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> (Perilla frutescens Britton var. crispa W. Deane) X7 V7 LT 27 T

RSN BFRERTH D, FELFMEIIZE T (MT) BbEMmTH 5~
VT NTE REFZLy VITHECAARTER L SN TEY . BARIERGIIGHE S 43
[#F3E] & L CHEFAFICHE A STV,

VY ORI O BABIEZ R TH Y | BT L o THEFEO IR S 5[],
FEMAEUI TR DEE MR ZEBET D E MTRLE 7 =17 a X (PP) BlD —2lT Kk
ELFITDTENTE D2, ¥ Y ORFMOESRREITBEMICHE SN TR Y [34]. ©
NENDOEERERTOME X, BREEFO/n—= XV RESNTETND,
MT BRSSO E A RRIC B 54 2R L LT U B3 U AMBER SR Y LT LT B KA
MR EOBBTN I B—=0 T I TODLN[S, 6], PP UM DWW TITAE S kil
FBIE T O u—=v 7 OGRS T,

YO PP RNEHMA NI LIV SVAFYVL T T A=, J RTESA—
ARHY (K1), ZOXIRT7 =T us) A4 REKE S ORI 3 ORI S TH
b EEND, BlZIE, SVARAFTNTTY AT D, T4 T EA—TT 4 VOEKRY
ThHY, M7 2 U RXVICEENDT R b=V IZEENDL T EA— A2 E | ¥
QITTRT LD LB HY . TNBIET A =ARP U E BIFENRD, 2D KD e
EOEWIEELCFRNZAWS NS T, BEEESCENAMEDNER S, BE~
— VWU 27 FHEA S5 7 L BRI oW T LRSS LTV S
[7]. L L. ZHSDLEMDOESMZEIZRSL TV D,

Tz anN) A4 NEKE ORISR, YR IMRRERT L-7=2=AT T =
VINBAERKISND ETFRIN, AT NAAAL T ) —VETOEEREBE O/ —=T
IFR D70 ETHAE SIUTW D D8] NLE I D B 72 Bk 2 72 B HAEL 2 TRk 3 2 A% K 1L W]
BT TR, ZHDDAEAKREREZH 6T 2 2 L1, O ZRIHED O
ZREMEDRTER SN T E A AZBRET 5 5 A TEHETH Y | Bin X 2 EIC X 54
Yot OF LG O N TR ZREFERIE, AR T2 AN CRERB S TR LN DEER
ERIHT 2GR AW FH B EEICL TG T2 LR TE S,

YDHHT, MTEUEHRS DRV AT AT REERSETHLONREM L S5



B, PENOEAIND VY DORMNTE, RUAT AT e REEET, PP ARSI &
HRLLTEEZ L OE)-7Yry (K2) 2800005 TWa, £70, (B)-7H1
COBMANKRTHDH2)-T o IEmEE LS ENME SN TEBY[9]. (B)-TH e
HIDAMEZ B OFREMEDNH H72D[10]. MRIZITGE L RWRD EBZ b5, (B)-
THR IRV AT AT REERD LT DLV VITIEEENRNI LN TILE TOWE
THOhr> TEO[11], BEDHAEKF T TERY LT AT e REE)-TH L &508L T
HPLC CEET D HENED LTS, (E)-7Hu rOfiEix, PP ANy O &
KLU TV D P, IRFEHO “HEAOMNENERD, LIN-T, (B)-THuri pp #l
KAy DA BEFE TARR T D TRetElXd 528, £ OFEMIIAHTH L, >V @ PP &Y
FEIER Sy DA G EIFZEIX, (BE)-7 V1 v OARBEEOMIAIC L 272285 LB 2 b, 43K
ELTOY Y OREMFHIICB O COISH bS5,

Y @ PP RUHEL 7y DA G RGRRIR T, B2 2/ 0 IR U CHENZ L7z ViR DAL
FERE GC IZ X DR FEM O 6X 1 O X H)ICHEESH TWB[2,12], EERG
TIHEA FFRVERLATF L DA VRIS D &EHEE S L, iEICBiT 57 v m
A Rg EDOAEBHBIRTOHRENS, 2O X 5 RHEITEAIZIZ Y k7 1 L P450 (P450)
2 KD KEBEEGANSLCERICBUS S G % & TSN D[13], P450 1, Mefb-oKkig b, =&
F oAb, BT NF IR E DR 2 TR SOSE AT 28K 7 7 1Y —Th Y | W TIEZL<
O R EH O EGRICEE LTS, Y aA XFX T Dy ) Mo h ., il
LA DFI 1%73 P4S0 & 22— K925 &L PRI N TV 5[14], BEEEDRE S TUV D AEY) P450
D4y FREIE, CYPS1 225 CYP99 & CYP700 HEIC/HM L TVDER, Z<DHLODEEIC
DWTITH R TH D,

AWFFETIEL, ¥ ViR ze VTR L 72 B8R s Rl R (BEST) 9477 U —%%
LT, TNENDORFIMAR O 2 VIR S P450 FALIALY 25884k L. PP RUKE Ak
NTHDHT A TEL—INE ) NTEF—NVOEAERICED B TFEFNLEN O —=
YT LT, £, EERISOFEERE TREN DA EGRR L TS & LTHWY, PP
RO > D REI RS 3 HT DAt e & O TR R IC OV TEE LT,
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HsCO OCH,
OCHj
HyCO g P

COOH
Shikimic acid pathway — m D i e > \Elemicin (€)

=

¢} o (o}
Methyl eugenol H,CO % HyCO % HsCO —\o
> —>
H,CO H3CO OCHj3
= = =

Myristicin (m) Dillapiole (d) Nothoapiole (n)

L-Phenylalanine

1. Y @ PP AUKGIHAL 53 DHEE E & Rt
Do AIH T, PP M ORI PP-em,, PP-m, PP-md, PP-emd, PP-mdn & &K7l7
%o ZORIT,. ENTENDORENER ML IV EIVRAF U IV RAF U
SVAF VU ET 4TS, LIV EI Y RTFUUET 4TS, YR
FLUET A TEF—NE ) NT S EEL I L ERT,

OCH, OCH,

OCHj3 OCH;3 OH o=\ o=\
HsCO o HyCO o
HsCO
=~ x OCHj
T4 T4 4 4
Anethole (E)-Asarone Estragole Eugenol Safrole Apiole
(7 = > )Vith) (¥a v7l) (NTLh) (Favh) (A (=Y )

X2, Zxz=7anN)A REEKE DO O D5
() NIZENENDORRSY & &H T DAEWRE R OB,



FB1E T 47— NVEGKIZEDAS Y M7 v A P45S0 DY
0—=1 7 & HEREMRAT

HBIE T4 T A=V EERICEDAY R a APASOD T B—=
y .J:%\éiﬁﬁﬁmu

Y O PP BUEM ARy DA B RIZIE P450 OB N TFREND, £ 2T, ERI L7 EST
FA 7 Z V=G PASO FLIARLA 2tk U, ARSI O 570 5 R TR BLE 2 ik 45 =
LIZED, T oS — A ERMPICEY YRR TRAENE, T4 784 — /L D&
BRI T 52 LN TRINDBEINEZHER LT,

1. T4 T+ — NV ARRRHE TRIEDS ) P450 BEH| D 2 ERE IR E

BLAST #ZRIZ L > T, EST 74 77 U —76 P450 LIRS & FRISh D 20T 4 7%
W LT, Bk LT3 0T 0 Z ORBEIZ OV T, reads per kilobase of exon per million
mapped read (RPKM) fEZ W TREMRIO B7e 2 2 CHig L7, 74 T A — V525
TeREMTL O RHE (No. 16, 25, 5316) & & ERWIEIIELORKE (No. 10, 12, 5717) & @
T RPKMEDOEN b KE <, T 4 7 B4 — L& & TR0 RN T RPKM fED
KABIR EAEMP OT 4 7 A — /L ORI EEDOR/NBERICHEN R b2 T 4 7
49487 HIEMI L L= (£ 1), £Z T, No. 5316 DL Y M HHH L7= RNA & T rapid
amplification of cDNA ends (RACE) {12 &Y 2T 1 77 49487 % & ¢r cDNA O KES %
PE L, E LT-2ERS % Pf49487 (GenBank Accession No. LC476554) & 4+t 7=,
Pf-49487 132K 505 7 X R (57kDa) Db X "0 Ehka—RL, ZOX LRI E
(21X P450 IZRHEA 22 7 2 U U FRECOCIERE G R T v b S LHEGENLMRAE S 4L
Tz [15] (X 3), BLAST MERDOFE R, PL49487 12T~ (Sesamum indicum) FSRHETE 7
L AFAE R VA% 7 —E (GenBank Accession No. JP653840) & fic & M[AIPEA =)
ST~V TS56%DMREMEZ R LI, 7 r—=27 ST 5 & 3 X (Hyoscyamus
muticus) W7 L AF AR YT AF 27— (GenBank Accession No. EF569601)
IZ CYP7ID55 IC/HEE N5 PASO Th Y, EAXFT AL OBRAEMELT 5 2 L N@ESh
TUWA[16] (K 4) , Pf49487 X CYPTID5S L1137 2 Bk L~V T 49%DARIEIME &2 7~ L 7= (X



3). Pf-49487 1% David R. Nelson #dZIZ X D AKRHI72 50 FEIC IS & CYPT1D558 & &1+
F BT,

F1. arT 4 7 49487 OFZK T & @ RPKM fi

Strain (Oil Type)
Contig 10 12 16 25 5316 5717
(PP-em) (PP-m) (PP-md) (PP-emd) (PP-mdn) ©
49487 0.0824 0.0968 68.4 23.7 56.7 0.325

ClIMT AU CTh D> b7 — & BIZEH R A R 3, No. 16, 25, 5316 D VK5
HOT 4 7 B4 — VORI E BIZENEI 53.2%, 9.0%, 21.1%[4,12],

ID ED SD _____ 4|] 5!] E!] ?!] B.D
Pf-49487 MESDLATATL MVPLIMLLLT YLHRNIERY HUN FkK LPITG-NLFL VSOPPEROrR DLAKOHGPLM ALKLGEVDSr
CYPTIDRE -MOFFSLYST FLFESFEFEL REWRRSHSOS KK- Ak CPLLGSMERM ¥GGLPHHVLR DEARKYGPLM HLOLGEVSAY
BD 1DD HD @ IZD ISD I4D IED IBEI

pf-494n7 LVOSPEINE WLKDNOPLET NRPKSIALEV CUVNYKOIAL CPYGEVHREM RKISTLEVLS BKRVRGEAP] RIDEVSRLVE
cYP71055 YWTSPOMAKE WLRTHDIARA SRPELLAPED VCYWRSDIAE CPYGDYWROM RKICYLEVLS AEMWWRSESST RRDEWLRLWM

1'."D lBD lBD EDD 210 220 ESD 240

Pf-49487 YLNARAARGS AVNLTEKYGT WVES|TOROA FGTVORDKES MLKIVNETLG [VAGYSIADM YPSSPWAPL RWAIRLWLLR
CYP71056 FYRSSTS--E PYNFTERLFL FTSSMICRSE FGRYFKECET FIOLIKEVIG LAGGFDYADI FRSLKFLH-Y LTGMEGHKIMK

25|E| 260 270 280 2490 300 310 320

Pf-49487 LRREIDIYFD DIIRRHESSP T5--SWGEFG DEDLYDWLLR VKETGOTKEP IGYDWIKAIL |OMERGGSET SRALYWHAMT
CYP71055 ARHKYDAIVE DVINEHKKNL AMGKTHGALG GEDLIDWLLE LMMDGGLORP TTHOMIKATI FOMESAGTET SESTLWHAMY

330 340 350 360 370 0 @ 3a0 400

Pf-40487 ELIRFEPVME KAGAEVROVI TSHNEIEEEY TPNLFVLEL] IMETLRLER- LATVINRVER EPREIGGVTY PANVRWAUNI
CYP71055 OMMRNBTILA KAGEEVREAF KGKETFDEND VEELKYLKLY IKETLRLHPP VPLLVPRECR EETEINGYTI PVKTKUMINY

4] a 420 430 440 450 460 470 480
o= 1 L 1

Pf-49487 ik [FROPKSW POPE TERPER FEDQCSFOFT GMADERYIRE GSGRRMOPGE TVELVOWTY] LAGLLYNENN KLFDGVOALT
cYP71055 WALGROPKYW DDADWERPER FE-QCSYDED GRM-FEYLRE GGGRRICPGE SFGLANMYLP LAGELYHEDH KLPTGMEPKD

490 EDD EID @sz20 530 540 560 560

Pi-40457 LNMIEFNGIT TSRKGELIVI PIPFERTSP. .......... R R R :
CvP71055 LOLTELVGYT AARESDIMLY ATRYQRSRE. .......... oo

X 3. Pf-49487 OT I JBRECHNT T A AL b
CYP71D55: & 3 A (Hyoscyamus muticus) HR7 L AFA R YT oA X0 7 F—8
(GenBank Accession No. EF569601), &> 7 DOE L —DOESIO T I J BB —E7
52 LR, HEUAHAOQOL P4S0 ICHMAESIEE T, @7 vy Y v F
fEIK, QEEHFMEGART v b, @NLFEGEL

HO,,
CYP71D55
—_—

X4, I ARV LFTAPTYT
% L — BNl 5 A A RO

Premnaspirodiene Solavetivol Solavetivone



2. Pf49487 DI BiHETR

Pf-49487 BB DR COFMELZHER L, ¥ Y ZHE CREE A e 57-DI2, No. 12

(PP-m), 25 (PP-emd). 5316 (PP-mdn) ®3 V2RI L CH#5E U 7 /L4 A I PCR fi#tr 217>
72o No.5316 TOHBIEZ 1 & L& X, No. 12, 25 TOMIREEEITZNEI 0, 032 & 72
>72 (% 5) s ZOFKNBEFRIZEST 7 A 77 U — RPKM i (No. 12: 0.0968,25: 23.7,5316: 56.7)
REMHOT 4 7 A — L O E R (No. 12: 0%, 25: 9.0%, 5316: 21.1%) (ZxbiG LTz

[4,12],

Qoo =
> o 0w o N

o
N

Relative expression level

o
o

12 25 5316

Strain number

X 5. No. 12, 25, 5316 \Z35\F D Pf-49487 $ 54 DRt 720 78 Bl &



W2HN Pr49487 DX LRy 5L & K BERRAT

5T DI PASO KLY v 8 B % — N5 PA49487 1TOWNT, BERE A AL
THEG AT 5 = L CLOMIEE I,

1. BEREE T PR49487 DX 2787 R B

Pf-49487 % 3B 7 % — (pGYR-Spel) (THHIRIAFR, HIHEERE AH22 BRI Bl L
72[13]c pGYR-Spel I3 P450 :&E CEERE LTI 2 K O ITRGF SN TR Y . P450 DFEHLIC
WL CW5D, FELX X7 'E (Pf-49487) % 100 mM HEPES/NaOH  (pH 7.5) |Zf =+

/v Y —AESE UG L7z, P450 1T —M(biRFE &G T 5 & 450 nm (T IZ AR
ZHOWINARY MV ERT IO, FONT2I 71 Y — A0 CO EANY MLV HIE
THZETPASO BHBLLTWDZ LR LTz, T DORER., PL49487 % FBL S W= Fihk
DI 1Y —AESIE, 448 nm (SRR A 77 L P450 OFHE A o Z LR EnTs (X
6),

0.0060

0.0000

Abs.

