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2013 4F Hergenrother 5%, RKIRHRIKD FALEWITEREASOC R L CEAT 52 &
2R, B R D X O IR ER AR 5729 @ Complexity-to-Diversity (CtD) HkHig %
fEfd L7z (Scheme 1). 'V GMEZRBRIRMEE A A T 5 RIAH KIS LAY (Complexity) (%t
LTEROBRE, LK, @E, BRSO EEAT 2 28D, 2ReEKREHFET L1k
BT A 77V — (Diversity) #HHETHIENTE D, BHICATARER KW & Fr &3
%I ET, PRt Ale et 2 HEE T 5 & & b, KRR RIS TE AW OEENFE TH 5,
BHETNARR Ry FREE 2 T 2 2R bEME 152 Z LI L TV 5.

0 O,

CH,
AcO H
o} N “OA
CH300C" CH; ¢ oo
Y COOCH,
c1 AcO™ N """OAc
HaC CH;00C"
s 5 steps ? s CH3 CooCH,

6 \ / G2

3 steps Q H \\\OH 5 steps
TR
HO

b
3 st CH; COCH 3 steps
o osteps Gibberellic acid (G)

¢ 3 steps
s
e

O
T
5
[e) T
z )“\
I
>

G4

Scheme 1. CtD BEfig D

CtD HERIE D K 9 22 RIRHCRIK S FAL S A iR & LT R G RUICE R EZHS T, F&1T
KIRHORAR S FAL B O EBORRE DO R EZ W TALE AR EZIT ) 2 & T, FREWZE
D ENRHRRVWINEE T, 2T, FEEHEIRXE Wlium) EWICEH LT

AXBEHEMIE T AN TFTRHZBT 2R KRKETH Y, BHGEZEMFEE TEHELER MY
DHEIET D, (REHIE LT=0 =7 (Allium sativum), %~ 3 X (A.cepa), * X (A.fistulosum)
RENZET O, BAEOBHAIZBW TS HFEMICBEICT 2H AWM ZRT 5. K
By & LI E s b amnZ T b, XX BAY OMEre BRI 5 LT s.

\ /S
m X"g % | Sj/\ m
\/\S/S o//S\/\ o//S\/\ S S/S

(Z2)-Ajoene (3a) (E)-Ajoene (3b) 2-Vinyl-4H-1,3- 3-Vinyl-4H-1,2-
dithiin (4a) dithiin (4b)
H CHg
CHs CHs NE H,C -
OsgCHs HiC ~ \/ﬁz s’S ot
s N HiC_Ntr~d'+
Hsc/\/S\SJ\/CHg AL s AT
o) o o
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1



IO EMBCAWITRY HIZB O T allin )Y ITRESND VAT A U ALKRF VR
FEIR L alliinase FEDRESR & OBERSPEY CTh D N EEALE W g KR & L CTAERT
5. V2 OB W ARSI AR & MR, D REOSNRD O H E5F DT
DO THD EEZLN TS, Thbb, VAT AU ANKRS Y RFER L BRI
NETNEIN O BT DAL S VTR Y, B TR ST L. FE eI B
EREE D LIRS E SN, BRI SN W BREE THL VAT A VA
VIR F Y REFER &R NIRG SN, %fﬁmﬂ@ T4 % (Scheme2.STEP1). LTIl ®
12, allicin (2)%7 ICRBENDTFAANT 42— M ERERT L. 72k, XFXBENEH S
NDYVATA U AVARF Y NFEEROFEESCFOEAEIFMEICE Y By, M2 bEw
DEFRMEICTFE LT D. BERSICE VAR LT A ANV T ¢ F— NENEITHEE SO0 fiE
PG %8 AT 5 Z &2 LY, ajoene (3)® ZNERBI & T 52X BMEM DO SR ERMAA
WMNARLT D (Scheme 2. STEP 2).

STEP 1: Enzyme reaction ' STEP 2: Chemical reaction
E Self-condense Self-
. NH, ' (Immediately) O conc?ense
X ' S< —
A5 coom ; [/\/ OH ] /\/S e NF —— >
Alliin (1) . Allylsulfenic acid Allicin (2)

Alliinase [ ' O i
‘ — /\/S\OH ] ; g\+ — r NS = S\/\
o A $/\/ S S —> K‘%/
Allylsulfenic acid | Sy S S\S/\/
; (E/Z)-Ajoene (3)

Scheme 2. = X JE A HH 3 5 it LA 9) D A Bkt

Z 2T, XXBHEM» G LN D EREALEWIT allicin (2) X° ajoene (3) DAERKIEFED L

2, BERBUSAERMIFE OB DRSS BARKT 5 H O OMIZ (Figure 1)°'9,  kujounin A,'5:19
0):1: D TRl SR S E R DISRE) P CAFTET DOy E ST 5 Z LI LW AEKRT S EE X
SNDILEW NS D (Scheme 3). JLEIAX (4. fistulosum ‘Kujou’) L 0 HEfE X 4172 kujounin A,
XY AT A 2 AVRF Y FFEIR isoalliin (5) RNERLUGC LV ofRsh b Z Lz kv ARk
THFAZANLT fx—h (6) LT OT ZAa)LE U BEENRIGET D2 Ik BT 5 L
HEINT.

OH : HO
i Semidehydro- i HO_AG O o
o NH, Allinase o ascorbate acid Hsc/\/s\o " : \/\S_\(
4 = —— 1 —_— > ! —
S. A — Se. A CHy ——> ' ' .
HsC X" CooH ER S . d  on
Semidehydro-

Isoalliin (5) S-1-Propenyl-1- ascorbate acid
propenethiosulfinate 6) ~ — Y =TI

Disulfide
HO/ formatlon
HsC Ho T Me Ho T 30 HO

Kulounln Ay

Scheme 3. Kujounin A; DHEEAE AR EE 1510
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Fio, GMEAEMLSNCE, XXBEMOMTRHCMEE 2 5B COFRNHE - LT
e/ LVIHEEARN R SN, 7 Zov e — ViR ROARSETEE LT, BRI E Y ER
LIeFAANT 4 32— b ERITOT IV REPRIGL, Eu— VBRI T 5\ R
EIANTWD. 2O X D3 XA ik OFESE OG0 BOG % fL Z 3O RE) Bk
b0, ORISR EINZ D Z LT, ERRMOA RS EE 2T

—J, XXBHY =2 =7 DN EMEILAEMOREFDO—>TH 2 ajoene (3) 13,
=LAV T o FEEEZ S OESFIROGHELEM TH Y, (21K (3a) BLW (BE)-1K (3b)
DATEIERDB BTN D, 30, Fidd, 2 dhidii#, DPiE, 2H9EE, DB X0
FIENEH 0% B+ D 2 EPMESNTVHLEERAT A ANV —ATHD. FRIHDBAIEH
(2B W TITEM SRR BT 2 S E R P X OB KMBIERIZMZ, 2Vinvitro 1Z
B DWEHIBWTREERIED 2, 23 Aifliid (CSC) 1oxt U THITEIMBIEN 2 ~9 2 &
NHEEIND L, PHIEEDREZFOLAEME LTHIR SNz, L LR S, 3a ZHER
TFLHT 60 C T 3 HEINEAL 723556 ORI HRIL 199% Th b L, LFICREZE
R ELH VR TITRA I TRV, F2, 3 ORMEMERIZONT, FIBNAERZEIC
BWT, (2)-1K (3a) 28 (E)-IK 3b) LV L2 ERME SN TEY, 820 EEIZEHOM
FHZEBWTH, 3a 28 3b LV b A AMAICKH 2 58 IS ER 2 B9 5 2 & 2 iR
L7 (Table 1)®. FHILX, ZOIERHDOENRS FNOREIR 1 & BRI OIERESIEOM A
EF (S-O FHAAMER) ik arv 73 A= a v nEEbEN 2D THD EHR L.
WOEFOE &, EHIX, E=AALVT7 4 REEEZ LD, HTRELXEELLETAET v
FEIRD, 3a LRIEOEMNE A ALFRNCLERTID ARV ED LARH AT,

Table 1. Ajoene (3) 73 Al EESEA 6 7E H

S AR A E R —50% AR sE I (1Cso, M) —
Z-1K (3a) E-{& (3b)
MDA-MB-231%®) 15 36
U251-MG*® 19 40
WHCO12 25 39
Hep 3B'® 31 75

—J, == 0605 3 LAOERE{bEHE LT, BIREELZ AT D 2-vinyl-4H-
1,3-dithiin (4a) 33 X 3-vinyl-4H-1,2-dithiin (4b) A SN TN D. 594a B 4b 1, =
=7 ORI ERY TH S allicin (2) D3RG £ % thioacrolein (FAT 7 LA |
7) DAERE, i< T OHC Diels-Alder IGZRETAERT D EHESINTND. da BLW
4b | IBEEIRAEMIEM R T 2 ENE BTV DE N, 3 ERBRITAEFERINCARLE Th 0 I
ELTHWAZ ENH LY. 22T, FEIL, 4a BLO 4b OERBRTHD 7 D Diels-
Alder ISZEIGHT 22 & T, (LFNCLERT AT L OBENH KRN EE X T
(Scheme 4). $7xbb, GAHIE L CHEYIRY = 2HWSHZ £ T 7 L O thio-Diels-Alder [
JGEATH) ZEMTENRE, FAET UVBMERT LI LN TE L LEEXT.
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ARFGETIE, ETH IO TR B R DR RS E R & b RO~ & FIH T
XOMERXBHMZ ~ A X2 O THREE2ITo7-. BMETORE, *XBEMEYH kOREERIE
ERINIMEFERIS~HND Z EMARETH DL Z N ghroTeZl emb, 7T #HWeTFAE T
VEBIZOWTHRE AT o 7. FA OSSRFEOBRFIOMR, Yoo & LTRGSHDmW Y
NT ) —=VT—T NG THYZ BN ZET, AXEMYM = =7 HED 2 hHFRF
THALT 7 & D Diels-Alder USHETL, ERIRWRTAET o EREER L. K
OB W TITBRENZ L2 25 FD YT & Ok 7 Diels-Alder FUSANHEIT L7=
BAOFAIET L 9 NELNT-. HWT, B EICBWTE LN IALEMDL R ZENR
KOS AAER Z3Em L 72,

In plants
(0] f¢\7 A s
1 \/\S/ %
NS g N\F S, 8
S — S N O/,S\/\
(2)-Ajoene (3a) (E)-Ajoene (3b)

S

Diels-Alder
b ]
Thioacrolein (7) 2-Vinyl-4H-1,3-dithiin (4a)

Key intermediate S : S
z reaction
ANF > [ g * Sl(\ @/\

Diels-Alder

R2 - RA
= A reaction A
LY Ty
R3 X R3 S
R* R*
Dienes (8) Thiopyran derivatives

R = Functional group

OTMS

| + Sequential double
TMSO\< Z Diels-Alder reaction e}
| >

OCH >
N S 8f3 S

of OCH; Thiopyran (9)

Scheme 4. A2 DR



H— FAT 7L A VEMHALETAE T COARK

B B r— VAEREIRE LT 5 2 X R 2RI LT RS ORG

B2 3RX (A cepa) R°=2 =7 (A sativum) DX—A NI, METDHEEOTDHI ERMD
NTW5D., FlziE, MLESNEZF~FFEE L 7ORICERT D, T4, Imai HiX 2-(3.4-
dimethylpyrrolyl)-3-methylbutanoic acid <> 2-(3,4-dimethyl-1H-pyrrolyl)propanoic acid & VY572 N-{&
B 34-UAF 0 — VEEORAMAE LCREL, HOmon N-EfRen—LB 0%
o0 _BEROIEEMTH D Z L 2B BT LT (Scheme 5). 17303

NH,
Hooc/'\(CH3 2/ \; /\ I~ -

- I \
Q NHZ Alliinase Valine ~ '3 CH CH, CHa
AN Ncoon = /\/S "X~ —= HooC 3 —%= HOOC HoOC

Isoalliin (5) S-1-propenyl-1- ) CHj CHs
propenethiosulfinate (6) 2-(3,4-dlmethylpyrrolyl) N-substituted 3 4-dimethylpyrrole
3-methylbutanoic acid dimer [colored component]

Scheme 5. # ¥R XHTOH N-E#i3,4-2 A F /L Em—/LDARK

vo— ORIt AL, ETURTA AR FY RBEEKRTH D isoalliin (5) 73EFHE
alliinase |2 X %43 % 5:1F, S-1-propenyl-1-propenethiosulfinate (6) 72 & D& i di{b G % 4
TS, HEWT, TNOOEHEEEWN, MW7 I RERIUS LT, N-E#t 34-2 4
FrEu—VE2ERTDHEBEZLNTL. ZOERT mEZAOWEITERL, HEEITRERDO
ERGRRED HEAZ HWTALEM ARG TE nhEE X, Thbb, ¥vRXFX Ol
FEUSAERM & IERIRT IV EDRUSEAT D Z & T, R N-EH#L 34-UAF L Er—
NEFFDH T ERHRIRWINE B T

£7, BOEY R —LAMEERT 57201, #FMERD XX BAEMIC OV TG LT,
AEDOE R =V ERIZEW TR BERFBKEI AT A A VERFY FHEERTH S
isoalliin (5) TH Y, Z~FRX (A cepa) 7¥ 5 DEBEBLOEMDOAFTO LT I 0B iR
FMTHDLEEZLNTZ. — ), Z~FFHIUIT AT A v AR T v RHERO SRS
Td % alliinase DM, alliinase (2 KV AR LI ANV T = VBFHEKR L ERRK T
(Lachrymatory Factor, LF) ~ & ZE#i7" 558 CT& % Lachrymatory Factor Synthase (LFS) %1 L
T 5 (Scheme 6). LFS OFFEIC LV, B o — /L& IZ EEZ  S-1-propenyl-1-
propenethiosulfinate (6) DAERKENHIT T D Z &G ENT272®, LFS ZJ9E S5 MM
bHole. HMPIHEET 2 1 EOBEDOH 2 BRI IIE S E L 2 LIXREERZ b, ¥
~ XX ORERE & TRIE ST, BERERTH 2 allinase BT 27162 L D
ZEl Lz ZOFEIIBWT, = =7 (4.sativum) 1X LFS Z&H L7aWZ2 EMR5ho> T
WHTew, XX LR EMOAF LB THSH Z &2 D, alliinase 53D 7= D &

THET 2B



R

O NH; Alliinase . o N
NI Ncoon TR AN T0H TR NN P\
i 1-Propenyl- S-1-propenyl-1-
IsoaHnn(5) ------------ ' sulfenic acid propenethiosulfinate (6) Pyrroles
HEEAEY) 1009 HO Fs
: isoallin (5) &8 (mg) © oy 0 eeeeeeeeeeceeeeoe
L RTRE 50.3 ! o : LFS O& %
 FrqT 21.0 ! S+ JCEEES "
: &4 : v s :
' _;\? :E,J 13.1 ' 1-Propenethial S-oxide '-__T_J.._.? ...... [ .
—7= trace i (Lachrymatory Factor, LF) LFS: Lachrymatory Factor Synthase
IvFan trace :

Scheme 6. B2 —/LERIZEEH S 5 BL O LES O L 55 HBEDE

EHIL, HEMH L L TRFBREY S < X F (4 cepa) ICERSND VAT A U ANEF Y
RFEEROHAEZEE L. X~RXXHDOL AT A v AR F T RfEEEFEIT, microwave
(500W) THEAS 2% = L2 L o> TARIEL LT, =0 =27 OBFEFES T ATHRAE 6> TR L
7202 6DFEEEZ T, TN L7-Z~v32X == b0 72 alliinase
BIRATDHILET, MBVLEE LX<~ X XHD U AT A L A)LRF Y R alliinase (2& > T
BT THDLNE I & L2 (Figure2). LCMS T OFEREMN S, Hifif % ~ R XD
HPE L OMBMWLEL L= ¥~ 3 ¥ L = =7 M alliinase ORGH OO HIZ v
AT A U AVEF VR isoalliin (5) OEEFRRAERY) 6 [(REFFRERHE 4.7 min, m/z 163 (M + H)']
F L O Di(1-propenyl)disulfane [fREFFRER] 3.5 min, m/z 147 M + H)'] BNEEND 2 & &R L
. Fl, VATA AR FY FHEDOF A AT 4 2 — M DEEIEKGIC L AEALE
MDA bR LT (PREFEERT 7.5-10.0). VL EOFRERMND, MBVLEE L 7= X <X XD A
TALANVEXRY RNiF=r =7 HARBERICKHTLIREREETHD 2 L 2R L.

