Cyperus
rotundus) *9=0ukF %0, kA (Aquilaris tree) %, cypriol (Cyperus scariosus) 9o
Ay E LTCHRESN TS, ZHHON, rotundone DAIF(EEN HERINZ N~ 27
RLUFET CTIHHEHEINNMR 7 —# 5B 5N TV D2, BEEEFERMS E L TRESNT
WDHY T =AU A REIAM, R INTAY Y v HEFZ LTl rotundone O~
AARY "N EFGLHIETTOWNEETH WS TWD, SRIOMIETIL,
rotundone O~ A A7 hLEB LRI, BWOZIZMAZ, @~ AALT ML 4l
T2 ONREEAR NMR 7 —4 £1525 Z L AT, EHICRB O TIARNZE THIH TR

FHT — H IS W R RRIEEITI ZEMTE I L2 b,

332 JL—T77nN—=>y Jra, ~rI—750 rotundone D AE

3.3.1 TA L DRSO m A 70 6 rotundone % BLEE L AEIEAMRIA L7722 LD,
F Lo woody F & AT HAEE AP 1 rotundone TH D L [RIET H 2 LN TE
Tz T T, RICZEDOMOFY (FL—TT7—r Yo ~<wrd—) [Z2O1T,
woody 7 & A4 HREERIH S 7S rotundone TH A0 E ) iR T 52L& Lz, #o
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2 A BHRIERE DY 5 O rotundone D~ A AR K LOMH AR L7, 331128\ T,
53 B HPLC 73 rotundone D¥ERUCHH TH B Z Lo 7-D T, FEEIDO43H HPLC 5
&R OFLIEMEWKT LEH Lz, 7L —7 70—V B L0~ I =2 LT,
HPLC 45 84 & fizfh: > InertCap WAX 4 7 L% iz GC-MS HlliEd % Z &2k » T,
rotundone D~ A AR MV EGDH Z LN TE, —H T, U FZHBWTIL, HPLC 4
¥ % GC-MS HIIIET 5 & | InertCap WAX 47 7 AT InertCap IMS 7 7 AT H ARflidy &
H72 > TLEV, rotundone O~ AZART MR ELNRD -T2, £ T, MD-GC-MS
WEZIToT=& 2 A, rotundone O~ AANRY MLEFDHZ ENTET, Ll &
5. KR ORE RS & rotundone FEH D~ AARY MVEB LR 2FD A T AT
D Rl HOOEOETH BT LI ENHERTE, =770 —>y Jora, v

T —h OHEE RS B rotundone TH D EFEIE LT (X3-6) .

218

100 grapefruit 100
80
60
40

Intensity [%]
Intensity [%]

20

20 70 120 170 220 20 70 120 170 220

218 218
100 mango 100 1~ authentic rotundone

80 -

203

80
60

60 -
1 161
105 119

19

Intensity [%]

40 137 147 40 4 137 147

Intensity [%]

20 20 A

20 70 120 170 220 20 70 120 170 220

miz miz

3-6 FRYOFEZIENEY I 15 DAL rotundone D~ A AT kL
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3.3.3 Rotundone O F % FFM:

3.1 Tik~7= L 91, rotundone ® GC-O TOHWDOEIZEIL TiL, ZAUE TOIMRIC

BT 5 EREFEXFRI (peppery/spicy) & EBIZEY D GC-O i THREINT-F&K

(woody) (ZAHENH 72, Wood 5D YT —RT A DOFLZDHT OHWE BT,
rotundone [ 7R & 4L TRV VREE T harsh, burnt 5T 0 | A BRIREE T D 2 peppery
FEREATDEERRONTND O, F7o, IHERL Sz Niebler HORFDOFEXHIE
IZFBWW T, rotundone (X EEME AT O E Tl peppery F&UEF5< . woody, coniferous,
incense-like DFELXMNH L L HND—FH T, IRENE L 725 L peppery HFRDGEL 72D
EERENTND T, Fbb, ARIFFICET S rotundone (75D ik & OARGE L
GC-O IZBITDRMEDENL LD EBZ b, £Z T, AR L7z rotundone £ %
AWT, GC-OILBITHMEICLDBFERDENERIELIZE ZAH, v RAANT MR
H SN2V ERE TR < woody FRDBLENE L SN, v AAT MR SN
% X9 72 T woody R DOAMLIZRKC peppery/spicy FRMNDE L HAVDH Z L3 gno
7o RHEZH O rotundone 13~ A AT ML EBRHTERWEEDBMETH 5720
AW T woody HER DA BRI ST B 2 Hivsd, F72, rotundone [ LHFIC
FHREIZB O THVOIER (—ERSEGWERILFELS, HD0IE, BT
HHE) DIEEITRNZ L b oTe, BNBWOIRIE, EWEIERS L UNGC-0 ([2k1)

f%

D IERAFDFREAL L WV o T e B XFFEZA L TV D FEXMST & L TR

A

HEHEDEZSHT TR &7 mustakone ([ 3-7) NG SN THWAR P, BHOEFES

ey E L CITXEEZE O ARY rotundone DA TH 5,

O
H

3-7 mustakone
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3.34 BT T LECER~O rotundone D EINGHE:

AR TR OFL Sy & LC routundone % [AlE L, BLBRIEWEXURHEE A LT
WL LRGP leZbind, =TT =Y FLrY Jora v A—0FR
F1Co rotundone D EXMIEEIZ LT D L2 BNICERFEMEZIT - 72,
Rotundone M &5 FEILAKH T 8 nglkg & FEFIZTARVAS, B/ F4£D woody &5 D3F R
W (V=TT =>r ALy Jrda vrd—) OFKNLEBEKRLOND Z L
X727z R o rotundone DIREIFREFETH D L FRSHTZ, £ T, 7L
—FIN—Y FLrV, Urd, vy I—OFEFAMBHCEIT S BIEME (5 nglkg)
TO rotundone DR AERFET H 2 & & Uiz, FHliEtEl L LTk, ZL—7 71—
FrLov, Vrd, v A—0FT/VRENO rotundone BEIRANG & USINGL 2 T T
& L7z, Rotundone HEFRINE T /AECEHE, PEREHE (REET R U BEHLHE 6.5%, 7 — ik
0.1%) (CHRYOECREMENLZ TN LR L | rotundone #SINE 7 /VEREHE, [FEkD
PERR IR\ AR D2 B D F X FAESLE & rotundone (5 nglkg) Z ¥ LSl L7, #E4th
TFEIE—x HlgdE T o 7,

B REAEAT O, rotundone [XBIEAIEDELRBINTH > TH . RECEI O EILIZ
RESEBELRITTZENghol (K 3-8) o, FIZ, WTHLORMAEHIIBNTDH
rotundone ORI L Y Tcomplex flavor of natural fruits] & EF L 7= lcomplex] A=
7 E_ L. Tunpleasant taste or artificial flavor (unnatural)] & @£ L 7= [discordant] @
AT RN LTEY, 202 LoD rotundone (I EHECED R & KR D Fty D Ja
BRIZIE DT DR N DD Z LRSIz, £, ABORYOHTT L —T 71— L
F L V2B W TIE, rotundone OERANC LY Tcomplex) [discordant] LAS O DIA
HoA=7 73 ELTEY ., rotundone [TMMERICHRHICA MRS THLH WD Z L

RSN,
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LLEDZ & p36 ., rotundone (21 SRMEICE O 85k o RS

-7 ) EYONEPS

SRIK

AN

AR X B E 3 H U | rotundone 23 KIRD By o Bk O FHLZIEF 1A H 72k T

&% & ifilim S AT,

grapefruit

*discordant.— .

*complex
peely' <

mango

*discordant,—

*complex ¢

*ripe' “ ¢

metallic

- %‘ruily

n=13

) green

-=-==taste solution(Brix 6.5%, acidity 0.1%) + fruit aroma reconstitute

taste solution(Brix 6.5%, acidity 0.1%) + fruit aroma reconstitute + rotundone (5 ng/kg)

3-8 BT NLEKE T rotundone DERINZENHE
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34 fbwm

RETIE, =TT 0=y FLrv Jord ~rIa—OFREMD DO GC-O I
BTl LTl a S s woody &4 A T DHIERHDR Sy O 21T o7z, A
AT R T E Th o oo oIk O A4 L o DR o @b A8 4 #9800 g Zfi
MU, BIEARE, 3O I BTN T LI n~< 87T 7 4—BEO 2 EOE HPLC
ATV, MR 36.7% CHMIDAKSY 1.7 mg & BiEfE L 72, HRMS 35 LTV 1D, 2D NMR 725
G MEAT 21TV, RS % rotundone &HEE L7z, il (-)-guaiol XV CikE &5
rotundone Z &Rk L. &R & BB L 72l OB T —F B —B L= Z &b,
F v VR OEAYSY % rotundone LIRE LT, SL—TF T =Y DA v
F—rh o woody A AT HDHEEARHRZICE LT, £aXIRMEMITS LrE HPLC
ICEDMZEIT) ZEICRY, v AANT MV EFDL TSI L, v AART FL,
2 O Z LA TO Rl BLOCHWOEDOAETH rotundone & [A—ThHh o722 &b
rotundone T& % & [AE L7z, Rotundone (3/3F 3 VR0 7 — X0 A v v F— KT
RO, FREANA A RS NI Y v WA 7V A — Ukl EOEES
R & LTHRBNTWDH, —RINZR R OEERKASr & LT rotundone % [FlE L
TZDIXARIOIER D TTH D,

O EBRMO ST L7 —T 7=y LY Jra v a—0F
7 VR~ rotundone Z TN U EREREATI 21T > 72 & Z A rotundone (ZERME LS 1T D& 72
WINToH > THRYIEDORKICKE S FEL KITL, WTHLORBEEHI BN TS
l'complex flavor of natural fruits] & &% L7= Tcomplex] ™A =7 3 L, lunpleasant
taste or artificial flavor (unnatural) | & ©E# L 7= [discordant ] D 2 227 3/ L7z Z &b,
R D R & RIRO FW) O BRI ST DR NH 5 2 LR STz,

31 ThIE~o L DiZ, THETOFA DHFFEIZIVN T, rotundone (L7 L—7 7 /b—

VALY VoA w3 =UANIhG, R RY) (Vs AL 7Ty B
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VD, I, NS ATF I v Ay b Avr AAT, FUE) O GC-O
SHTTCL R EBWDE DD Z DEIEANRIE S F TV %, Rotundone (ISR Z2 1T &
STHRKICEELZ LIETHRZALTVSRED, ZALDOREYOEKKICENTE
rotundone (X EHEEREEI ZF > TW\WH EE 2 HDH, T/ 5, rotundone & 7 /L—> 7
L= N—= T 52 L1280, KO RREDH D 7 —2 7 L—3—3 LU RWECE

DTN FREL 2o T2 LB R D,
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I
T L—F 74— HO rotundone DIER E VL —TF T —Y FRA~DOH TR

41 F

7 L—"7"7 —> (grapefruit, Citrus paradisi) (&£, 3CH (pomelo, Citrus maxima) &
Z L (Citrus sinensis) DAZELUZ K- T, 18 HAUTFEAE LI SO TS, R
FHEA~F LU PEEZRELTEY, RRADAIZL>T, AYA M L—TFT71—Y F
YOI V—=TTIN—=Y Ly RTL—T T —Y e EORREICYT NG, S L—T T
=Y DAIE, T RUDED X I IZFEEDT DT LITHRL TAMT HRIZR, F4D

lparadisi| 1% [ (paradise) | # BT 57T VBT, TDOAITS S D L FHEM
TEHEORWEREZA L TND, TDIZD, 7 L—T77 =Y OFFHITHRIICAR
WEL, ZL—=R_—DFHEL L, JL—T T L—Y DORKREROEE LTIET A Y
B 7a Y HINPELTHLIN, N =R EOWELZZITOT L, AEEB LD
A& N ARLETH D, LD, ARERIRY BREB O THK SN L —T 71—
V7= N2 G T 5 R EENICEEN TV D,

T V=TT N =Y DREE L ORI OFELIDITEE < 1 DIThbTE Y | kxR EFER
R SEEIC S ST % 99 Nootkatone *%9<° 1-p-menthene-8-thiol 9%, 7' L —
TIN—VDOEREHT Db EL R T L —T 7 V—Y ODEBEFELRM Th 5, F
1-p-menthene-8-thiol . thioterpineol <> grapefruit mercaptan & & FEIEAL, B b BIE DK
BEREGT L LTHHBN TN D, Lin blid, 2=/ FFLATHRENZ7 V=TT 0
— Y R W © GC-O 4 #r i L Y . 18-cineole . octanal . dodecanal .
trans-4,5-epoxy-(E)-2-decenal, p-sinensal, nootkatone # HE&HK T & L TR L TWD
%  —JT. Buettner Hi1X/ L —7 71— RiHd AEDA 35 LN SIDA Z4T\ ., ethyl

2-methylpropanoate, ethyl butanoate, (S)-ethyl 2-methylbutanoate, wine lactone, (Z)-3-hexenal,
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trans-4,5-epoxy-(E)-2-decenal. 4-methyl-4-sulfanylpentan-2-one. 1-p-menthene-8-thiol % &
LELLD TH D EWE L TnD 0%,

HEEIZBWT, EELIISL—F 7 — Y OFHREEESH S & LT rotundone %
[fE L. rotundone 73BRMEATITOMERIRINT 7 L —7 7 )1— > OB JaIE A RKIR D F
WORBRIE ST 2R RH D L # RHLEZ ™, 22T, AFETIE I L—T 71—