-0.0100

-0.0200 ' ' ' '

400.00 440.00 500.00
nm

6. Pf49487 #RBLSETHROI 7 a Y — Aljsy & V- CO ZART FL



2. Pf-49487 OIEREMEMT

Pf-49487 Z 3B S T-FERED R 7 1 Y — AHSy (Pf-49487 A& de) ZHWT, £ 21K
T 7 BEOEMEENENIRE L L THERGEIT 270 blT, BRI ARY %
GC-FID & GC-MS Tt L7z, WEICIVAF L AFVAAT ) —, =L I
W & EIT, ENENEE O—IKBEMIETH 2164 20, 5. 31 834k L7z (K
Ne TATEX—I, FAT )=, VEXRL, FI=F—NEHEL L L ZITITAERK
PR oot ARt E LTPRIN LD —KBEMIMEOREIZIE, % 3 1TRT1k
AMEAHE L THW, SURFIU . AFIVAA L ) —ILD— KBTI 37 5
PERDAET D73, PE-49487 DEFFH UGN AL E RIERITME SR To, NHEE
WL LCTAHA Y — V% 2 GC-FID OAERHEE H> 5ok I FHR A i & (% 2) |
RVARAF UV ERBEELEEERRbES, VIV AE L L& XTE o T,

WIZ, RVAF VBB L U Pf49487 OFEFEMIGD UGHEE T % Rb iz, 27
B2 Y — A3 D P450 OPREIT CO ZEAT M B3R 1.03 uM 72572, K, filtliEzh=R
ke K /ZZ30F30 9.1 pM, 1.65X10° min! M L §HRE &7z, Pf49487 &7 X/ EEKLAI D
FIRMEREWE S ADT L AP A V4% 7 —+8 (CYP7IDSS) X, 7L At
AT EE Le & & OKBIEINEILD Kn B 14 uM Th D | Pf-49487 D I
UAF T AZKT D Kn XTIV ETVME E 72 572[16], Pf-49487 D2 pH 1341 7.5 TH Y

(M8, FLhaFrArvrnYxr4x T Fh—EORIGEHEE L TUW[16],



2. Pf49487 OB IS T

SR

Substrate Product Relative product amount (%)
0\ o0\
H,CO ) H,CO o)
HO 100
= =
Myristicin Compound 20
OCHj OCHs
H3CO HsCO
HO 91
= =
Methyl eugenol
Compound 5
OCHjy OCHjz
HsCO OCHs HsCO OCH;
HO 22
= =~
Elemicin Compound 31

H3CO

H;CO

§ on

Dillapiole

HyCO

(@'%
\

Eugenol

aVs

Limonene

>=/_/2
:

Geraniol




Intensity TIC
0000001 A Myristicin Control
0 T T a |' T i I i T 1 ! i
8.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0
min
Intensity TIC
3000000
B Pf-49487
a
. Ll
1 T L T T T T T T T T
8.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0
min
Intensity TIC
C <Methyl eugenol Control
5000000
0 T T T T T T T T T T
80 200 300 400 50.0 600 70.0 80.0
min
Intensity TIC
D P£-49487
5000000
. L
T T T T T T T T T T T
8.0 20.0 30.0 40.0 50.0 B80.0 70.0 80.0
min
Intensity TIC
5000000
E —Elemicin Control
0 1 T J i 1 I i ! i T I
8.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0
min
Intensity TIC
5000000 F Pf-49487
C
. I
T 1 N T T T T T 1 T T
8.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0
min

10

] 26
80-|
1 G Peak a
80
40
e 163
207 577, J.181
a2 1207L 1, 20 236 268 306 336 373396 427 452 486

30 80 130 180 230 280 330 380 430 480
miz
1007 a
80+
T H Peak b
B804
N 17
407 91 19 179
20 77 163
131
1333 123_1‘1 L hJ 1D6219239 277 301323346 387 429 455 451
AR A A e L e
30 80 130 180 230 280 330 380 430
miz
100 5
80+
o | Peak ¢
B804
b 209
40+
g 177
20] 45, 1
‘35].,53.1._,11112_31‘,53 19210} 549 283 316 349 377 410 437458482
30 80 120 180 230 280 330 280 430 450
m/z

7. Pf-49487 DEEFHERGD GC-MS #i B

A, C. B 133 KOG B
NADPH Z N 2 72 xofc=a hr—
o GC Fv— bk, B, D, F &
NADPH % JIll 2 7= Pf-49487 D5 X
J5D GC Fv— bk, G, H, LlZTh
ENBOSAERMS) (B —7 a, b, )
D MS A7 kL, HWHEITA LB
MIVRFL C&DBAFIL
A )=V EEFNRTL I,
PRFFIRERE] 24 23 D & — 7 | XA YE
DFA T T —I,



#3. BARLIETINT =) —)b
Formula Retention
(Compound Mass Spectra Time™!
Number) (min)
oCH, 00 —
704
H;CO =
’ 40 b 179
4 5 8 77 | 103 ] 13t | 163 | 1 26
L Lo 1 L 1L 1 i
HO 1 1 1 1 I 1 1 1 I I I 1 1 1 1 1 1 1
P (5) 40 60 80 100 120 140 160 180 200 220 240 260
m/z
OCH, 1007 178 1§
HsCO 703
403 . 123
e 8 | T 9I1 L 4 S 4 R e ot - ¢ 50
o 40 60 80 100 120 140 160 180 200
z (8)
miz
OCH,4 1005 N
H3CO OH 703
407 91 19 1
J s s T 133 14T 63 e 29
1 1 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1 1
40 60 80 100 120 140 160 180 200 220 240 260
= (14)
miz
o\ 100 T
HsCO o 703
40
3 osp T e W7 yg 134y N 281 37
HO 1 i 1 i 1 i 1 I 1 1 I 1 1 1 1 1 1 1 I 1 1 1 1 1 I 1
/(20) 40 60 80 100 120 140 160 180 200 220 240 260 280
miz
0o\ 100 IS
H;CO (0] TU§
403 183 qe3
q = ?IT T8t 107 q9g 138147 | 1?1 310 224 239 253 267 280 285 335 385 66
OH I 1 1 T 1 1 1 T I 1 1 1 1 1 1) 1 1 T 1 1 1 T I i 1 1 1 T 1 1 1 T
_ (23) 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
miz
o\ 100 2}
703
H4CO o o 193 77
3 223
5359 €9 &9 108 g2z 133 47 185 g7y 207 253 y
H3CO OH | : I| I| y I I|| | i 1 |I T T T I T # i T | | I | [75] 2
P (30) 50 70 90 110 130 150 170 190 210 230 250
m/z
OCHj,4 100 793
H,CO OCH, 703
40+ 149 77 209
—z c 121
- T o e e e L wm | ke o 31
— (31) 50 70 90 110 130 150 170 190 210 230 250 270 )
miz
o\ 100 -
H,CO 0 703
4[]5 193
T 4153 69 93108 137 165 ,]‘20,72213 253 DE2 300 323 IS5 383 415 434 462 400 50
HO OCH3 LN, I L N I I U L N N A AN U B U ) N L B A I N A N I ) I B
160 190 230 270 0 350 390 430 470
= (34) miz
e . - H[ = .
%1 GCMS-QP2020 NX, Shimadzu CHIE L7- & & DOfE
. SHI = . . .
%2 HIEIX 6850GC/5975MSD, Agilent Technologies & 7213 GCMS-QP2020 NX, Shimadzu % H

WTRHRIZMHTITo 720, AEEW 30 oW TTIEHRFHFBICTAN A Sz,
6850GC/5975MSD, Agilent Technologies TOLRFFRFMZ [ ] NIRRT,

11
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8. Pf-49487 DEEFE UL D pH K A7
BEICIVZF2r (02 mM) #H, pH 7.5 D& X DEKMEL 1 & LB ER
W%, MXEEE L,

Pf-49487 1%, SVARAF VU AFNAAAT ) —N T LIV REE LT, frEfri
HIC—KEERE AN CTE DR TH D Z LR ENTZ, Y YREHTIZIE, S VATV UL
T L2 O KEBREMNIE (IEA® 20, 31) (£ 2) DNVBFET IO LT, AF
WA T )= NRAFINAA Y ) — V% B KIS LI £ (k&8 5) (%
2) IFIFEELRNZ & (M), ATFNANAAT ) =N bAbEY 5 ~OZEHIIEY T T
Pf-49487 N EFRIMBET 2RI TIERWEBZ BN D, =L Iv b, TREEEE LK
BEEOSERMB IV AF U2 HE L L& L0 bHMICD RN R0, =L Iy
VIS A RR UL ENTZS (2,3,4,5-Tetramethoxyallylbenzene) (XIEHHICIFAET DA, <
OIFMPOGEEE Pf-49487 OFEBLEIZIFMBE 720y (No. 16, 25, 5316 O VREHP O
2,3,4,5-Tetramethoxyallylbenzen D& EITZIEI 0.14%, 3.24%, 0.43%[4,12]) Z &M
O, EEREETIERNEBZZOND, LIoh - T, Pf-49487 MEH T+~ 2 = F 72
BUOSERI U AF L o ~OKBIEMIMTHY | ZOISIZ L > TT 4 7 B A —~DH

12



DVERRT 5 L EZ BiLD, Pf-49487 X MT AU CTh 2 U ER 07 T =4 — L3k
BLHET, 7= 7m ) A4 FEKEZL S TWTHT 4 FEF—ARF A7 ) —/uid ki
BLLiginolz, LvL, Zx==17 v ) A REKE L BIEENEL L T D =201k
B (SVRF VY AFAFAL )=, ZLIVY) 2REL LR, NP

ZOWTZA R EEE T U NILDORBDRFEIT 1 DB 2 KB LTe Z &b SEE R L
HEVD EL IRV, EOALE R R TRB OG22 i35 2 L 2VRIR Sz, Pf-49487
LR T CYPTID 20 S M DRI ALER R &S W DOIEH Y CYPTIDI3 (24 S
oY ERKEBEERIL Y B R D 3OO KRBT & R RA) KB T H[17],

Y O PP AEUEIRR D DEGHRKIE, LIy SURFVY, T TELS L,
J RTEA =V EERSICELMRDO Y Y ORZELERNS LI T 4 T EA L,
J N7 EFA = DENENDEREFIET D8BTS A T AOEANCHE> TIFEET S
EWVWIHIFERNELNTZZOIC, 1O HIICHEESHTWD[12], ATFNAFAF ) —/VE
TOEGREZBE MO H Tr a—=0 7S8R T05 Z L b8 Lk % B8
TD L AFINAA G — Vs PP EIEIN A ORIBRAE T 2 WTREMEIZ PR TE 5, LnL
AHFFE T, PF-49487 23 in vitro TIEI U AF L U BB & LcEd & RSO B WENET 2
FNAAT ) =NV EIEE L U COKBEEZNT 2200 0b b3, v Rl U A
FL RV AF T OKRBEMIEPFET 20128 LT ATF AL T ) — LA F
VA ) = DKBEIEATINRIZAAE L2 2 & b LB AsaiBRik & 72 % TREME
HRE T,
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H2E ) NTEA—NVAGKIZED DY NI v A P450 D
0—=1 7 & HEREMRAT

BIET J FTEA—NVARRICEDL Y N7 a0 APASOD T m—=
7 L B

B1ETIE, T4 78— 2RI Etey Y REEICEH Lic Pf49487 O/ vn—=
YT ONWTHRAN, KETIE, / M7 EA— A ZRElRIcEtey Y ZICHE B LR
DHETIT 272/ BT EA—VAEGHIZED 2B ORI HOW TR~ D,

1. 7 b7 EA—VARRT CTRIAEDZ ) P450 AV O 2 ERLSIEE

EST 74 77 U—nb, Wl 74— 2&TeR# (No.5316) ?OFA T RPKM
EA < FEBLED L\ PASOJALIELS | T D 22T ¢ 7 18428 %84k L 7= (£ 4) . No. 5316
DY B L2 RNA ZHWT RACEJEIZL Y 2T ¢ 7718428 ZFde cDNA DA
Ko 2P E L, & O2ERS % Pf18428 (GenBank Accession No. LC596386) & 4+t 7=,
Pf-18428 132K 506 7 X /W (57kDa) o7 b X\ EEa—RL, ZOX R 7H
(21 P4S0 (TR 72 BEI NMRAE S U CU7=[15] (1K1 10), BLAST MR DR, PL18428
X7 X B LUV T PL49487 & e b mOFERIPE (77%) &7~ U IRIC 2~ (Sesamum indicum)
HkHEE 7 L A F AR Y= 4% 77— (GenBank Accession No. JP653840) & &\
MR (59%) Z#RLic, Zr—=v7&NnT\5HE 3R (Hyoscyamus muticus) K~
LAt AE R VT A% —1E[16] (CYP71D55: GenBank Accession No. EF569601) &
37 X LUV T 50% DR AR Lz (K10), Pf18428 1% David R. Nelson #i%(Z
K DRI e 3 FEIEIZ -5 & CYPTID623 & &1 bz,
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4. arT 4 7 18428 DFR MK T L » RPKM fi

Strain (Oil Type)
Contig 10 12 16 25 5316 5717
(PP-em) (PP-m) (PP-md) (PP-emd) (PP-mdn) ©
18428 0.272 0.399 0.359 0.183 36.0 0.116
10 20 an 40 a0 &l T B

Pf-18428 WESCLYATLM APLIILLLIN LUKKRNHRYD YOWPPGHGKL PLIG-NLEL ] SOPEFRSFRD LAKOYGPIWH LKLGELDTIV
CvP71055 WOFFSLYSIF LFLSFEFELR KMKNSNS-0S KKINPPGRWEL PLLGSMERMY GGLPHHYLRD CAKKYGPLMH LOLGEVSAVY

QIEI IE!D IIIEICD IZID IE:EI M.D 15|D 160
Pi-1a428 WSSPEIRKGY FEDMDPYEEM RPESVALEVC WYNYIDVAFC PYGEYWREME KLWILEVLSA KSYRSEAPIR KDEISRLWRH
cYP71055 WTSPOMBEKEY LETHDIARES RPKLLAPELY CYMRSDIAFC PYGDYWROME KICYLEWLSA ENVRSESSIR RDEVLRLWM-

H.D IBID IBID EDID EIID EEID ESID 240
Pi-18428 LHYALARGNE WRLTEMYGAL 1SSITCRSAE GTYCKDKASM IKIVHETLGI SYGESIVDIY PSSPIVAALE WVLKLRLLEM
CYP71055 -FYRSSTSER WWFTERLFLF TSSMICESARE GHVFKECETF TQLIKEVIGL AGGEDVADIF PSLKFLHWLT G-MEGKIMEA
250 260 270 280 240 300 310 320