Microwaved (MW) Fresh MW A li f
A. cepa + Alliinase fr. A. cepa -cepa Allinase fr.
Q S Q S N o S o
S S N S S N S S (mV)
o > S & o N 6}9 ° S & N N ¥
25 L 1 1
A Z—A H f
50 j\i;B Cir —B g\ff T\”: A: m/z 147 [M + H]*
™ > ] ] > S
75 L | L ) 1 s
] ;,_: LL L | Di(1-propenyl)disulfane
1 o ) ;
10.0] t—o ] B L J
I Jj ‘f | B: m/z 163 [M + H*
{7
1l | | g
1 [ r’ ‘l [ /\/s\s/\/
15.0' 1 6
(min)

Figure 2. F-HHSIEIC X5 & ~ it ® HPLC /o#t



WIZ, P COE R —VARKIEZBH LT, Z~RXXHK AT AV AVEFT R
5 N-E# 34-VAF L0 —LOAERIT (Scheme 7). (XU HIZ, KW LIFEEDT
JBERWERISEBRE LTz, T7ebb, MBWE L7~ X & = =7 HfH alliinase
EERIRETHIET 1 OB RISEIT o121, WL TERIC L VBRELT. AKR%E
VEFNEZ=T VB IOKERAWTEL Bz T) 2L TFAANVT 4 X — bz V2T LT
—7 VAN U, ) T IE#E L 7=, (L)-Phenylalanine % V &7 U v AREMEHR (pHS.5) |2
EHITMZ, 100°C T 15 SR ZET Lz, TAMY, SRS HEIT L, N-E# 3,4-
VAT NE R =L 10 BB EZENE 0.021% O T2 (Table 2). S 512, Fix O
N-EH# 34-2 A F /L' r—/L%, (L)-phenylalanine ®™1X4> ¥ |{Z (L)-tryptophan <> (L)-leucine,
(L)-methionine & W\ 72 RIRT X /B4 KIEZAI & L TIRETZ21To728 24, 10 OERK & [k
2, TN N-E# 3,4-0 A F o —L 11(0.075%, HE2 ~ 32X 5 OILER), 12 (0.11%)
KON 13(0.068%) %155 Z & N TE 7= (Figure3). #i\C, FRREOEMEZIERREDT I T
& % 1-phenethylamine <° aniline, dodecylamine &\ > 7=—#k7 I v ZREEAI & L THWK
JSERRET LT, EORER, FERBRET I BN THRICHET L, N-E# 34-UAF LY

7 —/L 14 (0.032%), 15(0.043%) K T® 16 (0.047%)% 10 & [REROUE TG/,

L&Y 10 (XA D amorphous powder & LT B, Z04 1L ESIMS o#rd LY
HR-ESIMS Z3#TiC &V CisHigNO, TH D LIRE L. 'H BEL T BC NMR A~7 kb
(CDChL) 1%, IbEW 10 e r— o B Ll T 2=V T Il atel L 2R LT, 7

=T T = U OMEE, 1-H BET 2,5-C M HMBC FHBIICESWTIRE L7z, *
7=, 1" fLOMERINIARBLE IE, phenylglycine methyl ester (PGME) £ (Figure 3)*? #3425 2

IZE DEFR L7z, 10 & O (S)-phenylglycine methyl ester [(S)-PGME] % g & Al CULERT 2 =
& T (S)-PGME 72 K (10a) #%37=. —J, (R)-PGME 7 2 K (10b) I%, (R)-PGME %
TRBROBAIEZIT S Z L2 &V 10 2667z, Figure 3 12773 X 91T, 10a D z—/L
BOTa N AZEID Y Tiov 7 vE, 10b O 1 b Akt U CmEisgia il calll Lz oot
L [AS8: negative], 10a OB UEO T 1w FAZEID BTy 7, 10b O a iz
T LTRSS CRLHI L 72 [AS: positive].

R
- Crude enzyme Em:\rlg;
_ _ (Allinase) T ( )
Allium sativum
b _ Processed » Thio- 10 1%H3
8 \icrowave A. cepa \_ sulfinates
) [including Mixing Paal-Knorr
Allium cepa Isoalliin] (Enzyme reaction) type
0 NH, Enzyme ex) o reaction
Hye” $coon | reaction |y oS3 g N CHs R=NH;
Isoalliin (5) 6

Scheme 7. N & 3,4-3 A F /)L &° 2 — LA il O
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Table 2. N-[EH#a 3.4- A F /L —/L (10-16) DAL

Crude enzyme

Amines _ N-substituted

Processed _(Allinase) o Thiosulfinate 6- - :
A. cepa containing fraction 15 min, reflux 3,4-dimethylpyrroles 10-16
_ Yield _ Yield
No. Amine Product No. Amine Product
(%)? (%)?

Hoow z
1 N
\ /

2 HoOC

w
I
N
Z
o
I
w
—
P4
\

0.032

-
&

HsC  CH; 14

(N; 0.043
67

0.075

0.021 | 5 ﬁ
HoN

0.11 W
' 7 HZNA(\%\CHg, ;\Nz/ 0.047

HooC H 0.068
H2N\\‘K/\S/CH3 E\ /Z
HsC CH; 13
VRIS < RO O HBEGR (w/iw)
' 2" ' "
HoocA A e HOOC};\Z@@ HOOCWCH3 HOOCY >
AE» . \(\/ 7>
A9 AT
5

N N

WA 8 A
HC Y CHs 15 HC ) CHs 16

== DQF-COSY -~—X\HMBC

s +0,01
E ))PGME ROCS +0.03

10— i +0.03 }Q
~0.07 H
w N
N
H

HaC CH3_0'01 COOCH;

R = (R)- (10a) or (S)-PGME (10b) PGME
A3(S—-R) values in ppm (500 MHz)



Figure 3. {t&% 10-16 @ 2D NMR JHIEIZI1T 5 F72MHET & 10 Dot SRR & DR E
L7l oTC, 10 O 1' (L TOMKNARELE L S THDZ ERFRSN, JISHOT 2 JBO
MO SLARELE 1 2 OSOSIZB W TREE SN D Z 3 yinoTo. ZOEE, (LAY 10 Ok
&%, (S)-2-(3,4-dimethyl-1H-pyrrol-1-yl)-3-phenylpropanoic acid & 7€ L7=.

11-16 OAfL##EE L 'H, BC NMR A2 kLB LT 2D NMR (DQF-COSY B L
HMBC) A7 RVOFEM7RSHTIC L > THRIE LT, (LAWY 11-16 O r—/LE 5y & IS
53 & OFEREIE, HMBC A7 MUICHESWTHEZR L. £72, {LEW 14 OAERIZEBNT,
A%z K [pH 7.0] 7t by, PoFlrz—F 0L LEBAEOIERIZIETCHETH-
72 (0.053%,0.040%, 0.071%). Z L5 DOFfERIE, KREEHI O KRNI K OV D fgE 23 SO D

TIIZE A EHBEEZRIT LW L E2RBL TV,

N%Tﬁ& 34-VATFAEBR—/L 10-16 DRI D HEE S 4 Scheme 8 (27”3, &%
7", S-1-propenyl-1-propenethiosulfinate (6) 72 & DF A A /L7 ¢ Fx— K73, alliinase &K DHEER
FIGIZ XY isoalliin (5) 728 ED VAT A L ANKF Y RBAEKREND [AT v 7 1],
2, FARNT 4 F— MIMKSIRIC L - T, ZRVT = R EDIEFICREE R PRIEIC
DREND [AT v T 2], —EHOFAANVT 4 F— NMITANLT 7 AEBmIN, ERLT
CANT 7, 1A-CTF A bR E [3,3]-0 7~ bu Bl Ko TERT D L HE
EESND [AT v 7 3]l. ThiE, xFBMED»LOfEHBE L OEEMIC, did-
propenyl)disulfane 73 Z £ TWD Z &, 33 38 LW di(1-propenyl)disulfane 23I1EA T C 3.4-
dimethylthiphene (ZZ#IN D E VI HEIZ I > THFFENLD. 3339 X 51T, alliinase ALEE L
7oA < 2 XM O LCMS SHTE mz 147 M+H) 2R IIbEMOFERHER TE, Zhix
di(1-propenyl)disulfane DAFEZRIME LTz, &I, 14-PFA7 bk eE T I OO
Paal-Knorr BUSE N K> TR — /B DBIER SN D 2 LIZLVLED 10-16 231551
HEHEE L [RT v 7 4].

Step 1
- ex) -
1) NH, o) NH, Enzyme
é : 3 = reaction é R
R™*>""CO0H | HiC "+ >""CooH | 1> R3S’
Cysteine sulfoxides Isoalliin (5) Thiosulfinate
Step 2 CI)—
N CH Hydrolysis -S<
HaC/\/+ S/\/ 3 — 5 R OH
S-1-Propenyl-1- Sulfenic acid
propenethiosulfinate (6)
Step 3 Disulfane  S—S  [3,3]-Sigmatropic S S
S. formation rearrangement 7\
SC/\/ “OH x2 —>» \ / —_—
1-Propene-1- HsC  CHs HsC  CHg
sulfenic acid . . . o
D|propenyld|sulfane 2,3- Dlmethylbutanedlthlal
Step 4

Paal-Knorr type

2,3-Dimethyl- react|on
butanedithial R- NH2 S \> S Z
3C CH3
10 16



Scheme 8. N-fE#t 3,4- A F /L —/L 10-16 OHEE AR EE
B FAT Il A EFHALETAET COARK

BN, X EMY OBES S ERY & REIN D BTN U T2 BOGA] & O RUGE
EITT ARG oT. T, FAET UDERRICOWTHRIEZITIZ L L L

FA YT UHEREGRT 2 72O O RS E LAY O E BRI E B A ST E/m T
0t ADOME % Scheme 9 (23T, = =7 HKROBRREGEHIEILAY CTH D vinyldithiin (4)
I% thioacrolein (7) @ H . Diels-Alder SSZ KV AERT S EEBEZ LN TS, Z OERKERE
IZEAEL, @y 8 & 7 L O thio-Diels-Alder MGz 1T 9 Z LN TEIE, FERRA
DFFAETonGonNdEEZ. TZTET 7 OHBEZHBF L08R TH 72, HEEHED
HBHIRY, 7T OGP LNTHIHEF D203, 337 OBEBEIRD) L FlTRE ST
v Bl E LT, 7 ERSHEDE <, ARz, HIEIZH T Diels-Alder KOS &V @ kT
LEMPRH D T ENEROND. EEICERPIRAAL LNTHIZBNTH &K TH D 2-vinyl-
4H-1,3-dithiin (4a) <° 3-vinyl-4H-1,2-dithiin (4b) 2G5 TRV, SREIO=2 =75 O Hf
BEHcBWTbHINnD 4 DELNZORTH -1z,

UEDE ST 7T OHBEN TERDoT2Z D, TAHET VAR~DROT 7 —F L L
T, =2=7056&560% allicin(2) DL > CTRPICTAERKR L 7 OFIHZRG L=,
Tbb, 7T OHHEITERD»oTb00, TO_EBLKTHD 4 DELNTZZEND, &
HCOD 7T OFENRBINT. £2C, 7 ZISICRAT 572D OailEz Mg Lz, 6z
RS O _EFRICALE T 5 alliin (1) & 7 OERIZE T DEEHMEAE L THWDHAITIE,
AL EEET D EEEPNE L /D, 1 ZHEEL, RBRE N CEEE KL LT
%z ki#%éf%é EMB, 1 OREFESEBOSITAEY I TITH 2 & & Lz, &IT, alliin
(1) OEERIZ K DS DAERY T % allicin (2) IZHBETRE/ALEMTH D08, th2 10
ﬁm;67%éﬁ#ék%i%hfwé.%:fyz%ﬂ%fé:kf@%ﬁ@7%ﬁ%b,
FAET UERICHATE DTV EE X T

I § 2 Allinase I
/\/ \/\COOH 3 /\/ \S/\/ 3
A. sativum Alliin (1) Allicin (2)

Diels-Alder

Key intermediate S
reaction X
ANF [ ( + II/\ ] @/\

Thioacrolein (7) 2-Vinyl-4H-1,3-

dithiin (4a)

R Diels-Ald it

P iels-Alder 2
R1—)/_\<—R4 R =z “/\ reaction R | N
+ —_— >
Dienes (8) N R S
R = Functional group
R* R

Thiopyran derivatives
Scheme 9. F4 "7 AR OMEE
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£, 2 OMMHSEERGT L. (Figure 4). fHIESLE LT, K, A%/ —n, Tk LY,
vy, R FLBLIOY o F Lo —T LI OWNWTHHLIZE A, K, AX ) —),
T N EORMIEELNE, 2 T TRAMMOEL D= =T g b Lz, R TR
T 5 7 ZRRANIEUNCHWD 72O 2 OFEIZEWENEE LD, Ziub Ok
B2 L CTE 5T allicin (2) EABEISE, 7 OAMICHERT A IITIRETTHS &EE X
B, —J, 2 01%, Mz, iR T, DT m—F L OB o GRINIC
FH SN2, 2o OFEMmIEEEE, 7 ORI %2 &Em Lz allicin (2) &4 4y 2 £
LI OENTHHER . ZE 2 oz, T0R), UBORFICRWTIE, fMHSRICEN
VTN =T VR LCERT 22 & L. 2o X212 LTHE LA allicin
(2) 4775 thioacrolein (7) & RHCTARK L, $)& & LT Diels-Alder &% W zF A
T OERRAFE LTz, R CT—mYEICAERT D T 2RI AW D T2, ROGHED
BWYZThHLHV I N ) = V=TV EFT LV IOV THRFTHZ & & L.

$_ 888
Re) S w % e

?000

§ &
0. Y S o

5

" :' ’Toluene‘ ’acetone‘ ’MeOH‘ H,O
s A ——— | |

®— B =——B|——B |——B B B
25 b |

0 |

E

40
(min)

O
il i I ii
S...CH PN ! Se. X _CH; or -So =
A P g s or HaC S/\/ B /\/S\S/\/ c: P A S/\/ 3 H3C/\/ S/\/
S-methyl prop-2-ene- S-allyl methane- Allicin (2) (E)-S~(prop-1-en-1-yl) prop- S-allyl (E)-prop-1-ene-
1-sulfinothioate sulfinothioate 2-ene-1-sulfinothioate 1-sulfinothioate

Figure 4. Allicin (2) O S ORBE!

FISHIE LTHicD I vz ) —Lo—T VEGRKL, == ToH 5 allicin (2)
SHEEDR IS ERELEZ., YUz ) — )L —F L 8a—e [((2ZAE)-hexa-2,4-dien-3-
yloxy)trimethylsilane, (E)-trimethyl((5-methylhexa-1,3-dien-2-yl)oxy)silane, (£)-trimethyl(octa-1,3-
dien-2-yloxy)silane, (E)-trimethyl((4-phenylbuta-1,3-dien-2-yl)oxy)silane, ¥ £ O  (E)-4-(3-
((trimethylsilyl)oxy)buta-1,3-dien-1-yl)phenol] % =2 & L CHEH L72GEICE, = =27l
W& DRISERDIIHE O N2 o>Teh, LVEERY = TH D (E)-((4-methoxybuta-1,3-
dien-2-yl)oxy)trimethylsilane (Danishefsky's diene, 8)* ZH|HJ 252 & T, 245+ D 8f & DX
JERHEIT LT EBZOND BRATAE T 9 RGO (Tabled). £/, FRIRFICHERD
FAET 2 17-19 155472 (Scheme 10). —7J57, (E)-3-((fert-butyldimethylsilyl)oxy)-N,N-
dimethylbuta-1,3-dien-1-amine (Rawal's diene, 8g)*” Z i f] L 7= 58 121%, FA4E 7 3B 67k
moTehy, RbVICBREMELEM e a L EMELEYw 2028 KL
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Table 4. Allicin 2) E&HDHE & YT (8) & DSOS
Extract Q R Toluene Reaction
— | A SN F + RL)/_\\—R?’ Reflux, 3 h products
A sativum Allicin (2)-gontaining Dienes 8
fraction 1.0 w/w%?
Entry Diene Product | Entry Diene Product
1 TMiO)K none® 5 TMSO none®
Ho—"  N\—cH, 72\ on
(((2Z,AE)-hexa-2,4-
dien-3- (E)-4-(3-
yloxy)trimethylsilane ((trimethylsilyl)oxy)buta-
(8a) 1,3-dien-1-yl)phenol (8e)
2 T™MSO none® 6 T™MSO o
72 Wk I \—oon %O/(Z
CHs (E)-((4-methoxybuta- NS
(E)-trimethyl((5- 1,3-dien-2- 9 (0.014% from dry A.
methylhexa-1,3-dien-2- yl)oxy)trimethylsilane sativum)®
yl)oxy)silane (8b) (8f)
3 TMSO, none® 7 o
>/—\\_/—\CH3 TBSO (H3C)2N/\)K/S\/\
(E)-trimethyl(octa- / NNeH), 20 (0.0048% from dry 4.
1,3-dien-2-yloxy)silane (E)-3-((tert- sativum)®
(8¢) butyldimethylsilyl)oxy)-
N,N-dimethylbuta-1,3-
dien-1-amine (8g)
4 ™SO none®
7 N\
(E)-trimethyl((4-
phenylbuta-1,3-dien-2-
yl)oxy)silane (8d)

St = 7 IR D EE %. P
CHif= =7 (LR 61% D

=r=rit & T L ORI ERES o Tz,

FHE) 55 O HEEINE,

12



O
Extract 1
n ——| e

OTMS A. sativum Allicin (2)- oTes
: containing fraction

Hyco—7 N Ig (HON— N\

Danishefsky's diene (8f) Rawal's diene (89)
Y Y
O (0]
S S
SNPN FON NN o NS,
H 20 21
S

S .
. o) 0
s S
CH, CHs (H3C)2N/\)J\E—/7 (Hsc)ZN%

173, b - /\)J\/\/\ /\)J\/\/\
18a-d (H3C)oN SCH; (HsC)2N s N7

(Diastereomers) (Diastereomers) 25 (m=1), 26 (m=2)

o o) 0

(@] S\/\ /\)]\/\/\ /\/\)J\/\
S (HON" X NN Z N(CHy),
X5 19

n

27 (n=1), 28 (n=2)