([ZF& H L. rotundone DZNRICHOWTEEMICHRET 2 2 Lic Lz, RAREKDH L 7 L
—TTIN=Y T L—=R=DRFEICHLo T, J =T 7V —=YDFERUCKT D
rotundone ® & 5L L—7"7 )L—"" 1T D rotundone DIREZHHE L, 7 L—T 7)1
—Y OFKIZIHT % rotundone DENREMGFET 5 Z ENEETHDH, AFETIIARTA
NTL—=T TN =B 7 7L =TTV —=YDORKE, FIHOEFEIIBIT D
rotundone D EEKE %, AEDA IZ K DEFAfi L. & 5IZ SIDA TOE RIS LU 0AV DR
WCEVMRELTZ, 72, RUA N L—TF 70—V FLRITEIT 5 rotundone D7 E| % B

LN D2 L HIC, EREZ AW ERERHME 217 - 7=,
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42 HEHB LOERTIE
421 BB LUK - (LED
4211 T VL—FTN—
A== —y NCHA L7 VXEORTIA N7 L—T TN —YEBINE

77— =% B LTHWE,

4212 WH LB

Rotundone (% 3.2.1.3 THM L7zBE & AERO HIETHM L2, B OBRITITHT
M 61.8% Dt D % AV 7=, m-Chloroperoxybenzoic acid. N,N-dimethyl-4-aminopyridine
B &L O acetic acid 1T H A LR TS A, BA) X V. iodomethane-ds 1 AR
Akt Gt BA) X0, 3 v REHMIEFRASAE G BA) KV | acetic
anhydride |3#ENSE4 A BV GRRL, BHA) L0 silicagel 60N (spherical neutral, particle
size 63—210 pm) [XRARULFRA S R, AAR) KV | periodicacid, v 27 37 A
Wakogel C-100 (3FmEAEAE T3kt ORB. HA) KVEEA LT, oMol
FOWEII o 7 L — RO b D2 L, BREsHl CHEM L=E&EHT. BA)IFEHE

AESBRAEOLOEEH LT,

4.2.1.3 Rotundone-d, 3 D& ik

Rotundone-dy 5 1£[¥ 4-3 D 2 F— LIZHEV, ARk LT,

(3S,5R,85)-5-Acetyl-3,8-dimethyl-3,4,5,6,7,8-hexahydroazulen-1(2H)-one (2)
K F (4 °C) . rotundone (1, #ii/E 61.8%, 2.0 g, 5.7 mmol) 33 1 OF NaHCO; (840 mg)
@ CH,Cl, (30 mL) &A% 1= . m-chloroperoxybenzoic acid (MCPBA, #li 65%, 3.7 g, 13.9

mmol) ZINz 7=, FIET 1R EE. KIBT (4 C) THH L. 10% Na,S,0; KRk
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ZINZ Tz, ACOEt THi L. AHEE % faf NaHCO, KIS, 7K. BRI K CHar L.
MgSO, IZ THZME L T, WE TR L7z, 0N Y (2.79) % THF (30 mL) (2
it xH, KBF (4 °C) THEILT-, Periodic acid (2.1 g, 9.2 mmol) &Nz, =IET1
REfEIRAR L7z, FREE. K F (4 °C) THWHIL. 10% Na,S,0; KiFk % Mz 7=, AcOEt
THIH U, AHJE 2 801 NaHCO, KIS, 7K. BRI K THals L. MgSO, 12 THEME: L
T, OBUE TR Lz, MY 269) 2V VBTNV T Ay a~ N7 T 74— (silicagel
60N: 100 g, n-hexane/Et,0=5/1~4/1, vIv) THH L. 5-acetyl-3,8-dimethyl-3,4,5,6,7,8-hex
ahydroazulen-1(2H)-one (2, 751 mg, UK 60%) #%157-,

'H NMR: 6 3.01 (1H, ddg, J = 11.2, 3.4 and 7.2), 2.64-2.72 (2H, m), 2.60 (1H, dd, J = 18.8 and
6.8), 2.41-2.50 (2H, m), 2.22 (3H, s), 2.03 (1H, m), 1.99 (1H, br d, J = 18.8), 1.76—1.88 (2H,
m), 1.55 (1H, m), 1.14 (3H, d, J = 6.8), 0.99 (3H, d, J = 7.2). °C NMR: § 210.7, 207.8, 175.1,
145.5,51.4,42.9, 37.9, 32.0, 31.9, 28.3, 27.3, 26.9, 19.1, 17.5. GC-MS (EI): 221 (10), 220 (M",
66), 205 (6), 191 (10), 178 (19), 177 (100), 175 (13), 163 (19), 162 (9), 161 (6), 159 (16), 150
(9), 149 (18), 147 (21), 145 (10), 136 (8), 135 (50), 134 (6), 133 (16), 131 (7), 121 (14), 119
(15), 117 (7), 108 (6), 107 (30), 105 (23), 93 (28), 92 (6), 91 (37), 81 (9), 79 (21), 78 (6), 77
(22) 71 (6), 69 (10), 67 (7), 65 (10), 55 (12), 53 (8), 43(50), 41 (14), 39 (9). HRMS (EI)

calculated for C14H»00,: 220.14633, found 220.14694.

(3S,5R,85)-5-(2-Hydroxy-1,1,1-ds-propan-2-yl)-3,8-dimethyl-3,4,5,6,7,8-hexahydroazulen-1(2H
)-one (3)

BHEFEHER T, ~ 7 37 A (tunings, 267 mg, 11 mmol) & THF (9 mL) ORR#EIRKIZ.
FRTIUHE (i E) 2z, WKOKEEANRE 2 5 £ THEE L7=, lodomethane-d; (1.5
g, 10 mmol) @ THF ¥k (10 mL) %, BWRSHEFRF SN D LD F L. i F&EIRT

40 3 FEHE L C. CDsMgl IR & 8L L7=, 2 (580 mg, 2.6 mmol) @ Et,0 ¥k (10 mL)
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12, FHELL 7= CDsMgl IR 2 IR T 10 90 T R L7z, D £ £ 10 sk Lz,
KIBT (4 °C) TWEIL, 80 NH,Cl KEE# Z2 Nz 7=, AcOEt THiH L, A& 2K,
BRI K TUEH L. MgSO, (2 THEM L T, T T L 7o, Ity (682 mg) %
UATZNHT T a~ 7T 74— (silicagel 60N: 15 g, n-hexane/AcOEt=3/1, v/v) Tk
L. 5-(2-hydroxy-1,1,1-ds-propan-2-yl)-3,8-dimethyl-3,4,5,6,7,8-hexahydroazulen-1(2H)
-one (3,224 mg, I3 36%) Z1%7-,

'H NMR: § 2.95 (1H, ddq, J = 11.2, 3.4, and 7.2), 2.68-2.74 (2H, m), 2.59 (1H, dd, J = 18.8 and
6.4), 2.28 (1H, dd, J = 15.6 and 12.4), 1.97 (1H, br d, J = 18.8), 1.91-1.96 (1H, m), 1.77-1.83
(1H, m), 1.45-1.63 (2H, m), 1.60 (1H, br s), 1.35 (1H, ddg, J = 12.0, 10.0, and 2.0), 1.26 and
1.21 (diastereomer, total 3H, each s, ), 1.14 (3H, d, J = 7.6), 1.00 (3H, d, J = 7.2). *C NMR: ¢
208.2,177.4,145.2, 73.1, 49.7, 43.0, 37.9, 32.8, 32.0, 28.0, 27.1, 26.6, 25.7, 19.3, 17.8. GC-MS
(EI): 239 (M", 0.5), 222 (8), 221 (53), 192 (21), 179 (18), 178 (73), 177 (20), 175 (10), 164 (14),
163 (68), 150 (19), 149 (11), 148 (8), 147 (20), 145 (6), 136 (12), 135 (13), 133 (9), 121 (11),
119 (12), 107 (14), 105 (14), 93 (13), 91 (22), 79 (13), 77 (12), 69 (6), 62 (100), 55 (7), 46 (7),

43 (11), 41 (9). HRMS (EI) calculated for CisH,,D;0,: 239.19646, found 239.19847.

(3S,5R,85)-2-(3,8-Dimethyl-1-0x0-1,2,3,4,5,6,7,8-0octahydroazulen-5-yl)-1,1,1-ds-propan-2-yl
acetate (4)

3(218 mg, 0.910 mmol) & acetic anhydride (1.0 g, 10 mmol) DR AIAKIZ. KB T (4 °C)
N,N-dimethyl-4-aminopyridine (DMAP, 5.6 mg, 0.046 mmol) %z, < ® % £ 30 43k
L7z, & 512 N,N-dimethyl-4-aminopyridine (28 mg, 0.23 mmol) & acetic anhydride (1.0 g,
10 mmol) ZMMz., 4 CTHATEEE Lz, B2 NH,Cl KEHE 2 2. AcOEt Thlit L7z
%, A8 % B Na,COs AKIAEHR ., 7K, BRI BIE/K THEH L. MgSO, 2 TRz L T, &

JE A LT, M (472mg) 2 VU BV 7 A7 v~ s 27 7 ¢ — (silica gel 60N:
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10 g, n-hexane/AcOEt=10/1, viv) THHE L. 2-(3,8-dimethyl-1-0x0-1,2,3,4,5,6,7,8-octahydro
azulen-5-yl)-1,1,1-ds-propan-2-yl acetate (4, 219 mg, UL3E 86%) % 157-, AMLAWIT GC
ISHTHRIZEVSIR L T LEW, EHER~ A ARY ML EBLZ ENTERhoT-, REE

Tho I NS NIZD, TOERERORIKTHEM LT,

Rotundone-d,; (a mixture of rotundone-d,, 5 and rotundone-d;, 6.

4 (215 mg, 0.764 mmol) %, 270~280 ‘CT 1 W[4k L7z, 7 (165mg) %3
VBTN Z 87 a~x ~7T 74— (silica gel 60N: 10 g, n-hexane/AcOEt=30/1, viv) T
FEHL L. rotundone-dy; (5+6, 87.2 mg) #4137, L2 L7ent ., GC-MS 23T O,
rotundone-d, 23V EAFAE L TV D 2 & W3- 72D T, rotundone-d,3 (69.5mg) |Z acetic
acid (20 mL) #J0z. 270~280 ‘C T acetic acid Z 8= L7e > 1 RfIfE#R L7, Rk

(484 mg) % ACOEt TABR L. #f1 Na,COs KIF. 7K. Bafnfth/K Ty L. MgSO,

IZCHEE LT, BUE T iEME Lo, IRiEY (989 mg) 3 U WSV o hru~ 7T
7 ¢ — (silica gel 60N: 5 g, n-hexane/AcOEt=30/1, v/v) TiE# L, rotundone-d,s (5+6, 64.5
mg) %1%7=. GC-MS Z3#r dfE SR, rotundone-d, 134 < FFAE L TV o 7=,
'H NMR: § 4.74 (0.7H, d, J = 1.6), 4.70 (0.7H, d, J = 1.6), 2.99 (1H, ddq, J = 11.2, 3.2, and 7.2),
2.72 (1H, app quint, J = 6.4), 2.60 (1H, dd, J = 6.4 and 18.8), 2.59 (1H, dd, J = 15.6 and 12.4),
2.34 (1H, br dt, J = 16.0 and 1.6), 2.05-2.02 (1H, m), 1.97 (1H, dt, J = 18.4 and 1.2), 1.91-1.79
(3H, overlapping m), 1.76 (0.9H, s), 1.57-1.48 (1H, m), 1.12 (3H, d, J = 7.2), 1.01 (3H, d, J =
7.2). ®C NMR: 6 208.1, 177.0, 151.0, 145.4, 109.0, 46.1, 43.0, 37.9, 36.8, 32.6, 30.7, 26.8, 20.2,
19.2, 17.5.

'"H NMR (2351} % rotundone-d, 5 ¢ isopropenyl £ CH; (§1.76) & CH, (6 4.74, 4.70)
[ZHRT % 2 7T L OFESEIE. rotundone DXIIGT D S 7TV OREAE & il % &

/W& <, rotundone-dys @ isopropenyl #0 CH, (6 4.74, 4.70) OFfEME (1.4) 716,
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rotundone-d, : rotundone-d,=3:7 T& 5 Z & 23530 > 7=, F 7= rotundone-d, 3 > CH5 (5 1.76)
DF v 7V > 71X, rotundone DXEET D T 7D T 7Y 2 73 broad singlet 72012
%f L singlet Td >7-, ®C NMR (23517 % rotundone-d, ; @ isopropenyl £:0> CH, (2 F1 3K
LTI (§202) BEOCHICHRT 57 F 1 (5 151.0 38 L Tr109.0) DOFES3iE
1%, rotundone OXHIET 5 > 7 FIVOFEDE L IS 2 L /NS oTo, LED T &b,
rotundone @ isopropenyl 5 CH3 35 5 WX CH AN /KB SN TWH L EZ B D,
Rotundone-d,: GC-MS (EI): 221 (23), 220 (M*, 100), 205 (53), 203 (34), 178 (10), 177 (18),
175 (17), 165 (28), 164 (16), 163 (33), 162 (30), 161 (20), 150 (17), 149 (25), 148 (14), 147
(25), 137 (49), 136 (15), 135 (32), 134 (15), 133 (17), 122, (17), 121 (36), 120 (30), 119 (24),
117 (10), 109 (23), 108 (15), 107 (35), 106 (17), 105 (33), 95 (21), 94 (12), 93 (36), 92 (19), 91
(52), 81 (15), 80 (13), 79 (36), 78 (15), 77 (39), 69 (23), 67 (20), 65 (17), 55 (18), 53 (17), 43
(21), 42 (15), 41 (31), 40 (11), 39 (18). HRMS (EI) calculated for Cy5HD,0: 220.17962, found
220.17883.