Pf-18428 RRMIDFVLED LIRREENSPT S--NMGEFGN EDLVOVLLRI KETGOMKERL GYDNIKEMLL DMESEGIDTSISST VIlAMTE
CvP71055 HHEVDATVED VINERKKNLA MGKTNGALGG EDLIDVLLRL MNDGGLOFPI TNDNIKAIIF DHENAGTETSISSTLamva

330 340 350 360 370 m @ 340 400

Pf-18428 LNRNPRVLAK BUBEVROVIT SHGIIEDELT PRLKYIKCIT METLRLEPG SV1IRLSKSE SHEIGGITIP KNVRVAVNIN
CvP71055 WHRNPTILAK AGAEYREAFK GKETFDENDY EELKYLELVI KETLRLHPPY PLLYPRECRE ETEINGYTIP VKTHMYEVH

4IIEI 420 430 44(] 450 460 470 480

Pf-18428 BINRDPNYWP OFETEKPERE EDGUTEDRTG MNDERYIBEG GGXRICPGEA YGTTSUTLIL AGLLYSENAK LEOGVDAQTL
I

¢YP71055 ALGROPKYWD DADMEKPERE E-GCSYDREIG MW-FEWLRFG GGRRICPGES FGLANWYLPL AQLLYHFDWE CRTGMERKDL
480 500 EIID @ EEID EE:D Ef?D EEID EBID

pé-19428 NMIBNTINT SHOBIVIP IBECRATSP. . T
cYP71055 DLTELVGHTA ARKSDLMLYA TRYORSRE-. o i e e e

[ 10. Pf-18428 DT X JEEHNT T A A b
CYP71D55: t 9 A (Hyoscyamus muticus) K7 L AF A0 o 4% o7 —F
(GenBank Accession No. EF569601), £ 7 (aD 5T —>OEHOT X /BN
52w, FaNAHEAOQO@IE P450 ICHHEARESEE T, O7r Y v
FHElk, @QMEMART > b, O~LFEEENL
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2. Pf18428 DR BLHETS

No. 16 (PP-md), 25 (PP-emd), 32 (PA (MT AUEHS THL XV LT AT K& T
WZE TR ) ) . 5254 (C). 5316 (PP-mdn) O VIZBIL T, W5 Y 7 /L% A A PCR
FENT 24TV, Pf18428 Bn' G- DIEBL A 3 Y Rt & & RS LT, Pf-18428 D¥R G-I 3K i
FIZ/ N7 B — L EETe Y VR No. 5316 TOARFFRIZHEILL TR Y | tho PPELO
FfE (No. 16, 25) <° MT B DRHE (No. 32, 5254) TikE<BHInRro7c (K 11),
J N7 A VBRI E T Y Y RHIE No. 5316 D—%kE L Do Tianiz s,
J NT AN EET Y Y R TRBIA T D 2 X TERWS, PLIS428 13 ) N T

EA— VB RIZ B W THEREE 2> TV D ARt R S vz,

1.2

0.8
0.6
0.4
0.2

Relative expression level

16 25 32 5254 5316

Strain number

X 11.  No. 16, 25, 32, 5254, 5316 |\ZF5F 5 Pf18428 #2BW) DRI A 705 Bl &
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W2HN Pr18428 DX LR S HL & KERERRAT

1. BEEREZ - PL1IS428 DX v X7 3B

B 1 B L [FERD VLT Pf18428 HBERF CRELIE, HBBLL X7 E (Pf-18428) % 100
mM HEPES/NaOH (pH 7.5) IS 7370y — A5 E L CRE L, o7
71 —AHE530 CO ZEARY MLERIELIEE Z A, 447 nm ([ZWIUB K Z 7R L, P450
ELTCOR b O Z RS (K12),

0.0080

0.0000 —

Abs.

-0.0100 —

-0.0200 ' ' ' '

400.00 440.00 500.00
nm

12, Pf18428 B S BEIZfRO I 7 v Y — A5 % F T2 CO ZEART L
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2. Pf-18428 DOKELREMEMT

Pf-18428 ZRBLSH 2RO I 7 1 Y — ANy (PR218428 5 de) ZHWT, S ITR
T8 LG E TN ENIRE L L THERGEIT 27D blT, BRKGARYD %
GC-FID & GC-MS THiT L7, ERMDORIEICITFEK 3 DlbEhze vz, WEIZT vF
—, T T, SVRAFUr 2L IRV EEICERDR RS (X
13), AFNAAT ) =) AT )=, VERY, FT=F—NVEEEE L EI
BRI D7 oTz, WEIEREL LCTAA 7/ — /v & Fv e GC-FID OFE%HEE H>
RO IR AR EER S IRT, TEL I, T4 7 EA—E, ZhEhRUE
VERICEHBIEAAM L CORWRER TS —2>F2ob 0 | T O EITKEEESMINL 724k
EWBAER LT (LG 34, 30), MR EIZT A — L E2 L L &M
Linot, SVAFV U, LIV UATENV B VB ETEBISNL TV ARWRER T2
DFTOHY IV AF U TIHED HITKEBREIEA S D 2N K0 LB R & 72 503,
A NFTELT VAIOBORFEITA OKERIZ L B EBD DI H 2% < R Lz bE
20), fLERMERERD AT L OAFVEE T VAROMORERTOKEEL ((LEY
23) R LI OKERIE ((BEW31) IZ XD ERMIFTMETZ 572,
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# 5. Pf-18428 DELFHE G T

SR

Substrate Product Relative product amount (%)
o=\ o—\
H3CO o H3CO e}
OCH3 HO OCH3 100
= >
Apiole Compound 34
o—\ o=\
H,CO 0 H,CO o
H,CO H,CO OH 47
= =
Dillapiole Compound 30
o\ o=\ o—\
HyCO ° HyCO O HCO ° Compound 20; 53
HO OH
Z = =

Mpyristicin
OCH3

H3CO OCH,

By

Elemicin

OCH3
HsCO

e

Methyl eugenol

HsCO

(@'%
\

Eugenol

aVs

Limonene

OH

>=/%

Geraniol

Compound 23; 3
Compound 20 Compound 23

OCHj,
H,CO OCH,4
HO 1
=
Compound 31
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Intensity TIC
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pri842s 1|
5000000 A
T
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0+ T e . oAt
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100 T
8] Peak a
60-
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207 165
g g 583109 97T 10 42091217 263 302306 358 382 414 439461482
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miz

a0 80 130 1

100

Peak b

307330 355 391 425449 478
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m/z

Peak ¢

5 53 79 107 135
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miz

100

Peak d
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100 -
80+
ol M Peak e
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40+
50 gy TR ‘77
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4 13. Pf-18428 DEEFE S D GC-MS i F

A. C. E. G IREFEMISIZHiEESE NADPH #1272 /h» 72> hr—L® GC F % —

k. B. D, F, HIZNADPH % /il x 7= Pf-18428 OEEFE D GC Fv— b+, E L F, G

& H O EOMAITZENENIRFRRRH] 66 73T & 31 ik ddkX, 10 J. K. L,
M FENENSONERY) (BE—2 a, b, ¢, d, &) D MS A7 [, L& M (E—

Jdle) FNvITITUL RERELIZMS A7 hb, FEITA L BRT EA—

N, CEDRTATEA—N ELFNRIVATFT T GEHMPZLI Y, REEE

M 24 53D — 7 IINEHEED A A &7 ) — )L,

Pf-18428 1%, T A —/N, T4 TEF— ), IVAFT L, 2 I U HEL LT

KB AAIN U7z, LU, AKEEESEADOAE R EMEIT Pf49487 13 L Tiie<, 2
YRAF a2 FEBIC LIz & S ITMBOMERMERZ KT 5 2 LR ST, Pf-18428 &
[A] U CYP7ID (Z/3¥E S5 P450 121F, Pf-49487 (CYP71DS58) °VU & % v 3-/K{L R
(CYP7ID13) O X D IIMLEFEEOENE OB H DAY, PE-18428 D X 5 ITHE D Bk
ZERTDHDEOLHD, L IAAHRKT VAT AR Y FF T —E (CYP71DS55)
X, VAT AE R Vo 2 EICT D EALER RIICKEET D2, 5-m -7 X b
o BT D LOBRONERMAZ AT D 2 EAHE STV 5[16],

T LIV EEEIC U L XA UMEOKEBEMINE ((E&9 31) 1% No. 5316 D
FEHICATE L, 2 OKRBENR A MR U EICB S bEm b RS & LTEET S
ZEMB (M9 [12]. WEHTTH PR18428 N L I v U E L5 REMIZH D, L
L, T LI ATA MR VEBMIMLIALEWRIT ) ST eV BB ET T 4 T A —
NEETRBETHD No. 16 (PP-md) =° 25 (PP-emd) (ZHHFFET H03[4]. T D DRHE
(2 PE-18428 [FFBLL TWARWNWIZ E0nh |, =L IV UAKBEZ T 5 RIS EICH 5
T HOIL PI-18428 TlEWE B X bID, L7zd> T, Pf-18428 HEM T I fibld
LEOSET A=, T4 T A=, S Y RATF L rO— KL EZ LIV, BERSULD
FEHER R B, 78— VA E & T 5 OGS T Lo W ATREME DS R ST,

23



Fo, S NTEA—AEEDLRETHD No. 5316 OFEFIHFIZIZ, / T EA—L LD
HLEEDT 4 TS —ANEENTND Z ERRE SN TEY[12]. AHFFED No. 5316 D
KO GC-MS ST OFER NI T EA— LD EEFENTWDH Z EAREn (K9),
INLEZETDHE, PLISA2S X/ T VAL OAEBRIIE D D KEELEESR TH D AN,
ZOFEEIERDEEIIT 4 F 84—V ET SOl EFTHY, K 14 (TR T LI

RVAFUUPLRIE LT b7 EF—VZED ZOOEARBRKICEAET 5525
o,

U RF T PR49487 12 KV LERFRAITKERIL SN TT 4 7 A — /b~ DK
LB 20) & 72 273 P-18428 & Z DJUS Z il U TILEM 20 AR L, & 512 Pf-18428
IIALE R ((BAY 23) bAOBAR L TT A — L ~OHhBREZ AT 5 L HER S
5 (K 14—1), ZHHOKBEMNEIL O- A FNVEEBHEZEOBXICLV T 4+ T4 —
WRT BA— N~ EREIND & TREND D, KEBEMIMEDEREEZZEX DT 4T
EA—NDOHRTEA—NVEV L ERTLEEXLND (¥ 14—2), T4 TEF—V
ETEF—MIEDL LY PR18428 DIEE LML, T4 TS —MTHEVEE L LT
HE SATITHIMPIZEE T 201 LT, TEA— LT LD 2B E LR SND
ZEMBEIMTOEERE LTEIAR D ETPRISND, 2D X 9IT Pf-18428 DHEFr

BMEORHE S| No. 5316 OFFIMORLSY F BIE GC-MS 7347 T b AL X 9 e Ric 2 %
EBZzond (K9, K14-3), LA 20, 30, 34 1% No. 5316 DFEMFICHRTEZ 5 Z
Erby (B9, / FTEFA—=ANRIOXI R OORBEEREH L TEARSIND Z &
PRSI D, (LG 23 BRI S e d o 2Bl & LTt 2 OERED A
THDHZER,AERTDH LT CICT EA—ICEBREIN THRHEBARUT 25 Z ERNEZ
b b,

FER ORI L > T2 THY . /) ETEA—LEELRI VATV U2
FRVEVIRELH D Z LA B[18]. KM AAER T D Ry DFEEHD 7 TITAE G AR O
FFEIXTER, Ledd> T, 4 PP ARSIy DA G RIS T, FPRIILD O-
AFNEEBHELZOS Y oD a—=v 70, Bl DM BT 2% Pf-18428 ICHMLIL
72 P450 DERFR A LT, Zh 6 DOEEFR D EE N E DRy BN RUSPEIZ DU TEERE I iR
Hro T2 2 EREEE D EEXOND,
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o\
Pf-49487 H,CO (0}

+
Pf-18428 Ho
o=\ Z
HaCO o
Compound 20

U4
Myristicin \ HyCO o
Pf-18428

OH
=

Compound 23

1. Pf:49487 & Pf-18428 2 L 0 ALEW 20 AR L Pf-18428 12 K W (k&M 23 H Vb EAKT 5,

(e}
Pf-49487 o N
Hsf

+ CO 0 H3;CO
Pf-18428 HO ¥
/ Z HiCO
o\
o

2
HsCO Compound 20
Dillapiole
Y o\
Myristicin \ H3CO 0 HcO o
Pf-18428 >

OH OCHj,

P =

Compound 23 Apiole

2. AT L 72 HAKEEIEMIMEDERKEN S, T4 T EA— L T A — L OERREIX
FATEF—= A>T EL—LEHEEEIND,

3 0\ 07\ o\
Pf 43487 H3CO 0 H3CO O Pf-18428 [ H,co (e}
Pf-18428 HO HaCO OH
_ H3sCO P
o\ ~Z o=\
HCO o Compound 20 Compound 30 HsCO o
Dillapiole
_ HaCO OCHj
e o\ om\ P
Myristicin \ HaCO o o HaCO o / Noth o
oy othoapiole
Pf-18428 \%H e ) o oo,
% oo Pf-18428 Z
piole
Compound 23 Compound 34

3. AREIIT AT A=A >T EA—/L, Pf-18428 IC X AWMEBEIZTT 4 T4 — A< Tt
F—=nNTHDHZLENE EHTOEEIZTT 4 74 —1>>T EA— L PRI, Zh
TEBORDERE—ET 5,

X 14. HEEIND ) N7 EA— L OELRRRK
HEE & RKENE O- A F VISR RESR OB 5-23 T4 S 405 KOt
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4 H1 Pf-49487 L Pf-18428 O I J BREIAI ELER

AHFFETY m—=2 7 L7z Pf-49487 (CYP71D558) & Pf-18428 (CYP71D623) % 77%
OARFEWEZ R L7y, B R RYEC KRGS A DAL E R VEIT R 2 > T e, £Z2T
SOT I/ BRESN & i LT, FFRMEA~OR S HERI S DAL OV TER LT,

ZOORFIMTT X JBROEVE 113 2 FTd D FAU 5 PASO ITIRIFRO R BEIR 2 5D
BoHI A2 340 LTz (1K) 15), PE-49487 X° Pf-18428 &[] U CYP7ID IZ 3 EH S5 ~%
— =V b (Mentha X piperita) HIRY €3> 3-KEE{LEEE (CYP7IDIS) & AT I K

(Mentha spicata) H1K U ExR 2 6-KEE{LEESRE (CYP7IDI8) &, H\WMZ 70%DHEFEM: % 7~
TSSO BRI R 5, MERFREMEICES 55 E LTiE, U EX Y 6-KkRL
P22 3\ CTHEE B R ARAL-5 [19]0D Phe363 % Ile [CEHAT 5 &, U ER LD 3ALEK
WAt 2 KO ISR RN T 25 Z L BR|E SN TWDH[20] (KM 15R=44), F7-.
IRV AT AR AR —8 (CYPTIDSS) X, BEAFT LR vy
Z—BThrZN\afk 5-2-7 VA s v Fuxv 7 —Boldzs Lics/m

—= U ENTR, T OWTHEERGRENL-S OXIST 57 2V BE ANER, T
LFAER VAR —ED Val367 & Ser ICEHT D & UG ONLERERMEIIE D
ST EISNFENEALT H[16] (1598 =4), Lo T, Pf-49487 & Pf-18428 DXt/ T 57T
2B IEE ORI B 5 A D TR H D,

Flo. BERGRT v N EE0HE RERRGAI-4 [19] T, Pf-49487 Tl Ala 78 =D
B LTV D DITKE LC Pf-18428 Tl Ser-Ser-Thr & 72> TV, 7 X/ FE{AISH O 2B
EIEOHR O (15 /A,

P450 (22U Tid, — A L ORLAIORS S HE I Hl 3 2 Frn it S CiEn 223,

HEFAEERL CRUSORFREEZRET DT I /BRI, V777 IV —X/REIC k- T
K& BB, Lo T, Pf49487 L& Pf-18428 D FLET0/K Ik KL AN & OO FLE 2 vk
EDTHT I VBENLNIT H70I2IE, 5%, RALA VAT v BV TIERT X JBO
AR AR B ANEZ WAL ETH D LB biLD,
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Pf-49487
Pf-18428
CYPT1D55
CYPTID15
CYPTID18

Pf-45487
Pf-18428
CYPT1DG5
CYPTID15
CYPTID18

Pf-43487
Pf-18428
CYPT1D55
CYPTID15
CYPT1D18

Pf-43487
Pf-18428
CYPT1DG5
CYPTID15
CYPTID1B

Pf-49487
Pf-18428
CYPT1DG5
CYPTID15
CYPTID18

Pf-43487
Pf-18428
CYPT1D55
CYPT1D15
CYPTID18

Pf-49487
Pf-18428
CYPT1DG5
CYPTID15
CYPTID1B

15.