Scheme 10. = =7 it & 8f BL TV 8g LDOINIC L vV ELNI-LEY &

2-(4-Oxocyclohex-2-en-1-yl)-2,3-dihydro-4 H-thiopyran-4-ones (9) 1 iﬁ@/ﬁﬂ Kg e L THD
Ni=. ESIMS (Z X VS F A A4 E— 272 m/z231 [M+ Na]" [2@izggsh, 5K
C1iH1,0,S 1%, HREIMS (2 X VIRE LTz, Anti-9 B LD syn-9 @ 'H I LT BCNMR (CDCl3)
AR WML, 3 DDOAF LT a b [anti-9: 6u 2.82 (d-like, J = 8.7, H-3a), 2.74 (d-like, J =
6.2, H-3b), 2.59 (td-like, J = 16.9, 4.2, H-5’a), 2.40 (ddd, J = 16.9, 13.3, 4.8, H-5’b), 2.21 (dddd-like, J
=10.7,4.9, H-6’a), and 1.89 (ddd-like, /= 13.3, 10.7, 4.2, H-6’b); syn-9: on 2.82 (dd, J=16.2, 3.7, H-
3a), 2.74 (dd, J = 16.2, 12.4, H-3b), 2.60 (td-like, J = 16.9, 4.4, H-5’a), 2.40 (ddd, J = 16.9, 13.3, 4.9,
H-5’b), 2.17 (dddd-like, J = 14.5, 4.9, H-6’a), and 2.04 (dddd, J = 14.5, 13.3, 10.0, 4.4, H-6’b)], 2 -
DAF7v N [anti-9: o 3.58 (dt-like, J= 8.7, 6.2, H-2) and 2.83 (m, H-1"); syn-9: oy 3.77 (ddd,
J=12.4,5.7,3.7,H-2),and 2.83 (m, H-1)], 4 DAL 7 172 k> [anti-9: 64 7.46 (d,J=10.1,
H-6), 6.94 (dd-like, J = 10.3, H-2"), 6.25 (d, /= 10.1, H-5), and 6.12 (d, /= 10.3, H-3"); syn-9: ou 7.47
(d, J=10.1, H-6), 6.88 (dd-like, J = 10.2, H-2"), 6.24 (d, J = 10.1, H-5), and 6.13 (d, /= 10.3, H-3")],
BEO 2 SOHAR=VIEE [anti-9: Sc 193.4 (C-4) and 198.3 (C-4’); syn-9: dc 193.8 (C-4) and
198.4 (C-4)] IZXInT DV 7T NER LT, ZHORET—XIL, anti-9 BEL O syn-9 O

VEAEEDRFRIC THD Z L amme Lz, FRROBERREDONIEIL, Kot NMR O/ 72 2T
WX VRELL., T70bb, Z&T7 4V % —tHE 1L (double quantum filter correlation

spectroscopy, DQF COSY, Figure 1) (2L Wk 7 v b B2 BI%2 L7 [anti-9: H-2 and H-
3 and 1°; H-5 and H-6; H-2’ and H-1" and 3’; H-6" and H-1" and 5’; syn-9: H-2 and H-3 and 1’; H-5 and
H-6; H-2’ and H-1" and 3’; H-6’ and H-1"and 5°]. &7z, 2% & FFHBD T (heteronuclear
multiple bond connectivity spectroscopy, HMBC, Figure 1) TiX, D71 k> & RFET ORI

13



FHRBEAHES #8152 L 7= [anti-9: H-2 and C-4, 6 and 2°; H-3 and C-4; H-5 and C-3; H-6 and C-2 and
4; H-2’ and C-2 and 4’; H-5" and C-1" and 4’; syn-9: H-2 and C-4 and 2’; H-3 and C-4 and 1’; H-5 and
C-3; H-6 and C-2 and 4; H-2’ and C-4’ and 6’; H-5" and C-1’ and 4’; H-6’ and C-2’and 4’]. & B,
XTI NAT L TIUEY anti-9 BEL syn9 ZENEN DT 52 & T, a2 R iR R
PR anti-9a, anti-9b, syn-9a 3 XN syn-9b (anti-9a: [o]*'p — 132.9, anti-9b: [a]*'p +118.6, syn-
9a: [a]*'p — 136.0, syn-9b: [a]*'p +153.3 in MeCN) 23MF 572, ZZ D SR TR O HacHic
%, ECD A~ bb% DFT Rt L VR, FEDO R b T 5 2 LIk v ikiE
L7z (Figure 5). 3726, anti-9a (2R, 1'S), anti-9b (25, 1'R), syn-9a 2R, 1'R), LT syn-9b
(25, 1'S) @ DFT #HRICE VG577 ECD A7 kb (Figure 5, BfR) 1%, THENFEHD
A~ bV (Figure 5,84%) & BAfF7e—EA R L7z, 2O T X TOFHLUIEE ST, anti-9a,
anti-9b, syn-9a } LT syn-9b DL FHEE A Figure 5 (R34 # 0 IRE L7z,

]

N
o
w
o

= ] — anti-9b (exptl) = =2 — syn-9b (exptl) 30
£ ig 1 7\ ---anti%b (caled) | 20 § £ 12: --- syn-9b (calcd) | 20 §
s 517\ _ 10';25_‘ ‘ 10 5
EN VI T - — 0 T T 0- =1 0 O
=% o o A °Q
.15 —anti-9a (exptl) F-20 8 Hi5]| ¥  —synoa (exptl) F-20 4
20 . ---antll-ga (caI(I:d) .30 20 o syrl1 -9a (callcd) 30
200 250 300 350 200 250 300 350

wavelength [nm] wavelength [nm]

ECD (CH,CN) [Amax (A€)]

225 nm (- 11.2), 226 nm (+ 11.0), 223 nm (+ 12.8), 222 nm (- 14.2),
301 nm (- 4.9) 299 nm (+ 5.3) 300 nm (- 9.4) 300 nm (+9.8)

Figure 5. 45 9 @ ECD A7 kL% Iz SRR E O E.

T oNTALE Y OHEE LA % Scheme 11 (2R T. AT v 7 1 ClE, BERBOGAlIHIFT
MERZ K> THEIT L, allicin(2) R EDFAANLT 4 F— IPREKIND. VZTFLT—T )L
THIH L72%%, allicin (2) X & BB L, TAE T U ERICET 28T EAETH S
thioacrolein (7) OAtLiZ allylsulfenic acid <> allylthiol, 1-propenethiol & V-5 7z HHfE{AR % Azp% 9
5. Y HEXOFAET o ThD 17-19 BELNTNDLZ &b, £7, thioacrolein (7) &
DFF F VKR =)VERAL & Danishefsky’s diene (8f) @ Diels-Alder SUG23#E1T L, HER=XOF 4
BT AN ERT D LB AN, ZORRAOFAE T CHPREEOT Y LT ) — D
OrfifE A LR IEOBBHIINA, AV 7 4 VERENBILSND ZLICR D FAE T 17 R
AT D EHEE LT, £, HERXOFAET VHBIEO Y vx ) — VD5 fFE A N X
FEOMEEIZ N %, allylsulfenic acid®D AL 7 ¢ UFEREICAHINT D Z LItk > TF AT 18
BXO 19 ERKT L LHEE L. SOICHEXOTFAE T PO A V7 ¢ R L 2
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- HD 8f & @ Diels-Alder SR HEITL, v U VT ) —)LDo3fiE L A b v Ho BB
TTHZLICE0DTFAET Y 9 BERT DL EEZT-.

—7J7, Rawal'sdiene (8g) % MW\ SIZIRWTIX, 7 & @ Diels-Alder USRI DG B AL
7emo T LAY 20 I3 XY 21 1, allylthiol K> 1-propenethiol @ 7 ¥ A VAP AIIUGNZ £ - T
GREND EHE L. Zhug, kG 22 L 23 BfEeh TS L, BRUWHENRT Y
HANEER LT, FVINERENNIEDLENIFEEICL>TEMITLND. 449 [RFE
VIR LTAbEMTH LAY 24-28 13X, FIFRFICOBES TS 1LEY 29 Z AL L
THEHLTERT D EZEXT.. (LAEW 29 1X, 7 2264RKT % acrolein & 88 DT /L F—
IVHEGIZ X > THRT 5. Acrolein OFIINZ X 25 RFBEIEE ST, MO @Y B kil
BYOER T AL LTHEFRDH Y 849, 8¢ LDOT IV R—/LAKIEHHHILTND. 91k
G 24-26 1%, 29 L methylthiol <° allylthiol 7¢ & DF A — /L & OF A~ A 7 /AHINBIRIC
KoTHEKESND EHEE L7z, %0 &I&IS, (LB 27 & 28 13, LB 24-26 O “HALIC X
STEHERSND EHEELE.

Step 1 Allicin (2)-
O NH containing fraction
TR Alliinase o _ _ _ S _CH
AN Scoon T a Pl G N O
Alliin (1) NN Thioacrolein (7) Allylsulfenic acid  Allylthiol 1-Propenethiol
Step 2a
| Diels-Alder 150 | Dlels Alder oTMS
TMSO =z i reaction | reaction TMSO
+ e — =
S
N S7 OCH;,3 \6 S
OCH Anti -9
H3CO 3 nti-, syn-
8f3 OX|dat|on HOS/\/ OCH, (Diastereomers)
CH3 ?CH, .9
P 3" '
2 S/\/ O4 2 . 8\1"/\3"
1
\6 S \6 S O E-S
17a, b 18a-d 19
(Diastereomers) (Diastereomers)
Step 2b S T b'_['_é's'
8g 4 2
S
s N —& (H3C)2N/\)I\/S\/\ > 3C)2N/\)21\/ N (HsC)N g\ N
\ 20 0 . CBd

: E 8 :
/\/CHg O O
HS 8g Cyclizatim 3 g Oxidation 3 s
l (H3C)N \2 T2 / 25 (HsC)N \2 1z~\ /

Cyclization 22 ) 23 7
ONF +Hy0 4
S _¢ ¢ -H,S o //" o |

NS
Q 21
Acrolein
(¢}
8 /1\)]\/\/7\ Dimerization
gl /CLﬁﬂ (HiC)N N3N g0, —— 1 <
NG
(H3C)N" X3 HS/\/ (o] P, /\/U\/\J
29 1 7 1 Dimerization N X
\:>> (HsC)N" 3 XN SN —_— (H3C),N

25 (m=1), 26 (m=2) 27 (n=1), 28 (n=2)

Scheme 11. {L&Y 9 B L 17-29 OHEE AR,
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Diels-Alder JZJiz DAZEZRPEIZ DOV TDORRES
Alal, 7 L2410 8f & D sequential double Diels-Alder Kz LV “BRATFAEZ > 9
NELNTZ. 22TV 7 40L& LT thioacrolein (7) 1%, A4 B/ AR=L L v =LA
D 2 OORISENLZFF> TRV, Hig b, 7 L2510 8f LOKIKITLY, 4 DONLE R
PEIR 9, 30, 31, X 32 BAERINDATREMEDN D (Scheme 12). L L, A EIOKIG
IZBWTIE 30, 31, BEO 32 13E6NT, 9 OAPMIERINIZEONTZ. ORI
WTCE BIZFEMIZ2 R 215572912, Gaussian09 E*” 33 L T8 ReactionPlus Pro*® (B3LYP / 6-
31G (d,p)*”, 298K, latm) ZffiH LT DFT #H%ZEIT L.
TMSO
84?/ + 7 N\—ocH,

2 mol of 8f
W\;}/‘ I?S/@

(isolated) (not isolated) 31 (not isolated) (not isolated)

Scheme 12. 477l A 2 (7) & 2mol @ 8f & ® Diels-Alder JHIZ LV EHEHND 4
TR DR E MR OHEIE.

Y

Thioacrolein (7) @ 2 ODOFISENLD 5 B, TeOHEEAERREE LV, 7 a~®H 7 E
BRIV TFAE T 2 17-19 BELNTND Z b, FA IR VENEIN KIS LT
EEz b, ETz, BITMIRICEDHMESL T A INR=NVEOKIEHEIREND Z L 2K
FLz. 90 LoT, £7 7 OFAIAR=VEZE 15 FHO 8f L DRINREE DT RV
X—7'1 7 7 A NENT LTV, EERIIZ B U 7oA E SR ME 2 F5f L 7=, Figure6 (2, 4 F
Z ¥ (productl- 75 IV) OIZRKIZ D72 M % thio-Diels-Alder KGO TR /LF—T 17 7 A
NVERT. ZORKIGTIE, 7 1% 8f [ZI3K 72D 4 >OEBINEZLZ A L (TS1-I, TS1-II, TS1-
I, BEO TSI-IV), ZHbORREKIE, 4 DOEMER (productl-I, productl-II, productl-III,
LW productl-IV) ORI/ 5. EEIRAE TSI1-I, TS1-II, TS1-II 35 LT TSI-IV I,
ZIEI 353, 409, 60.9, BILU66.5k]/mol IZNET DT R/ —EBIRREL L il L
7=. Intrinsic reaction path (IRC)*>*® DEHHEILX, WTNOEBIREN LAY E TOREEIZH 2
DOHOWKEZ R ET, 2 DO IAHREE OAERMITHZRNTETT 5 2 LRI,
ETOINIHEEWETH Y (AE (kJ / mol) = productl-I: -88.4; productl-II: -74.1; product1-III: -
72.9:8 L O productl-1V : -36.6), W0 K & 72 KL F—FERE (> 103.1 kI / mol) D725

BAEAE D AN TR EFRANC L SN D & F 2 bz, 2D T, productl-l 1%, productl-
I, I, BE IV ~ELZENENOEBIRELD b 5.6, 25.6, BELT 31.2kI/mol
TRAX—=MEL, ERICARITH D Z LRIz, —i%iY72 Diels-Alder RUGNZHIT 5
endo HNZIX L, bAERIZHERITH S productl-1 1% exo fINMATH 2 2 & IZBLBRGE R
Thsd. Ry~ R LUE, 25.6 kI / mol O R/L¥—22 T34 productl-I :
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product1-Il[=99.99:0.01 & FFEH 541, productl-III <° productl-IV [IF & A EGHNRNT
TThHY, 31 & 32 BELNRhoToERFERE —BLT-.

MSO
s \TH:
EE“ HiCO'} | TMSO
- \_(S TMSO._ <;\ H
2 HaCO'! i
= TS1 I|_|v 3 T
(1] = I
D
@ 66.5 gf OCHs
2
v TMSO
=
3 /g
= R TMSO
H3¢O ff— /
Product1-1V ""\
-36.6 S
HyCO
Product1-ll
-9 TS o
TMSO )
-88.4
/s
TMSO
Product1-il s A
HsCO
Product1-l

Figure 6. 7477l A (7) & 8f & D thio-Diels-Alder J&HIZI 1T B EBIRIER L O
ISR OREER LY DFT 3HRICE D2 =% X —7" 1 7 7 A )VEHT [AG (kcal/mol), 298 K,

1 atm].

TMSO

TMSO, +122.9 TS2-VII +117.7 TS2-VI H
+121.3 TS2-VII +114.3 TS2-V 4 H 0TMS
+114.1 TS2-1V +112.6 TS2-1I MeG  Me

+112.8 TS2-11 +107.1 TS2-1 Product'f_-l
(Precursar of syn-9)

m// N\ 4\ Ma Q@

\J \%\ Product2-ll

Product2-IV (Precursor of anti-9)

TMSO | TMSO
OMe
OMe Bf

Relative free energies in kl/mol

;;/
r

-110.7 Product2-VII Productl-| -98.3 Product?-VI
-115.1 Product2-111 -109.7 Product2-1
~116.4 Product2-VIil ~117.3 Product2-V
-126.6 Product2-1V -122.0 Product2-11

Figure 7. Productl-1 & 8f & Diels-Alder RZI31T 2 BUSAER ORGSR L OV DFT #HE
IZRD=RNF—T 17 7 A )VEHT [AG (keal/mol), 298 K, 1 atm].
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H : H
% : 4
CA ™ : g ) ™SO OMe
\ : s

HyCO i > o= oTMS | | HaCO L - VAR
HsCOl | S H : TMSO\<: o s ,.i
H MeO  MeO . IH S
7 Product2-1 : ={ MeO 0TMS
= TMSO, | ! - TMSO, Product2-1il
: 5 H
™SO 4 : TS24I 4
TS2- g N TMSQ : A TMSQ OMe
5 H H H N I s -
HCO |\ i i e mows : HyCO Lioms| g S
L STSH : v TS H
L MeO  MeO H " i/ MeO 0TMS
HsCO /~oTms Product2-V : OTMS ScH Product2-IV
H == 5
A TS2:v ™SO, : it TS2:-IV ™SO OMe
™SO i/ 0TMS H | Tmso o H
i - /) oTMS ! HIOCHs » &
4 ! S H : 4 ! gy
&S HaCO MeO  MeO : s N MeO oTMS
H,CO " Product2-Il | heco TMSO\(E Product2-VIl
H M
TS24I ¢ : TS2-vil = ™SQ oM
Sl . ! e
ey | | S
TMSO i 7 \: omms | TMSO, i e S
/ ' S H ) : 7 ' s 4
AN MeO  MeO : AR MeO OTMS
3 X i < Product2-ViIl
HyCO Product2-VI HaCO
TS2-VI : TS2-VIIl

Scheme 13. Productl-1 & 8f & @ Diels-Alder [ itnZ 35 1F D IEBIRFETS L OIS A R DO i

51 BB OSR TIE productl-1 BMEEEMICAER IS Z EWRB I N2, 255 FHD
8f & productl-I DGR D T RNF—T 17 7 A )T 24T - 7= (Figure 7, Scheme 13).
Z DT, productl-1 121X 8f [ZiT5< 8 DDE X LN DHEBIREENH > 7 (TS2-1 15
VI). ZhbOEBIRREIZET, IRC 12XV BHENRISTERIRERY (product 2-1 775
VII) #5925 2 LR ho Tz, WiRIE O T F L F —FEEER KX W29 (>209.6kI/mol),
%2 BEBEORIE L EEGRICHBE SN D O LR Lz, BEIREO = R X -2 bIK
<, P EFITHS product2-1 35 L product2-1I 1% syn-9 B IOV anti-9 OIS
WThHv, FEERRIRETFE LRV,

B gt D& E (b

HEDOFFET L 9 BELNTHDOD, IEEREPMEN-T2Z 006, KO EWIRERT 9 &
155 7o OISR O Rt 2B T2, £F°, ML 75 C IS L 7B T T,
vy 8f ORNE L CRRE 2L I TG E D 9 OIWE~DEEZF] 7= (Table 5,
entries 1-6). W L7z 8f D&, =2 =7 (A sativum) ERIREROFHEE EICFESWVCTIRE
L7z, IR T HPLC ZfEH LT, = =21Z&EN D allicin (2) OEEFREIZIE-SWTEE L
To. 359 ML T SOGEEE S LToE T, (kG 9 OIEE 74% IZm LS5 2 &0
TETW (entry 5), EHLRHUFEOM LA BHIYE U TRIGAEZ ET L7 (entries 7-11). &
BESRAFORENOIE, P 7ma A X008 9 OGMITHKR B L TWD Z & DVRIEE L7 (entry
11). KIS, WMLy o b FOSKFE Z it L7 & Z 4 (entries 12-21), entry 16 (2R
Bt [BONEREE: Y7 a2 22 ROBRE: 30 C; Y= 8f ORIMNE: 1.0%; SJSKRH: 72
e 12BN T, 9 2% 98% DILETH L. ZOMIGHFMHFITENT, = =7 2RO
HRFERICHESWTHELZ 9 OILRIT 0.027% THY, = =7 2B IpEEICH
SWTEME L7ZIRIL 0.068% Thotz. —F, =r=7H BT 2 »HAEKRTD
vinyldithiin (4) QUL 19.6% IZFHET 5. O 5, 2 225 9 A 9.8% DIWETH L
EWVVOFHEE, BARIET T B9 OAREERTEZLEERD.
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Table 5. Allicin 2) ZH = =71t L 8f & DRUSTIORET.