Rotundone-ds: GC-MS (EI): 222 (18), 221 (M*, 100), 206 (44), 203 (39), 178 (13), 177 (9), 175
(16), 166 (28), 165 (14), 164 (41), 163 (14), 162 (15), 161 (17), 151 (9), 150 (20), 149 (11), 148
(13), 147 (30), 138 (9), 137 (44), 136 (20), 135 (20), 134 (9), 133 (18), 124 (10), 123 (28), 122
(28), 121 (18), 120 (10), 119 (22), 117 (12), 115 (8), 110 (13), 109 (19), 108 (19), 107 (23), 106
(8), 105 (33), 98 (11), 96 (8), 95 (13), 94 (11), 93 (30), 92 (13), 91 (52), 85 (12), 81 (13), 80
(10), 79 (34), 78 (L1), 77 (37), 70 (9), 69 (16), 67 (20), 66 (8), 65 (17), 55 (18), 53 (15), 44 (10),
43 (18), 42 (11), 41 (32), 40 (9), 39 (17). HRMS (EI) calculated for CysH1oD;0: 221.18590,

found 221.18516.
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422 7 VL—T"T)— R ORIy O

JVL—TTN—> (FRUA N 25H, €7 20f8) OREDT T XROBE T A7
Th&E, BNz 7 7K (RUA b:1.20kg, B> 7:1.06Kkg) (2 n-pentane (KD A b:
240L, B 7:212L) ZMAx, LR S 0 WM LR LI, T T —va v
12 & 0 n-pentane VAR & 40 Bt LRI ERIZHT LV n-pentane (ZR U7 A h:1.20L, 27 :1.06
L) 2z, 30 M LR Lz, THT—2 3 128V n-pentane ¥R & 7y BlE#
S n-pentane AR & AT, NaSO, THAME L 7=, HIE T 43 “CTHKI 200 mL F CHE#E
L. 35 CT SAFEY%AT o7z, MONTHAEFHET 43 CTRIEL, /L—7 70—
YRR (RUA $:509g, B 7:4400) 1372, S L—TF 70— Rl

(RUA F:160¢g, B 27:1500Q) KLY DSANT T L0~ NTTT 4—

(Wakogel® C-100: 50 g) %47 7=, MBI & L T n-pentane (500 mL, Fr.l) .
n-pentane/Et,0=200/1 (300 mL, Fr.2) . n-pentane/Et,0=1/1 (300 mL, Fr.3) . Et,O (500 mL,
Fr4) ZIEIZH L. 4 W32 00 72, Fr.3 B X OFr.4 26, #E T 43 “CT 100 pL

FTERM L, 7 L—T7 70— RO &7,

423 T L—7 70— R OFX G O

TVL—TT)N—> (RUA K 25{#, €7 20f#) OFREEF A 7 Thex, Hoh
TN (RTU A h:870kg, B2 7:7.84kg) D, HEVHASHLLTREL, 71—
TIN—Y B (RUA +:556kg, B 2:5.00kg) 57—, Fiticst L 35 °C T SAFE
2TV, BN RUA 1+ 453kg, B 7:3.97kg) (& (15%, wiw) & 1% .
E,O (ARD A F:18L, B> 7:1.6L) THi L7z, Et,O #i#ki% NaSO, THZME L, H T
T43 CTL0uL FTEML, 7 L—T 7N —Y RHOFELRIRMEW 15T, 7o, FX
53 DIFE DT D GC-MS pHTIZid, FRIREMEY 2 S HIZIME L7 bz vz (K

JA F:50puL, B 7:30uL) .



424 AEDA®

TV —T TN —Y REOWEE GBI L —T 70— B OF XI5 L
AEDA Z1T\, EFRRD O TFHEZFRI, 7 L—T 70— REOMMEE 5y 3 LY
T VL—T TN B OFEZREAED % CHCL 12T 1:4, 1:16, 1:64, 1:256, 1:1024 O
FEIT/e D KO WDMARAR L, &ARIRITx L 2 4T GC-0 IZTHHrZ174 >, FD factor

IRE LT,

4.25 SIDA IZ X % rotundone O jE &
4251 MEMBROIER

Rotundone & rotundone-d, s DIEAEIS (1:10~6:1) &, ZNENOREEEICBIT S
4.2.5.4 |ZFE#H D GC-MS HIEIZ T 5 17 rotundone & rotundone-d, 3 @ B — 7 [HFE{E D
a7ay b URERZ(ER LT (X4-5) . Rotundone ® & — 7 [HifEfEIX m/z 218.2
selected ion monitoring (SIM) £— R CTHIE LZEIZEONTE — 7 HEEZL
rotundone-d, 3 ® & — 7 [HAEMEIL m/z 220.2 3 LT 221.2 @ SIM E&— K CHIE L7215

SV B — 7 mREE O &2 AN, YERR L7 f Bt B WEBRE A = L7 (R?=0.9998) .,

4252 7 V—770—YREIZEIT S rotundone O iE
TVU—TITN—=YREOT7 TR (KFUA +:202g, ©7:1989) #MHiEL, =2
(Z rotundone-d, 5 (%% 93.5%, GC-FID) @ EtOH ¥#{Z (1.01 pg/mL) 0.5 mL Z¥shi L7=,
CH.Cl, (£ 400 mL) ZANz. 30 43 L < ¥k L. JEMKIEIE L C CH.CL IR & 457, &
FEFEHEIZRT L CHLCl, (%5200 mL X2 [a]) TREEO FIETHIH L, #5547z CH.Cl, K
Za¥ T, LT TK 50 mL £ Tl L, 50 ‘CTSAFE Z17o7z, Goh /¥ n%
WBIEEME L., SN EBEY (RUA +:549, B2 27:599 LYY BFNAET A

sva~ K777 4— (Wakogel® C-100: 50 9) #17-7=, BB & LT n-hexane (£ 500
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mL) . AcOEt (£ 500 mL) ZJEIZHE L. ACOEt %y Z JsTifE L. iy (U4 k.
62.7 mg, B> 7 1124 mg) Z1G7-, FONTRMEDICK L, 4.255 IZFEHEOSFMT 2
[E10> 43 BUHPLC 12 X 5 43 & 1TV (HPLC 43 i) (R U 4 :18.7mg, 2 7 :152mg, %
T—T VIRIR) R, £ 507 HPLC /0Bt L, 4.2.5.4 [Z52# D GC-MS JliE %
1TV, mfz 218.2 T/5 547~ rotundone @ b°— 7 mFEME & miz 220.2 & 221.2 T~
rotundone-d, 3 O &°— 7 mAEE O Z R L, 4.25.1 TIERK L7- &R L Y rotundone @

REZREH L, ZOo—#EOEFEL 3[EITV, 3EIOFEHLZERMHEE LT,

4253 7 L—7 70— FHIZEIF D rotundone D E &
TV =TT N—" R (KU A +:801g, £ 7:1015g) |2, rotundone-d, 5 GFliE 93.5%,
GC-FID) @ EtOH ¥& % (10.1ng/mL) % 1mL ML, &K (% 1209) ZMx7-#%. Et,0
(4 800 mL) T L7z, Et,O &% Na,SO, THizk L. JBE T T 100 mL % T
L. 50 ‘CCSAFE #1To 7z, 15 b7’ 47% NaSO, THi/K L. LR L TR G a7z
B (KU A h:16.7mg, B 7:128mg) (Zxf L, 4.2.5.5 (ZFL# D5 T4y EL HPLC
2 & 255217V, HPLC 0¥ (R U A h:21.2mg, B2 7:20.4mg, 45T —T VIRIK)
7=, o7 HPLC /0 Eioskt L, 4.2.5.4 (ZF2#i GC-MS i€ 1TV >, m/z 218.2
T3 B 4072 rotundone O B — 7 HIFEAE & m/z 220.2 & 221.2 TfF 5 4177 rotundone-dy 3 D
— 7 HREEOFZBRH L, 4251 TERLZHMEIR L Y rotundone DIEE 2 FH L7z,

ZO—#HDOE/EL 3EATV, 3EIDFEERM L LT,

4254 GC-MS Hl7E
AKIHD GC-MS HfIE 1L, Agilent 5975 E &% Hi#s (Agilent Technologies) 738t <4172
Agilent 7890 AV i~ 7T I T T o7, A7 AiE InertCap WAX (0.25 mm i.d. x 60

m., 0.25 um film thickness; ¥ —=T /LA = R) ZfEH L7z, HEADIEET 250 CIlZik
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ELUEREHIAT Y v FL A = RTLpLiEA LTz, A —7 3 D 545 40 °C
THREFL72%. 10 C/min 12T 190 °C £CHIR L, 190 CT20 pfrFFlLizc, ¥ U7

HANZIEIA~NY UL ZER L, 1.0mL/min ®— & & Lz,

4255 Z4yHUHPLC 47/
7 EXHPLC |2 & % 47 i, Shimadzu LC-20AT . Shimadzu SIL-20AC, Shimadzu CTO-20A,
Shimadzu SPD-M20A, Shimadzu CBM-20A (HBUERT) OS> AT A% H
Wiz, (4252 ZL—F 70— REIZFHT5 rotundone DER] TiE 2 FD HPLC
S %A, T4253 7 L—F 70—y RII2E1T S rotundone D E ] TiE 1 [ElD HPLC

S E{T o7, 1[EH® HPLC Z3Ei%, AR LR TiTo 72,

5 4-1 1B H O HPLC 4y Ei &t

JUEE % 20% MeOH V&%

55 Inertsil ODS-3 (5 um particle size, 250 mm x 4.6 mmi.d.; ¥ —=x/L
Az R)

BB MeOH/H,0=70/30—80/20 (0~10 min), 90/10 (10~15 min)

Ik 2.0 mL/min

17 MNEE |40 C

53 HURsH] - 8.6~10.0 min

/ORISR L, B T2 bRE L, &4 (15%, wiw) %, EtLO THit
L7z, AHEJE %2 MgSO, Tzl L., JUERRME L. HPLC rli 4457z, 4252 128\ T

1T 55072 HPLC 43 izt L. 2 [0 H @ HPLC 43 2 UL FIZR L7 CTiT1o 7=,
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5 4-2 2 [8]H O HPLC 4y i &t

JFEE #J 10% MeCN &I

55 Sunrise C28 (5 um particle size, 250 mm x 4.6 mmi.d.; 7 2 ~v=v
7T ) aY—X)

BE MeCN/H,0=80/20 (0~20 min)

JiaE 1.0 mL/min

717 MR 40 C

53 HRIRFIH] 6.0~7.5 min

BoNT=/51E. 1B H O HPLC 2y & [FIEED Fi:IZ TULEE L HPLC 70 ®i¥) 2157~

426 MM

4261 GC-MS
[4.2.1.3 Rotundone-d,3 DA% (Z81F 5 GC-MS HIE I, Agilent 5975 & Eff Hias &
FID 235kt S 417z Agilent 7890 T A7 v~ N 77 72 TY{T> 72, 71 7 Al InertCap WAX
(0.25 mmi.d. x 60 m, 0.25 pm film thickness; ¥ —T /LA = R) ZFERA L, BT
ARIGL 2 DI U ARATEE X ¥ 7 U — 0 7 M THEER NGRS L OFID 1258 L
7o TEATREEIX 250 CIZRE L, &EHIA T Y » FHB0:LIZT I uL A LT, A
— 7 %, wAID 3 53[# 40 CTEREF L7z, 3 C/min i T 230 CETHIRL, Fx VU
THAZEIA~NV L EFEHAL, 1.8 mUmin O—Efi&E s Lz, ~AAXT MUITEIE
— RT70 eV OA A AEEEICTRHEZIT 72, SEEEOMEIL FID IZX > TH LR

7m0~ 7T ADOE—7 HEEL YR L,

4262 GC-MS/O
GC-MS/O HIE X, Agilent 5975 & &A%k %k & GERSTEL ODP 3 B\ I X [ 25 8fE S+
7o Agilent 7890 KA 7 v~ k7T 7T TAT o 72, 17 Aid InertCap WAX (0.25 mmii.d. X

60 m, 0.25 pm film thickness) ZfE/H L7z, %7 LKL 2 D200 L, ANEMEF v E
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TV =7 M THEHERESHFB OB WIRE OIZoE Lz, EARRE, #UBHEAR,
A7V M, MS A A AbG1E 4.2.6.1 FLdHiO GC-MS JIiE & Fl— D& T1T o 72,
F—T AIEAID 3 5[ 40 CTHREFL, £0% 3 Clmin [T 230 CETHIEL, ¥
¥ UTHAZIA~Y 7 AZEFEH L, 1.8 mU/min ©—Efi& & Lz, FbA&% D Rl X C5

MM C30 DEEHT VA v ORI 2 JUE R L7,

4.2.6.3 HRMS
HRMS %, AccuTOF GCv4G (HAR®E ) ICTHIE Lz, B 7 A, FEADEE, 306
HEAE, A7V v hb, =7 CFESMH. v V7 H A, iElIL 4.2.6.2 5E# 0 GC-0