ID 20 SD @40 50 B0 70 80

“TNESDUAT ATCMVPLIML LLIYUHINAN FRVEVNEPPG PRKLPITGNL FLVS-DPPER SFROLAKOHE PLMELKLGEY
---MESGLY- ATLMAPLTIL CLTWUWRERN HRVOVOREPRG FEELPIIGML HLIS-OPPFR SFROLAKOVG PIMHLKLGEL
---MOFFSLY SIFLFLSFLF LER-KWKNSH SOSKK-QPFG FRELPLLGSM LHMVGGLPHH VLROLEKKYG FLWMHLOLGEY
MELLOLWSAL TILWWTYTIS LEIMGWRKPK POGK--FPPG FRRLPLIGHL HLLWGKLPOH ALASYAREYG PVAHYOLGEY
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LVHIWATHRD PMYWPOPETE KPERFEDQOT FOFTGMHORR “IRFGGEKET CRGRAVGTTS WTLILAGLLY SEWAKLFDGY
MyVIALGRD PRYWDDADNE KPERE-EQCS YOFIG-HNFE YL | CPGRSFGLAM WYLPLAGLLY HEDWKLFTGM
MIKISMGRN PLYWEKFOTE WPERE-DOYS KORMG-HOFE FY | CPGEWFGLAM WEYPLAGLLY HEDWKLAEGM
FIMNVIAIGRD POYWEDPOTE RPERE-CEYS RORMG-HORE FIREGAGRR] CPGRHFGLAN YEIPLAGLLY HEDHWRLFOGM

4@0 EQD ERD 5%0 . .
DAL NIl W L RE LT s e
DACTENUTEN: TRV SER0D. BINIRIRFER ATSR. ocon vvvvvvins vvvviminns sovvvssvsns ovosvervss
EPKIERL T VEVELARECD EMEBAMIRORE SRE. . ..oo0 coviiiinn s i i

FPSIMENCRS . ER BGTL BN WSRO S5, oovn vvverien viaiion wisiiis wiinivi
TSSO SGEREN ORI RS B e e e ey e e

—

ra—= 7 L4 E CYPTID OT I J BBEAIT T4 Ak

CYP71D55: &t 3 A (Hyoscyamus muticus) K7 L AP A0 oo 4% o7 —F

(GenBank Accession No. EF569601), CYP71D15: ~*/X—=X > | (Mentha X piperita)
Hiok U R o 3-KEE(LE#SR (GenBank Accession No. AF124817) . CYP71D18: A7
> I (Mentha spicata) B2k Y £ > 6-/KIki#3 (GenBank Accession No. AF124815)
B 7 @ EHEOERITLOORINTENENT I /R 100%, 50%L E—9 5 =
EERT, BEMNAAALAOQOIL P4SO IZFHEMLFSISEIR T, O7r Y Y v T

I, QERFAEE AT v b @D EEML, fkt TR IHEE S EREREL 1~6, JRHL

(@) EHR=A (V) ITREDRFERIE~D BTG AHER S 5 & T,
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e A0

AWFFETIE, YO PPEIEIK D TH LT 4 74—/ N T EA— VDA
B 53 5 KEREBER TH D PAS0 27 u—=" 7 L, & OGO TR RN B 4 A
R EDRHEAEIBINNC Uiz, Fio, ¥ VRl OESRTEIEOFE LR L, 7 ==/
TR A REkE S OREMAST OMIBEAIN S 70 5 B IZ DV TR 7= 2 R A 1572,

Pf-49487 13, I U AT ¥ NKIIE LB RTINS 52 L TF 4 Z 84—/~ D
R Z BT 2 P4SO TH Y, ATFNANAA T — AT L I v bE R AR ERL
L7z LD L, AFNAA LT ) —ZOWTERATFNAA T ) — AR EIEE & LT
REOSERD BRI SR L b, Flem L I AT OW TR & & &5
BLEICHBEA 72 < RUEHE BN Z & 06| PR49487 ORI TOTEE ARG Tl &5
2712,

Pf-18428 |&, 7 A —AR0F 4 T B A — /WK ZINT 5 Z & T/ M7 EA—/L~
DOREEZERT D P4S0 THDH EEZXDBNDHNN, Pf49487 L 0 HARUVMZERRIETI Y
AF oL LTRIG L, MEDMBERMEREZ AR LT, Y OBMORSEEDE
BT D&, /7 T EA =T PE18428 IS 5 SUSIZ Ko T U AF L o byl
5 OO0 EIT L TAEBSKIND AR R STz,

ZOD P4S0 OT X BEEFIOFAFINEIX 77% ToH Y | BLFIO ik b HE R R E A~
DN TSI N D EALA R ST,

LLE, ABFETIE, 7 == T mss ) A Rk 2 b ORI O L6 Rkt B AR o0 —B)
ERDIA AT, TV DME D A ZIRAREIEEY O N TRYZ2APERTEIC b % 5T
LEEBEADND, £, AWETZ v —= 7 LICEHIN 72— R4 DB, 9 50K
W ELE ARSI B U TR ML E R SRE ARV IR R R 2R L7 2 &b | SUSDALESRR
HEORRYEICHOWT I D FEMICHRETT 2 2 & T EBRRMOFTE L 20 15 5 8 E %
HOALEW D BRI TR X 23RO R B BAER S~ OIS & I S
o,
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<KEFF L >
AKIFGETHWIZTRTO U VL, BRERFRFBEFE AR CHFE MA@ 0K L, H
REMEFF LN OHEE LT2[21), R LY Y ORFEEH T & TN ENORmAILE 6 O
DO

6. FEBRITHNT- Y R LRI

R bRl

10 Tl I+ U RAF T (PP-em)

12 R U AF > (PP-m)

16 RUVRAFVU+T 4 T EA—/L (PP-md)

25 TL IV IV RFUU+T 4 T A —/b (PP-emd)
32 ~NYALT LT K (PA, MT )

5254 77— (C, MT &)

5316 SVRFUUHTFT 4T EF—+ ) T EA—/L (PP-mdn)
5717 77— (C, MT &)

<P450 JELIE S D 7 0 —=2 7 >

EST 74 77 U —I3/¢ & DNA WFFERTICZGE LR THIZE TIERLL 72 & 0 2 T2 [6],
EST 74 77 U—/»b BLAST MFRIZL YD P450 FELIES 2L, 2D ORIES
RPKM fl & AW TRALHE Tl L7z, 7 ¢ 7 A — 2 &TeRk#t (No. 16, 25, 5316) &
ZHRUSO R T RPKM EICH S REREVBR OGN T 427 49487 &, / R 7 EA
— NV EETeRHE (No.5316) DT RPKM EAKRE W3 T 1 718428 AR & L7z (&
1, #4),

T & U= BOBNE > Y i 3E D B 1572 ¢cDNA 2882 RACEJEIC LW 7 n—= 7L
720 UTFOEBRICHNZT T A ~—I3FE 7IZ/RTEY ., cDNA X No. 5316 D/ HfeEHE)
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© RNeasy Plant Mini Kit (Qiagen) THifi L 72 RNA % RevTra Ace (Toyobo) & add2 77 A1
~— TG L T 7, PCRICHW =TT A ~—13 49487-f1, 49487-r1, 18428-f1, 18428-r1
T.EST 74 77U —DIE#HRE S EITKET LTz, 20T ¢ 27 49487 12D\ T, ISR
% :02uM 77 A ~—_ 0.2 mM dNTPs, 0.025 U/ul Blend Taq (Toyobo) ., {RE 71 7' Z A :
94°C 30s — (51°C30s, 72°C 60)X30 H1 7 /L — 72°C60s, 2> T 4 7 18428 IZOW T
. BOSHGHRL : 0.3 uM 77 A ~—., 0.2 mM dNTPs, 0.05 U/ulr Taq (Toyobo)., {EJE~7 =
7T :94°C 1205 — (94°C45s, 57.7°C 455, 72°C 60s)X35H 1 7 )L — 72°C60s, 7
A a—27 RO EBRIKEOFE ., EST 7 — % _X—2n b5 5 N 72E8 0O S O #
E—HT O PR SN, BREVNZGDT2DI, 3T 47 49487 ([ZOW TR
3"RACE & 5-RACE % . 21 7 1 2 18428 [Z O\ TIX 3-RACE 217> 7=, = T 4 2 49487
? 3'-RACE TiL 7 7 A ~—IZ add2 & 49487-f2, nested PCR D7 T A ~—|Z amm & 49487-f3
% =, PCR BUSIERAL : 0.2 pM 7 Z A <~—, 0.2 mM dNTPs, 0.025 U/ul Blend Taq

(Toyobo), {7127 T 4 1 94°C 100s — (94°C30's, 55°C 30s, 72°C 60 s)X30 %A 7
Jb — 72°C 60 s, nested PCR DIRE 7 1 7T I 94°C 100 s — (94°C 30 s, 52°C 30's, 72°C
60 $)x30 % 7L — 72°C 60 s, =T 1 7 18428 ® 3-RACE TIL7 7 A ~—IZ add2 &
18428-f2, nested PCR D77 A ~—|(Z amm2 & 18428-f3 & F\ 7=, PCR SUGIEAAL : 0.2 M
7'J A ~—, 02mM dNTPs, 0.025 U/ul Blend Taq (Toyobo), {RFE~7'17 7 Z 2 : 94°C 100 s
— (94°C 30's, 66°C 30's, 72°C 120 5)x30 # 1 /L — 72°C 120 s, nested PCR DIJE 7 1
77 5 94°C 100 s — (94°C 30's, 58.5°C 30's, 72°C 90 8)x30 ¥ 7 /L — 72°C90's, PCR
R T T e — A 7L TEEAWKE) L NucleoSpin Gel and PCR clean-up (Macherey-Nagel)
THEH% pTA2 X7 X% — (Toyobo) (ZHHAIAR, BLHIEMNT LTz, 2227 ¢ 7 49487 |ZD
WTIE#EVWY T 5-RACE 21727, 77 A ~—IT 49487-r2 £ 7213 4948713 & [ TRIERIC
W HAE. L NucleoSpin Gel and PCR clean-up TFHL L 72, 0.6 U/uL TdT (Invitrogen), 0.2 mM
dCTP (Toyobo) TR Y C f4i#:, 77 A ~—I|Z Sann & 49487-r3 £ 7213 49487-r4, nested PCR
DT T A ~—I|Z amm & 49487-r4 % I\ 7=, PCR SSEAARRIE 3-RACE & [Flfk, 1RE 7 1
77 1N 194°C 100 s — (94°C 30 5,50°C 30 s,72°C 60 5)x25 #A 7 /L — 72°C 60 s, nested PCR
DIRET 7 7 Z 20 94°C 100 s — (94°C 30's, 50.5°C 30 s, 72°C 60 5)x30 1 27 /L — 72°C
60s, T (2 49487, 18428 # & L ITIG LN BRAY A4 Z I E 4 Pf49487, Pf-18428
LT 5,
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#7. FEBRIIHNT T4 ~—L 2O

TIA~—4 L2
add2 5'-CCACGCGTCGACTACTTTTTTTTTTTTTTT-3'
amm 5'-GGCCACGCGTCGACTAC-3'
amm?2 5'-CCACGCGTCGACTAC-3'
Sann 5'-GGCCACGCGTCGACTAGTACGGG(I)1)GGG(I)(1)GGG(I)(1)G-3'
49487-f1 5" TCCGTTCCGTTCCTTCAGAGATCTCGCG-3'
49487-r1 5'-GGATGCCTTATCAGTTCAGTCATTGCC-3'
49487-£2 5'-AGAAGGTCGGCACAATGGTCAGCTCCATC-3'
49487-3 5" TGTAGGTCTGCGTTCGGCACGGTGTGCAAG-3'
49487-12 5'-GTAATTGTACCAGCAGACCTCTAGG-3'
49487-13 5'-GGATCATTGTCTTTGAGGACTTCCTTC-3'
49487-14 5'-CGATGACACGAGGAACGAGTCGAC-3'
49487-f4 5'-ACTAGTATGGAGTCCGATCTCGCAACTG-3'
49487-15 5'-ACTAGTTCACGGTGATGTCGGTTCAAATGG-3'
49487-f 5" TGGTGCCTCTCATAATGCTG-3'
494871 5" TCTGAAGGAACGGAACGGAG-3'
18428-f1 5'-GTCTTGTAGCCACTCTGATGG-3'
18428-r1 5'-ATCGACGAGGTCTTCATTGC-3'
18428-2 5'-CGTTGCCCTAGAGGTCTGCTGGTA-3'
18428-f3 5" TCTCGTCTCGTCAAACACCTCCAC-3'
18428-f4 5'-ACTAGTATGGAGTCCGGTCTTGTAGCCAC-3'
18428-12 5'-ACTAGTTCATGGTGATGTCGCGGGTTC-3'
18428-f 5'-GCACGAAACTCTGGGAATAAG-3'
18428-r 5'-GCATCCTCAACAACCTCAGC-3'
Histone-f 5" TCACGAACAAGCCTTTGGAA-3'
Histone-r 5'"AAGCCTCACCGTTACCGTC-3'
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<FERE T OREMIELS O FEBL >