Allicin (2)-containing7 TMSO O
Extract | fraction Solvent o
A. sativum —— o + / N OMemC> o
/\/S\S/\/ Diene (8f) 3-96 h 9
0.5-10.0%
temp. diene time w/w% yield from mol% yield

entry solv. °O) (wW/w%)? (h) dry A. sativum® from 2°¢
1 toluene 75 1.0 3 0.014 2.1
2 toluene 75 1.0 24 0.019 2.7
3 toluene 75 1.0 48 0.015 2.2
4 toluene 75 1.0 72 0.015 2.24
5 toluene 75 1.5 48 0.051 7.4
6 toluene 75 2.0 48 0.029 4.2
7 toluene 30 1.0 48 0.026 3.8
8 benzene 30 1.0 48 0.028 4.0
9 neat 30 1.0 48 0.033 4.8
10 CH;CN 30 1.0 48 0.039 5.7
11 CHxCL, 30 1.0 48 0.065 9.4
12 CHoCl, 30 0.5 24 0.005 0.8
13 CHoCl, 30 0.5 48 0.013 1.9
14 CHxCl, 30 1.0 3 0.008 1.2
15 CHxCl, 30 1.0 24 0.045 6.5
16 CHxCl, 30 1.0 72 0.068 9.8
17 CHxCl, 30 1.0 96 0.056 8.0
18 CHxCl, 30 1.5 24 0.025 3.7
19 CHxCl, 30 2.0 24 0.034 4.9
20 CHxCl, 30 5.0 48 0.018 2.6
21 CHxCl, 30 10.0 48 0.035 5.0

HE= = ISR T AERE % == i & U L ORISR RS Ve o T
PHPLC # AW ERICK VEA L= =7 (R E 61% ([ZTEHE) 225 DOILE,
‘HPLC Z W ERICKVHBE Lic=r =7 RTAER LT 2 22D DI, 459 4 [FRFI A
17,18 BL 19 BENEI 1.6%,2.1% FBED 0.5% DILETH L.
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/NG

F—ETIE=r =7 HROPINRAWE (Z)-ajoene (3a) IZRDOAITIDAMEEEKTHZ &
ZHME LT, 3XBMEYHROED LG O A4 RGBT O R Z V72 22 KR D A Rk
1T 7.

FP, FECHAXBEYBEEO YD —LOARBRICEH L, ¥~3XHMEme 72
VEDRISERR L. TORER, RIFITHDHT X iRE ORIGARY 10-13 12z,
KB DOT I & DRISERY 14-16 #1572, 2 b o —/L i3 ¥~ 2Tt ho 14-2
FAr v &7 I E® Paal-Knorr BUINSIZ L W ART 5 EE XL, KIEWMOT X /D
HaRITARBLENL Z OSSR W THRFFS NS 2 & %2 PGME EIC X 2 el SLARELE O E IS
X UMERR LT,

LI _EORRETH © X B OB SR RS AR & RO D BRI U T2 FERIRBL O SUSHT &
FOGEITT 2 Z LBz,

HWTH /T, =>=7H%D vinyldithiin (4) OERBRICER L, = =7 itY
@ thioacrolein (7) & v U /vx= ) —/)L—7 /L DG EMT LTz, £ DR, Danishefsky's
diene (8f) }_‘@ﬁﬁf IZBWTTFAEZ Y 9 BIO 17-19 #437-. £7-, Rawal'sdiene (8g) %

R LTESEICE, T4 70 9 1356208, (b, BRIkE Emﬁfhé\%%é\ﬁ,
@mﬁﬁga%ifté§%® 20-28 /7. HLBREWZ LT, FAET L 9 X245 70 8 LD

sequential double Diels-Alder 2 & 0 (L ERINAVIZ AR S 4072 B8R %R @ﬂi/\%“( Holz. X
JEDNEERMEIL DFT GHRIC K » THFF SNz,

S
Bttt OO
4b

Allicin (2) Thioacrolein (7)
A. sativum
ESEIRY | 775 4 DR 19.6% |
Diels-Alder &It
o
X 0TMS
TMSO J +/ O
7
N Ts 7 OMesf S
gf OMe FAES UFEK (9)

Sequential double Diels-Alder reaction 7h5 9 DILE: 9.8% ‘
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HE BONT AT DL ENER L OIS AR

B AR ENE O

FAET Y syn-9 BEWY anti-9 OALFH R L EMIT OV TRHMIAAT > 72 (Table 7). FA4 &
729 BLO= =7 HEIINAWE (Z2)-ajoene (3a) (ZDOVT, EIE4L DMSO-ds 7215
CD;OD 2L, NMR & HWTCNEEEIEIC K D E & Z T o 7. WIEZIT o T2V TR
Z 60 C T 1 MERAF L%, BEEEZITV, REEATEROEET OILEY OUREE &
Batd 25 Z & C, WP COERFREZTM UZ. ZOFER, syn-9 BI W anti-9 O 5N (2)-
ajoene (3a) LV b 1 EHDOMEBZIZTERPICEZ KA LTV, 37205, o ERkik
AW syn-9 BED ani-9 75 3a K1V HIEETIZE N TEFIICLETH D T & 2R d 5.

Table7. FA4EZ > (9) BEV (2)-ajoene (3) & 60°C T 1 BHME LI BRoOZEAFH. *

solvent
compound DMSO-ds CDs;OD
syn-9 99% 96%
anti-9 96% 83%
3a 77% 81%

s RIEIFROFHEIT NMR ICXAERICI VT,

O B AER ORI

N AERHIAE (Cancer stem cell, CSC) 1T & & S E N AMIRICOEEEL, HOERES L
ZOMERED W 5 2 2 TV D, %9 X512 CSC DL 1%, L V/ME LA L TR0
IR H B Z 06, BEFOTBS AANZIHEN S 0, (LFFRIEZON AL OFFRIZEET 5.
D Z DX D 7RI END CSC ZRFEMITIEN & 2 IRFEEOBIIMBROMETH L. 0
T, = =7 HEKD (Z)-ajoene (3a) |Z CSC EMLEERNWE SN2 &iF CSC ITxf
T HHENRIERD e NENDBRENE TH S, £ 2T, SRl=r=7 e Avizib
BERRIZ 0 ESNTALAEMIT OV THL CSC 1B A2 e« o2 L & L.

It CSC TEHDUE D& LT CSC IZxt3 2 Ml mmmER 2 a4 o2 & & Lz, 0
AR E L C e MRRBEEIEAIIORE U-251 MG ZHWTC, ERIRIERIEICL W CSC &Rk L
) BRAKDIERIT B L W R L. 2D X 51T LTIERR L7z CSC B L OvaE s
L7tk (nonCSC) (24 2F A7 &2Eie 12 OGHILEGY O IEFaamtiIEH %,
Bt & L C (2)-ajoene (3a) Z ] U CREAL L 72, MlaAAFRIZ, Ml ATP L~ULDE
FLIZHS < CellTiter-Glo®3D M7= T & A 2 H L TRl L 7-.

ZDOFER, LAY syn-9 1 50 uM 1BV T U-251MG CSC L O non-CSC D i J5 12 %
T HHBELMEEEEMEER 2R L=, L)L, syn-9 OV T AT L A~—Thd anti-9 %
G oMEEALAEWIE 50 uM T U-251 MG non-CSC B LT CSC 12kt L CTHE /2 #ll
WA ER 2 RS 2o lc. ARBRIEHZRLZ syn9 O T AT VA~ —TdH 5 anti-9
IZOWT, K VEEHIZRMET 21T 5 72912, b MILAAMMIEE MDA-MB-231 % FH\\C U251
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MG & RERICTHEE L7= CSC B LT non-CSC (2 %F9 2 A s 5l i/ ) 2 34fH L 7= (Table
6). [RIFFIZ (Z)-ajoene (3a) DY T AT LA ~—Th 5 (E)-ajoene (3b) 2OV T HIRETEIT o
7=. L&Y syn-9a, syn-9b, 3a BL W 3b 1%, U-251 MG DA & [FEEIZ, MDA-MB-231 non-
CSC & CSC Dmi7izxt L CHlassEibilfEM 2 R L7z, syn-9a B3 LT syn-9b & CSC
R AL, R T o7 arha— 3a ERISETHoTZ. —J, syn9a B
syn-9b @ non-CSC (X3 2 MIALIEFHINENERIL, 3a LV b O T I D 572, non-CSC (T
*9% 1b OFBLHEEIEIVER L, syn-9a, syn-9b BN 3a OMALEEFEMNHIER L v HAL
Motz —J, anti-9a BN anti-9b 1%, U-251 MG CSC B L non-CSC & [AFRIZ MDA-
MB-231 CSC (Z4f LT 50 uM (2B W TH B2 MBEEIMEER 2 R &R0 o7, anti-9 &
syn-9 IV T AT VLAY —ThV, —HOTT AT LA~ —|JITMIEEEIMHEIER R H 5128
Bobd b9 —HoYT7 A7 LAY —ITIMEAR LNV DIE, Zib DA O SRR
TR0y FAEE DFE WP IEIIEMICF G T 52 L 2R LTEHEY, HBHREWTIRTHD.

Table 6. 747 (9) B L ajoene (3) @ CSCs 35 LT non-CSCs (5649~ 2 Hl i e FE#D

iR
Anti-proliferative activity (ICso, #uM)?
U-251 MG CSC U-251 MG MDA-MB-231 MDA-MB-231
nonCSC CSC nonCSC

syn-9a (2R,1’R) 3943 26+5 431 3242
syn-9b (25,1°5) 30+ 7 3245 40+2 24+5
anti-9a (2R,1°S5) N.E. N.E. N.E. 47+3
anti-9b (25,1°R) N.E. N.E. N.E." 47+ 1
(Z2)-Ajoene (3a, 39+1 19+1 43+1 15+1
positive control)

(E)-Ajoene (3b) 40+2 40+2 43+ 1 362

Adriamycin 0.051+0.014 0.040 + 0.009 0.48 £0.08 0.20 £0.02

(positive control)

" FEIE mean+ S.EM. 2T (N=3)."50 uM ([ CHEREMAZBO R0 - 12,
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/NG

WOETIE, B ETEAR LAY ORNAYE & LToFRAMEEZFMT 5201, b
R e B EVEDOFHMER LY CSC k3 2 MRS FE I HI/EF O Rl 21T - 7.

F—HITIEITAE T syn-9 BILW anti-9 [ZOVT, NMR ZHWZERIZ LV IEKF T
DALFHIVLZEVEICOW TRl 2T o 72, ZOREER, == HKOMBAMETH D (2)-
ajoene (3a) | DMSO-ds K H T 1 HEINEE OV FIRAFED 77% THDHDIIZx L, [F
T osyn-9 1E 99%, anti-9 1E 96% DIXAFEThHoT-. T72bh, AR LTIZERIRILEY syn-
9 BEW anti-9 H 3a LV LWEERFICB N THEFMICLETH D Z EBRB I LTz,

BEWVTH _HTIX, == HRORLENEMERPEIRE LI LEmERLVEOR
TALEZ DN THIRAER OB 21T o 72, T OFER, syn-9a B IO syn-9b 12 3a & [F%
? CSC HFEMHIER 2358 S 7= (U251-MG CSC (2% % MG H /EH (ICso): syn-
9a: 39 uM; syn-9b: 30 uM; 3a: 39 uM). —J7, anti-9a BN anti-9b X, CSC T L THE
PR AR FENHIE 2 R 97, 2D OB OSLIRI 7225y T4 OE O S SRERIE M IC F 5
T5H I ENRIEEI N

NN A
3a
U251-MG CSCHa5E
0M | msiem icy) | SO AM
DMSO-d, & 60 °C T
99% . 6 2o TT%
° M ERmMEBEOBER °
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AR, = =7 HEROFNAME TH S (2)-ajoene (3a) (TN DHINAKDEIREZ HIEL,
FHET U DEREITST.

B TIHMEA ORI G R & LT, XX RMEY R LA O & pGEFRIc
Hé@ﬁ%%mwt#f%%mé&%ﬁﬁt.%@ﬁ%,%/%7%5vz#&wotz#
BRI R DA FRNCA L E R EWMEZRAT 52 LT, BET2FAET 25T 20
HOFHULEWZGRT 5 Z ENHE. HICTRATAE T v 9 OGRICBWTE, =
=7 X V15615 thioacrolein (7) Z IO THBICFHIHT L Z LIZKIIL, 24010 /) LT
J —/)LT—7 L& D sequential double Diels-Alder SUGIT KV (LEIBIR 2 TF A7 o Gall%
PERK L7,

5RO, AL AR E RN AR k3 2 MR TR BN E R R 217 9 2 & T,
B LTALEMOTDBAWE & L TORRAMEZFHME LT, ZO/R, syn9 1F=r =7 HkD
3a L[AI%D CSC HIEMEEHZA L, 3a LVLFMCLE ThoTz. Thbbh, T4HET
Yosyn9 =2 =7 HROTMBAME TH S 3a IO FINAIKE RV EGD RSN H 5.

LLED X9 ITHEM G AL A DA F RN AL E 2B 2 R LT B RNV S DA K
HRIE L, FLos ABEBRFE 2 SZHAIKICB W TAHHTH L.

B2 A

TMSQ

1l
/\/S\S/\/ / \ OMe

2 EXRELEY) o
0 Il
SN
t;- o M vs, | 7S
/ o |E| S\S/\/
Allium sativum XS syn-9b 2

30 1M [U251-MG CSC HFEHN%I¥E A (IC5,)] 39 1M
99% [DMSO-ds T 1 BEEMEAZDIXEFE] 77%
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A

ARFRICBE L, SBERD THEE CHEIRARY £ L s R RN AT
FUERR, 35 K OV A T4 2 0l 7 © ONT HPUBIS — B0 (L) (T30 K 0 TR 2 Bt 2
KLET.

RHLOIERIC T2 0 HBE 2B £ LI sURERAY: JERILEESE (LT ET80R,
72 b ONCIA S4BT o VGRS B L B E T

AW LB < OB E, WHNEBY £ LR S /N
NHESR, RIBERRAY: SREIFIIEE KIBRHRATZ b IR FHEAEREE &
FE 52 B ST O V8 < SRR L P .

B FREE EAEICBE E LT, REBMERCZRY £ LSRR HEF AT v
4 — IREAS 72 © OS2 AU BN CHIN) (AL L B £

E7z, ABFERICEL A TS0 E U, SUBERRRARES A, FA% RO Bk
TR AE L £
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KFBEBERILG A7 L ('H NMR), ®RFEEBLILE A7 kL (3C NMR), Hetero-
nuclear Multiple Quantum Coherence (HMQC) A -~ 7 | /L, Hetero-nuclear Multiple-Bond
Conectivity (HMBC), NOE correlated spectroscopy (NOESY) A-X7 k/L{X JEOL INM-ECA 600K
(600 MHz) % FHIVCHIGE L7, hEJEEE X Horiba SEPA-300 digital polarimeter (/=5 cm)% T
HIE L. RAIL A X7 kb (IR) L JASCO FT/IR-4600 Fourier Transform Infrared
Spectrometer & HVWTHIE L7z, w0 e E &53#7 (High resolution ESI-MS, EI-MS) ¥ L UVE
&= 7> Hr (BSI-MS) X SHIMADZU LCMS-IT-TOF (HRESI-MS), JEOL JMS-GCMATE mass
spectrometer (HREI-MS) 3 XU Agilent Technologies Quadrupole LC/MS 6130 (ESI-MS) % A\
THIE LTz, @ik v~ s 77 78 &5 (LC-MS) IZ2OW T, @ik n~ ~7 7
713 Nexera UHPLC ¥ 27 A, b VU 7V EMBAVE BE5Hr5HE SHIMADZULCMS 8040 %
W=, @ik n~ v 77— (HPLC) 1%, "> 7 SHIMADZU LC-6AD, LC-20AR,
RO AT Y B HH 2% SHIMADZU SPD-20A 35 X UY SPD-10A, SPD-10AVP % iV /-,
NI Lrwx 7T 7 4 —OWERNL, NEFR: 22U 550 Silica Gel BW-200 (Fuji Silysia
Chemical, 150-350 mesh), 1ifH-%&: Cosmosil140C1s-OPN (Nacalai Tesque) % HV 7=, & pkW 5 Al
< DIAION ion exchange Resin HP-20 (MISUBISHI CHEMICAL CORPORATION) % v 7=, 7
B va~ K227 14— (TLC) (21 silica gel 60F254(Merck, JIEFH), RP-18 60F2s54(Merck, iifH)
ZEAL, ARy FOBHIT UV (254, 365 nm), =2t R U 27 L— (Ftlisd fUELER),
LD 1% Ce(S04)2/10%H2804 /KIEHR 2 e L, MMEWFDO BRI L D 1T-o 7. B3I IR
L2 s DIXE £ 7 A b ARDEMEMR A S R (Fpik) 2 vz,
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H—HOER

TEY AL B

it 7e ¥~ X (4. cepa, #h3E) BLO=2=7 (A sativum, EKIR) 1%, 2018 & 75 2021
AT O & UTATF LI IR EHESE (R RT) Ick > TRES
.