HAE & [Fl— DM TIT o 72,

42.6.4 NMR
'H NMR (400 MHz) . *C NMR (100 MHz) i%. JEOL JNM-ECX400 (HAZET) |
THIE L7z, JIEIX CDCl; H, tetramethylsilane % NiIEHE(L A4 & L CHW = (6=0.00

ppm) o 7 I BT T Mppm, By TV o aryxg s () X Hz TRi#E LT,

4.2.7 CERERFAM °%)

ERINEME S AMEETORTR 12 4% /3% U A b & U CiHliZ1T - 72, 7l
REE LT EVEZETORYA V=TI N—Y R ERTUA N L—T T —
BTREHEGLE O rotundone HEIRINAL (FREMEIR A) LWl (FXHEHEHE B) %
ME L, EXAEMEIR AL, 325 THRLIZARTY A 7 L—TF 7 —Y FRAAEHEL
WAaE MW, BHXEMEIEE B 13, XA A 12 rotundone (29.6 ng/kg) Z¥RANL T
TR 7=,

FHEAFEIL, Faiot vy v a VIZBW TSR Y A MIHED 2 CORIA NI L—T7
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N—YBHDOENWEFTM LT 4 A v a U EITWRB S 7 DOFMHGE (sweet, sour,
bitter, fresh, juicy, peely, harmonious) %3®E L7z, fLEEIC LV 3HOREEEEZ ST
RE3HEA LY P& LT8R Y X MR LTz, SR U A MIERBIOFRIZE L T,
FAHMIHEEIC D&, 1 J&LCZR) 2 (35V) 3 (@) | 4 (YY) | 5 GFEFICm
V) D 5 BRECRMI A 1T - 7o, B RERHAT EER 1T 23 “CITRRE S LT fR R R TIT o 72,
BRI DWW TR a7 PEEEE L, A X —F v — M7 my F LTz,
HREAHIAG RO A B L BIET D720 53T & O Tukey D2 B LLEHR E 21T -
T BN CIMEIEY 7 7 Z— SE5F, HHE, FEET7, odt (FE) 25
L. FESZKYE 0.05 33 LT 0.01 THEZEZMIE L7z, Tukey DL ELIRE CTl3Z T
N ORIl FHFE OV THEMERR RS L OB/ M EZEZ R L, iKY 005 THEZAEL

BE LT,
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43 FERBLOBZE
431 T VL—=TTN—=Y DR LRI OEEEK T DRTE
RIA ST =T TN —=VBLOE 7 7L =77 L—=YDREE LRI OFR
ZB1F 5 rotundone OEERE #5725, AEDA Z#1T-o7-, REICBL i, RN
sy (BEXIRMEY) O QFINT NRURERIKFETHRL SN TEY, Z7L—T 71—
BRICKRELSFE LTV L DIMEOEEEFET (BIEE ) TH D 2 & ANEEDHTE
o TWEZ E XY BRRMW NS YD TNI T Do u~ b 7T 7 ¢ — Tk
B 5y 2 FHR L 45 DAV E 53125 L AEDA 217572, AEDA O, rotundone i
WFUZEBWTH RV FD factor 278 L72 (% 4-3) o FFIC. RitOFKXRMEMIZEB N T
I, T CICEEES S & L THIL LTV S trans-4,5-epoxydec-2(E)-enal., ethyl butanoate,
ethyl 2-methylbutanoate & #:(Z & &\ FD factor (FD 1024) Th o7, 4.1 TiR~72 L9
2T L —T TN —Y OFEZICE L UT v E Thx 238503 % %23, rotundone 235V

FD factor 2 L CWA Z & 2R LT=DIZA EOGH 30O TTH 5,
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#£4-3 FUA MBI 7 7L —7 70—V BEB IR OEEFLRSS

e egg odor quality® Inertgz:u;) nWAX falégrb ide%ticf)i(;:;t on
white grapefruit peel
1  octanal aldehydic 1299 1024  MS,RI, GC-O
2 decanal aldehydic 1514 1024  MS, RI, GC-O
3 linalool floral 1552 1024  MS, RI, GC-O
4 (E)-non-2-enal fatty 1557 1024 RI, GC-O
5 trans-4,5-epoxydec-2(E)-enal metallic 2026 1024 RI, GC-O
6 (E,E)-deca-2,4-dienal fatty 1834 1024  MS, RI, GC-O
7  rotundone woody 2308 256 RI, GC-O
8 nonanal aldehydic 1727 256 MS, RI, GC-O
9 (2)-hex-3-enal green 1156 256 MS, RI, GC-O
pink grapefruit peel
1 octanal aldehydic 1299 1024  MS, RI, GC-O
2  decanal aldehydic 1514 1024  MS, RI, GC-O
3 linalool floral 1552 1024  MS, RI, GC-O
4 (E)-non-2-enal fatty 1557 1024 RI, GC-O
5 trans-4,5-epoxydec-2(E)-enal metallic 2026 1024 RI, GC-O
6 (E,E)-deca-2,4-dienal fatty 1834 256 MS, RI, GC-O
7  rotundone woody 2308 256 RI, GC-O
8 nonanal aldehydic 1727 256 MS, RI, GC-O
white grapefruit juice
1  ethyl butanoate fruity 1043 1024  MS, RI, GC-O
2  trans-4,5-epoxydec-2(E)-enal metallic 2027 1024 RI, GC-O
3 rotundone woody 2308 1024 RI, GC-O
4 ethyl 2-methylbutanoate fruity 1059 256 MS, RI, GC-O
5 ethyl methylpropionate fruity 972 256 MS, RI, GC-O
6  vanillin vanilla-like 2606 256 MS, RI, GC-O
pink grapefruit juice
1  ethyl 2-methylbutanoate fruity 1059 1024  MS,RI, GC-O
2  trans-4,5-epoxydec-2(E)-enal metallic 2027 1024 RI, GC-O
3 rotundone woody 2308 1024 RI, GC-O
4 wine lactone sweet 2285 256 MS, RI, GC-O
5 hexanal green 1091 256 MS, RI, GC-O

& Odor quality perceived at the sniffing port.

b ED factor, flavor dilution factor

¢ MS, reference mass spectrum; RI, retention indices; GC-O, gas chromatography-olfactometry.
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432 7 VL—7T7N—Y DR EFIHITEIT S rotundone D E &

Rotundone {3 SBEAFRC H HIHUCIR LA R E TAE L TW 525, Shiraz U A - =0ff
DANRA ZTIHERETH L Z ERRESNTND O, FET|IIBWT, ZL—T77
Jb—"> T rotundone Z [FITET HIZHT72 0 . FRIEMEWIZKT L 2 Bl HPLC 73 B A 4TV,
WO TTAANRY MERRGDZENTERLIEEZRER DL, 7 L—T TV —YHFTY
rotundone | FKRETH Y, EEEZIT I ITHTIZ> TIE, [FIEDEE & [FEROFZIRNEY D
SERVEIIIRD LEZ B, T T, AEERGIEE LT, SELERELL EHIE
fe72 B RASTRE T d % SIDAM RN L 7=,

Rotundone @ SIDA (2P L Tid. ZERNMAAESILE® L LT Genthner & 73
rotundone-d,"”% | Siebert & 73 rotundone-ds™ % LT\ % (1K 4-1) , #¥IZ rotundone-ds
ICB L CiE, T A oD KM D SIDA IZHE W THEIEREDE & L TR AnbshT
WD I UL D, 2D 2 DORERN AL S I VR =D afif
BLOyMREKELENTNED, ZL—F 70—V Byt 0 X 9 72 it o5k
WA BHZH WG B NVR =N ED a B Ty iR 7 e heAvAbSTLE S 2 &n
el I NTz, 2D, BIERE T THL 7 a b AL Z 57220 K 9 e e [N %

{b&% & LT rotundone-dy s ZHHlICERT A2 & & Lz (M4-2) .

D D

D D
D

Db Db
rotundone-d, rotundone-ds

4-1  Rotundone-d, 3 & OF rotundone-ds
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D * D
— D
D D

rotundone-d, rotundone-dy

4-2  Rotundone-d,3

4-3 |Z7R L72 X 912, rotundone % HHFEM'E & L T, isopropenyl 2% epoxy {b.ds L OF
R b BEC X - T acetyl Fi~ & ZEHitk, Grignerd SUGIZ L 0 BE/AKFE(L S 4172 methyl
AN LA U KEREE A acetyl [k L OBV RIC K 2 BiFERE % 17 - C. rotundone-d, 5
AW LI, L LA H, GC-MS 7ptrz1T-7=& Z A, m/iz222 (rotundone-d; > 43
FA A r+1) BE W rotundone-d, ® 7314 A2 ) ICH¥K) THH LA A7~k
77 MITEBWT, 65.35~65.65 ;7D — 7 N7 — KL TEY, 65.35~65.45 73l
rotundone-d, 23F(E L CW D Z ENRIBENT (M 4-4) . Ziud, BEHEROBRICAE L=
acetic acid-d; (2 > T rotundone-ds D A NVR =D a fLNEKFILSNTRIAELZ &
Z Bz, 728, rotundone-d, D B LR =L D o (S EEKFEL &L TH U7z rotundone-d;
LHHAAMMHEL TN BEZHND, GC-MS ST CIRHBITE 2o tz, Thb
DOEIEP X rotundone-d, 5 73 acetic acid-d; & MMEAIN/=Z L TEUZ EHERISND 29,
A= % & Lo rotundone-d, 3 |Z acetic acid Z N X INEAT FIULTCICR D L &2 bz, £ 2
. rotundone-d, %z & ¢ rotundone-d, 5 1< acetic acid MMz, BASFROES & [FRED ST
MBSOE 24T T2 & 2AH, miz 222 THiH L7cA A7 n< M7 T K20 Te—27 R
¥ —71Z72 Y | rotundone-ds DIE KRS 4L, MR rotundone-dys 455 Z L3 T

=7 (X4-4) .
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O
1) MCPBA, CH,ClI, CD3Mgl DMAP
_— —_
2) H5lOg, THF Et,O OH Ac,0
(2 steps 60%) (36%) cD (86%)
3
rotundone 1
o o]
270-280 °C
+
then AcOH, 270-280 °C D
OAc CD, CDs
CDs
4 5
% 4-3  Rotundone-d, 3 DAk
before acetic acid treatment
Abundance
Abundance
800000 150000
600000 140000
400000 m/z 220 130000 | Totundone-d, /2922
200000 120000 miz
0 — 110000 gj
6535 6540 6545 65.50 65.55 65.60 65.65 65.70 65.75 100000
800000 Pt 90000
600000 VAR 80000
400000 S/ m/z 221 70000
20000?] 7 ~_ 60000
65.35 6540 65.45 65.50 6535 65.60 63.65 65.70 65.75 50000
40000
£00000
600000 | rotundone-dy y / 33333
400000 miz 222
200000 %__7__,__,__‘ 10000
0 TS5 6540 6545 65,50 6555 65.60 6565 6570 6575 6530 6540 6550 6560 6570
Time (min) Time (min)
after acetic acid treatment Abundance
100000
Abundance 95000
600000 ggggg
400000
miz 220 $0000
75000
20000% 70000 miz 2
T 5590 6535 0550 6555 65,00 0565 6570 G973 63000
6535 6540 6545 6550 65.55 65.60 65.65 65.70 6573 §EU{]U
o =
4 \ _ 45000
200000 / \ m/z 221 40000
o s —_— 35000
6535 6540 6545 65.50 6555 65.60 65.65 65.70 65.15 30000
25000
600000 ﬂ 15000
400000 ml=z 222 10000
200000 - = 5000
O T 5540 65,45 6550 G555 6560 65,65 6570 657 6330 6340 6530 6360 6570
. . Time (min)
Time (min)
3 H H 7 N S =
| 4-4  Acetic acid ZLERR#% O rotundone-dy s DA F 7 v~ 7T A
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Rotundone & rotundone-dy; DIREEIE (1:10~6:1) &, TNENDOREHEIAITE T S
GC-MS I 7E D &' — 7 HFEE O LA™ & 1ERk L 7= B335 12 BV EHRE  (R=0.9998)
ZorLizizs (4 4-5) | rotundone-d,3 # NERIEHEL L THWTHRY A M L—T T )1
—VYBIOE T T L—=T T =Y OREB LRI LT SIDA Z21T-72, 7238,
T L —T 7=V EFL[R O HPLC 3%t L, MD-GC-MS Z1{# i L T chemical
ionization (2 2 % rotundone 33 X OF rotundone-d, 3 DR H & 5k A 72 3 | TS AR BH 72 Rkl 3
HHOE =7 ICER>TLE D Z RN mm-oi=720 JIEIX GC-MS i L TENC X
% SIM E— F (m/z 218.2, 220.2, 221.2) TOoHrEEIR L7z (X 4-6) . EEDRER.
rotundone TEERIZEIT LV REDO T NENZ LNy hoTz (3 4-4) . —ANCHIEE
DERETRIT LV bREDHNRL N ENMBATEY | ARIOERFRITZOZ L
& BB LT, SCHERECHELO rotundone DK TORIE (8 nglkg) DL AEIDERRE R LY .
OAV #HilH L1z, fFAEEDDRNRITTH->ThH OAV (T 1 LLEZRLIZZ b,
rotundone IR T4 R L—T TN —YBIREL 7 7 L—T TN —YDOREE LR
HZBWTEXRIICHBRL TW L EEFXN D Th D Z &G Sz,

y = 0.8650 x + 0.0272

calibration curve R? =0.9998

6.0

5.0

4.0 1

2.0 ~

1.0 -

area ratio (rotundone-d, ;)/(rotundone)
w
o
.4
\

0.0 4
0.0 1.0 2.0 3.0 40 5.0 6.0 7.0

concentration ratio (rotundone-d, ;)/(rotundone)

4-5 Rotundone & rotundone-d,; DIEEEIA & GC-MS HFELEIZ X 2 &R

98



ml/z 2182

3630 9640 3650 3660 9670 3880 9680 3700 3710

o miz 220.2

3630 3640 3650 3660 3670 3680 3680 3700 3710

N m/z 221.2

3630 3640 3650 3660 3670 3680 3680 3700 3710
Time {min)

4-6 Rotundone # X UF rotundone-d,. rotundone-d; @ SIM &E— R TOA F 7 2~ b

77 A (mlz 218.2,220.2, 221.2)

44 KIANTVL—TTIN—YRE oo 7L —TT7N—VRE KUA NI L
— I N—Y BB IR L —T 7 —Y B @ rotundone TEERR

X O odor activity value (OAV)

concentration (ng/kg) OAV?
white grapefruit peel (WGP) 2180 273
pink grapefruit peel (PGP) 1920 240
white grapefruit juice (WGJ) 29.6 4
pink grapefruit juice (PGJ) 49.8 6

& Calculated with the odor threshold in water (8 ng/kg).
Y The relative standard deviations are as follows;
WGP: 9.89, PGP: 7.24, WGJ: 12.4, and PGJ: 26.9.