Pf-49487, Pf-18428 IXF#FF NADPH-P450 &2 cf#5 & Spel 7 v —=2 7% A N5l
BREHORT % —TH 2D pGYR-Spel[13\ZHLAIA A TZ, PL49487 137 T A ~—
49487-f4 & 4948715, PL-18428 137 T A ~—IZ 18428-f4 & 1842812 % Fl\ C R HH %
g L 72, PCR BUSEALAL : 0.3 uM 7°F A = — 0.2 mM dNTPs, 0.02 U/ul KOD-Plus (Toyobo) .
Pf-49487 \IZOWTDIRE T 1 75 L 1 94°C 100 s — (94°C 155, 52.7°C 305, 68°C 90 5)x25
YA 7 — 68°C 90's, Pf18428 \ZOWTDIRE T 11275 I 2 94°C 100 s — (94°C 15 s,
55.3°C 30's, 68°C 92 5)x25 H A 7 /L — 68°C 92's, PCR FEMIZ pTA2 X7 & —|THHAAIA Fx
Bosl % feadt% . BERE AH22 FRIC LiCIVE CHE A U, M X BERHIXSEATARSE[22] 0 D (28S
BLIZnY—LESE ML, 70 Y —AFE45 T 100 mM HEPES/NaOH (pH 7.5)IC
B L, 75 £ T-80°C TIRAE LT, DN 7 1Y — AHS TR AT e m
71 UV1800 (Shimadzu) T CO 22 A7 ~LZHIE L, 450 nm (ZWIUBR KRB SN2 b D
ERERC WD Z L TP450 & L CoOEMEZ MR L7Z[23],

<FEF UG E GC-FID, GC-MS 2341 >

FERPOSITRA LT ARBRE T 1 ml ORJSHET TIT o7, USEOAMKIE 50 mM
HEPES/NaOH (pH 7.5).0.5 mM NADPH, 0.2 mM DO RE | 2.0 (Pf-49487) & 721% 2.6 (Pf-18428)
mg/ml OFEEHL, 30°C T 15 oA o F=2X— MMk, WEHERE L LT 12 nmol DA A 7/
—VEMZ 2ml ORHZ T3 EFIH L, ~2F VEIEEE DT MgSO,s THiik#, %=
F CIME L GC-FID (G5000, Hitachi) & GC-MS (6850GC/5975MSD, Agilent Technologies
7213 GCMS-QP2020 NX, Shimadzu) T DB-WAX 77 7 A (60 m x 0.25 mm x 0.25 um, Agilent
Technologies) % AN THMHT L 7=, GC-FID 5&f4: : {2 A LHEEE 180°C, i HHERIESE 220°C, 7
Z LIRFE 100°C — (5°C/min) — 220°C (85 min hold), ¥ U 7 H AT~V T A I T A
BT 1 ml/min, GC-MS £ : AR 180°C, MHEHEE 220°C, # 7 AR 100°C
— (5°C/min) — 220°C (60 min hold), ¥ ¥ U 7 T AII~V v A 7 A&l 1 m/min,
GC-FID T b7z B — 7 OMHXHEE A b & x4 B L, GC-MS TH LT
PREFFFRISO~ A AT PV EFEHRS MS 7 —% 747 Z U— (NIST11 F721% NIST17;
National Institute of Standards and Technology) & tbiid 5 = & TILEMZFIE LTz,

P1-49487 O ISR ERLDOWNE D T2 D DEEFR N T, 0.2~10uM DI Y ZF L 0.8
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mg/ml DRI % ETe 1 ml ORJSIEF TIT o7z, R ERBRIZEEL . GC-FID T InertCap
WAX 517 2 (60 m x 0.25 mm x 0.25 pm, GL Sciences) % I\ To#1 L7=, GC-FID 514 :
AN OTRE 180°C, FrHZRIEE 220°C, /17 AR 100°C — (5°C/min) — 220°C (40 min
hold), ¥ U 7 HAIEIA~Y 7 A, BT AfiEIE 1 mUmin, JEFE S 3 BT 21To72, 2
7 v Y — LD P4S0 DYRFEIL CO E AT MLVOFERN B EAEREL 91 mM-' em™ Z
TR 7[22],

Pf-49487 O =i pH OHIE (pH 6.0~9.0) D 7= DEEFZFGIE. 1.7 mg/ml DRI %5
o 1 ml OISR CTITo 72, EEFRBRICAAEE L, GC-FID T InertCap WAX 1 7 A 7213
DB-WAX 71 7 5% FIVCodT L7z, GC-FID SfFH3 Sl B DOMIE D & & L gk, H
ENTE R 3 BT T 7,

<E®EY T INHALPCR>

FRHALDTE M & 2 FBLROE N & D 5728 WG Y 7 /L # A 2 PCR AT 217
S77, Pf49487 (2O TClE No. 12, 25, 5316 D Y FrlifEEN S | PL18428 (25U Tl No.
16, 25, 32, 5254, 5316 O YV FfFEI S, it LRI RNA ZfHL 1 pg O b—#
JV RNA % RevTra Ace & oligo(dT)~" 7 4 ~ — (Takara) % H\ N Cifi#is 5 L NucleoSpin Gel and
PCR Clean-up TH&E# L 72, THUNDERBIRD SYBR gPCR Mix (Toyobo)% I\ T > k =21
iR > ThUNE (20 mL) %% L StepOnePlus (Applied Biosystems) CE&R Y 7 /L& A A
PCR %4757 IET 175 A 95°C 60's — (95°C 155, 60°C 60 s)x40 %A 2 b, 75 A
~ X Pf49487 (2O TIX 49487-f & 49487-r, Pf-18428 \Z-DOUNT X 18428-f & 18428-f %
Mz, RfEMEa Y fa—Ll LTOE R b OHIEIZIL T A ~—I|C Histone-f &
Histone-r % fV >y, 27 22T IECEREZ (T > 72, RNA X 2 B TWZE 24 3 B3 2048 %

1T-o7=,

<AFI RS ST >

No. 5316 O ¥ Y Frff#EAK 300 g &2 V= F Lo—F LT 4°C THIH L7z, Kl
i, WK L. LEEEOTFIET GC-MS 73t Lz, Zoairid, KEEEOFIM L 72 &o T
ROF AT D 20T D728, KM% @R IR L THEEMES®)ICE R LCHlE
AT o T, FEMORHEIT T TIZ@RED & 518 Y [12],
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/\ E\Z>
{bE¥ 5. 8. 14, 20, 23. 30, 34 ILL TFOHFETERKR LT (K 16), 16EW 31 135E4T
BFE D@ Y IR LT=[24],

<t
g
O
oo

All melting points were uncorrected. Silica gel was used for column chromatography. 'H and
BC NMR was recorded at 500 and 125 MHz, respectively. Chemical shifts (8) and coupling
constants (J) are presented in parts per million relative to tetramethylsilane and hertz, respectively.
Abbreviations are as follows: s, singlet; d, doublet; t, triplet; m, multiplet; br, broad. *C peak
multiplicity assignments were made based on DEPT data. The wave numbers of maximum
absorption peaks of IR spectroscopy are presented in cm™!. Commercially available solvents and

reagents were purchased and used without purification.

Synthesis of 6-Allyl-2.3-dimethoxyphenol (5).

2-Benzenesulfonyl-1,3-dibromopropane [219500-61-5] (1): The title compound was prepared
according to the reported procedure as colorless needles [25,26] of mp 93-94 °C (EtOAc/hexane).
"H NMR (500 MHz, CDCls): § 3.57 (it, J = 6.5, 4.5 Hz, 1H), 3.82 (dd, J = 11.0, 6.5 Hz, 2H), 3.90
(dd, J=11.0, 4.0 Hz, 2H), 7.62 (t, J = 7.5 Hz, 2H), 7.74 (t, J = 7.5 Hz, 1H), 7.95 (d, J = 7.5 Hz,
2H). *C NMR (125 MHz, CDCl3): § 26.2 (CH,), 65.9 (CH), 129.2 (CH), 129.6 (CH), 134.8 (CH),
137.3 (C).

1-(2-Benzenesulfonylallyloxy)-2,3-dimethoxybenzene (2): 2,3-Dimethoxyphenol (262 mg, 1.70
mmol) was dissolved in dry acetone (17 mL), and to the solution was added K,COs (705 mg, 5.10
mmol). The resulting suspension was stirred at room temperature for 10 min, and
2-benzenesulfonyl-1,3-dibromopropane (1) (640 mg, 1.87 mmol) and KI (7 mg, 0.04 mmol) were
added to the suspension. After 3 h, the mixture was filtered through Celite, and the residue was
successively washed with EtOAc. The combined filtrate and washings were concentrated in vacuo
and purified by column chromatography (hexane/EtOAc 4:1) to give 2,3-dimethoxyphenol (45 mg,
17%) and the title compound (453 mg, 80%) as pale-yellow oils. 'H NMR (500 MHz, CDCl5): &
3.74 (s, 3H), 3.84 (s, 3H), 4.77 (s, 2H), 6.20 (s, 1H), 6.30 (d, J= 8.5 Hz, 1H), 6.54 (s, 1H), 6.58 (d,
J=28.5Hz, 1H), 6.87 (t,J=8.5 Hz, 1H), 7.57 (t,J=7.5 Hz, 2H), 7.66 (t,J= 7.5 Hz, 1H), 7.93 (d,
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16. TUNTx /) —LOEBAF—L
A: 6-Allyl-2,3-dimethoxyphenol (5) GERJIZAEL) . B: 6-Allyl-2,3-dimethoxyphenol (5).
C: 2-Allyl-4,5-dimethoxyphenol (8), D: 5-Allyl-2,3-dimethoxyphenol (14), E:6-Allyl-4-
methoxy-1,3-benzodioxol-5-0l (20) and 5-Allyl-7-methoxy-1,3-benzodioxol-4-ol (23).
F: 5-Allyl-6,7-dimethoxy-1,3-benzodioxol-4-0l (30), G: 6-Allyl-4,7-dimethoxy-1,3-
benzodioxol-5-ol (34),

J =17.5 Hz, 2H). *C NMR (125 MHz, CDCl5): & 55.9 (CHs), 60.7 (CHs), 65.3 (CH,), 106.2 (CH),
107.0 (CH), 123.6 (CH), 125.7 (CH,), 128.0 (CH), 129.3 (CH), 133.7 (CH), 138.5 (C), 138.8 (C),
146.1 (C), 151.2 (C), 153.6 (C). IR (neat): 2928, 2855, 1682, 1597, 1467, 1474, 1447, 1319, 1254,
1200, 1142, 1111, 1080, 1007, 991, 910, 837, 775, 737 cm™". EIMS (m/z): 336 (M + 2), 335 (M +
1), 334 (M"), 193 (M — PhSO,), 192 (M — PhSO,H), 177 (M — PhSO,H — Me), 153 (M —
CH,CH(SO.Ph)CH,), 125, 110, 95, 93. HRMS-FAB (m/z): [M + HJ* caled for Ci7H;50sS,
335.0953; found, 335.0945.

6-(2-Benzenesulfonylallyl)-2,3-dimethoxyphenol (3):

1-(2-Benzenesulfonylallyloxy)-2,3-dimethoxybenzene (2) (436 mg, 1.30 mmol) was dissolved in
toluene (1 mL) and heated at 165 °C for 12 h under microwave irradiation. The mixture was
concentrated in vacuo and purified by column chromatography (hexane/EtOAc 7:3) to give the
title compound (398 mg, 92%) as a pale-yellow solid: mp 108-109 °C (EtOAc/hexane). 'H NMR
(500 MHz, CDCls): 6 3.52 (s, 2H), 3.82 (s, 3H), 3.83 (s, 3H), 5.50 (s, 1H), 5.70 (s, 1H), 6.36 (d, J
= 8.5 Hz, 1H), 6.38 (s, 1H), 6.66 (d, J = 8.5 Hz, 1H), 7.52 (t,J = 7.5 Hz, 2H), 7.61 (t, /= 7.5 Hz,
1H), 7.89 (d, J = 7.5 Hz, 2H). *C NMR (125 MHz, CDCl;): § 29.7 (CH>), 55.7 (CH3), 60.9 (CHs3),
103.5 (CH), 115.0 (C), 124.6 (CH>), 125.3 (CH), 128.1 (CH), 128.9 (CH), 133.2 (CH), 135.3 (CO),
139.0 (C), 147.4 (C), 149.1 (C), 151.4 (C). IR (neat): 3426, 3001, 2940, 2909, 2839, 1616, 1470,
1447, 1431, 1304, 1242, 1219, 1204, 1161, 1130, 1096, 1080, 1038, 972, 953, 910, 745 cm™.
EIMS (m/z): 336 (M + 2), 335 (M + 1), 334 (M"), 192 (M — PhSO,H), 177 (M — PhSO,H — Me).

HRMS-FAB (m/z): [M + H]" calcd for C,7H;90sS, 335.0953; found, 335.0954.
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3-Benzenesulfonyl-7,8-dimethoxychromane (4): To a solution of
6-(2-benzenesulfonylallyl)-2,3-dimethoxyphenol (3) (144 mg, 0.430 mmol) in dry acetone (4 mL),
was added K>COs (89 mg, 0.64 mmol), and the mixture was heated under reflux for 5 h. The
mixture was diluted with EtOAc and washed with H,O. The aqueous layer was extracted with
EtOAc, and the combined organic layers were washed with brine, dried over Na,SOs, and
concentrated in vacuo to give the title compound as a white solid (140 mg). The crude product was
used in the next step without further purification. The title compound was characterized after
recrystallization from EtOAc/hexane, which gave colorless needles of mp 132-134 °C. '"H NMR
(500 MHz, CDCl5): 6 3.02 (dd, J = 16.0, 5.0 Hz, 1H), 3.19 (dd, J=16.0, 11.0 Hz, 1H), 3.60 (dddd,
J=11.0, 10.5, 5.0, 3.0 Hz, 1H), 3.78 (s, 3H), 3.81 (s, 3H), 4.12 (t, /= 10.5 Hz, 1H), 4.59 (dd, J =
10.5, 3.0 Hz, 1H), 6.19 (d, J= 8.5 Hz, 1H), 6.73 (d, /= 8.5 Hz, 1H), 7.59 (dd, J= 8.0, 7.0 Hz, 2H),
7.69 (t, J=7.0 Hz, 1H), 7.93 (d, J = 8.0 Hz, 2H). *C NMR (125 MHz, CDCl;): 4 24.5 (CH>), 56.1
(CH3), 57.6 (CH), 60.9 (CH3), 63.9 (CH>), 105.5 (CH), 112.3 (C), 123.7 (CH), 128.7 (CH), 129.4
(CH), 134.2 (CH), 137.1 (C), 137.2 (C), 147.1 (C), 152.0 (C). IR (neat): 3017, 2940, 2836, 1612,
1582, 1501, 1462, 1447, 1308, 1288, 1227, 1200, 1150, 1111, 1072, 1049, 968, 791, 756 cm™".
EIMS (m/z): 336 (M + 2), 335 (M + 1), 334 (M"), 192 (M — PhSO;H), 177 (M — PhSO,H — Me).
HRMS-FAB (m/z): [M + H]" calcd for Ci7H190sS, 335.0953; found, 335.0945.