Z <2 RXX (A. cepa, #3E) DR EDHIE

FEBEREIZ T 110°C T 1 Wz L72 PRI A 7 v 7 — 2 —I2B L, 30 s L.
Bmt, BMBEROEELZRED, ¥~FFX (4 cepa) EEDOYIF (EE A: 44452 g, 42056 g,
4.7513g) TN ZENHFRIRUICINY , RIKLFHORE L. HE LT 4 cepa Y1 % microwave
(500 W) T 30 BPREINEAL 721%, 110°C |ZRXE L7-Raiic T 5 WefilRcte U7, igfk, o
VTN T U — 2= AR, 30 s Lis. s, e el o EE (FEE B 0.4006
g, 03736g, 04471g) ZRETHZ LKV, wEEE {(1-[EZE B O&GF/[ERE A O&
FHD*¥100=91%} ZHE L7z, ZNODRERMND, §olle L2 A cepa DHLEEERIL, Brftf7 A
cepa DFZIEE (91%) BB L CRHE LT,

=v=7 (A. sativum, BRIR) 7> D alliinase 5 H DR

HIFESE alliinase Z3[E1E, Imai 512 X » THE SN2 FIEICRE O TE O D08 fER =
=7 (A. sativum, 233.35 g) REIR %, ZAB/K (466mL) T T/HY RIFH—%F T L,
FEWHE R A XV BRE L7, kW, LLOMHCI KK ZHAWT, AO pH % 4.0 2
PR LT, A% 4°C T 1 KEWMAI L%, hE A =.008F (3000g, 5 57, 4°C) 12T
B L, Z7VtEa—1L 10% BLOEY REH—1-5-U 8 20 uM 25T 0.05M U R
FEMEIE (60mL, pH6.5) I[CHRfEL7-H D% —20 C ICTRIF LT,

MBUABR L - Z~ XL = =7 KM alliinase & DRIGAERY) DT
[P 7 LV FHER)

<3 X (A cepa) DEfEEE 500W @ microwave T 100g 4 2 B EIT>7=. I
BULVER L7= A cepa % RIBIZHE L=, K alliinase 23 & REKF T2 R0 —TRA
L7=#%, BiEZER LCMS i 7 s Lz,

ErESER

System: Shimadzu LabSolutions

Column: YMC-triart C18, 4.6x250 mm 1i.d.

Mobile phase A: H>O containing 0.1% HCOOH, B: MeCN,
gradient: mobile phase A-B

0.0-13.0 min: linear gradient with 100-0—10-90,
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13.0-15.0min: linear gradient with 0—100—0-100
Detection: UV (210 nm) and ESI MS

Flow rate: 0.8 mL/min

Column oven: 40 °C

Sample injection: 10 mL

Yo — A BEE 10 OERR

B <X X (A cepa,276.68 g) OffiZ% 500 W O microwave T 6 F7EIIZA L 7=, JnEL
PRL72 A cepa 33X OV alliinase Z3M (10mL) /N> K2 ¥4 —TIRA L7=1%, diethyl ether
(150 mL) % AW CEERMUSAERD 2 U7z, WWHEEZ ABIC X W BREL, A% diethyl
ether (70mL x2) T&X 5|24 L7=. Diethyl ether fliH4y % Na,SOs % FV CTHLMRE A L,
AURZ WL T M L=, i3 X O (L)-phenylalanine (484.3 mg, 3 mmol, @E|&) % U
Be U v NARMETR (pHS5.5,20mL) (Z¥EMEL, 15 43 100°C TIMEGENE L7-. UL T,
FOS#E % diethyl ether (20mL x 3) THut L, A8 2 BUERM L7, fhiH® 2 NEH b ik i
s u~ ~77 7 4— {MPLC, mobile phase: EtOAc-MeOH (100:0—0:100 gradient 20 min, v/v)
[YMC-DispoPackAT SIL-25 (12 g)]} THHRFTHZ LIcXY, Er— LiFHEEK 10 (5.4 mg,
0.022mmol) % 157-.

(5)-2-(3,4-Dimethyl-1H-pyrrol-1-yl)-3-phenylpropanoic acid (10): 5.4 mg Hooc 2 -
1' 2I1"

from fresh 4. cepa (276.68 g), dry A. cepa (24.90 g), pale yellow amorphous N
powder; '"H NMR (500 MHz, CDCls) & and '*C NMR (125 MHz, CDCl3) &: \ /32
see Table 8; IR (ATR) cm™': 1674, 1448, 1417, HR-ESI-MS m/z: 242.1187 [M- H3C CH,
H] (Caled for CisHigNO2: 242.1189); ESI-MS m/z: 282 [M+K]", 266 [M+Na]*, 244 [M+H]". [a]p*!
—49.3 (¢ = 1.0, MeOH).

4"

(5)-2-(3,4-Dimethyl-1H-pyrrol-1-yl)-3-(1H-indol-3-yl)propanoic acid (11): pooc 2. A
18.7 mg from fresh A. cepa (275.11 g), dry A. cepa (24.76 g), blue amorphous C
powder; '"H NMR (400 MHz, CDCl;) &u and '*C NMR (100 MHz, CDCl;) &c: \ 7,
see Table 8; IR (ATR) cm': 1646, 1449, 1418; HR-ESI-MS m/z: 283.1441 M€ CH;

[M+H]" (Caled for Ci7H19N,O2: 283.1444); ESI-MS m/z: 321 [M+K]', 305 [M+Na]*, 283 [M+H]".

[a]p?' -3.0 (¢ = 1.0, acetone).

4

(5)-2-(3,4-Dimethyl-1H-pyrrol-1-yl)-4-methylpentanoic acid (12): 27.3 mg HOOC\|/.2.\T/CH3
from fresh A. cepa (279.97 g), dry A. cepa (25.20 g), colorless amorphous N1 | CHs
powder; 'H NMR (400 MHz, CD;0D) &y and *C NMR (100 MHz, CD;0D) &: \/A

see Table 8; IR (ATR) cm™': 1714, 1651, 1600, 1513, 1503, 1463, 1449, 1392;  HsC  CHs
HR-EIMS m/z: 209.1413 [M] (Calcd for C1,HioNOy: 209.1416); EIMS m/z: 209 [M]. [a]p?' +17.0 (¢ =
1.0, MeOH).
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Table 8. (&%) 10-13 @ 'HNMR LY BCNMR 7—# (10, 11, 13:CDCls, 12:CD;0D)

10 11 12 13

Position dy oc OH oc OH oc OH oc

2,5 6.30 (1H, s) 118.3 6.46 (1H, s) 117.9 6.41 (1H, s) 118.4 6.36 (1H, s) 118.1

34 117.7 118.1 116.2 117.7

34-Me 191 (H,s) 100 1.94(3H,s) 10.1 1.92 (3H, s) 102 1.96 (3H, s) 1.2
4.42 (1H, dd, 4.59 (1H, t-like, 4.48 (1H, dd, 4.49 (1H, dd-like,

1' 65.1 62.9 61.1 61
J=10.0, 4.5) J=6.8) J=10.6,5.3) J=1.5)

3.12 (1H, dd,
J=14.5,10.0) 3.24 (1H, m) 2.10 (1H, m)

2! 393 28.6 1.76 (2H, m) 42.6 31.9
3.39 (1H, dd, 3.54 (1H, m) 2.38 (1H, m)
J=145,45)

2.20 (1H, m)
3 158 (1H,m)  25.8 30.8
2.38 (1H, m)
0.86 (3H, d, 0.86 (3H, d,
4' 233 22.0
J=6.7) J=06.7)

1'-COH 176.2 175.4 175.6 176.3

1" 138.1

2".6" 6.97 (1H, d,

128.8
J=6.5)

35" 7.19 (1H, m) 128.3

2" 6.61 (1H, s) 127.1

3" 110.5

3"a 123.0

4" 7.52 (1H, d, 118.2

J=17.6)
5" 7.19 (1H, m) 128.3 7.06 (1H,t,J=7.6)119.2
6" 6.97 (1H, d, 7.12(1H,t,J=7.6)121.8
128.8
J=6.5)
7" 7.25 (1H, d, 111.2
J=1.6)

7"a 135.8

3-Me 0.90 3H, J=6.7)21.8

S-Me 2.06 3H, s) 15.3
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Table 9. &% 14-16 ® 'HNMR B X * BCNMR 7 —# (CDCls)

14 15 16
Position oy oc Position Jy oc Position Jdy oc
2 6.36 (1H, s) 1184 |2 6.84 (1H,s) 116.7 |2 6.35(1H,s) 118.3
3,4 1179 |3,4 120.8 3.4 117.5
5 6.36 (1H, s) 1184 |5 6.84 (1H,s) 116.7 |5 6.35(1H,s) 118.3
3,4-Me 1.99 (3H, s) 10.1 3,4-Me 2.08((3H,s) 102 |3,4-Me 2.00(3H,s) 10.0
3.95 (2H, t, 140.7 3.71 (2H, t,
1 51.0 1 1 493
J=1.9) J=12)
3.00 (2H, t, 7.31 (1H,d, 119.5
2! 38.6 2'.6' 2! 1.69 (2H, m) 31.7
J=19) J=1.6)
7.37 (1H,t, 1294
1" 138.8 |35 3'-9' 1.25 (2H, m) 29.7
J=1.6)
7.13 (1H, d-like, 7.26 (1H,t, 124.6
2".6" 128.8 |4 10' 1.25 (2H, m) 31.9
J=174) J=1.6)
7.29 (1H, t-like,
3" 5" 128.6 188 1.25 (2H, m) 22.7
J=174)
7.22 (1H, t-like, 0.88 (3H, t,
4" 126.6 12' 14.1
J=174) J=1.2)

($)-2-(3,4-Dimethyl-1H-pyrrol-1-yl)-4-(methylthio)butanoic acid (13): Looc_ Z 5 s

14.1 mg from fresh A. cepa (241.54 g), dry A. cepa (21.74 g), yellow \II\J1/\/ s
amorphous powder; "H NMR (500 MHz, CDCl3) & and *C NMR (125 MHz, \ /) :

CDCls) &c: see Table 8; IR (ATR) cm™': 1645, 1448, 1397, 1363; HR-ESI-MS ~ HiC CH;

m/z: 226.0907 [M-H] (Calcd for Ci1Hi6NO,S: 226.0909); ESI-MS m/z: 226 [M-H]. [a]p?' -18.6 (¢ =

1.0, acetone).

3,4-Dimethyl-1-phenethyl-1H-pyrrole (14): 13.0 mg from fresh A. cepa 22
(303.12 g), dry A. cepa (26.92 g), colorless amorphous powder; 'H NMR (400 1l\/\©3"
MHz, CDCls) &y and *C NMR (100 MHz, CDCls) &c: see Table 9; IR (ATR) S\_zz
cm ! 1603, 1535, 1496, 1454; HR-EIMS m/z: 119.1360 [M] (Calcd for HsC CH,
CisHi7N: 119.1361); EIMS m/z: 199 [M].

3,4-Dimethyl-1-phenyl-1H-pyrrole (15): 9.6 mg from fresh A. cepa (245.0 g), dry 4., %
cepa (22.05 g), colorless amorphous powder; 'H NMR (600 MHz, CDCl3) & and *C 2--@
NMR (150 MHz, CDCls) &c: see Table 9; IR (ATR) cm™': 1601, 1529, 1499, 1443, 1399; N
HR-EIMS m/z: 171.1050 [M] (Caled for Cp2H 3N: 171.1048); EIMS m/z: 171 [M]. S\—%
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1-Dodecyl-3,4-dimethyl-1H-pyrrole (16): 8.8 mg from fresh 4. cepa (299.12 g), . r?\)\’gm
9

dry A. cepa (27.28 g), colorless amorphous powder; 'H NMR (600 MHz, CDCl3) & N
and C NMR (150 MHz, CDCI5) &c: see Table 9; IR (ATR) cm™!: 1462, 1399; HR- S\ fzj
EIMS m/z: 263.2614 [M] (Calcd for CigH33N: 263.2613); EIMS m/z: 263 [M]. H3C CH,

(S)- B L (R)-phenylelycine methyl ester (PGME) amides 10a 3 X} 10b DEEL

A% 10 (2.2 mg, 0.00090 mmol) @ DMF (0.5 mL) &% % 0 °C [ZHHEIL, (S)-PGME
(2.2mg, 0.011 mmol), PyBOP® (7.1 mg, 0.014 mmol), 1-hydroxybenzotriazole (HOBT, 2.1 mg,
0.014 mmol) 3 2OV N-methylmorpholine (3.1 L, 0.033 mmol) % I L7z, KIS % =R C 3
REHEEE U721, EtOAcQ0mL)Z NN %, SO 7@mRii% 5%HCl KR (20mL x 3), fafi
NaHCO; K¥E#E (20mL x 3) 3L OMafi &K (20mL x 3) THF L7-. B %Z Na,SO,s (12
THRL, AIREENETSZ LT (S)-PGME 72 F 10a #1%7-. (R)-PGME 7 2 K 10b %
[FIRR D J5 182 IV TR 7.
(S)-PGME amide 10a: 'H NMR (CDCl;) du: 1.97 (6H, s, 3-CH3, 4-CH3) , 3.13 (1H, dd-like, J = 14.5,
10.0, H-2"), 3.56 (1H, dd, J = 14.5, 5.0, H-2"), 4.58 (1H, dd, /= 10.0, 5.0, H-1"), 6.38 (2H, s, H-2, H-5),
7.05 (2H, d-like, J = 7.0, H-2", 6™), 7.20 (1H, t-like, J = 7.0, H-4"), 7.21 (2H, t-like, J = 7.0, H-3", 5").
(R)-PGME amide 10b: '"H NMR (CDCl;) éu: 1.98 (6H, s, 3-CH3, 4-CH3) , 3.18 (1H, dd-like, J = 14.5,
10.0, H-2"), 3.58 (1H, dd, J = 14.5, 5.0, H-2"), 4.53 (1H, dd, /= 10.0, 5.0, H-1"), 6.45 (2H, s, H-2, H-5),
7.04 (2H, d-like, J = 7.0, H-2", 6™), 7.16 (1H, t-like, J = 7.0, H-4"), 7.18 (2H, t-like, J = 7.0, H-3", 5").

NMR spectroscopic data of synthesized compounds 10—16
NMR spectroscopic data of 10

450

(400

| ‘ 250

[~200

Paramater Valde

1 Dsts Fils Nama PP-Pha1l13- H CDCLAsls
2 Salvent cocLs HooC
3 Nuclews 1H H Loso
N
H,C  CHs 200
150
100
]
‘ 50
A\J I L A o L A . Lo
Ty ¥
- & = g
if ¢ : g
A =

=T
2251
i 0208-T
=

5
1 (pom)

'H-NMR (500 MHz) spectroscopic data of 10. Measured in CDCl;.

31



— 1763626
— 138 2505

A TIETN

S 1177848

Parameter

2 Solvent
3 Nucleus

CDCL3
13C

Value

1 Data File Name PP-Phel113- C CDCL3 2als

— 651708

—aw3T0

HOOC

HsC

—

CH3

— 00373

T
110

T T
90 80
1 (ppm)

T
70

T
60

BC-NMR (125 MHz) spectroscopic data of 10. Measured in CDCls.

sl
= & \ /
— &Ea
HsC CHj
T T T T T T T T T T T T T T
70 65 B 55 5.0 45 40 10 25 20 1.5 10 05 00
12 (pom

HMQC NMR (500 MHz) spectroscopic data of 10. Measured in CDCls.
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] : 8. . H e
¥ N
P Y 4 . i 5\ /Z I
: i
| . R H HsC CHs Lo
150
T T T T T T T T T T T T T T T T
15 10 65 6.0 55 50 45 35 ao 25 20 15 10 as oo

40
12 (pom)

HMBC NMR (500 MHz) spectroscopic data of 10. Measured in CDCls.
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-a

L -

HoOoC e
—_— & - Y
= 24 7 7

P . . -]
’ HsC'  CHs -
T T T T T T T T T T T T T T T T T T
80 15 70 6.5 6.0 55 50 45 40 a0 25 20 15 1.0 05 00 0.5

COSY NMR (500 MHz) spectroscopic data of 10. Measured in CDCl;.
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NMR spectroscopic data of 11

PP-TrpMIX0226 COGI3 o

ngle putse

BEILEBSERIRREN

I
P

W rardl

éq 030
4 3843

34818
éa 22

I

i / /

Value
1 Dats File Name | PP=Tr 26 COH
2 AJNM-ECS400
3 Solven GHLOROFORM-D
4 Mumbar-of Seang &
5 Mucleus H

e

=K
I |

YRR §

B

b‘
g:_ KhE |

"H-NMR (400 MHz) spectroscopic data of 11. Measured in CDCl;.

1231503
84072
18087
I
768140

—ipssTT
— 135935
_-1i14084
—si0528

kl 82262

0.09

Value
1 Dat4 File Name PP-TrpMIX0226 CDCI3jdf|

Tlnstrument | JHNM-ECS400
3 Solvent. CHLOROFORM-D
4 Number of Scans 7000

0.07

0.06

0.03

0.02

0.01

0,00

50
1 (pem)

BC-NMR (100 MHz) spectroscopic data of 11. Measured in CDCls.
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HMQC NMR (400 MHz) spectroscopic data of 11. Measured in CDCls.

PP-TroMIX0226 Cf
gradient enhanced HMBG

vl
ola.B
.
®

HMBC NMR (400 MHz) spectroscopic data of 11. Measured in CDCl;.
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J wradient absolite value cos)
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| |
1 T T
T T T T T T T T T T T T T T T T T T
a0 85 &80 15 70 65 60 55 50 l.;z 40 35 30 25 20 15 10 05 00 -05

(ppm)

COSY NMR (400 MHz) spectroscopic data of 11. Measured in CDCls.