433 L —77—YFKIZEIT % rotundone DR R DOREE

JL—T 7 N— Y FZIZEIT S rotundone DENREERFET H720DIC, AU A BT L—
T N—Y B O EEER (29.6 nglkg) & HAWTERENIZTT 72, FElEENE L
TV ETCORIA N L—T T N—=YRHLRUA N L—T T — Y FLRHE

SR D rotundone MEFRNNS (FEEAEZIR A) UL (rotundone % 29.6 ng/kg ¥, &
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KSR B) #HE LT, 7ol BBREWZ L2, FXEMHEENK B (213 rotundone 73
BELL ERII S TV AIZ 6D 57| B woody FXDE L HLD Z Lo,
IO FLM Sy E OMEAEIC L D2 b D EEZ TN

ERERFAM OSSR, FREMELIKE B I3 &R ALK A 12~ Tfresh) Tljuicy) Tpeely]

Tharmonious] DIEANFREICH EL, AUA M L—T T V=Y RHDRaTITHESD
L Z e ot (KAT) . $72bb5, rotundone 1%, RRHFOFHERTT L—T 7)1
— YV EFLZWHEIM L THHE DR woody HRNFHENDZ L3l ZL—77)1
—Y OFRA R E LIS E L RRE R S5 2 LG VT2 TORY A R

— 7T N—=Y DFY OBFBUIEFITAEHekm Th 5 L ifim I v,

sweet

------- aroma reconstitute A

aroma reconstitute B
= === squeezed grapefruit juice

X 4-7 HRUA NI L—TF 70—V EFELXFAEEIRIZ %95 rotundone DN F:

(BADXFOMNTWHIHEA TITAEICRE AR D)
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4.4

ARG TIE, BREENICEENL NS L—F T L—VICER L, RUA T L—T
TIN—=YBIORE 7 7 L—=TT7 0= DR, RitOFXUZIIT % rotundone D H ik
JERCAFAE R 2 AEDA X° SIDAIZ L U FEIICHHA~NTZ, %5 7 L —T 7 b — Y DR O EFLR
HMEW DRI 53 36 K ORI O FE KR O GC-O B XL T AEDA Z4T-7-& 25,
rotundone | EWFAULIZIB N T H W FD factor 27~ L7, SIDA Z1791CH7=0 . FHo
£ O IR EEER TRV SE T T 71 R AL Z B0 K 5 e E RN AR RAL
A% & LT rotundone-d, 3 & A% L 7=, Rotundone-d, 5 & PN AEHEM)E & L CH LV SIDA (2
LT VL—=F T —yDRE, FiHHo rotundone DIFERZBIELIZE Z A, RY
A N L—T 70—V RE: 2180 nglkg, B2 7 7 L—TF 70— BE: 1920 nglkg, RV
AN VL—=T TN —YRH:296ng/kyg, BT T L—TF 70— FH:49.8nglkg TH Y |
R LD REDTTBENZ L3300 Te, —RANTHIHEEO FREITRIT LY RO
TNRENWZENMENTEY  SRIOEEMREAB LI, £lo, (FEREZ THELH O
B (8 ng/kg) THI>7METH 2 OAVIIRIT ThH > Th 1L EA/RT Z & 225 rotundone
PEXICEML TWD Z ENER SN, 7= 7L =Y DEFERIUTEL N T
rotundone K EL HFHELTNDH I EEZW LN LD, AFERIOTTH D,

7= 7 N—YFITET B rotundone DR EMRGET D72, V- TDOHRY
A b L=T TNV Rt E RO EREN SR LAV A S =TT —

SUFHEZEHE O rotundone MEVRINGL (BRUFHEELIE A) RN (29.6 nglkg shN, &

KEAESLR B) 2 W TERERHE 21T o 72, EREAHM ORER . R EESIL B 13X
RESE A L2~ Tfresh) Tjuicy] [peely] Tharmonious] DIEHAAEIZME EL, &
TA NV =TT N—=YRHDRAaTIZESL Z ERGhotz,

LoD Z &35 rotundone 1327 L—F 7 — Y HROFIHICZ R 2 BEFES RS

THY., rotundone ZHNDZ LIZE - T, KOWKREOHLHHR T —TT7 10—
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T L—NR—DAIENTREL o T- b EX D,
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IR

R OFHEZ LSy £ L TO rotundone SRR ORI & 2 o4 LR 2

51 F

T RAFT AR ANTFIRITIELSAFAE L, 7 = 1 F AFHECHEEIEM:. 517 A /L 215
o EE A RAEIERE A LTS HOBREN B, FEFREOEAFT AL B0 oh
MO TOVDR, FRCEIER T AT AT IICB O TEEFERMS TH D Z LN
2\, J =TT NV—YHOEFEREHT D nootkatone 8T 3 VEEOFEREAFT D
patchoulol, 4 L > UHOFRZ AT 5 a-sinensal X° p-sinensal 72 & O x 7275 F 1 G g
FEAXTNARUBHOLNTND, BAXFT AL 3 2= hO isoprene 7> HAERL S
NTN DD ZERIEDR R < | & BT, HIEEMER 72D RIRD & O B B L

CRDEMBH L FHOERAX T A0 OMERAIZIEFICHETH D, Ll
RIRD . REFRRITITIFHO G FEEEAFT T NARUNRELAFEL TR, b O
IIBERIT B ERERICBI 2EHERT —~D—2ThH D,

W= EIUE TR T o - 7= rotundone |E guaiene ‘B A AT D EEHE T A X
TN T D, 3ODRFHLEALTWDT-9H(3S,5R,85)-1K T % rotundone % & &
8 D DNIRENER N FEAET S A3, rotundone D SEARFVERIZE] L Tid, REZKLKD S DA
EXHMLFEIC L D672 EOWEITR, FEF, FUETOTL—TTN— F
Loy, Vg, v 3—0 GC-MS /3T W C, rotundone &FAEIO Rl 35 LUV~ A
AT SN EAT OHEERNHDORS BB S, £OMMEL Y rotundone DL EMEIR
EHERIEAL7=, Rotundone (X7 L—F 7 —y ALY, Jod, wrd—0FRIC
KRB A R S DGR TH Y . ZONARBEERIC L FRED 2 W0 IxZ L Eof
AMERH D Z ERIFF SN D, £ 2 TARRETIX, 2O rotundone O SZARELMEAR & HER X
NOEERHR S ML, TOFELFHEZH O NICT 5 2 & & BICHRE &21To 72,
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5.2 #khR L OEBRITIE

52.1 BB L ORI - (LAY

52.1.1 #EH

FL o PHEMOEmBRBIB IO L =TT =y YA v a—iE, 32118

XOv4211 @O L O EER L,

5212 &I - (bEW
Rotundone (% 3.2.1.3 T&Ak L7= % D % H L 7=, Sodium ethoxide I3 H 5 bk T 30Kk
SFEM D, 99.5% EtOH 1Ll EAL PRS0 BREA LTz, T DMK TS5 7 L —

FOHLDEMHLT,

5.2.1.3 3-epi-Rotundone ol
Sodium ethoxide @ 1.0 M EtOH #&#% (5 mL) (Z rotundone (150 mg, 0.687 mmol) %
Z. WIRT 2 BHEBEREIT o 70, ROSEIR 2 ff NH,Cl ¥RICHEE . AcOEt THitHi L
T2 FHENE A K, BRI AR THE L. MgSO, I CTHME LT, BT PG L7z, 1B
(146 mg) (Zxt Lo3H HPLC 1T -7z, 43Ht HPLC % Shimadzu LC-20AR. Shimadzu
SIL-20AC. Shimadzu CTO-20A, Shimadzu SPD-M20A. Shimadzu CBM-20A (&t HRI1ERT)

MO SNV AT DEMV, LR LIS/ TITo 72,
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% 5-1 HPLC 4y &eft:

JFEE 5% n-hexane/EtOH=95/5 ¥Ak
TCI Chiral CH-S (5 um particle size, 250 mm x 4.6 mm i.d.; H Ak

55 F%T.23¢) XTCI Chiral CH-S (5 um particle size, 250 mm x 4.6 mm
i.d.; AL T2) X CHIRALPAK IA (5 um particle size, 250 mm
x4.6mmid.; ¥4 &/L)

BE n-hexane/EtOH=99/1 (0~10 min)

Dk 2.0 mL/min

717 MR 30 C

57 BUHRFFH] - rotundone: 7.35~7.55 min, 3-epi-rotundone : 8.35~8.60 min

BN Tx L, WE FIESA B2 L, rotundone (24.3 mg, #li/%>99.9% by
GC-FID) ¥ X X 3-epi-rotundone (21.4 mg. #i>99.9% by GC-FID) Z437=,
3-epi-Rotundone :*H NMR: 6 4.74 (1H, g, J = 0.8, 12-H,), 4.71 (1H, quint, J = 1.6, 12-H,), 2.98
(1H, ddg, J = 11.2, 3.6 and 7.6, 10-H), 2.66 (1H, app quint, J = 6.8, 4-H), 2.59 (1H, ddd, J = 0.8,
6.4 and 18.8, 3-H,), 2.54 (1H, dd, J = 15.6 and 11.6, 6-Hp), 2.41 (1H, dt, J = 15.2 and 2.4, 6-H,),
2.00 (1H, dd, J = 18.4 and 1.6, 3-Hy), 1.92 (1H, m, 7-H), 1.87-1.74 (3H, overlapping m, 8-H
and 9-H,), 1.77 (3H, t, J = 0.8, 13-H), 1.52 (1H, m, 9-H,), 1.17 (3H, d, J = 6.8, 14-H), 1.03 (3H,
d, J = 7.2, 15-H). ®°C NMR: 6 208.1 (C,), 177.4 (Cs), 150.8 (Cy1), 145.4 (C,), 109.0 (Cy,), 46.2
(C,), 43.1 (Cs), 37.2 (C4), 36.1 (Cs), 32.6 (Cy), 30.9 (Cs), 26.9 (C1g), 20.4 (Cy3), 19.3 (Cy4), 16.7
(Cis). (NMR D7 H 1 A > MTIZ, SCHR P ICREH O R EF 2 Lz, X 5-7 2H,),
GC-MS: 219 (16), 218 (M, 100), 203 (42), 176 (9), 175 (28), 163 (14), 162 (18), 161 (28), 148
(13), 147 (38), 137 (25), 135 (16), 134 (21), 133 (24), 121 (15), 120 (18), 119 (30), 109 (11),
107 (19), 105 (31), 95 (12), 93 (20), 91 (38), 81(9), 79 (22), 77 (24), 69 (11), 67 (17), 65 (11),
55 (13), 53 (11), 41 (21), 39 (13). HRMS (EI) calculated for C;sH,,O 218.16706, found
218.16501. [a]> —66 (c 0.57, CHCL,).
3-epi-Rotundone @ RI 1% 2305 (InertCap WAX) #3510 1680 (InertCap IMS) Th -7z,
£7-, %547 rotundone ® NOESY M7 —% L1 | SCHRELHE 0 rotundone @ 6-H, &
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6-Hy DT YA 2 AL MEWTh D 2 L AVHIB LTz,

522 R COMERHRS O

322 MEEAHI DO B3I 1323 Z7L—77—y Jord, vrad—
(23315 % rotundone DIFEIE | 72 H N [4.2.5  SIDA IZ X % rotundone O E & 128V T,
rotundone D~ A A7 FL ORI Z AR L LTz GC-MS i 24T 72 & 2 A, ARIDHE
IEARBARLSY A3 rotundone (ZBEFE L7 RBE TR S 4v7z (X 5-1, 5-2) o BFXURMED D