6-Allyl-2,3-dimethoxyphenol ~ [450357-58-1] (5): To a solution of the crude
3-benzenesulfonyl-7,8-dimethoxychromane (4) (140 mg) in EtOAc/MeOH (2:1, 4.5 mL), was
added 5% sodium amalgam (0.93 g, 2.0 mmol) at room temperature, and the mixture was stirred
for 4 h. The reaction was quenched by the addition of solid citric acid (0.39 g), and the mixture
was diluted with EtOAc, washed with saturated aqueous NaHCOs, dried over Na,SOs, and
concentrated in vacuo. The residue was purified by column chromatography (hexane/EtOAc 9:1)
to give the title compound (65 mg, 78% over 2 steps) as a pale-yellow oil. 'H NMR (500 MHz,
CDCl3): 6 3.35 (d, J= 6.5 Hz, 2H), 3.85 (s, 3H), 3.90 (s, 3H), 5.04 (d, J=10.0 Hz, 1H), 5.09 (d, J
=17.0 Hz, 1H), 5.86 (s, 1H), 5.99 (ddt, J=17.0, 10.0, 6.5 Hz, 1H), 6.43 (d, J = 8.5 Hz, 1H), 6.79
(d, J = 8.5 Hz, 2H). *C NMR (125 MHz, CDCl;):  33.5 (CH»), 55.7 (CH3), 60.8 (CH3), 103.4
(CH), 115.2 (CH>), 119.1 (C), 124.1 (CH), 135.3 (C), 136.9 (CH), 147.2 (C), 150.7 (C). IR (neat):
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3507, 3078, 3001, 2974, 2939, 2835, 2909, 1639, 1616, 1589, 1504, 1466, 1431, 1315, 1277, 1219,
1161, 1096, 1038, 995, 972, 910, 791, 737 cm™'. EIMS (m/z): 194 (M), 179 (M — CH3), 163 (M —
OCHs), 147, 119, 91.

Alternative Synthesis of 6-Allyl-2,3-dimethoxyphenol (5).

1-(Allyloxy)-2,3-dimethoxybenzene [380621-78-3] (6): The title compound was prepared from
2,3-dimethoxyphenol (982 mg, 6.37 mmol) according to the reported procedure [27]. After
purification by column chromatography (hexane/EtOAc 9:1), the title compound (1.11 g, 90%)
was obtained as a colorless oil. "H NMR (500 MHz, CDCl5): & 3.86 (s, 3H), 3.87 (s, 3H), 4.60 (d, J
= 5.0 Hz, 2H), 5.27 (dd, J=10.5, 1.5 Hz, 1H), 5.41 (dd, J=17.0, 1.5 Hz, 1H), 6.07 (ddt, /= 17.0,
10.5, 5.0 Hz, 1H), 6.58 (d, J = 8.5 Hz, 2H), 6.96 (t, J= 8.5 Hz, 1H). >*C NMR (125 MHz, CDCl;):
d 56.0 (CHs), 60.7 (CH3), 69.8 (CH), 105.4 (CH), 107.1 (CH), 117.4 (CH>), 123.4 (CH), 133.4
(CH), 138.6 (C), 152.4 (C), 153.6 (C). IR (neat): 3086, 2997, 2936, 2889, 2832, 1593, 1493, 1474,
1300, 1258, 1177, 1103, 1007, 914, 775, 733 cm™'. EIMS (m/z): 194 (M), 179 (M — Me), 153, 125,

110, 95, 91. '"H NMR is in consistent with that reported [28].

6-Allyl-2,3-dimethoxyphenol [450357-58-1] (5) and 4-Allyl-2,3-dimethoxyphenol [29445-64-5]
(7): A solution of 1-allyloxy-2,3-dimethoxtbenzene (6) (528 mg, 2.72 mmol) in decaline (0.5 mL)
was heated at 200 °C under microwave irradiation for 10 h. After cooled to ambient temperature,
the solution was directly purified by column chromatography (hexane/EtOAc 9:1) to give
6-allyl-2,3-dimethoxyphenol (103 mg, 20%) as a pale-yellow oil and a 63:37 mixture of 6-allyl-
(5) and 4-allyl-2,3-dimethoxyphenol (7) (367 mg, 44% and 26%, respectively) as a pale-yellow oil.
4-Allyl-2,3-dimethoxyphenol (7) was characterized as a mixture with the other isomer. 'H NMR
(500 MHz, CDCl3): 6 3.32 (d, J = 6.5 Hz, 2H), 3.83 (s, 3H), 3.92 (s, 3H), 5.03 (d, /= 16.5 Hz, 1H),
5.06 (d, J=10.0 Hz, 1H), 5.63 (s, 1H), 5.95 (ddt, J = 16.5, 10.0, 6.5 Hz, 1H), 6.67 (d, J = 8.5 Hz,
1H), 6.78 (d, J = 8.5 Hz, 1H). *C NMR (125 MHz, CDCl;): § 33.6 (CH>), 60.5 (CH3), 60.7 (CH3),
110.2 (CH), 115.2 (CH»), 124.7 (CH), 125.2 (C), 137.7 (CH), 139.7 (C), 148.0 (C), 150.7 (C).

Synthesis of 2-Allyl-4.5-dimethoxyphenol (8).
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2-Allyl-4,5-dimethoxyphenol [59893-87-7] (8) and 2-Allyl-3,4-dimethoxyphenol [66967-26-8]
(9): 4-allyloxy-1,2-dimethoxybenzene [29] (515 mg, 2.65 mmol) was dissolved in decaline (0.5
mL) and heated at 200 °C under microwave irradiation for 12 h. After cooled to ambient
temperature, the solution was directly purified by column chromatography (hexane/EtOAc 3:1) to
give 2-allyl-4,5-dimethoxyphenol (8) (68 mg, 13%) as a pale-yellow solid along with a 91:9
mixture of the title compounds (411 mg, 73% and 7%, respectively) as a pale-yellow oil.
2-Allyl-3,4-dimethoxyphenol (9) was partially separated as a pale-yellow oil from the mixture by
another column chromatography (hexane/EtOAc 3:1) for characterization.
2-Allyl-4,5-dimethoxyphenol: mp 35-36 °C (Et,O/hexane) (lit. 42-42.5 °C) [30].
2-Allyl-4,5-dimethoxyphenol [59893-87-7] (8): 'HNMR (500 MHz, CDCls): § 3.35 (dt, J = 6.5,
1.5 Hz, 2H), 3.83 (s, 3H), 3.84 (s, 3H), 4.72 (s, 1H), 5.14-5.20 (m, 2H), 6.00 (ddt, J = 17.5, 9.5,
6.5 Hz, 1H), 6.47 (s, 1H), 6.62 (s, 1H). *C NMR (125 MHz, CDCls): § 34.6 (CH,), 55.8 (CH3),
56.5 (CHas), 101.2 (CH), 113.8 (CH), 115.9 (C), 116.1 (CH), 136.6 (CH), 142.8 (C), 148.0 (C),
148.3 (C). IR (neat): 3445, 3078, 3001, 2936, 2913, 2835, 1639, 1616, 1520, 1450, 1412, 1292,
1238, 1200, 1111, 1030, 995, 914, 845, 756, 733 cm™'. EIMS (m/z): 194 (M"), 179 (M — Me), 123,
91.

2-Allyl-3 4-dimethoxyphenol [66967-26-8] (9): 'THNMR (500 MHz, CDCLs): & 3.48 (d, J = 6.0 Hz,
2H), 3.80 (s, 3H), 3.81 (s, 3H), 4.97 (br s, 1H), 5.08-5.14 (m, 2H), 6.01 (ddt, J = 17.5, 10.0, 6.0 Hz,
1H), 6.56 (d, J=9.0 Hz, 1H), 6.70 (d, J= 9.0 Hz, 1H). *C NMR (125 MHz, CDCls): 5 28.3 (CH,),
56.3 (CHs), 61.0 (CHs), 110.5 (CH), 111.2 (CH), 115.7 (CHa), 120.3 (C), 136.3 (CH), 147.0 (C),
147.7 (C), 148.7 (C). IR (neat): 3387, 3074, 3001, 2940, 2832, 1697, 1639, 1601, 1493, 1470,
1427, 1339, 1254, 1215, 1177, 1111, 1080, 1042, 995, 968, 910, 853, 799, 764, 737 cm"'. EIMS
(m/z): 194 (M), 179 (M — Me), 147, 119, 91.

Synthesis of 5-Allyl-2.3-dimethoxyphenol (14).

3-tert-Butyldimethylsiloxy-4,5-dimethoxybenzaldehyde [122271-47-0] (10): To a solution of
3-hydroxy-4,5-dimethoxybenzaldehyde (500 mg, 2.74 mmol) in dry N,N-dimethylformamide

(DMF) (3 mL), were added tert-butylchlorodimethylsilane (496 mg, 3.29 mmol) and imidazole
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(466 mg, 6.84 mmol). The mixture was stirred at room temperature for 16 h, diluted with EtOAc,
washed with saturated aqueous NaHCOs3 and brine, dried over Na,SOs, and concentrated in vacuo.
The resulting pale yellow oil, containing mainly the title compound, was used for the next step

without further purification. The "H NMR was consistent with that reported [31].

3-tert-Butyldimethylsiloxy-4,5-dimethoxybenzenemethanol [111394-55-9] (11): To a solution of
the crude 3-fert-butyldimethylsiloxy-4,5-dimethoxybenzaldehyde (10) in EtOH (24 mL) cooled in
an ice—water bath, was portion-wise added NaBH4 (104 mg, 2.75 mmol). After 15 min, water was
added to the mixture, and most of EtOH was removed from the mixture by evaporation. The
mixture was extracted three times with EtOAc, and the combined organic layers were washed with
brine, dried over Na,SO4, and concentrated in vacuo. The resulting residue was purified by column
chromatography (hexane/EtOAc 3:1) to give the title compound (563 mg, 69% over 2 steps) as a
white solid. Recrystallization from hexane gave colorless needles of mp 57-58 °C. The *C NMR
was identical to that reported, while all the '"H NMR chemical shifts differed by 0.18 ppm from the
reported values [32]. 'H NMR (500 MHz, CDCls): § 0.18 (s, 6H), 1.01 (s, 9H), 1.57 (t, J = 6.0 Hz,
1H), 3.77 (s, 3H), 3.86 (s, 3H), 4.58 (d, J = 6.0 Hz, 2H), 6.50 (d, J = 2.0 Hz, 1H), 6.59 (d, J=2.0
Hz, 1H). IR (neat): 3426, 2951, 2932, 2859, 1585, 1501, 1454, 1427, 1342, 1231, 1115, 1003, 837

cm!. The IR was in good agreement with that reported.

3-tert-Butyldimethylsiloxy-4,5-dimethoxybenzyl Bromide [111394-56-0] (12): To a solution of
3-tert-butyldimethylsiloxy-4,5-dimethoxybenzenemethanol (11) (315 mg, 1.06 mmol) in dry
CH,Cl, (10 mL) cooled in an ice—water bath, were added CBr4 (420 mg, 1.27 mmol) and Phs;P
(333 mg, 1.27 mmol). The cooling bath was removed, and the mixture was stirred at room
temperature for 20 min. Volatile materials were removed from the mixture by evaporation, and the
residue was purified by column chromatography (hexane to hexane/EtOAc 97:3) to give the title
compound (305 mg, 80%) as a pale yellow oil. 'H NMR (500 MHz, CDCI5): & 0.18 (s, 6H), 1.00 (s,
9H), 3.78 (s, 3H), 3.86 (s, 3H), 4.41 (s, 2H), 6.54 (d, J= 2.0 Hz, 1H), 6.58 (d, J=2.0 Hz, 1H). *C
NMR (125 MHz, CDCls): 6 —4.8 (CH3), 18.1 (C), 25.5 (CH3), 33.9 (CH>), 55.8 (CH3), 60.2 (CH3),
106.1 (CH), 114.8 (CH), 132.8 (C), 140.4 (C), 149.2 (C), 153.6 (C). IR (neat): 2955, 2932, 2889,
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2859, 1585, 1501, 1454, 1427, 1346, 1234, 1211, 1126, 1111, 1007, 910, 837, 783, 737 cm"".
EIMS (m/z): 362 (M+2), 360 (M"), 347 (M+2 — Me), 345 (M — Me), 305 (M+2 — £-Bu), 303 (M —

t-Bu), 281 (M — Br), 209.

5-Allyl-1-tert-butyldimethylsiloxy-2,3-dimethoxybenzene (13): To a  mixture of
3-tert-butyldimethylsiloxy-4,5-dimethoxybenzyl bromide (12) (396 mg, 1.10 mmol), Cul (21 mg,
0.11 mmol), and 2,2'-bipyridine (17 mg, 0.11 mmol) in Et,O (1 mL) cooled in an ice—water bath,
was dropwise added a 1.0 M tetrahydrofuran (THF) solution of vinylmagnesium bromide (1.6 mL,
1.6 mmol). The cooling bath was removed, and the mixture was stirred at room temperature for 1 h.
The reaction was quenched by the addition of saturated aqueous NH4Cl and then 28% aqueous
NHj. After stirred for 30 min, the whole was extracted three times with Et;O. The combined
organic layers were washed with brine, dried over Na>SOs, and concentrated in vacuo. The residue
was purified by column chromatography (hexane/EtOAc 49:1) to give the title compound (266 mg,
78%) as a pale yellow oil. 'H NMR (500 MHz, CDCl;): 8 0.17 (s, 6H), 1.00 (s, 9H), 3.28 (d, J =
7.0 Hz, 2H), 3.76 (s, 3H), 3.83 (s, 3H), 5.05-5.11 (m, 2H), 5.94 (ddt, J = 17.0, 10.0, 7.0 Hz, 1H),
6.34 (d, J = 2.0 Hz, 1H), 6.37 (d, J = 2.0 Hz, 1H). “C NMR (125 MHz, CDCls): 8 4.7 (CH3),
18.3 (C), 25.7 (CHs), 40.1 (CH»), 55.8 (CH3), 60.3 (CH3), 105.6 (CH), 114.1 (CH), 115.7 (CH»),
135.4 (C), 137.3 (CH), 138.5 (C), 149.2 (C), 153.5 (C). IR (neat): 2955, 2932, 2897, 2859, 1585,
1501, 1454, 1427, 1342, 1234, 1115, 1011, 910, 887, 783 cm™'. EIMS (m/z): 308 (M), 251 (M —
t-Bu), 236 (M — t-Bu — Me). HRMS-FAB (m/z): [M + H]* calcd for C17H2905Si, 309.1886; found,

309.1888.