NMR spectroscopic data of 12

0106Leu14 COIOD zaas

23

ngepatie 2222 =
g T ETE SERIEiE  3uhe -
T e T (A [2e
1.9
f
L7
/ [/ i o
-|.5
val HoOC CcH 14
1 Data Fils 0106L .—uL:mmw \_/Y ? [is
2 Instrument JNM-ECS400 N CHs L
& & 12
4 Mumber of Seans 8 \ I r
= TH j z 11
HsC CHs Lo
-u.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
L L i L k i e \)\—‘k-’h‘“‘ _...n
y Ly 0 o
E 2 g Foz
T T T T T T T T T T T T T T == T T T T 1
o 85 80 15 70 6.5 60 55 45 40 30 25 20 1.5 10 05 00 -05
1 (ppm)

"H-NMR (400 MHz) spectroscopic data of 12. Measured in CD;OD.
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0106Leu-14 CD30D
single pulte decoupled gated NOE

g i g2y §
= -z aER z
1 I Tl |

Parameter Value
1 Dets Fite Mame  0HBLew14 CDIODjdf HOOCWCH3
1 Instrument JNN-ECS400 :
$ Solvent METHANOL-D4 N_ CHs
4 Humber of Scans 10000 \
§ Nucleus {ac

r0.09

0.08

.07

0.06

0.05

r0.04

r0.03

(0.02

0.00

T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 10 100 80 a 70 60 50 40 k) 20 10 0
1 (ppm)

BC-NMR (100 MHz) spectroscopic data of 12. Measured in CD;OD.

N /
S a L LN R N Y

D106Leu—14 CD30D
mbsorption_hsge pn

| JL ]

f1 (ppm)

oo

e

120

Fian

i40

150

ien

T
80 15 10 85 60 55 50 45 35 30 25 20 1.5 1.0 05 0.0

40
f2 (ppm)

HMQC NMR (400 MHz) spectroscopic data of 12. Measured in CD;OD.
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CH;
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HMBC NMR (400 MHz) spectroscopic data of 12. Measured in CD3;OD.
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COSY NMR (400 MHz) spectroscopic data of 12. Measured in CD3;OD.

38

f1 {ppm)

11 (ppm)



NMR spectroscopic data of 13

-: - —— B e e e i Gt [~500
| S il N phalalelot
450
( { 400
! . b
} / il
[~350
Pai Ler b
1 Data I:i.I:EName PP—Me-Lma:;:l COC3als HOOC\_/\/S‘CH %00
2 Solvent cpcLs =
3 Nucleus 1H N
E\ /a 250
HiC CHa
L 200
1
150
100
1
T 50
_’.__ Ul\ — Lo
1 1
2 g
r T T T T T = T T T I— T T T T T T T 1
0 85 80 15 70 65 60 35 50 45 40 35 30 1.5 1.0 05 0.0 =05
f1 (ppm)
"H-NMR (500 MHz) spectroscopic data of 13. Measured in CDCl;.
65
§ F 5 o 3 2
: §§ 2 i 3 oo
| v | \ 11
55
50
45
40
Parameter Valud HOOC\/\/S‘CHS
1 Daka File Name PP-Mét0131-2 C COCI3als H
7 Salvent TDCLR 35
3 Nugleus 13C E\ lz
HaC CHs 0
25
20
s
10
1 f 5
- | | L1
-5
T T T T T T T T T T T T T T T T T T T |
0 180 170 160 150 140 130 120 110 0 60 50 40 a0 20 10 0 -10

80
1 (ppm)

BC-NMR (125 MHz) spectroscopic data of 13. Measured in CDCl;.
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HMQC NMR (500 MHz) spectroscopic data of 13. Measured in CDCl;.
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HMBC NMR (500 MHz) spectroscopic data of 13. Measured in CDCls.
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COSY NMR (500 MHz) spectroscopic data of 13. Measured in CDCls.
NMR spectroscopic data of 14
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{f i [ {
j i ! :[ ;
3.0
Parameter Walue
1 Title D107PEA-14 CDCI3
2 Instrument. JNM-ECS400 (\O Los
3 Selvent CHLOROF ORM-D
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§ Nucleus 1H
CH;
2.0
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"H-NMR (400 MHz) spectroscopic data of 14. Measured in CDCls.



DIOTPEAT14 COCIS
single pulse decoupled gated NOE
Ho.40
3 g3E B3 E = |
b £3z  fa g H S
B g8E  E¢ g i 4
| NN | | | boas
Fo.30
Parameter Value
1 Tidle 0107PEA-14 COCI3
2 Instrument JHN-ECEA00 N I
3 Solvent CHLOROFORM-D \
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C-NMR (100 MHz) spectroscopic data of 14. Measured in CDCls.
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HMQC NMR (400 MHz) spectroscopic data of 14. Measured in CDCls.
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COSY NMR (400 MHz) spectroscopic data of 14. Measured in CDCl;.
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NMR spectroscopic data of 15

syouyaku¥yoneda¥allium¥PP-aming:
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 —

Parameter Valus
1 Data File Mame  0113Ani—17 H COCI3 df
2 Instrurnent ECA 600
N

3 Salvent CHLOROFORM-O
4 Number of Scans 16
5 Nucleus H \
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"H-NMR (600 MHz) spectroscopic data of 15. Measured in CDCl;.
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Parametar Value
1 Data File Mame 0113Ani-17 C GDCI3jdf
2 Instrument. ECA 600
N
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BC-NMR (150 MHz) spectroscopic data of 15. Measured in CDCl;.
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HMBC NMR (600 MHz) spectroscopic data of 15. Measured in CDCls.
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"H-NMR (600 MHz) spectroscopic data of 16. Measured in CDCls.
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BC-NMR (150 MHz) spectroscopic data of 16. Measured in CDCl;.
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HMQC NMR (600 MHz) spectroscopic data of 16. Measured in CDCls.
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gradient enhanced HMBC - Lo
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HMBC NMR (600 MHz) spectroscopic data of 16. Measured in CDCls.
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COSY NMR (600 MHz) spectroscopic data of 16. Measured in CDCl;.
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CEMNCIIES

Y
Fftie =2 =7 (A sativum, BRAR) 1%, 2018 4E 5 2021 A Tl & L TAF
L7c. FEMITHPAERZE SR iR KT Ik » TRIE S vz,

Allicin (2) fhH S DRRES
[P 7 VIR

=2 =7 (A.sativum) DRERR % KA [distilled water (H,O), methanol (MeOH), acetone,
toluene, ethyl acetate (EA) 5 KO diethyl ether (ether)] 3 mL/ g) (2T R FH—THftL
Tot%, EblEZEH LCMS Sttt 7 L.

[5yHF 4]

System: Shimadzu LabSolutions

Column: YMC-triart PFP, 4.6x250 mm i.d.
Mobile phase A: H>O, B: MeOH,

gradient: mobile phase A-B

0.0-30.0 min: linear gradient with 90-10—0-100,
30.0-40.0min: linear gradient with 0—100—0-100
Detection: UV (210 nm) and ESI MS

Flow rate: 0.8 mL/min

Column oven: 40 °C

Sample injection: 10 mL

=v=7 (A.sativum, BR{R) OB EDHIE

HEBEERIZ T 110°C T 1 Wi L7 PRI &L 7 v 7 — 2 =128 L, 30 ks L.
Bint, MEROEEZEY, A sativum BAROUIA (HE A: 22263 g, 2.4467 g, 2.5166 g)
ENENREMRICIRY, 2REZFHOHE L. BMELTE==7 (A4 sativum, ERIR) Yl %
microwave (500 W) T 30 FPRIMNEA L 7=, 110 °C |ZRRE L 7§22 C 5 BEMsz L=,
WLlt%, YU TN ET U — 2 =T AR, 30 Sl Lic. stk ENENOREIOEE
(& B: 0.8143 g, 1.0339 g, 0.9687g) Z#WET 22 LT LY, WwEEEE {(1-[HE&E B Of
FVER A OEF]D*100=61%} ZHITE Liz. ZEORERENS, 8 L2 A sativum DRI
HEL, HfE7R A sativum OFLERE (61%) 5B L CHE L.

(E/Z)-ajoenes (3) P HiRE

(E/Z)-ajoenes (3) 1% Block HIZ & VA SNIHE Ve —FUETHZ LICLVELNT.
Tebb, #Hftir=2=7 (A sativum, 370 g) OEEFRBEHEL, N> K9 —T 3 4
diethyl ether &SIRA L7c. HEMBKHELZ ARIC L VREL, ARZBE T CTEMTHZ LI2XY

49



allicin (2) ZAHME S (2.5g, FrEHED DO DI 0.7%) %4572, Allicin (2) ZHE T 2.5¢) %
acetone-H20 (3:2, v/v) \ZIEME L, 4 WFENBGEDR L7z, KOS T2, BROSIK 2 B)ERME L, K
ISREY 23g) #1572 RKIGEEY (2.3g) %JIEFH MPLC {mobile phase: n-hexane-cthyl acetate
(70:30—0:100 gradient 50 min, v/v) [YMC-DispoPack AT SIL-25 (40 )]} (2 X V325 Z LiZ
£V 3a(72.5mg, 0.020%) B LT 3b(146.8 mg, 0.040%) % 137-.

(Z)-Ajoene [(£)-4,5,9-trithiadodeca-1,6,11- triene 9-oxide, 3a]: A
Yellow oil, ESI-MS: m/z 257 (M + Na)*. 'H NMR (CDCls, 400 MHz):
0 6.53 (H-6,dd,J=9.5,1.0Hz), 5.98 - 5.67 (H-2, 7 and 11, all m), 5.44
(H-12a, ddd-like, J = 10.3, 1.0, 1.0 Hz), 5.40 (H-12b, ddd-like, /= 17.0, 1.0, 1.0 Hz), 5.16 (H-1a, ddd-
like, J=16.8, 1.0, 1.0 Hz), 5.15 (H-1b, d-like, J = 9.2 Hz), 3.62 (H-8a, ddd, J=13.0, 6.8, 1.0 Hz), 3.53
(H-8b, ddd, /= 13.0, 9.1, 1.0 Hz), 3.49 (H-10a, dddd, J = 13.0, 7.3, 1.0, 1.0 Hz), 3.38 (H-10b, dddd, J
=13.0,7.6, 1.0, 1.0 Hz), 3.35 (H,-3, d, /= 7.3 Hz). *C NMR (CDCls, 100 MHz) 6 138.6 (C-6), 132.6
(C-11), 125.7 (C-2), 123.9 (C-12), 119.3 (C-1), 118.0 (C-7), 54.9 (C-10), 49.6 (C-8), 42.1 (C-3).

\\/\S,S o"s\/\

(E)-Ajoene [(E)-4,5,9-trithiadodeca-1,6,11- triene 9-oxide, 3b]: S s
Yellow oil, ESI-MS: m/z 257 (M + Na)*. '"H NMR (CDCl;, 400 MHz): s \A
0 6.35 (H-6, dd, J=14.7, 1.1 Hz), 5.96 — 5.73 (H-2, 7 and 11, all m), o]
5.45 (H-12a, ddd-like, /= 10.2, 1.1, 1.1 Hz), 5.38 (H-12b, ddd-like, /= 17.1, 1.1, 1.1 Hz), 5.16 (H-1a,
ddd-like, J=16.9, 1.0, 1.0 Hz), 5.14 (H-1b, ddd-like, J = 9.8, 1.0, 1.0 Hz), 3.56 (H-8a, ddd, J = 13.1,
7.6, 1.1 Hz), 3.50 (H-10a, dddd, /=13.0,7.2, 1.1, 1.1 Hz), 3.44 (H-8b, dddd, /=13.1, 8.0, 1.1, 1.1 Hz),
3.37 (H-10b, dddd, J = 13.0, 7.7, 1.1, 1.1 Hz), 3.33 (H»-3, ddd, /= 7.3, 1.0, 1.0 Hz). *C NMR (CDCl;,
100 MHz) ¢ 134.8 (C-6), 132.6 (C-11), 125.6 (C-2), 124.0 (C-12), 119.4 (C-1), 116.8 (C-7), 54.4 (C-
10), 53.0 (C-8), 41.4 (C-3).

LE® 9 BELT 17-19 DERL

Brlif7le =2 =7 (A. sativum, 195.2 g) OB L AL, N> RIFH—T 3 43[# diethyl
ether LIRG L7, HEMIMHEZ AIBIZ LV REL, A% NaSOs & THIE S B HITHIE T
MG 5 Z LI2T allicin (2) A (890.3 mg, FEHEM S DILER 0.5 %) 2472, 55
U7z allicin (2) & A Hi4r (890.3 mg) 35 £ OV Danishefsky’s diene (8f, 1.75 mL, 9 mmol) %
toluene (3 mL) (Z¥fREL, 75 C T 72 WEEHREEE L7z, DUGKE T, BOGHE 2 JBUE T ikdE L,
OGIREY (962.4 mg) %157, SINREY (962.4 mg) % 48 MPLC {mobile phase: H,O-
MeOH (90:10—0:100 gradient 50 min, v/v) [YMC-DispoPack AT ODS-25 (40 g)]} (2 T35 Z
LIZED, 5 DO5HE [Fr.1(59.0mg), Fr. 2 (63.0 mg), Fr. 3 (62.3 mg), Fr. 4(99.4 mg), L Fr.
5(238.3mg)] #1%7=. Fr.2(63.0mg) % i¥ifi HPLC {mobile phase: H,O-MeOH (75:25, v/v) [5Cis-
MS-II (250%10 mm i.d.)]} TH#3 2% = 212X Y, 17a (2.6 mg, 0.016 mmol, 0.0013%), 17b (3.6
mg, 0.023 mmol, 0.0018%), 18a (2.7 mg, 0.012 mmol, 0.0014%), 18b (4.1 mg, 0.018 mmol, 0.0021%),
19 (2.6 mg, 0.011 mmol, 0.0013%), 18¢ (2.6 mg, 0.011 mmol, 0.0013%) ¥ L T* 18d (2.3 mg, 0.010
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mmol, 0.0012%) % 157=. F£7=, Fr.3(62.3mg) Z¥ifi HPLC {mobile phase: H,O-MeOH (75:25,
v/v) [5C18-MS-1I (250 x 10 mm i.d.)]} THETLHZ LTk, ZhENTEIREMELT
anti-9 (4.5 mg, 0.022 mmol, 0.0023%) ¥ L syn-9 (6.9 mg, 0.033 mmol, 0.0035%) #157-. 7t&

BAY anti-9 (1.6 mg) ([T DWW TX T/ H T AT KD HF5H] {mobile phase: n-hexane-2-
propanol (60:40, v/v) [CHIRAL PAK AD-H (250 x 4.6 mm i.d.)]} #4179 Z & C, anti-9a (0.8 mg)
iSJZU“ anti-9b (0.7 mg) Z4137=. 7 JREW syn-9(1.9mg) [ZOWVWTHF T NAH T AILDH

“#57E| {mobile phase: n-hexane-2-propanol (50:50, v/v) [CHIRAL PAK AD-H (250 x 4.6 mm i.d.)]}
%:TT 92 & T, syn-9a(1.0mg) BET syn-9b (0.6 mg) Z1F7-.

START ' 5TART
5 . Al

T

T r F

Figure 8. HPLC analysis chart of anti-9 (A) and syn-9 (B)
[Analysis conditions]
:38: Column: CHIRAL PAC AD-H, 4.6x250 mm i.d.
Detection: UV (315 nm)
Flow rate: 1 mL/min
Sample injection: 10 uL
A: Mobile phase: n-Hexane : 2-Propanol = 60 : 40
Sample preparation: anti-9 1.6 mg/ 0.5 mL [#-Hexane : 2-Propanol = 60 : 40]
Retention time: anti-9a = 11.4 min; anti-9b = 14.4 min
B: Mobile phase: n-Hexane : 2-Propanol = 50 : 50
Sample preparation: syn-9 1.9 mg / 0.5 mL [rn-Hexane : 2-Propanol = 50 : 50]

Retention time: syn-9a = 8.2 min; syn-9b = 13.0 min

2-(4-Oxocyclohex-2-en-1-yl)-2,3-dihydro-4H-thiopyran-4-one (9):
anti-9a (2R, 1°S) and anti-9b (25, 1’R): Yellow oil; anti-9a: [a]*'p -132.9
(¢ = 1.0, CH3CN); ECD (CH3CN) Amax (Ag) [225 nm (- 11.2), 301 nm (-
4.9)]; anti-9b: [a]*'p +118.6 (¢ = 1.0, CH3CN); ECD (CH3;CN) Amax (Ag)
[226 nm (+ 11.0), 299 nm (+ 5.3)]; IR (ATR) vmax = 2954, 1658, 1547
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cm'; HRMS (EI) m/z: [M]" Caled for C11H;20,S 208.0558; Found: 208.0555; LRMS (ESI) m/z: [M +
Na]* 231; 'H NMR (CDCls, 600 MHz): ¢ 7.46 (H-6, d, J = 10.1), 6.94 (H-2’, dd-like, J = 10.3), 6.25
(H-5,d,J=10.1),6.12 (H-3",d, /= 10.3), 3.58 (H-2, ddd, /= 8.7, 6.2, 6.2), 2.83 (H-1°, m), 2.82 (H-3,
m), 2.59 (H-5a, dt-like, J = 16.9, 4.2), 2.40 (H-5’b, ddd, /= 16.9, 13.3, 4.8), 2.21 (H-6’a, dd-like, J =
10.7, 4.9), 1.89 (H-6’b, ddd-like, J = 13.3, 10.7, 4.2); *C NMR (CDCls, 150 MHz): 6 198.3 (C-4°),
193.4 (C-4), 149.4 (C-27), 144.7 (C-6), 130.9 (C-37), 123.9 (C-5), 46.2 (C-2), 41.5 (C-3), 36.8 (C-5’),
26.1 (C-6").

syn-9a (2R, 1’R) and syn-9b (25, 1°S): Yellow oil; syn-9a: [a]*'p -136.0 (c
= 1.0, CH3;CN) ; ECD (CH3CN) Amax (Ag) [223 nm (+ 12.8), 300 nm (-
9.4)]; syn-9b: [a]*'p +153.3 (¢ = 1.0, CH3;CN) ; ECD (CH3CN) Amax (Ag)
[222 nm (- 14.2), 300 nm (+ 9.8)]; IR (ATR) vmax = 2952, 1667, 1574,
1548 cm™'; HRMS (EI) m/z: [M]* Caled for C11H120,S 208.0558; Found 208.0561; LRMS (ESI) m/z:
[M + Na]* 231; '"H NMR (CDCls, 400 MHz): 6 7.47 (H-6, d, J = 10.1), 6.88 (H-2’, dd-like, J = 10.2),
6.24 (H-5,d,J=10.1),6.13 (H-3’,d, J=10.2), 3.77 (H-2, ddd, /= 12.4, 5.7, 3.7), 2.83 (H-1’, m), 2.82
(H-3a, dd, J=16.2, 3.7), 2.74 (H-3b, dd, J = 16.2, 12.4), 2.60 (H-5a, dt-like, J = 16.9, 4.4), 2.40 (H-
5°b,ddd, J=16.9, 13.3,4.9), 2.17 (H-6a, ddd-like, /= 14.5, 4.9, 1.7), 2.04 (H-6’b, dddd-like, J = 14.5,
13.3, 10.0, 4.4); *C NMR (CDCl;, 100 MHz): 6 198.4 (C-4"), 193.8 (C-4), 148.9 (C-2"), 145.3 (C-6),
131.5 (C-37), 123.8 (C-5), 46.5 (C-2), 41.8 (C-3), 36.6 (C-5’), 25.4 (C-6").