TR KOV L, 3.22 8L 183.23, 425 TRl BY TH D,

5.2.3 Mot
5231 GC-MS
[5.2.1.3 3-epi-Rotundone OFHEL | (Z331F 5 GC-MS JIE L, Agilent 5975 & Eif Hias
(Agilent Technologies) & FID 25383kt S 417- Agilent 7890 T A7 v~ K77 7|2 TiT-
72o 7 A%, InertCap WAX (0.25 mmi.d. x 60 m, 0.25 pm film thickness ; ¥— = L
A = ZRARH) ZEM Lz, 7T LAKmIT 2 2120l REHF Yy ET ) — 7
DS THEMHAR LU FID (23 Lz, EADIRER 250 CICRE L, AalEHI =
7Y MEES0:LIC T LUl VEA LTz, A— 7 A3 #D 5 45 40 ‘CTHREFL7-%.3 C
/Imin (2T 230 CETHIBEL., ¥+ UTHAZIEINY T AZMEH L, 1.8 mL/min ®—%&
L Lz, ~AAXY MUIEIE—RTT70eV OA A ALEEICTEEIT> T2,
FALEWD RIIX C5 725 C30 DESET VA v OURFFIFE 2 IR Lo, GRLh D

(LHEMEZIZFID Ik > TEONS 7~ N7 20EBEME L EE LT,
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5.2.3.2 HRMS
HRMS I%. AccuTOF GCv4G (HARE ) ICTHIE LT, T A, FTEALEE, e
HEARE, A7V v bbb, =T U HIESRME, v V7 U A, JiElL 5.2.3.1 itd# D GC-MS

HE & [Fl—DRMETIT o 72,

5.2.33 NMR

'"H NMR (400 MHz) . ®C NMR (100 MHz) . H-H COSY, HMQC, HMBC 3 L
NOESY [&. JEOL JNM-ECX400 (H A#E¥) I THlIE L7, HEILX CDCly .,
tetramethylsilane %z NERIEHE(L-A% & L CHVZ (5=0.00 ppm) . &7 2 1L 7 B ppm,
By TV rarAagrh (JfE) 1EHz Titdi L7z, *H NMR 38 XUV PC NMR 04~

TFNDT VA A MZiE, K57 D/bEIcii# s n-& 52 EH L1,

5.23.4 HehENEE

LEREYEEE T, P-2300 polarimeter (H Ay ) (2 THIE L7z,

5.24 RBENE

Sk M A 22, KT 3-epi-rotundone & rotundone MBIV D B A I E L7,
3-epi-Rotundone DEIEHIE DOFRIL 32 N (B 22 A, ZM: 10 A) . rotundone @ B H
EOBRIT 25 N (B 16 A, &9 N) OEWINFEEA S BREwEfT ot B % /X
x U A b& LTI &47 - 7=, 3-epi-Rotundone (2R L T, 12.8. 64, 320, 1600, 8000,
40000, 200000 35 &2 TF 1000000 ng/kg D OFE 2 7% L 72, Rotundone [ZB8 L T,
0.00512, 0.0256, 0.128, 0.64, 3.2, 16, 80, 400, 2000 35 J TX 10000 ng/kg D= FE DK
B2 U7z, e bIRWIREE OFUEHZE, 3-epi-rotundone & % V& rotundone @ EtOH 35K

Z KT 10000 fZlc AR L CaRml L=, 77 7 oikHcid, [F&EO EtOH Nz 7-, &
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Bt2g % 30mL O, (RLZ A7) A, 3HrDELEZFIA L7=, 3-epi-Rotundone & %
WM rotundone DFREF L AR E 7T 7B 2 ROFF 3 K&y MZLT, BREOKWIE
(TR Y A MR LTz, 2SR Y A M2, OEZHIT, HOERNT, Junofti
% b O % Rl RIS R T 2 K O IR Lz, RIRRS, 280 U A MBS &) L7
B OBWEFHII L T B o7z, KB 23 CICRRE SN R E R TITo 2, /5
F U A FOBEZUTORICEIVHE L R bRWVIRE TORRICIEME S5 LOTE
7233 U A~ (3-epi-rotundone : HP: 15 A, &9 A, rotundone @ HE 13 A, ZPE9
N) TR L, &8k U R b ORI (7 F#) LT 3-epi-rotundone & % \ M rotundone @

B & L7,

K x U A MOBME =

SR U R R SIEMR U725 ARV < oSk U A R 2SR % 7= B b i\ R
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53 R LUEE
53.1 Fkx 22 By CoOMEE R O H
INETOHE =5, HWUEIZIBIT 5 rotundone DA HI &L L7z GC-MS 43#TIZ

VT, rotundone LFHLLD~ A AT bV HHEE R DRy 23 F I rotundone & —
o SNz, ARSI Z 2 (InertCap WAX) T GC #7233 T rotundone
E VA LKREWRIZA L (rotundone : 2300, H&EIEARISY © 2305) . m/z 203 DA A
SREES BRI D Z L LUSME, WHE D~ AANY FUIIFFITHL L Tz, 331 I
T, AL VRO @B RE ) 5 rotundone % HiEE L7-FRIC . BB L7 rotundone
FUIEARBGHIFAELTEY (K¥5-1) . 5233207 L—TF 71—y Jord, v
=2—"CT® rotundone D[FIEX 4.3.2 DY L —T77 )—Y OREE LR TO rotundone
DERICBN TS, FEFIRIZZNENDORY « T L > TR > T3, BITK
%4y 13 rotundone (ZBEEE L TR &7z (X 5-2) o AN T EEEAGE 7 Z 2 (InertCap 1MS)
TiX rotundone & 3EEET. MMES Z A (InertCap WAX) TH iV woody 7% it
rotundone D ELH T T4 2 72D, GC-O TAMI DEFR AT 5 Z L IZR#ETH -
720 RIS~ AR LB ARSI rotundone DO NTARBVERTH 2 EHERIL 7228, b
—INAF a8 T LD — 7 EEE) S RYE KT TOLF/ERET rotundone &

DHDRNEBZONTOT, R b B IERET S Z L EINETH L LB AT,
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unknown

rotundone
218 218
100 203 100
80 - 80 -
= 91 =
fa3 60 105 11 161 = 60
2 “ - 137147 > 91 147 203
4 40 | . 67 175 2 a0 4 o7 105119 o0 161175
[ @
55
E o > 188 E 20 2 189
20 70 120 170 220 20 70 120 170 220
miz mlz

70.20 7040 7060 70.80 71.00 7120 71.40

time (min)

5-1 A L2 UK O Eph SR 4y X 0 Bl L 7= rotundone @ GC-MS &

| white grapefruit peel ] apple
rotundone rotundone
Assd [Masa
7060 70.80 7100 7120 71.40  71.60 3620 3640 3660 36.80 37.00 37.20 37.40
time (min) time (min)
1] mango \Y4 white grapefruit juice
rotundone rotundone
-
7060 70.80 71.00 71.20 71.40 7160 23620 36.40 36.60 3680 37.00 37.20 37.40

time (min) time (min)

5-2 & F 4o rotundone @ GC-MS Il E
LN & scan B— RCHIEL, miz218 THIH L7-A A 7 n~ R 7T A
IVIIm/iz2182 D SIME— RCHIE LA F I/~ FT T A
- =T AR EESE
[, 11: 40 CT543RF LT, 3 C/min T230CE CTHIRE
11, 1V:40 ‘CT 37 FFLC, 10 ‘C/min T 180 ‘CE CTHIR
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5.3.2 HEIEAREAR Sy O

SIDA @ rotundone D% E RN AAERRALEH & LT Siebert S H|E SN TVND
rotundone-ds /. rotundone |Z%F L 1M NaOEt/ethanol-dg 757k CRLER-4 % Z & TS T
W5 (1 53) O, ZOAKEERICITo7- & 2 AL, rotundone-ds DI rotundone-ds
IR O~ A AR MVERTRIVERBDSERT D2 Lot (K5-4) . 2O
AR L rotundone-ds & D~ A AT hLOTEWE, SeOREERSY & rotundone @
TAARY NVOENEFLILTEY | ZORIESDOTEARFLIN TN E DR HE
ORI Th 5D &5 % Bz, Rotundone-ds Z2 SIDA Tfti il L Cu % SCikid sk
£ HiHbOO B ORIERMIZEL TSR L TV DHREITEN 2,
rotundone-ds D /LR EEME D DB LT 5 & FIfA A Z i@ T rotundone-ds 23RS 5 B
(2, PRERAIIZIXFIRELZ 3-epi-rotundone-ds 4K T D B2 bz (K55 ., DI L
6. BIAERMIL 3-epi-rotundone-ds T ¥ . 720 H HEYD RS 1T 3-epi-rotundone T

L EHER L. (X5-6) .

o o
NaOEt D
~ D
ethanol-dg
D5 D
rotundone rotundone-ds

5-3 Rotundone-ds D4k
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rotundone-ds by-product
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5-4 Rotundone-ds F#LEE D GC-MS I E
O
D
D
NaO / Dp D
D ;
NaOEt rotundone-ds
> - D
EtOD >
(0] DD
rotundone A

3-epi-rotundone-ds

5-5 Rotundone-ds > F ik
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Z OHEN & MEES S 72, rotundone-ds D FFELIT 4 & [FIBRIZ. rotundone (2 NaOEt %
TEH &8 THMIRS D3RS % 28T L 72, Rotundone % 1M NaOEt/EtOH ¥ TALEE L
TefER, BRI LR L~ A A7 b LB KLOVRI #F 7 5[4 B 73 rotundone & 49 1:1

REME L TIROLND Z ENnhole (M5-6) . MIEMI 21T 5 7220272 NMR
T =X &G 5 T2, 4B HPLC % W, rotundone & %43 B 43 % 387 7=, Rotundone
IEIEF ARV EIE (8 nglkg, KH) ZAF L TEY ., MiKED rotundone 2RAIE L7-721F
TR B T T 2 ERB X biviziob, HPLC The 5 < SEAITHET
% & 9752 BRFR L7, Rotundone & fi%y B IZFEELOMMEE A L T o7z SRR
PERDSBECE NI TN DT DEANDHZ & & L, mEDNEKIESHET S L 51
DFF V77 5 (250 Chiral CH-S & CHIRALPAK IA) % EAEIZEWCHEHAT S Z &

T, FEER RSy B OHEEICER T LT,

rotundone 3-epi-rotundone
218 218

100 203 100

80 80
5 e 161
= 60 105 137147 ~ 80
2 41 7 2 o1 105 418 7 203
E 40 67 175 g 40 a1 7 7 33 161 175
k] 2 55 189 2 55
£ 20 £ 20 o9 189

0 0

20 70 120 170 220 20 70 120 170 220

miz miz

"7000 7020 7040 7060 70.80  71.00

time (min)

X 5-6  Rotundone % 1M NaOEt/EtOH A8 CHLFE L 7= D GC-MS 4547
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%5y B 4 NMR 5 — % (% rotundone ® NMR 5 —& LHEBILTH Y, plsy B 28
rotundone DNLAREMEATH D Z & &R LTV, s B ONEERET D729
rotundone & f%5y B @ NOESY DLt#g#1T-7- (X 5-7) . Rotundone & %5y B @ 14-H
2175 NOE % [hi4 % & | rotundone (% 3-Hy, 4-H, 6-H,. 6-Hy ([ZHHEI N & 2 DIk}
L. %4 B 3-H,. 3-Hs; 4-H, 6-H,. 7-HIZFERI S Y | rotundone DSZAR{LFIZEED
WTE x5 E, %% B X 3-epi-rotundone [ (3R,5R,8S)-5-isopropenyl-3,8-dimethyl-
3,4,5,6,7,8-hexahydro-1(2H)-azulenone] T 25 LRE LT=, LIzl ~7= L 512, s B iX
RO EEND BOEERY Dy &~ AAXT PAVB LRI A—FLTEY, =

D Z &5 BRI 3-epi-rotundone T 5 & FIE L7,

rotundone B DRFES

routndone 3-epi-routndone

[X] 5-7 Rotundone & 3-epi-rotundone ™ Hy, (Z31F 5 NOE fHES

5.3.3 3-epi-Rotundone O FE SR

Rotundone DO&FXHRFAEIZEI L TIE, 3.3.3 Tk 7= L 512, BB WO, KV R
i3 LU GC-0 1B DIRERIFDEXRLAL & Vo TR FZFFEZ A LTV D, &
7=, Wood 5 1Z X 2 KHEEORIEIZIBNT, £ 20%D /5% U A S A HIRWVIREOR
F} (4000 ng/kg) B8 L T rotundone DB WA TE ool LS TND 7,
DX BRELEMENAR R TH D 3-epi-rotundone HAE L TV D DNREET 572

b rotundone & 3-epi-rotundone M REIMEIHIE R L OFLFHf# T\ 45 Z & & LT,
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Wood 5 D ™12 fiv >, 3-epi-rotundone & rotundone ¢k T o BIfE & = i
(triangle test) (ZTHIE L7z, Fx 23T - 7ZEIEHABRIZIBVTH ., rotundone (2B L Tl
32 A8 A (25%) . 3-epi-rotundone (2RI L Ti% 25 AH 3 A (12%) 3 bIBWVEE T
ENENOENWERMTH LN TE e olz, O, bEWVRE LR TX
NAYVAROY T I N—TFTOREZRH L (R 52) . AEOREBRTHEE L
rotundone DB (5 ng/kg) 1%, Wood & 23#ds L7-BIfE (8 nglkg) & FERICUTVMEDS
vz, —J7 T, 3-epi-rotundone M EEfE (19100 ng/kg = 19.1 pg/kg) &, rotundone & bt
W% &) 4000 5 b mVMETH o 7223, B PICE £ 5 —RIZREXR Y O T
2-acetylpyridine (19 pg/kg) '°=° trans-2-hexenal (17 pg/kg) “?. y-decalactone (11 pg/kg)
M7 & & AR EE O LB R EREE O B C b o 72, BMIEIRIE & [FIRHCAT - 72 Bl AT
FRAHEIZ T, rotundone 1% Twoody, spicy, peppery] & FFfli &7 diZ% L,
3-epi-rotundone i woody, spicy, peppery, citrus, grapefruit-like, powdery, celery-like] & &
fili =417z, Twoody, spicy, peppery | IZii# CTHiE 75 & DD, 3-epi-rotundone | rotundone
([CHAR MR EREA L TWD Z ENgnole, 24RO —EHOFXFHEIZIB T,
3-epi-rotundone IZB VT H, AININTWRVRETITE W ZRMLOH L (IZIFHE
I HND) HWDIEIR b Z 5 Z LA fER Iz, LLED Z & )26 | 3-epi-rotundone