5-Allyl-2,3-dimethoxyphenol [76773-99-4] (14): To a  stired  solution of
5-allyl-1-tert-butyldimethylsiloxy-2,3-dimethoxybenzene (13) (74 mg, 0.24 mmol) in THF (1 mL),
was added a 1.0 M THF solution of tetrabutylammonium fluoride (TBAF) (0.24 mL, 0.24 mmol).
After 30 min, 0.5 M aqueous citric acid (1 mL) was added to the mixture, and the whole was
extracted three times with EtOAc. The combined organic layers were washed with saturated
aqueous NaHCO; and brine, dried over Na,SO4, and concentrated in vacuo. The residue was

purified by column chromatography (hexane/EtOAc 9:1) to give the title compound (43 mg, 91%)
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as a pale yellow solid of mp 38-40 °C. 'H NMR (500 MHz, CDCls): § 3.29 (d, J = 7.0 Hz, 2H),
3.85 (s, 3H), 3.87 (s, 3H), 5.07 (d, J = 10 Hz, 1H), 5.10 (d, J = 17.0 Hz, 1H), 5.70 (s, 1H), 5.94
(ddt, J=17.0, 10.0, 7.0 Hz, 1H), 6.30 (s, 1H), 6.45 (s, 1H). *C NMR (125 MHz, CDCl5):  40.2
(CH>), 55.7 (CH3), 60.9 (CH3), 104.3 (CH), 108.1 (CH), 115.9 (CH»), 133.7 (C), 136.3 (C), 137.1
(CH), 149.1 (C), 152.2 (C). IR (neat): 3456, 3075, 3005, 2936, 2909, 2839, 1593, 1508, 1462,
1431, 1350, 1234, 1200, 1065, 1138, 1107, 995, 914, 821, 775 cm™'. EIMS (m/z): 194 (M"), 179

(M —Me), 11 9,91. 'H and *C NMR were identical to those reported [33].

Synthesis of 6-Allyl-4-methoxy-1.3-benzodioxol-5-o0l (20).

4-Methoxy-1,3-benzodioxole [1817-95-4] (15): The title compound was prepared from
3-methoxycatechol according to the reported procedure [34] in 85% yield as colorless blocks of
mp 41-42 °C. "H NMR (500 MHz, CDCl;): & 3.90 (s, 3H), 5.96 (s, 2H), 6.53 (d, J = 8.0 Hz, 2H),
6.79 (t, J = 8.0 Hz, 1H). C NMR (125 MHz, CDCl;): 4 56.2 (CHs), 100.9 (CH,), 102.1 (CH),
107.2 (CH), 121.8 (CH), 135.0 (C), 143.9 (C), 148.5 (C). IR (neat): 2955, 2940, 2920, 2905, 2835,
1636, 1504, 1462, 1350, 1285, 1254, 1180, 1088, 1034, 961, 926, 833, 756, 710 cm™'. EIMS (m/z):
152 (M"), 151 (M — H), 137 (M — CH3), 107. The mp, 'H NMR, and IR are in good agreement

with those reported [34,35,36].

4-Methoxy-1,3-benzodioxole-5-carbaldehyde [5779-99-7] (16) and
7-Methoxy-1,3-benzodioxole-4-carbaldehyde [23731-55-7] (17): Dry DMF (0.64 mL, 8.3 mmol)
and freshly distilled POCI; (0.77 mL, 8.3 mmol) were mixed at 100 °C for 2 h. To the mixture, was
added 4-methoxy-1,3-benzodioxole (15) (500 mg, 3.29 mmol), and the mixture was heated at
100 °C. After 2 h, the reaction was quenched by the addition of ice, and the whole was extracted
three times with Et;O. The combined organic layers were washed with water, saturated aqueous
NaHCO:s, and brine, dried over Na,SQO4, and concentrated in vacuo to give a crude mixture of the
title compounds (3:2) as a pale brown solid. The two isomers were separated by column
chromatography  (hexane/EtO  4:1, R, = 0.24 and  0.12,  respectively).
4-Methoxy-1,3-benzodioxole-5-carbaldehyde (16): 44% yield. Colorless needles of mp 107—

108 °C (EtOH). "H NMR (500 MHz, CDCls): 8 4.13 (s, 3H), 6.04 (s, 2H), 6.60 (d, J= 8.5 Hz, 1H),
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7.47 (d, J = 8.5 Hz, 1H), 10.23 (s, 1H). '*C NMR (125 MHz, CDCls): 8 60.0 (CHs), 101.8 (CH>),
103.1 (CH), 122.6 (C), 124.1 (CH), 135.8 (C), 146.0 (C), 154.6 (C), 188.0 (CH). IR (neat): 3001,
2943, 2916, 2859, 2789, 1663, 1612, 1597, 1470, 1408, 1346, 1277, 1242, 1223, 1076, 1038, 926,
806, 787 cm™'. EIMS (m/z): 180 (M"), 164, 151 (M — CHO). The mp, '"H NMR, and IR are in good
agreement with those reported [37,38]. 7-Methoxy-1,3-benzodioxole-4-carbaldehyde (17): 29%
yield. Colorless needles of mp 85-86 °C (EtOH). 'H NMR (500 MHz, CDCls): 6 3.99 (s, 3H), 6.15
(s, 2H), 6.63 (d, J = 9.0 Hz, 1H), 7.31 (d, J = 9.0 Hz, 1H), 9.99 (s, 1H). *C NMR (125 MHz,
CDCl3): 8 56.7 (CH3), 102.8 (CHy), 107.7 (CH), 114.3 (C), 123.5 (CH), 135.5 (C), 148.2 (C),
150.2 (C), 186.9 (C). IR (neat): 3093, 3021, 2978, 2913, 2843, 2727, 1686, 1632, 1504, 1447,
1400, 1292, 1261, 1231, 1207, 1173, 1111, 1099, 1026, 957, 914, 787, 764, 737 cm™'. EIMS (m/z):
180 (M"), 151 (M — CHO). The mp, '"H NMR, and IR are in good agreement with those reported

[35,36].

4-Methoxy-1,3-benzodioxol-5-o0l [23504-78-1] (18): To a solution of
4-methoxy-1,3-benzodioxole-5-carbaldehyde (16) (100 mg, 0.555 mmol) in MeOH (1 mL), were
added conc. H2SO4 (0.01 mL, 0.2 mmol) and 30% H»0O, (0.085 mL, 0.83 mmol). The mixture was
stirred at room temperature for 2.5 h, and saturated aqueous NaHCO3 was added to the mixture.
The whole was extracted three times with EtOAc, and the combined organic layers were washed
with brine, dried over Na,SOs, and concentrated in vacuo. The residual solid was purified by
column chromatography (hexane/EtOAc 9:1) to give the title compound (72 mg, 78%) as a white
solid: Ry = 0.29 (hexane/EtOAc 4:1). Colorless plates of mp 58-59 °C (Et,O/hexane). 'H NMR
(500 MHz, CDCls): 6 4.05 (s, 3H), 5.31 (s, 1H), 5.89 (s, 2H), 6.38 (d, /= 8.0 Hz, 1H), 6.41 (d, J =
8.0 Hz, 1H). *C NMR (125 MHz, CDCls): § 59.9 (CH3), 101.1 (CH>), 101.8 (CH), 106.0 (CH),
131.4 (C), 136.2 (C), 142.1 (C), 142.7 (C). IR (neat): 3445, 2986, 2947, 2889, 2846, 2778, 1643,
1620, 1493, 1466, 1447, 1404, 1269, 1238, 1200, 1169, 1042, 988, 964, 918, 791, 737 cm™'. EIMS
(m/z): 168 (M"), 167 (M — H), 153 (M — Me), 123, 121, 199, 97, 95.

5-Allyloxy-4-methoxy-1,3-benzodioxole [23731-59-1] (19): A mixture of
4-methoxy-1,3-benzodioxol-5-0l (18) (67 mg, 0.40 mmol), K,CO; (111 mg, 0.800 mmol), and
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allyl bromide (0.05 mL, 0.6 mmol) in dry acetone (4 mL) was heated under reflux for 4.5 h, and
water was added to the mixture. The whole was extracted three times with EtOAc, and the
combined organic layers were washed with 15% aqueous NaOH twice and brine, dried over
Na,SOs4, and concentrated in vacuo. The residue was purified by column chromatography
(hexane/EtOAc 95:5) to give the title compound (71.6 mg, 86%) as a pale-yellow oil: Ry = 0.25
(hexane/EtOAc 19:1). '"H NMR (500 MHz, CDCls): 8 4.01 (s, 3H), 4.51 (d, J = 5.5 Hz, 2H), 5.26
(dd, J=10.5, 1.5 Hz, 1H), 5.38 (dd, J = 17.5, 1.5 Hz, 1H), 5.91 (s, 2H), 6.06 (ddt, J = 17.5, 10.5,
5.5 Hz, 1H), 6.36 (d, J = 8.5 Hz, 1H), 6.42 (d, J = 8.5 Hz, 1H). *C NMR (125 MHz, CDCls): §
60.2 (CHs), 71.1 (CHy), 101.1 (CH), 101.2 (CH»), 107.0 (CH), 117.5 (CH>), 133.5 (CH), 134.8 (C),
138.0 (C), 143.3 (C), 146.1 (C). IR (neat): 3078, 2997, 2940, 2886, 2778, 1632, 1493, 1462, 1234,
1065, 926, 779, 737 cm'. EIMS (m/z): 208 (M), 167 (M — C;Hs), 137, 111, 109, 107, 94.

6-Allyl-4-methoxy-1,3-benzodioxol-5-ol [23731-60-4] (20): A solution of
5-allyloxy-4-methoxy-1,3-benzodioxole (19) (58 mg, 0.28 mmol) in a 1:2 mixture of
N-methyl-2-pyrrolidone (NMP) and decaline (1.5 mL) was heated at 200 °C under microwave
irradiation for 8 h. After cooled to ambient temperature, the mixture was diluted with EtOAc,
washed three times with water and with brine, dried over Na,SO4, and concentrated in vacuo. The
residue was purified by column chromatography (hexane/EtOAc 9:1) to give the title compound
(46 mg, 78%) as a pale-yellow oil: Ry= 0.44 (hexane/EtOAc 4:1). 'H NMR (500 MHz, CDCl;): &
3.31 (d,J=6.5 Hz, 2H), 4.04 (s, 3H), 5.04 (d, /= 10.0 Hz, 1H), 5.06 (d, /= 17.0 Hz, 1H), 5.40 (s,
1H), 5.85 (s, 2H), 5.95 (ddt, J = 17.0, 10.0, 6.5 Hz, 1H), 6.33 (s, 1H). *C NMR (125 MHz,
CDCls): 6 33.7 (CH»), 59.9 (CHs), 100.9 (CH), 102.8 (CH), 115.3 (CH»), 117.5 (C), 131.1 (C),
134.2 (C), 136.7 (CH), 139.8 (C), 141.6 (C). IR (neat): 3499, 3075, 3005, 2978, 2947, 2886, 2873,
2774, 1636, 1485, 1466, 1435, 1416, 1285, 1246, 1200, 1177, 1072, 1049, 984, 914, 837, 775, 733
cm'. EIMS (m/z): 208 (M"), 193 (M — Me), 181 (M — C,H3), 177 (M — OMe), 163. HRMS-FAB
(m/z): [M]" calcd for Ci1H204, 208.0736; found, 208.0731.

Synthesis of 5-Allyl-7-methoxy-1.3-benzodioxol-4-ol (23).

7-Methoxy-1,3-benzodioxol-4-o0l [23812-54-6] (21): To a solution of
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7-methoxy-1,3-benzodioxole-4-carbaldehyde (17) (100 mg, 0.555 mmol) in MeOH (1 mL), were
added conc. H2SO4 (0.01 mL, 0.2 mmol) and 30% H»O» (0.085 mL, 0.83 mmol). The mixture was
stirred at room temperature for 6 h, and saturated aqueous NaHCO; was added to the mixture. The
whole was extracted three times with EtOAc, and the combined organic layers were washed with
brine, dried over Na,SOs, and concentrated in vacuo. The residual solid was purified by column
chromatography (hexane/EtOAc 3:1) to give the title compound (85 mg, 92%) as a white solid: Ry
= 0.13 (hexane/EtOAc 4:1). Colorless needles of mp 104-105 °C (CHCls/hexane). 'H NMR (500
MHz, CDCls): 6 3.85 (s, 3H), 4.58 (s, 1H), 5.99 (s, 2H), 6.41 (d, J=9.0 Hz, 1H), 6.43 (d, J=9.0
Hz, 1H). *C NMR (125 MHz, CDCls): § 57.0 (CH3), 101.7 (CH>), 107.9 (CH), 110.1 (CH), 134.2
(©), 135.4 (C), 136.3 (C), 138.3 (C). IR (neat): 3291, 3082, 3051, 3009, 2963, 2909, 2839, 1616,
1520, 1504, 1470, 1420, 1400, 1342, 1246, 1177, 1165, 1088, 1053, 1015, 961, 918, 791, 779, 733
cm'. EIMS (m/z): 168 (M"), 153 (M — Me), 123, 97, 95. The mp and '"H NMR are in agreement

with those reported [39].

4-Allyloxy-7-methoxy-1,3-benzodioxole [23731-70-6] (22): A mixture of
7-methoxy-1,3-benzodioxol-4-ol (21) (82 mg, 0.49 mmol), K»CO3 (135 mg, 0.977 mmol), and
allyl bromide (63 pL, 0.73 mmol) in dry acetone (2.5 mL) was heated under reflux for 3 h, and
water was added to the mixture. The whole was extracted three times with EtOAc, and the
combined organic layers were washed with 15% aqueous NaOH twice and brine, dried over
Na,SO4, and concentrated in vacuo. The residue was purified by column chromatography
(hexane/EtOAc 95:5) to give the title compound (83.7 mg, 82%) as a pale-yellow oil: Rr= 0.20
(hexane/EtOAc 19:1). 'H NMR (500 MHz, CDCl3): 8 3.86 (s, 3H), 4.58 (d, J = 5.5 Hz, 2H), 5.27
(dd, J=10.5, 1.5 Hz, 1H), 5.39 (dd, J = 17.0, 1.5 Hz, 1H), 5.99 (s, 2H), 6.05 (ddt, J = 17.0, 10.5,
5.5 Hz, 1H), 6.42 (d, J = 9.0 Hz, 1H), 6.46 (d, J = 9.0 Hz, 1H). *C NMR (125 MHz, CDCls): §
56.7 (CHs), 70.8 (CHz), 101.6 (CH»), 107.0 (CH), 109.2 (CH), 117.8 (CH>), 133.3 (CH), 136.5 (C),
137.1 (C), 137.5 (C), 139.0 (C). IR (neat): 3082, 3009, 2955, 2936, 2889, 2839, 2778, 1647, 1609,
1512, 1462, 1346, 1265, 1173, 1096, 1076, 1060, 1030, 976, 961, 922, 775, 737 cm™'. EIMS (m/z):
208 (M), 167 (M — C3Hs), 137, 111, 109, 107, 94.
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5-Allyl-7-methoxy-1,3-benzodioxol-4-ol [76773-99-4] (23): A solution of
4-allyloxy-7-methoxy-1,3-benzodioxole (22) (82 mg, 0.39 mmol) in a 1:4 mixture of NMP and
decaline (1 mL) was heated at 200 °C under microwave irradiation for 8 h. After cooled to ambient
temperature, the mixture was diluted with EtOAc, washed three times with water and with brine,
dried over Na,SOs, and concentrated in vacuo. The residue was purified by column
chromatography (hexane/EtOAc 4:1) to give the title compound (68 mg, 84%) as a pale-yellow
solid: Ry= 0.24 (hexane/EtOAc 4:1). Colorless needles of mp 84-85 °C (EtOAc/hexane). 'H NMR
(500 MHz, CDCls): 6 3.34 (d, J = 6.5 Hz, 2H), 3.85 (s, 3H), 4.53 (s, 1H), 5.11 (dd, J = 10.0, 1.5
Hz, 1H), 5.13 (dd, J = 17.0, 1.5 Hz, 1H), 5.97 (s, 2H), 5.98 (ddt, /= 17.0, 10.0, 6.5 Hz, 1H), 6.29
(s, 1H). "C NMR (125 MHz, CDCls):  34.2 (CH>), 57.0 (CH3), 101.8 (CH,), 108.7 (CH), 115.9
(CH»), 121.0 (C), 132.4 (C), 134.7 (C), 135.8 (C), 136.6 (CH), 137.6 (C). IR (neat): 3337, 3075,
3005, 2978, 2947, 2886, 2873, 2774, 1628, 1516, 1454, 1350, 1231, 1200, 1123, 1042, 953, 914,
822, 741, 710 cm™'. EIMS (m/z): 208 (M"), 193 (M — Me), 181 (M — C,H3), 177 (M — OMe), 163,
147, 135, 119, 107, 91. HRMS-FAB (m/z): [M]" caled for Ci1H1204, 208.0736; found, 208.0734.