2-(1'-Hydroxyethyl)-2,3-dihydro-4 H-thiopyran-4-one (17): Z'CH3
17a: Yellow oil, High resolution ESI-MS: Calcd for (C;H;00,S + Na): 181.0294. Oﬁi/\z)\? OH
Found: 181.0299. IR (ATR): 2971, 1649, 1545 cm™!. ESI-MS: m/z 181 (M + Na)*. ~E.S

'H NMR (CDCls, 500 MHz): § 7.41 (H-6, d, J = 10.2), 6.21 (H-5, d, J = 10.2), (Diastereomers)
3.99 (H-1’, quin-like, J = 5.5), 3.46 (H-2, ddd, J=10.1, 6.7, 4.3), 2.88 (H-3a, dd, J = 16.3, 4.3), 2.77

(H-3b, dd, J = 16.3, 10.1), 1.33 (H-2’, d, J = 4.6). '*C NMR (CDCls, 125 MHz): § 194.0 (C-4), 144.7
(C-6), 123.8 (C-5), 68.6 (C-1°), 50.4 (C-2), 41.1 (C-3), 20.6 (C-2").

17b: Yellow oil, High resolution ESI-MS: Calcd for (C7H;0O.S + Na)*: 181.0294. Found: 181.0291. IR
(ATR): 2973, 2894, 2161, 2018, 1649, 1545 cm™'. ESI-MS: m/z 181 (M + Na)'. '"H NMR (CDCls, 500
MHz): 6 7.42 (H-6, d, J=10.2), 6.19 (H-5, d, J=10.2), 4.03 (H-1’, quin-like, J = 6.2), 3.53 (H-2, ddd,
J=11.2,5.7,4.0),2.87 (H-3a,dd, J=16.2, 4.0), 2.78 (H-3b, dd, /= 16.2, 11.2), 1.34 (H-2’, d, J=6.2).
BC NMR (CDCls, 125 MHz): 6 194.3 (C-4), 145.0 (C-6), 123.5 (C-5), 68.6 (C-1"), 49.2 (C-2), 39.2 (C-
3),20.5 (C-2").
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2-(1'-(Allylsulfinyl)ethyl)-2,3-dihydro-4 H-thiopyran-4-one (18): 2'(:Hs

18a: Yellow oil, High resolution ESI-MS: Calcd for (CioH140,S, + Na)”: 0O 2 1'8 A~F
253.0327. Found: 253.0330. IR (ATR): 2932, 1706, 1657, 1548 cm™!. ESI- 8.8 o

MS: m/z 253 (M + Na)*. 'H NMR (CDCls, 500 MHz): 6 7.40 (H-6, d, J = (Diastereomers)
10.2), 6.24 (H-5,d, J=10.2), 5.81 (H-2, dddd, /= 17.0, 10.1, 8.1, 6.9), 5.44 (H-3"a, d-like, /= 10.1),
5.41 (H-3"Db, d-like, J= 17.0), 3.78 (H-2, td-like, /= 9.6, 3.8), 3.55 (H-1a, ddt, /= 12.8, 6.9, 1.3), 3.42
(H-1"b, ddt, J=12.8, 8.1, 0.7), 2.95 (H-3a, dd-like, J = 16.3, 3.8), 2.93 (H-1’, m), 2.85 (H-3b, dd, J =
16.3,9.6), 1.37 (H-2, d, J = 7.0). ®C NMR (CDCls, 125 MHz): § 192.7 (C-4), 144.0 (C-6), 125.6 (C-
27),124.0 (C-5), 123.9 (C-37), 54.5 (C-17), 54.4 (C-17), 43.9 (C-2), 41.2 (C-3), 7.2 (C-2").

18b: Yellow oil, High resolution ESI-MS: Calcd for (Ci0H140>S> + Na)*: 253.0327. Found: 253.0324.
IR (ATR): 2932, 1656, 1548 cm™'. ESI-MS: m/z 253 (M + Na)*. '"H NMR (CDCl;, 500 MHz): J 7.42
(H-6, d, J=10.2), 6.23 (H-5, d, J=10.2), 5.82 (H-2”, dddd, J = 17.1, 10.3, 8.0, 7.0), 5.45 (H-3a, d-
like, J=10.3), 5.42 (H-3"’b, d-like, J= 17.1), 3.80 (H-2, ddd, J=9.5, 7.9, 4.7), 3.56 (H-1"a, dd-like, J
=13.0, 7.0), 3.43 (H-1"b, dd-like, J = 13.0, 8.0), 2.97 (H-3a, d-like, J = 4.7), 2.96 (H-3b, d-like, J =
9.5),2.91 (H-1’, m), 1.45 (H-2’, d, J = 6.8). >*C NMR (CDCls, 125 MHz): §192.8 (C-4), 144.2 (C-6),
125.5 (C-27), 124.0 (C-5), 123.9 (C-37), 54.3 (C-1), 54.1 (C-17), 44.5 (C-2),41.9 (C-3), 7.9 (C-2).

18c¢: Yellow oil, High resolution ESI-MS: Calcd for (Ci0H140,S, + Na)": 253.0327. Found: 253.0330.
IR (ATR): 2968, 2933, 2348, 1657, 1548 cm™!. ESI-MS: m/z 253 (M + Na)*. '"H NMR (CDCls, 400
MHz): 6 7.45 (H-6,d,J=10.2), 6.21 (H-5,d, /= 10.2), 5.97 (H-2”, dddd, /= 17.0, 10.1, 8.2, 6.6), 5.51
(H-3”a, d-like, J=10.1), 5.43 (H-3"’b, d-like, J = 17.0), 4.27 (H-2, dt, J=11.7, 3.8), 3.66 (H-1"a, dd,
J=13.5, 6.6), 3.30 (H-1"b, dd, J = 13.5, 8.2), 3.07 (H-1’, qd, J = 7.1, 3.8), 2.92 (H-3a, dd, J = 16.4,
3.8),2.78 (H-3b, dd, J=16.4, 11.7), 1.25 (H-2’,d, J=7.1). *C NMR (CDCls, 100 MHz): J 193.1 (C-
4), 145.0 (C-6), 124.9 (C-27), 124.3 (C-37*), 123.8 (C-5), 57.1 (C-17), 52.9 (C-1"), 40.9 (C-2), 39.1 (C-
3),9.9 (C-2).

18d: Yellow oil, High resolution ESI-MS: Calcd for (Ci0H1402S> + Na)*: 253.0327. Found: 253.0322.
IR (ATR): 2967, 2916, 1706, 1656, 1548 cm™!. ESI-MS: m/z 253 (M + Na)*. '"H NMR (CDCls, 400
MHz): 6 7.45 (H-6,dd, J=10.2, 1.0), 6.22 (H-5,d, J=10.2), 5.97 (H-2”,dddd, /= 16.9, 10.2, 8.4, 6.4),
5.52 (H-3a, d-like, J = 10.2), 5.42 (H-3”’b, d-like, J = 16.9), 4.29 (H-2, ddd, J = 10.9, 4.8, 3.3), 3.69
(H-17a,dd, J=13.6, 6.4), 3.28 (H-1’b, dd, J=13.6, 8.4), 3.03 (H-1’, qd, J= 7.0, 3.3), 2.80 (H-3a, dd,
J=16.4,10.9), 2.74 (H-3b, dd, J = 16.4, 4.8), 1.24 (H-2’, d, J = 7.0). *C NMR (CDCls, 100 MHz): §
193.4 (C-4), 145.2 (C-6), 124.9 (C-27), 123.9 (C-37), 124.0 (C-5), 58.2 (C-17), 52.7 (C-17), 42.1 (C-
3),41.5(C-2), 9.7 (C-2°).
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2-(2'-(Allylsulfinyl)ethyl)-2,3-dihydro-4 H-thiopyran-4-one (19): " o

Yellow oil, High resolution ESI-MS: Calcd for (CioH140,S, + Na)™: © 2 ¢ S\,./\s--
253.0327. Found: 253.0330. IR (ATR): 2917, 1657, 1548 cm™!. ESI-MS: XS

m/z 253 (M + Na)". '"H NMR (CDCls, 400 MHz): 6 7.39 (H-6, d, J = 12.8), 6.20 (H-5, d, J = 12.8), 5.88
(H-2”, dddd-like, J=17.1, 7.6), 5.57 (H-3"a, d-like, J = 10.2), 5.41 (H-3"b, d-like, /= 17.1), 3.63 (H-
2, m), 3.51 (H-1”, m), 2.88 (H-3a, dd-like, /= 16.0, 3.6) , 2.77 (H-2’, td, J= 7.0, 1.7), 2.65 (H-3b, dd,
J=16.0,10.1) ,2.20 (H-1°, m). *C NMR (CDCl;, 100 MHz): 6 194.57 (C-4), 144.5 (C-6), 125.3 (C-
27),124.1 (C-37), 123.8 (C-5), 56.2 (C-17"), 47.5 (C-2"), 44.0 (C-3), 41.9 (C-2),26.9 (C-1").

L& 2029 DEF

Bifk7p =2 =2 (4. sativum, 69.42 g) OB LML, N2 FIFH—T 3 53 diethyl
ether LIRA L7-. MMMHEZ ABIZL VEREL, A% NaSOs & CHAE S BB ICIE T
BAET D Z EICT allicin(2) &AWy (453.4mg, HEHED D DILE 0.65%) 2157, 55
U7z allicin (2) &A%y (453.4mg) 5 X TN Rawal’s diene (8g, 0.75 mL, 2.902 mmol) % toluene
GmL) IZfEL, 75 C T 3 KR Lo, RIS T, ROSREZ T TR L, OGRS
¥ (880.7 mg) =1H7=. KISIEEY (880.7 mg) % i¥iFH MPLC {mobile phase: H.O-MeOH (90: 0
—0:100 gradient 50 min, v/v) [YMC-DispoPack AT ODS-25 (40 g)]} {Z T+ 52 &2k, 6
DD H| [Fr. 1 (142.1 mg), Fr. 2 (9.6 mg), Fr. 3 (25.6 mg), Fr. 4 (35.2 mg), Fr. 5 (104.9 mg) B LN
Fr. 6 (122.0 mg)] #4%7=. Fr. 3 (25.6 mg) % WA HPLC {mobile phase: H,O-MeOH (65:35, v/v)
[5C1s-MS-11 (250 x 10 mmi.d.)]} THI 22 &I12X Y, 22(1.0mg, 0.00546 mmol, 0.0014% from
A. sativum), 23 (1.4 mg, 0.00772 mmol, 0.0020%), 20 (1.3 mg, 0.00702 mmol, 0.0019%), 21 (0.2 mg,
0.00108 mmol, 0.00029%) ¥ X T* 24 (0.7 mg, 0.00351 mmol, 0.0010%) % 457=. F7=, Fr.4(35.2
mg) % /8 HPLC {mobile phase: H;O-MeOH (45:55, v/v) [5C1s-MS-II (250 x 10 mm i.d.)]} Tk
A2 Lk, 29 (1.6 mg 0.0106 mmol, 0.0023%), 27 (1.9 mg, 0.00565 mmol, 0.0027%), 25
(1.4 mg, 0.00621 mmol, 0.0020%), 28 (1.2 mg, 0.00326 mmol, 0.0017%) ¥ X T} 26 (1.0 mg, 0.00388
mmol, 0.0014%) Z757=.

(E)-1-(Allylthio)-4-(dimethylamino)but-3-en-2-one (20): 0

Yellow oil, High resolution ESI-MS: Calcd for (CoH;sNOS + (ch)zN;‘\)ék/S\'./zr\\\
H)": 186.0943. Found: 186.0947. IR (ATR): 2914, 1649, 1435, 3 ! !

1421, 1355, 1279, 1217, 1072 cm™'. ESI-MS: m/z 186 (M + H)". '"H NMR (CDCls, 400 MHz): J 7.62
(H-4,d,J=12.8), 5.80 (H-2’, ddt, J=17.2, 10.0, 7.2), 5.24 (H-3, d, /= 12.8), 5.18 (H-3’a, ddd-like, J
=17.2,2.4,0.8), 5.11 (H-3’b, ddd-like, J = 10.0, 2.4, 0.8), 3.20 (H-1", dd-like, /=7.2, 0.8), 3.18 (H-1,
s), 3.09 (N-CHs, br. s), 2.84 (N-CHj, br. s). 3C NMR (CDCls, 100 MHz): J 192.8 (C-2), 153.4 (C-4),
133.5 (C-27), 117.8 (C-3’), 93.6 (C-3), 44.9 (N-CH3), 39.2 (C-1), 37.1 (N-CH3), 34.9 (C-1’).
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(E)-4-(Dimethylamino)-1-((E)-prop-1'-en-1'-ylthio)but- o)

. . . 4 2'
3-en-2-one (21): Yellow oil, High resolution ESI-MS: Calcd (HsC)oN /\\\)2-]\/8 \"//\CH3
for (CoHisNOS + H)": 186.0951. Found: 186.0947. IR 3 1 1
(ATR): 2916, 1649, 1562, 1435, 1421, 1356, 1275, 1219, 1078 cm™'. ESI-MS: m/z 186 (M + H)". 'H
NMR (CDCls, 400 MHz): 6 7.63 (H-4, d, J=12.8), 5.99 (H-1°, dd, J = 14.8, 1.6), 5.73 (H-2’, dq, J =
14.8, 6.8), 5.27 (H-3, d, J = 12.8), 3.34 (H>-1, s), 3.09 (N-CHs, br. s), 2.84 (N-CH3, br. s), 1.73 (H3-3,
dd, J= 6.8, 1.6). 3C NMR (CDCls, 100 MHz): § 192.2 (C-2), 153.6 (C-4), 126.6 (C-2"), 122.6 (C-1"),
93.3 (C-3), 44.9 (N-CH3), 41.9 (C-1), 37.2 (N-CH3), 18.5 (C-3°).

(E)-1-(2',3'-Dihydrothiophen-2'-yl)-3-(dimethylamino)prop-2-en-1-one 0

(22): Yellow oil, High resolution ESI-MS: Calcd for (CoH;3NOS + H)*: (HBC)ZN%
184.0784. Found: 184.0791. IR (ATR): 2922, 1649, 1618, 1570, 1433, 1420, 4
1358, 1281, 1090 cm™'. ESI-MS: m/z 184 (M + H)". '"H NMR (CDCl;, 600 MHz): 6 7.64 (H-3, d, J =
12.4), 6.06 (H-5°, dt-like, J = 6.2, 2.0), 5.56 (H-4’, dt-like, J = 6.2, 2.0), 5.18 (H-2, d, J = 12.4), 4.38
(H-2’, dd, J = 10.3, 6.2), 3.29 (H-3’a, dddd-like, J = 16.5, 6.2, 2.0, 2.0), 3.09 (N-CHs, br. s), 2.89 (H-
3°b, dddd-like, J=16.5, 7.6, 2.0, 2.0), 2.83 (N-CHj, br. s). *C NMR (CDCl;, 150 MHz): § 193.9 (C-1),
153.7 (C-3), 123.8 (C-5), 122.1 (C-4’), 92.4 (C-2), 54.6 (C-2’), 45.0 (N-CH3), 37.4 (C-3’), 37.2 (N-
CHa»).