VX EME 2 BRUN T, rotundone EFEELOFEREFEEZA L TWND Z ERDhoT-,

# 5-2  Rotundone & 3-epi-rotundone 7K o1 T o Bl & BE AT U T O F LA

Rl on threshold (ng/kg) . b
InertCap WAX in water® odor description
ani_ woody, spicy, peppery, citrus,
3-epi-rotundone 2305 19100 grapefruit-like, powdery, celery-like
rotundone 2300 5 woody, spicy, peppery

& Calculated as recognition threshold
b Evaluated at the concentrations around each threshold
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3-epi-Rotundone O R OFFERIZEI L Tix, X 5-2 75325 & rotundone LT
ThHY ., AEEE L-BEE B BT 5 & 3-epi-rotundone DR DELR~DEFHEIZHE Y
KELpnEFPHEEIND, LML 5, 3-epi-rotundone (F— %172 B 5% D H Tl
e AR VD% o B i 2 A L. rotundone & kb X ['woody, spicy, peppery, citrus,
grapefruit-like, powdery, celery-like] &\o7z, LIV EMERFELREZA L TCNDLT20, Bl
DEREEE LTI EARFM THDL B2 LD, KR, [citrus, grapefruit-like |
DEREFLTND ZEND, ¥ T AT L— =30 TRIRIED 5O IR 0 B4
IND, ERRICHRERE LTHEHT 12472 o TE, X0 EMICHRTE 2 ko
RN MATH D, 5k, LOBESICAFARICR S TCEIE T, kxR 7 L—r3—~D

IS & RRET LTz,
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54 fbwm

RETIK, Fv—T 7A=Y FL oy Jrad, ~rI—0FXAPCHEETD
rotundone D SLIRFRVE(R & HER & D RS R IRy DR IS TS K OB XFFIEOfEIA 21T -
Teo BRIDRANIAFERYE KT TS EDO /O HBET 2 Z LIZREETH L B R 5
AuTz73, rotundone % IM NaOEUVEtOH ¥id THLELS 2 LA T2 2 &ML, 72H
HPLC |2 & v Hift L 7=, Rotundone & @ 1D, 2D NMR 3 J OVNOESY DIz LV, A
%453 % (3R,5R,8S)-1K Td % 3-epi-rotundone TH B EIRE L1z, KRN D 3-epi-rotundone
ZRE L2 DA R OWERHID T TH 5,

Rotundone & 3-epi-rotundone 77K H1C D EME 2 IE L 727 5 £ £ 5 nglkg & 19100
ng/kg Td 72, F7-. rotundone & 3-epi-rotundone D EFL M DORE R, WH ILEME %
WTHBOFERRMEZH LTS Z &2 i~ 7=, 3-epi-Rotundone |X rotundone & kL
THEROEEEZA L TWD bOD, BianHIZE £ 5 — IR EFX D O TRy
HFEOBMETH Y . Twoody, spicy, peppery, citrus, grapefruit-like, powdery, celery-like| &
Wolo, FVBEMRERER LTSI END, FHOEMRERE LTRSS A HRHFM
ThdEEZLND, FFZ, rotundone & kb [citrus, grapefruit-like ] OFF A2 A LT
HZEND, VETAT LS IZBW TR WK R R S D,

ABFFEIE rotundone DNZARRMEKIZEE T 20O TOMIETH Y | 5% &0 Zh=RAYIZH
BT X B HIEORBEITO, xR 7 L—_— DS EBRE L. s ED T T

WEEZ TN,
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A

Si6

T
[

HEH OWBIFERZEME L, HEBEERDPE LEET T2 BRICB W T, HEREH
B DT E ST LERIZIGZ TN 2 EE, EERICE S TREREERZ L TH D,
BUROWMEFHE OROEME TR ° 24 ~cmiFboitTisy, ZhICL > TR
MERICB T TR 2R LR Z B INTND, TOd, FEER
NIFEEORMOFEREZHR LIZL I RRREDH D7 L — "= HWREh D K
N> T, RIRED

57 L= N—=DRREIT DI oo TE, REORMLDERS)

&
Pt TORMOFRUICHGT 2 HEFXRLD ZMAT 5 2 L BRHATH D, FiC

=
e

HEFKTE L TR, B EToH 20 T2 OITEEM I LB R0 T — 2 215

)
(Y

ENEEL SRIET 2 DM HEHIZNEETH 5 —5 T EEER K ORI
DELRDTERRFIA~DEZRE | RINEOH 5@ BE O 7 L— = ORI IT R
RO LI oTIND,

AFm Tl TRINEZ I8 S 2 M E B B KUy O & 2 oG AMEIZEE T 5 b
el L. AABME L TRICARDOD oML U, £, EEORMTHL 7
V=TT N=> FlLry Jrda v I —OFRGIT e T o BRI A L7 ME R
EERR O & 2 OFMEICE L TE & DT,

FEmTIE, AZEOERE LT, FH BmOEFEXIIT, HEEFEKEZICEL TE
O, Fl. KMBEOEBMBMAN T E R o7, MFOMEEEFQKD
(6Z,8E)-undeca-6,8,10-trien-3-one ( YUZUNONE® ) & (6Z,8E)-undeca-6,8,10-trien-4-ol
(YUZUOL®) D & A FIPED TN B L €, EEE LM O OF] & LTk~ 7z,

BoETIE, UV EOREMEDO—DTHD [HFE] 2okt LT, $hEAL
I TOU Y EOFERUCHF LG T HMBEBEEEKMLT OB L U Y eFQA~DOF A

LTE &z, VHEEREREY D GC-0 X N AEDA #4147\, FD factor 256 3 L O
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1024 Z 7~ 9 FEO HEFH KRS 2 [FE LTz, 9 Ay D, allyl isothiocyanate, 4-pentenyl
isothiocyanate, 5-hexenyl isothiocyanate, 6-(methylthio)hexyl isothiocyanate, vanillin (3%
GIZRIET D Z LB TE T2, 2-isopropyl-3-methoxypyrazine, 3-methyl-2,4-nonanedione,
(2)-1,5-octadien-3-one, cis-3-methyl-4-decanolide 1% 7 ¥ EFXIEMEY H CTOFETE B M E
Tholcled, VBTN IT LI u< N7 T 7 4 —IZ K DU - R ABRE LIRE L
72 TV EHMNSHD TR S 472 cis-3-methyl-4-decanolide O ffast SRR E & . 237K
RO EHKF LT ACTBDMSBCD 7 7 4 % VW= /L GC-MS 73#ric k- T,
(3R,4R)-3-methyl-4-decanolide T& % & RE L7=, (3R,4R)-3-Methyl-4-decanolide 73 KA
MBIAE S NTZDIE, AEIOZHFBHIO T TH D, [FE L Lo 8 o BEEEK Iy
NHLFAH-LEYV Y EARAHEMER AL VTV ERFRAHEMER A I
(3R,4R)-3-methyl-4-decanolide % ¥R L 727 ¥ EFLKEHEM B, B L OV ¥ EHKIENE
YVaEROWTEREME 21T o7z, TOMR, VI EFEXHHER B 13V ¥ U &K
WA Lt L, Tcreamy] A2z 7 @\ L KO Tpungent] DA 27 OJb 2 H S,
WFNORHIHFEICB N TH, VI ERRRMENO A 27 LARERENE Lol T
725, (3R,4R)-3-methyl-4-decanolide 1%, FHAESEIK DEXFHEL KIRO T I EDFEXIE
M OEFERFEICESTLIMREAT L LR RSN, UEDZ &b,
(3R,4R)-3-methyl-4-decanolide 23V HE AT VA LIRS ERHRHDFED OF
BUZHEHICA MRS Th 2 L ftmm O 1o,

FBoETE, S—=TTN=Y ALY Vrd v I —OREREREERES O
R & Z DA AL CE LD, FL—F 70—y FL oy Jod, <o a—
D GC-0 2B W\ THul L T B S 412 woody &4 AT HHENHRMBEERS
B DR A T > T-, AL RO EhARE 5 18009 2 L., JJEA¥E, 30O
YIVATNAT LI a~ 8T T T 4 —BXO 2O EHPLC 2170, #iE 36.7% T H

[IDRAY 1.7 mg & BARE L 72, E4RAE MS 35 L 00 1D, 2D NMR 7> & HERERHT 21T\,
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A4y % rotundone & HEE L 7=, Ml O (—)-guaiol X ¥ SCHEk % 2752 rotundone Z Ak L.
B AE S EAEIERH RS OFFEGHT — 2 PN —B L2 &b AL PR ORARSy
DO % rotundone LIRE LT, S L—T 70—y YA < aA—FhDE U< woody
FHEHTHHERHORIZE LTI, SERBEEWISK L HPLC IZ X 547 B 41T
I LWL, MSEGD Z LTI L, MS, 2fE D T A TO retention index 3 LY
BNDEDATH rotundone & [fl—Tdh o722 & 25 rotundone & [FlE L 7=, SCHRGEHL D
EREND 7 V=TT N—=y ALy VoA, < 3—0F7 AV ZE L,
rotundone Z I LB REFHAMI 24T > 72 & Z A, rotundone [XBIEFHE O E 2T TH -
THHRYET VB OBIRICRE S EEBEEZ MITL, WTHOET VEEHIRB N TS

l'complex flavor of natural fruits] & &% L7= lTcomplex] ™A =7 23[a L, Tunpleasant
taste or artificial flavor (unnatural) | & £ L 7= [discordant ] D 2 =27 3/ L7z Z &b
R EIRED Bk A RIRO R O ARIE ST 28R 08 d 2 Z L RSz, Ll bz &
725, rotundone & 7L—Y 7 L—NN—~ T 52 LICKD, IV RBREDOHD TV
= 7 L= =3 LORMECE QBT DN ATRE & 72 o 7o L a2 7,

BIUETIT, FREENICHFERZ N L—F 7L —YIZERL, AUA M7 L—TF
TN=YBIOE 7 7L =TT =Y DR, RITFOEFEXUZIIT % rotundone o EH ik
FER BREEPAAE R 2 AEDA 0 SIDA (2 L 0 FEHIC IR, & 7 L— T T =Y ORE D
FRIAED ORI 53y 3 L ORI O FZIRMED D GC-0 38 L WNAEDA #1772 L 2 A,
rotundone XTI OFREHZ BT H EW FD factor 27~ L7z, SIDA #1722 H7-0 |
RV D XD R BRI BVERAE T TH 7' F AR Z 57220 KD R E RN
=LA & LT rotundone-d, 3 & Ak L 72, Rotundone-dy s % PNEBIEHEME & L CHW
SIDAIZ X V&7 L—T"T 00— OFRz  Ft 0 rotundone DFFFERZBIE L= & 2 A,
RUA N7 L—7 70— R 2180 nglkg, B> 7 7 L—7 7 b—> BLRZ: 1920 ng/kg.,

RUA T L —T 70— R 296nglkg, B2V 7 L—T7 7 —> Bt 49.8 nglkg T
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b R EOREOTNL N EWghnole, o fAERE SCHkELHE O B (8 ng/kg)
THISTAMETH S OAV TR TH->TH LU EEZ/RT Z &5, rotundone 23 &5
HEKLTWD Z MR Sz, 7L —7 71—y FXITEIT 5 rotundone DR % K
FAFET A7 D IZTORY A T =TT )— Foit & SCHkREHE o E &l & i
LIeR U A 7 L= 70— FX SR O rotundone AN (B 5UFFEEK A)
UL (29.6 nglkg WS, FXHEEK B) # W CHEREFMM 21T o7, BHERHE D
FE AR EEEE B XS FEREEIR A (2, Tfresh) Tjuicy] Tpeely) Tharmonious]
DEENMFEREIZH EL. ATVA ML= TN =Y RHDRAaTIZE3 T ENSho
2o BLEDZ L7235 rotundone 137 L—7" 7 b — Y FR O FHHICNEA 2 HEE LK
43TV rotundone ZHVNDH Z LIZL - T, LYV RREDHLFHI 7 L—T 71—
V7 L= = ORIVEDNARE & 7o T LRI T,