Synthesis of 5-Allyl-6.7-dimethoxy-1.3-benzodioxol-4-ol (30).

6,7-Dimethoxy-1,3-benzodioxol-4-0l [22934-71-0] (24): A mixture of
6,7-dimethoxy-1,3-benzodioxole-4-carbaldehyde (368 mg, 1.75 mmol), 30% H>O, (0.27 mL, 2.6
mmol), and conc. H>SO4 (0.12 mL, 2.3 mmol) in MeOH (3.5 mL) was stirred at room temperature
for 3 h. After addition of saturated aqueous NaHCO3, the whole was extracted three times with
EtOAc, and the combined organic layers were washed with brine, dried over Na,SOs, and
concentrated in vacuo. The residual pale-yellow solid (1.38 g, 78%) was used as a crude title
compound without further purification to the next step.: Ry = 0.22 (hexane/EtOAc 2:1). Colorless
needles of mp 111-112 °C (EtOAc/hexane). 'H NMR (500 MHz, CDCls): & 3.79 (s, 3H), 3.91 (s,
3H), 4.57 (s, 1H), 5.92 (s, 2H), 6.08 (s, 1H). *C NMR (125 MHz, CDCls): § 56.7 (CHs), 60.7
(CH3), 95.1 (CH), 101.6 (CH»), 127.9 (C), 128.7 (C), 133.6 (C), 139.3 (C), 147.7 (C). IR (neat):
3375, 2940, 2909, 2889, 2839, 1709, 1651, 1636, 1512, 1466, 1234, 1092, 941, 910, 737 cm™".
EIMS (m/z): 198 (M), 183 (M — Me), 125, 121, 119, 95. The mp is in good agreement with those

reported [40].
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4-Hydroxy-6,7-dimethoxy-1,3-benzodioxol-5-carbadehyde (25): A mixture of
6,7-dimethoxy-1,3-benzodioxol-4-ol (24) (589 mg, 2.97 mmol) and hexamethylenetetramine (834
mg, 5.94 mmol) in refluxing trifluoroacetic acid (TFA) (3 mL) was stirred for 24 h [41]. H,O was
added, and the solution was stirred for further 30 min at 60 °C. After being cooled to room
temperature, the whole was extracted three times with EtOAc, and the combined organic layers
were washed with brine, dried over Na>SQOys, and concentrated in vacuo. The residual solids were
purified by column chromatography (hexane/EtOAc 7:1) to give the title compound (546 mg,
81%) as a pale-yellow solid: Ry = 0.25 (hexane/EtOAc 7:1). Colorless powder of mp 85-87 °C
(EtOAc/hexane). 'H NMR (500 MHz, CDCls): 8 3.92 (s, 3H), 3.98 (s, 3H), 6.07 (s, 2H), 10.1 (s,
1H), 11.5 (s, 1H). *C NMR (125 MHz, CDCls): $ 60.9, 62.8, 103.0, 110.3, 130.1, 130.3, 141.2,
147.9, 152.1, 193.6. IR (neat): 1667, 1624, 1604, 1489, 1469, 1427, 1400, 1292, 1091, 1049, 959
cm . EIMS (m/z): 226 (M"), 211 (M — Me), 183, 169, 147, 118. HRMS-ESI (m/z): [M + Na]"

calcd for CioH10NaOs, 249.0370; found, 249.0368.

4-tert-Butyldimethylsilyloxy-6,7-dimethoxy-1,3-benzodioxole-5-carbadehyde (26): To a mixture
of 4-hydroxy-6,7-dimethoxy-1,3-benzodioxole-5-carbaldehyde (25) (1.20 g, 5.31 mmol),
4-dimethylaminopyridine (DMAP) (130 mg, 1.06 mmol), and Et;N (1.5 mL, 11 mmol) in CH>Cl,»
(27 mL), was added tert-butylchlorodimethylsilane (1.20 g, 7.96 mmol). The mixture was stirred
at room temperature for 3 h. After addition of saturated aqueous NaHCOj3, the whole was extracted
three times with EtOAc, and the combined organic layers were washed with brine, dried over
Na,S0Os, and concentrated in vacuo. The residual pale-yellow oil (2.14 g) was used as a crude title

compound without further purification to the next step.

4-tert-Butyldimethylsilyloxy-6,7-dimethoxy-1,3-benzodioxole-5-methanol (27): To a solution of
the crude 4-tert-butyldimethylsiloxy-6,7-dimethoxy-1,3-benzodioxole-5-carbaldehyde (26) (2.14
g) in EtOH (30 mL) was added NaBH4 (714 mg, 18.8 mmol). The mixture was stirred at room
temperature for 30 min. After addition of water, the whole was extracted three times with EtOAc,

and the combined organic layers were washed with brine, dried over Na,SOs, and concentrated in
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vacuo. The residual solids were purified by column chromatography (hexane/EtOAc 9:1 to 5:1) to
give the title compound (1.73 g, 95% in two steps) as a colorless oil: Ry= 0.23 (hexane/EtOAc 7:1).
"H NMR (500 MHz, CDCl5): § 0.20 (s, 6H), 0.99 (s, 9H), 3.83 (s, 3H), 3.92 (s, 3H), 4.62 (s, 2H),
5.87 (s, 2H). *C NMR (125 MHz, CDCls): § 4.5, 18.3, 25.7, 55.6, 60.4, 61.9, 101.1, 119.8, 132.0,
132.2, 134.0, 138.7, 145.8. IR (neat): 3522, 3464, 2931, 2885, 2858, 1616, 1477, 1431, 1257, 1083,

1053 em™'. EIMS (m/z): 342 (M), 285 (M — -Bu), 270, 255.

5-Bromomethyl-4-tert-butyldimethylsilyloxy-6,7-dimethoxy-1,3-benzodioxole (28): To a mixture
of 4-tert-butyldimethylsiloxy-6,7-dimethoxy-1,3-benzodioxole-5-methanol (27) (450 mg, 1.31
mmol) in CH>Cl, (13 mL) was added PBr3 (0.14 mL, 1.4 mmol). The mixture was stirred at room
temperature for 30 min. After addition of water, the whole was extracted three times with CHCls,
and the combined organic layers were washed with brine, dried over Na,SOs, and concentrated in
vacuo. The residual pale-yellow oil (552 mg) was used as a crude title compound without further

purification to the next step.

5-Allyl-4-tert-butyldimethylsilyloxy-6,7-dimethoxy-1,3-benzodioxole (29): To a mixture of the
crude 5-bromomethyl-4-fert-butyldimethylsiloxy-6,7-dimethoxy-1,3-benzodioxole (28) (552 mg,
1.56 mmol), Cul (50 mg, 0.26 mmol), and 2,2'-bipyridine (41 mg, 0.26 mmol) in Et,O (4 mL) was
added a 1.0 M THF solution of vinylmagnesium bromide (2.0 mL, 2.0 mmol). The mixture was
stirred at room temperature for 30 min. After addition of water, the whole was extracted three
times with EtOAc, and the combined organic layers were washed with brine, dried over Na,;SOs,
and concentrated in vacuo. The residual solids were purified by column chromatography
(hexane/EtOAc 50:1) to give the title compound (313 mg, 68% over 2 steps) as a pale-yellow oil:
R;=0.52 (hexane/EtOAc 7:1). '"H NMR (500 MHz, CDCls): 8 0.19 (s, 6H), 0.99 (s, 9H), 3.30-3.37
(m, 2H), 3.77 (s, 3H), 3.93 (s, 3H), 4.90-5.00 (m, 2H), 5.86 (s, 2H), 5.89-5.98 (m, 1H). *C NMR
(125 MHz, CDCls): 6 4.2, 18.4, 25.8, 28.4, 60.4, 61.4, 100.8, 114.3, 118.8, 131.9, 132.3, 133.8,
137.1, 137.3, 145.3. IR (neat): 3016, 2931, 2886, 1477, 1435, 1254, 1215, 1053, 910 cm™'. EIMS
(m/z): 352 (M%), 280 (M — Me — t-Bu). HRMS-ESI (m/z): [M + H]" caled for CisH290sSi,
353.1779; found, 353.1779.
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5-Allyl-6,7-dimethoxy-1,3-benzodioxol-4-ol (30): To a solution of
5-allyl-4-tert-butyldimethylsiloxy-6,7-dimethoxy-1,3-benzodioxole (29) (690 mg, 1.96 mmol) in
THF (20 mL) was added a 1.0 M THF solution of TBAF (1.96 mL, 2.0 mmol). The mixture was
stirred at room temperature for 30 min. After addition of water, the whole was extracted three
times with EtOAc, and the combined organic layers were washed with brine, dried over Na,SOs,
and concentrated in vacuo. The residual solids were purified by column chromatography
(hexane/EtOAc 5:1 to 4:1) to give the title compound (462 mg, 99%) as a pale yellow solid: Ry=
0.28 (hexane/EtOAc 4:1). Colorless needles of mp 65-67 °C (EtOAc/hexane). '"H NMR (500 MHz,
CDCl): 6 3.40 (ddd, J = 6.0, 1.7, 1.7 Hz, 2H), 3.77 (s, 3H), 3.93 (s, 3H), 4.83 (br s, 1H), 5.08 (dt,
J=10.0, 1.7 Hz, 1H), 5.09 (dt, J = 17.0, 1.7 Hz, 1H), 5.92 (s, 2H), 5.99 (ddt, J = 17.0, 10.0, 6.0,
1H). *C NMR (125 MHz, CDCl;): § 28.1, 60.5, 61.7, 101.5, 114.3, 115.3, 131.7, 132.0, 132.8,
136.8, 137.2, 145.0. IR (neat): 3302, 2939, 1462, 1435, 1392, 1253, 1068, 1037, 910 cm™'. EIMS
(m/z): 238 (M"). HRMS-ESI (m/z): [M + Na]" calcd for Ci2H14NaOs, 261.0733; found, 261.0733.
Anal. Caled. for C;H140s: C, 60.50; H, 5.92. Found: C, 60.49; H, 5.87.

Synthesis of 6-Allyl-4,7-dimethoxy-1.3-benzodioxol-5-0l (34).

4,7-Dimethoxy-1,3-benzodioxol-5-01  [22934-69-6] (32): To a stirred solution of
4,7-Dimethoxy-1,3-benzodioxole-5-carbaldehyde, which was prepared according to literature
[42,43], (1.0 g, 4.8 mmol) in CH>Cl, (25 mL) was added mCPBA (1.8 g, 7.2 mmol) at 23 °C. After
being stirred for 20 h, the mixture was quenched by saturated aqueous Na>S;O3 (30 mL). The
organic layer was washed with saturated aqueous NaHCO; (30 mL % 2) and brine (10 mL), dried
over MgSQ, filtered, and concentrated under reduced pressure to give the crude formate. To a
stirred solution of the above formate in MeOH (25 mL) was added K,COs (2.0 g, 14 mmol) at
23 °C. After being stirred for 2 h, the mixture was quenched with water (30 mL). The mixture was
extracted with CH,Cl, (30 mL x 2). The organic layers were washed with brine (10 mL), dried
over MgSQ,, filtered, and concentrated under reduced pressure. The residue was purified by
column chromatography on silica gel (hexane/EtOAc) to afford

4,7-dimethoxy-1,3-benzodioxol-5-o0l (32) (850 mg, 90%) as white solids. Spectroscopic properties
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were consistent with those reported in the literature [44].

5-Allyloxy-4,7-dimethoxy-1,3-benzodioxol ~ [2361555-45-3] (33): To a solution of
4,7-dimethoxy-1,3-benzodioxol-5-o0l (32) (900 mg, 4.5 mmol) in dimethylformamide (7 mL) was
added powdered NaOH (200 mg, 5.0 mmol). After being stirred at 23 °C for 20 min, allyl bromide
(0.43 mL, 5.0 mmol) was added. After being stirred for 1 h, the reaction mixture was diluted with
EtOAc (40 mL) and washed with water (20 mLx 2). The combined organic layers were dried over
MgSOs,, filtered, and concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel (hexane/EtOAc) to afford 5-allyloxy-4,7-dimethoxy-1,3-benzodioxol
(33) (850 mg, 82%) as white solids. Spectroscopic properties were consistent with those reported

in the literature [45].

6-Allyl-4,7-dimethoxy-1,3-benzodioxol-5-o0l [2361554-58-5] (34):
5-Allyloxy-4,7-dimethoxy-1,3-benzodioxol (33) (238 mg, 1.0 mmol) was dissolved in
N,N-dimethylaniline (3.0 mL) and refluxed for 3 h. After cooling to 23 °C, the mixture was diluted
with Et;O (20 mL). The mixture was washed with 20% aqueous HCI (10 mL x 2), followed by
water (5 mL), dried over MgSOs, filtered, and concentrated under reduced pressure. The residue
was purified by column chromatography on silica gel (hexane/EtOAc) to afford
6-allyl-4,7-dimethoxy-1,3-benzodioxol-5-ol (34) (211 mg, 89%) as a yellow oil. 'H NMR (500
MHz, DMSO-dy) 6 8.46 (s, 1H), 5.88 (s, 2H), 5.82 (m, 1H), 4.97-4.83 (m, 2H), 3.77 (s, 3H), 3.76
(s, 3H), 3.27-3.14 (m, 2H); *C NMR (125 MHz, DMSO-ds) 8 141.8 (C), 137.2 (C), 137.1 (CH),
136.6 (C), 130.4 (C), 128.1 (C), 114.2 (CH>), 111.1 (C), 100.8 (CHy), 60.1 (CH3), 59.6 (CH3), 27.7
(CH>). Spectroscopic properties were consistent with those reported in the literature [45] but the
assignment of 13C NMR chemical shift in previous report was likely incorrect. “110.6

ppm should be 137.2 ppm”.
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