BHETIE, ZL—7 70—y FL v, Jorad, wrad—0FRHPITHET D
rotundone O SZARFEMER & HEM S 4L 2 HIE R DRy ORE R K OERKRHE ORI I B
LTE &z, HHOMZ ISR ELT TIIMMEO 72O BT 5 2 LIZREETH
% L&z B AY, rotundone % 1M NaOEUELOH &R CHLER S5 LA/ T 5 Z & & R
L. Z7HUHPLC 12 & Y HifE L 7=, Rotundone & @ 1D, 2D NMR 35 & U NOESY D Lz
X0 ARpksyr OREE % (3R,5R,8S)-1K T % 3-epi-rotundone T 5 & PE L 7=, Rotundone
& 3-epi-rotundone O7KH TORIE A HIE L72#EH., 44 5ng/kg & 19100 ng/kg T&H
7=, F7-. rotundone & 3-epi-rotundone DFZ AL DAL H:, Wi LB & B\ CTHELL
DEFEZFMEEZA L TWD I &Ny h-7-, 3-epi-Rotundone i rotundone & LLikd 2 & &
WEIEZ A L TWD b0, BETICE £ D — R E K7 O TIIARWEEE O B
BT&H Y.  Twoody, spicy, peppery, citrus, grapefruit-like, powdery, celery-like| &\ ~>7=,

LV EMREREALTOD 2D  FROAMRER L LTRAFMARFEM THD &
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EZxz bbb, FIZ, rotundone & kX Tcitrus, grapefruit-like] OFFHEZH L TCNDH Z &
5, Y I T AT L= A= ZBWNTEW RGN RN S D,
BEDELIDHTIZONTIE, TRETIZZORERH L HOD, WELZORMD
FEROBEOHFHIZEIE->TVARNLOLEE N, AEICEWTRH S
YUZUNONE®, YUZUOL®. cis-3-methyl-4-decanolide [(3R,4R)-3-methyl-4-decanolide] .
rotundone 3 LU 3-epi-rotundone |, [EMOFERXELHI LT LI BRRREDOHL 7 L
— =] OFBIZEHAZREMTHY , WTHNORS b AP THHOFX S Th 5
728, FEFEHRE L. HEFME AT o T g %9 EERofLE & LT, ik LU
RN S YUZUNONE®, 3-methyl-4-decanolide (cis/trans /&4 4h) 35 X OY rotundone
WER SN TNDHA, YUZUNONE®A LG S iz X7 L — /31— rotundone 23l & &
N7 =2 T L= =3B (RIEEICEE, SREFCEE, 70 20— VECE 2 &) P (5%
YT 4 —, ALRE) 7212, 3-methyl-4-decanolide 2ELA IN7=THE T L—r3—
FTF 2—TDbIVREBHOLIVR LI, TENURFI SN TS, Zhb DRy % 3
BEOFRHAERT 22 LIC L > T INETIZRNA Y DT LORREDH H 7 L—
—HAET D ENAREL Ao Te Ay, I HIT, FRIFEEICBIT 2MBOBEETH LER
DFEEZHEIZ, ZNODORSB B 2iE=nTh s, Zhnirbb, RREDH S

EE D7 L—N—DRAIRIZEN D K 5 R BEROFROMIHZIT-> TUVVE 21,
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Summary

Study on elucidation of trace odor-active compounds that enhance natural flavor and their
usefulness
Akira Nakanishi

A consumer trend survey conducted by the Japan Finance Corporation found that current
consumers have a high preference for healthy food, and are more likely to be highly oriented
toward health and safety in the future, in this regard. Health and safety are recent global trends
in the processed food market, and food and beverage manufacturers are actively developing
processed foods that appeal to “natural” according to these trends. There is an increasing
demand for high-quality flavorings with natural flavor such as duplicating the flavor of natural
foods. There is high demand for popular fruit flavorings widely used in beverages and
confectioneries as well as for Japanese food flavorings because of the global Japanese food
boom. To develop a flavoring with natural flavor, it is essential to analyze the aroma of natural
foods in detail and elucidate odor-active compounds contributing to the aroma of these foods.

This study focused on yuzu and wasabi, which are particularly popular Japanese foods,
and popular fruits such as grapefruit, orange, apple, and mango. Although a lot of studies on the
aroma of these foods have been reported, we were not satisfied with duplicating the aroma of
these natural foods. Therefore, we conducted further research on important odor-active
compounds in these foods. First, we investigated the aroma of yuzu to identify
(6Z,8E)-undeca-6,8,10-trien-3-one  (YUZUNONE®) and (6Z,8E)-undeca-6,8,10-trien-4-ol
(YUZUOL®) as trace odor-active components having peely, balsamic odor. The current study
revealed that these compounds enhance the balsamic odor, which is a characteristic attribute of
yuzu aroma, and other attributes; the study also revealed that they are useful odorants that
express the characteristics of yuzu aroma. It was very difficult to identify trace odor-active
compounds such as YUZUNONE® and YUZUOL® because sufficient analytical data for their
structural analysis could not be obtained as they are found in trace amounts in nature, despite
being key components in the reconstruction of the aroma of foods and being used as
indispensable ingredients for the creation of high-quality flavorings with natural flavor.

Taking advantage of the research methods used in the aroma analysis of yuzu, we
conducted the current studies to elucidate trace odor-active compounds of wasabi and four kinds
of fruits and evaluate their usefulness as flavoring ingredients.
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Elucidation of a novel trace odor-active compound in wasabi and evaluation of its usefulness
for wasabi aroma

We investigated trace odor-active compounds contributing to the aroma of freshly grated
wasabi using Maduma, one of the finest cultivars, as analytical samples. Nine odor-active
compounds were identified by gas chromatography-olfactometry (GC-O) and aroma extract
dilution analysis (AEDA) of wasabi aroma concentrate. Among them, allyl isothiocyanate,
4-pentenyl isothiocyanate, 5-hexenyl isothiocyanate, 6-(methylthio)hexyl isothiocyanate and
vanillin were identified readily; however, 2-isopropyl-3-methoxypyrazine, 3-methyl-2,4-
nonanedione, (Z)-1,5-octadien-3-one, and cis-3-methyl-4-decanolide were identified by
obtaining their mass spectrum (MS) with silica gel column chromatography purification because
they were present at trace levels in the wasabi aroma concentrate. The latter two components
were identified for the first time in wasabi. There has been no report on the determination of the
absolute configuration of cis-3-methyl-4-decanolide in natural products, therefore, four
stereoisomers of 3-methyl-4-decanolide were synthesized, and the absolute configuration of
3-methyl-4-decanolide in wasabi was investigated. Chiral GC-mass spectrometry (GC-MS)
analyses of all stereoisomers and wasabi aroma concentrate revealed that (3R,4R)-3-methyl-4-
decanolide (cis-form) and (3S,4R)-3-methyl-4-decanolide (trans-form) predominantly existed in
wasabi. This is the first time that (3R,4R)-3-methyl-4-decanolide was identified in nature. When
compared with the odors of the synthesized stereoisomers, (3R,4R)-3-methyl-4-decanolide had a
characteristic odor (creamy, celery-like). Sensory analysis was performed using wasabi aroma
reconstitute A which was composed of above eight odorants, aroma reconstitute B which was
additionally contained (3R,4R)-3-methyl-4-decanolide, and wasabi aroma concentrate. As a
result, wasabi aroma reconstitute B showed increased “creamy” score and decreased “pungent”
score than wasabi aroma reconstitute A, and was not significantly different in all attributes from
wasabi aroma concentrate. \Wasabi aroma reconstitute was closer in odor profile to the natural
wasabi aroma concentrate when (3R,4R)-3-methyl-4-decanolide was added. These revealed that
(3R,4R)-3-methyl-4-decanolide was a very useful component for duplicating the characteristic
aroma of freshly grated wasabi.

Elucidation of a novel trace odor-active compound in fruits and evaluation of its usefulness for

fruit flavor

In this study, we elucidated an unknown compound having a strong woody odor which
was commonly detected in GC-O of the aroma concentrate of grapefruit, orange, apple, and
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mango. Because of its trace amount in each fruit, approximately 800 g of a high-boiling fraction
of an orange essential oil, which is commercially available, was used as starting material,
followed by vacuum distillation, silica gel column chromatography (three times), and
preparative HPLC (two times); 1.7 mg of the target unknown compound was isolated with a
purity of 36.7%. Based on high resolution mass spectrum and NMR data, the unknown
compound was assumed to be rotundone. Rotundone was synthesized from the commercially
available (—)-guaiol with reference to the literature, and the unknown compound in an orange
was determined as rotundone because all analysis data of the isolate and the synthetic sample
were identical. To elucidate the unknown compounds in grapefruit, apple, and mango, mass
spectra of the unknown compounds were successfully obtained through fractionation by
preparative HPLC on each aroma concentrate. By matching the mass spectra, retention indices
on two columns of different polarity, and odor qualities, the unknown compounds in grapefruit,
apple, and mango were determined to be rotundone. Model beverages of grapefruit, orange,
apple, and mango were prepared based on quantitative data reported in the literature, and
sensory analyses were carried out using model beverages with or without rotundone. Even when
added at a sub-threshold level, rotundone had significant effects on several flavors in the model
beverages. In particular, after addition of rotundone, the overall flavors approximated the natural
flavor of the fruits due to decrease of “discordant” defined as “unpleasant taste or artificial
flavor (unnatural)” and increases of “complex” defined as “complex flavor of natural fruits”.
Rotundone has been identified as an odor-active component in patchouli oil, Shiraz wine, Shiraz
grape (a special grape used as a raw material for Shiraz wine), spices, oak aged spirits,
frankincense oil, and cypriol oil. The current study achieved the first identification of rotundone
as an odor-active compound in popular fruits. Thus, it became possible to create fruit flavorings
and fruit beverages with more natural flavor by using rotundone.

Quantitation of rotundone in grapefruit and evaluation of its usefulness for grapefruit aroma

The current study focused on grapefruit, which is in high demand in the flavor industry,
and investigated the contribution and concentration of rotundone in peels and juices of white
and pink grapefruits in detail. As a result of GC-O and AEDA of the polar parts of the aroma
concentrates of each grapefruit peel and the aroma concentrates of each grapefruit juice,
rotundone showed high odor contribution among all. A stable isotope-labeled compound,
rotundone-d, 3, for which there were no concerns that protonation would occur even under
relatively acidic conditions such as a grapefruit juice, was designed and synthesized for
quantification. Using rotundone-d, ; as an internal standard, rotundone in the peels and juices of
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each grapefruit were quantitated by a stable isotope dilution assay: the levels were 2180 and
29.6 ng/kg in white grapefruit peel and juice, and 1920 and 49.8 ng/kg in pink grapefruit peel
and juice, indicating that the concentrations of rotundone in the peels were higher than those in
the juices. It is known that the aroma of citruses is more abundant in their peels than in the
juices, and the quantitation result correlates positively with this fact. Odor activity values, which
are obtained by dividing the concentration by the literature threshold (8 ng/kg), were one or
more, even for juice, and they proved that rotundone contributed to grapefruit aroma. This is the
first study revealing that rotundone greatly contributes to grapefruit aroma. To assess the effects
of rotundone on grapefruit aroma, sensory analysis was performed using the white grapefruit
juice aroma reconstitute prepared based on quantitative data reported in the literature with or
without rotundone (aroma reconstitute A and B) and the freshly squeezed white grapefruit juice.
As a result, we found that the scores for fresh, juicy, peely, and harmonious of aroma
reconstitute A were significantly increased and were closer to those of the freshly squeezed
white grapefruit juice. These results show that rotundone is an essential odorant effective for
duplicating the grapefruit aroma, and it becomes possible to create a grapefruit flavoring with
more natural flavor by using rotundone.

Elucidation of the stereoisomer of rotundone as a novel odorant of fruits and evaluation of its
usefulness

The current study elucidated the structure and odor characteristics of the unknown
component presumed to be a stereoisomer of rotundone. Rotundone, whose configuration is
(3S,5R,8S), has eight stereoisomers; however, there are no reports yet on natural identification
or organic synthesis of stereoisomers of rotundone. In our previous GC-MS analyses of the
aromas of grapefruit, orange, apple, and mango, we noted an unknown trace compound, which
we assumed to be one of the stereoisomers of rotundone. The target unknown compound
seemed to be difficult to isolate from the aroma concentrates of these fruits because of its trace
amount present in them. Since the unknown compound was generated when rotundone was
treated with a 1M NaOEt/EtOH solution, it was isolated from the reaction mixture by
preparative HPLC. The unknown compound was confirmed as 3-epi-rotundone whose
configuration is (3R,5R,8S) by comparing the 1D and 2D NMR and nuclear Overhauser effect
spectroscopy spectra with those of rotundone. The odor threshold of 3-epi-rotundone in water
was determined to be 19.1 pg/kg. This was higher than that of rotundone, but the same level as
2-acetylpyridine (19 pg/kg ) and trans-2-hexenal (17 ug/kg ), which are popular odorants in
foods, and is relatively low in the class of food-related odorants. Because 3-epi-rotundone has
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citrus and grapefruit-like odor compared with rotundone, it is expected to have a higher
potential to enhance natural flavor in citrus flavoring. This study is the first on the stereoisomer
of rotundone. In the future, after developing a more efficient synthetic method of
3-epi-rotundone, we would like to apply it to various kinds of flavorings.

Results of these current studies show that trace odor-active compounds identified in yuzu,
wasabi, and fruits are useful materials for the development of flavorings with natural flavor such
as duplicating the flavor of natural foods. Because these compounds are novel odorants in each
food, we applied for the rights acquisition of these compounds by patent. We believe that the
compounds will help create unprecedented high-quality flavorings with natural flavor and
contribute greatly to the development of processed foods that have great natural appeal.
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