(E)-3-(Dimethylamino)-1-(thiophen-2'-yl)prop-2-en-1-one (23): Yellow 0
3
oil, High resolution ESI-MS: Calcd for (CoH;;NOS + H)": 182.0634. Found: (H3C)oN" 1> \ S
2
182.0627. IR (ATR): 2922, 1633, 1550, 1516 cm™'. ESI-MS: m/z 182 (M + /4'

H)". "HNMR (CDCls, 500 MHz): § 7.80 (H-3, d, J=12.3), 7.63 (H-5",dd, J= 3.7, 1.2), 7.47 (H-3’, dd,
J=5.0,1.2),7.08 (H-4’,dd, J=5.0, 3.7), 5.63 (H-2, d, J = 12.3), 3.14 (N-CH3, br. s), 2.93 (N-CH3, br.
s). BC NMR (CDCls, 125 MHz): § 180.9 (C-1), 153.6 (C-3), 147.4 (C-2"), 130.2 (C-3"), 128.4 (C-5"),
127.5 (C-4°), 91.7 (C-2), 44.9 (N-CH3), 37.3 (N-CH3).
(1E,5E)-1-(Dimethylamino)-7-(methylthio)hepta-1,5-dien-3- 1 i 7

X
one (24): Yellow oil, High resolution ESI-MS: Calcd for (HsC)N™ 73 SCHs
(C1oHi7NOS + H)": 200.1097. Found: 200.1104. IR (ATR): 2915, 1644, 1626, 1563, 1435, 1420, 1358,
1276, 1219, 1098 cm™'. ESI-MS: m/z 200 (M + H)". '"H NMR (CDCl;, 600 MHz): 6 7.56 (H-1, d, J =
12.4), 5.70 (H-5, dt, J=15.1, 7.6), 5.51 (H-6, dt, J = 15.1, 7.6), 5.05 (H-2,d, J=12.4),3.12 (H-4, d, J
=7.6),3.10 (H-7,d,J=7.6),3.09 (N-CHs, br. s), 2.82 (N-CHj, br. s), 2.02 (S-CH3, s). *C NMR (CDCls,
150 MHz): 6 195.2 (C-3), 152.8 (C-1), 128.5 (C-6), 128.0 (C-5), 94.7 (C-2), 44.8 (C-4), 44.8 (N-CHz3),
37.0 (N-CH3), 35.9 (C-7), 14.3 (S-CHz).
(1E,5E)-7-(Allylthio)-1-(dimethylamino)hepta-1,5- 1 Q 7 o3
dien-3-one (25): Yellow oil, High resolution ESI-MS: (H3C),N™ X3 X S/\‘/
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Caled for (C1,HNOS + H)*: 226.1260. Found: 226.1263. IR (ATR): 2912, 1646, 1625, 1563, 1431,
1419, 1357, 1275, 1097 cm™. ESI-MS: m/z 226 (M + H)*. '"H NMR (CDCls, 500 MHz): § 7.56 (H-1, d,
J=12.5),5.77 (H-2", ddt, J= 17.0, 10.0, 7.0), 5.70 (H-5, dtt, J = 15.0, 7.0, 1.5), 5.50 (H-6, dtt, J = 15.0,
7.0, 1.5), 5.13 (H-3’a, ddt, J = 17.0, 3.0, 1.0), 5.11 (H-3"b, ddt, J = 10.0, 1.0), 5.05 (H-2, d, J = 12.5),
3.11 (Ha-4, 7 and 17, all m), 3.09 (N-CHj, br. s), 2.82 (N-CHj, br. s). 3C NMR (CDCls, 125 MHz): &
195.2 (C-3), 152.8 (C-1), 134.3 (C-2°), 128.7 (C-6), 128.2 (C-5), 117.3 (C-3"), 94.9 (C-2), 45.4 (C-4),
44.8 (N-CHs), 36.9 (N-CH3), 33.3 (C-1°), 32.5 (C-7).

O

(1E,5E)-7-(Allyldisulfanyl)-1-(dimethylamino)hepta- /1\)]\/\/7\ S 1
- 3
1,5-dien-3-one (26): Yellow oil, High resolution ESI- (HaC)2N™ 3 TNV

MS: Caled for (C1,H;sNOS, + H)': 258.0981. Found: 258.0978. IR (ATR): 2921, 1647, 1625, 1567,
1433, 1420, 1356, 1279, 1217, 1095 cm™'. ESI-MS: m/z 258 (M + H)*. 'H NMR (CDCls, 400 MHz): §
7.56 (H-1,d,J=12.8), 5.84 (H-2’, ddt, J= 17.2, 10.0, 7.2), 5.82 (H-5, dt, J = 15.2, 7.2), 5.56 (H-6, dtt,
J=15.2,7.6,1.2), 5.20 (H-3’a, dd, J= 17.2, 1.6), 5.15 (H-3°b, d-like, J= 10.0), 5.08 (H-2, d, J= 12.8),
3.35 (Ha-7, d,J = 7.6), 3.32 (Ha-1°, d, J = 7.2), 3.12 (Ha-4, d-like, J = 6.8), 3.08 (N-CHs, br. 5), 2.81 (M-
CH;, br. s). 3C NMR (CDCls, 100 MHz): 6 194.9 (C-3), 152.9 (C-1), 133.5 (C-2°), 129.5 (C-5), 127.8
(C-6), 118.4 (C-3°), 94.2 (C-2), 45.5 (C-4), 44.9 (N-CHs), 42.3 (C-1°), 41.5 (C-4), 36.8 (N-CH).

(1E,1'E,5E,S'E)-7,7’-Thiobis(1-(dimethylamino)hepta-1,5-dien-3- 0

1 7
one) (27): Yellow oil, High resolution ESI-MS: Calcd for (HaC)oN™ "3 X S
(C13H2sN>0,S+Na)": 359.1764. Found: 359.1759. IR (ATR): 2913, O

1645, 1625, 1562, 1433, 1420, 1358, 1276, 1098 cm™'. ESI-MS: m/z (HaC)N™ =

337 (M + H)". '"H NMR (CDCls, 500 MHz): § 7.55 (H-1, d, J= 12.5), 5.70 (H-5, dt, J = 15.0, 7.5), 5.50
(H-6, dt, J = 15.0, 7.5), 5.06 (H-2, d, J = 12.5), 3.11 (Hy-7, d-like, J = 7.5), 3.09 (Hs-4, d-like, J = 7.5),
3.08 (N-CHs, br. s), 2.82 (N-CHs, br. s). '3C NMR (CDCls, 125 MHz): § 195.2 (C-3), 152.8 (C-1), 128.9
(C-6), 128.1 (C-5), 94.8 (C-2), 45.5 (C-4), 44.8 (N-CH3), 37.1 (N-CHs), 32.6 (C-7).

(1E1'E,SE,S'E)-7,7-Disulfanediylbis(1-(dimethylamino)hepta-1,5- o]

dien-3-one) (28): Yellow oil, High resolution ESI-MS: Calcd for  (H,c),N /1\)31\/\/7\3
(CisH2sN20,S; + H)": 369.1665. Found: 369.1660. IR (ATR): 2918, (HsC),N__= = é
1646, 1625, 1563, 1434, 1420, 1357, 1277, 1096 cm™'. ESI-MS: m/z \/\(f)(\/\/
369 (M + H)". '"HNMR (CDCls, 400 MHz): 6 7.57 (H-1, d, J= 12.8), 5.79 (H-5, dtt, J= 14.8, 7.2, 0.8),
5.56 (H-6, dtt, J=14.8, 7.6, 1.2), 5.09 (H-2, d, J = 12.8), 3.33 (H4-7, dd-like, J = 7.6, 0.8), 3.12 (H4-4,
d-like, J = 7.2), 3.08 (N-CHs, br. s), 2.82 (N-CHs, br. s). *C NMR (CDCls, 100 MHz): § 194.9 (C-3),
152.9 (C-1), 129.4 (C-5), 127.8 (C-6), 94.9 (C-2), 45.7 (C-4), 44.8 (N-CH3), 41.6 (C-7), 36.9 (N-CHa).
(1E,4E)-1-(Dimethylamino)hepta-1,4,6-trien-3-one (29): Yellow 1 9

N
oil, High resolution EI-MS: Calcd for (CoH13NO)*™: 151.0997. Found:  (H3C)oN™ X3

7
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151.1000. IR (ATR): 2922, 1619, 1593, 1542, 1435, 1419, 1358, 1269, 1085 cm ', ESI-MS: m/z 152
(M + H)". '"H NMR (CDCls, 400 MHz): 6 7.71 (H-1, d, J = 12.8), 7.17 (H-5, dd, J = 15.2, 11.2), 6.49
(H-6, ddd, J= 16.8, 11.2, 10.0), 6.27 (H-4, d, J= 15.2), 5.57 (H-7, dd, J = 16.8, 1.2), 5.40 (H-7, dd, J =
10.0, 1.2), 5.20 (H-2, d, J = 12.8), 3.12 (N-CH, br. 5), 2.87 (N-CH, br. s). *C NMR (CDCls, 100 MHz):
9 186.6 (C-3), 153.4 (C-1), 138.8 (C-5), 135.9 (C-6), 132.5 (C-4), 123.5 (C-7), 96.1 (C-2), 45.1 (N-CHs),
37.3 (N-CHs).

k&% 9 O HiE ECD A7 b OFE

K F A ~— anti-9a, anti-9b, syn-9a F LN syn-9b (2D T OELE BMR D I HIED
JE1X, Spartan ‘10 program> T3E3E L7 Merck 571 /%5 (Merck molecular force field, MMFF)
A U CEZER TR REL LTz, RV~ OBV T 1% il 2 DIEELR %
Ffo anti-9a, anti-9b, syn-9a 15 XN syn-9b OELERMEK (ZEH 9, 9, 8 BLUE D
BCJREFLPE(R) 1%,  CAM-B3LYP/6-31G(d) L ~UL TR FEH (density func- tional theory,
DFT) {4 (Figure S12-S15) |2 X 0 fxi@fk L7=. ECD OFEEIL, ThEn it U 7= El e
FLPERIZ OV T CAM-B3LYP / def2-TZVPP L ~L CHREMIEAE% L% (time-dependent
density functional theory, TD-DFT) FH8 Z i/ U CEtHE L7, Bl EMEERO KL LY ECD
AL, WTILD Gaussian 16 7' 7T A OZfFEH LT MeCN H TR AR AL/ i
HE{AE T /L (integral equation formalism polarizable continuum model, IEFPCM) T31T L 7-.
FHEMEIC L % ECD #ifjiX, SpecDis v1.7190 Zffifl L CARK L 72,

Diels-Alder KIGEDZRXNAFX—F 17 7 A )VEENT

DFT #%1%, Gaussian09 E*? V7 "o =7 Ror— U % HH L THEIT LZ. EBREMEE
D )IFEE I Reaction Plus Pro 7’12 277 A4 Z H\», nudged elastic band (NEB) % 269 (24
SWTHRFT L7, HRWE, BRIRRE, B OERY OREO R L, B3LYP* 2 #ifHE
ULBEEL L 6-31G(d,p) FEIERIE A L CHEAT Lz, IRBYEEGHE 2317 L ¢, fvMEIZE
BRI D72 <, & TS ICH—DEHERB LN L4 Lz, ERMELE L ToE
HOROME R, WSt & A UG L~V COREBIENT & E A KOG EAZ (intrinsic reaction
coordinate, IRC) VA2 X » THERR L7=. T XTOFETIL, WL LT CHCL 26 H L7245
FiE A (polarizable continuum, PCM) €7 /L& L7-. FHISN D HBE = 2L —fElT,
BT RLF—L 20815K TOF T A RLF—DBGHIEDOGEE L CER L.
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The DFT-optimized structures of conformers of 9 with their equilibrium population.

Conf. 1 Conf. 2 Conf. 3
RE = 0.00 kcal/mol RE = 0.32 kcal/mol RE = 0.98 kcal/mol
(49.41%) (28.85%) (9.38%)

/
I

Conf. 4 Conf.5 Conf. 6
RE = 1.45 kcal/mol RE = 1.48 kcal/mol RE = 1.84 kcal/mol
(4.25%) (4.07%) (2.21%)

Conf. 7 Conf. 8
RE = 2.17 kcal/mol RE = 2.67 kcal/mol
(1.28%) (0.55%)

Figure 9. Optimized geometries, relative energies (REs), and Boltzmann distributions at 298.15 K of
the 8 low-energy conformers of syn-9a calculated at the CAM-B3LYP/6-31G(d) level in MeCN.

Conf. 1 Conf. 2 Conf. 3
RE = 0.00 kcal /mol RE = 0.32 kcal /mol RE = 0.98 kcal/mol
(49.41%) (28.85%) (9.38%)

Conf. 4 Conf.5 Conf. 6
RE = 1.45 kcal/mol RE = 1.48 kcal/mol RE = 1.84 kcal/mol
(4.25%) (4.07%) (2.21%)

Conf.7 Conf. 8
RE = 2.17 keal/mol RE = 2.67 keal/mol
(1.28%) (0.55%)

Figure 10. Optimized geometries, relative energies (REs), and Boltzmann distributions at 298.15 K of
the 8 low-energy conformers of syn-9b calculated at the CAM-B3LYP/6-31G(d) level in MeCN.
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Conf. 1 Conf. 2 Conf. 3
RE = 0.00 kcal/mol RE = 0.08 kcal/mol RE = 0.40 kcal/mol
(35.12%) (30.90%) (17.74%)

Conf. 4 Conf. 5 Conf. 6
RE = 0.80 kcal/mol RE = 1.49 kcal/mol RE = 1.79 kecal/mol
(9.15%) (2.84%) (1.71%)

Conf 7 Conf. 9
RE = 1.88 kecal/mol Conf. 8 RE = 3.26 keal/mol
(1.47%) RE = 2.16 keal/mol (0.14%)

(0.92%)

Figure 11. Optimized geometries, relative energies (REs), and Boltzmann distributions at 298.15 K of
the 9 low-energy conformers of anti-9a calculated at the CAM-B3LYP/6-31G(d) level in MeCN.

Conf. 1 Conf. 2 Conf. 3
RE = 0.00 kcal/mol RE = 0.08 kcal/mol RE = 0.40 kcal/mol
(35.12%) (30.90%) (17.74%)
y
y
Conf. 4 Conf. 5 Conf. 6
RE = 0.80 kcal/mol RE = 1.49 kcal/mol RE = 1.79 kcal/mol
(9.15%) (2.84%) (1.71%)

/
Conf. 7 Conf. 8 Conf. 9
RE = 1.88 kcal/mol RE = 2.16 kcal/mol RE = 3.26 kcal/mol
(1.47%) (0.92%) (0.14%)

Figure 12. Optimized geometries, relative energies (REs), and Boltzmann distributions at 298.15 K of
the 9 low-energy conformers of anti-9b calculated at the CAM-B3LYP/6-31G(d) level in MeCN.
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Computational data of DFT calculations for examination of Diels-Alder reaction.
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Figure 13. transition state structures for thio-Diels—Alder reactions of thioacrolein (7) and Danishefsky’s

diene (8f).

Thioacrolein (7)
HF = -514.8848786 hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.059696 (Hartree/Particle)
Temperature: 298.150 Kelvin. Pressure: 1.00000 Atm.

Sum of electronic and zero-point Energies = -514.825183 hartrees

Danishefsky’s diene (8f)
HF =-754.4783627 hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.224657 (Hartree/Particle)
Temperature: 298.150 Kelvin. Pressure: 1.00000 Atm.

Sum of electronic and zero-point Energies = -754.253706 hartrees

TS1-1
HF =-1269.351052 hartrees
Imaginary Frequencies: 1 (-289.7197 1/cm)

Zero-point correction = 0.285591 (Hartree/Particle)
Temperature: 298.150 Kelvin. Pressure: 1.00000 Atm.
Sum of electronic and zero-point Energies = -1269.065461 hartrees
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Productl-I

HF =-1269.4023132 hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.289751 (Hartree/Particle)

Temperature: 298.150 Kelvin. Pressure: 1.00000 Atm.

Sum of electronic and zero-point Energies = -1269.112562 hartrees

TS1-11

HF =-1269.3500071 hartrees

Imaginary Frequencies: 1 (-298.2156 1/cm)

Zero-point correction = 0.286709 (Hartree/Particle)

Temperature: 298.150 Kelvin. Pressure: 1.00000 Atm.

Sum of electronic and zero-point Energies = -1269.063298 hartrees

Product1-II

HF =-1269. 3973179 hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.290231 (Hartree/Particle)

Temperature: 298.150 Kelvin. Pressure: 1.00000 Atm.

Sum of electronic and zero-point Energies = -1269.107087 hartrees

TS1-111

HF =-1269.3412107 hartrees

Imaginary Frequencies: 1 (-303.7707 1/cm)

Zero-point correction = 0.285518 (Hartree/Particle)

Temperature: 298.150 Kelvin. Pressure: 1.00000 Atm.

Sum of electronic and zero-point Energies = -1269.055693 hartrees

Product1-IIT

HF =-1269.3962618 hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.289612 (Hartree/Particle)

Temperature: 298.150 Kelvin. Pressure: 1.00000 Atm.

Sum of electronic and zero-point Energies = -1269.106650 hartrees
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TS1-IV

HF =-1269.339 8135 hartrees

Imaginary Frequencies: 1 (-263.0759 1/cm)

Zero-point correction = 0.286249 (Hartree/Particle)

Temperature: 298.150 Kelvin. Pressure: 1.00000 Atm.

Sum of electronic and zero-point Energies = -1269.053565 hartrees

Productl-IV

HF =-1269.3827537 hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.289907 (Hartree/Particle)

Temperature: 298.150 Kelvin. Pressure: 1.00000 Atm.

Sum of electronic and zero-point Energies = -1269.092847 hartrees
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a H
A ™SO : J ! ™SO, OMe
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H7 =9 MeO  MeO H H i/ MeO OTMS
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T™MSO y H | TMso ) o
p H - 7\ otMs | > [elel > /O
H . 1
¢ N HACO MG SM:O : g : MeG s oTMS
Moo 9 Product2-1l HyCO TMSO\<§ ; Product2-VIl
4 : g
TS24l ¢ : TS2:ViI = T™SQ oM
S . ' e
s’ [} ™ : i 0CHs N
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4 : S H S : 4 j SSH
Med  MeO : < MeO OTMS
H coi S Product2-VI H COS Product2-VIlI
3 H 3
TS2-VI : TS2-Vill

Figure 14. producted structures for Diels—Alder reactions of pruductl-I and Danishefsky’s diene (8f).

TS2-1

HF =-2023.8416529 hartrees

Imaginary Frequencies: 1 (-492.4656 1/cm)

Zero-point correction = 0.516172 (Hartree/Particle)

Temperature: 298.150 Kelvin. Pressure: 1.00000 Atm.

Sum of electronic and zero-point Energies = -2023.325481 hartrees
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Product2-1

HF =-2023.9301441 hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.522076 (Hartree/Particle)

Temperature: 298.150 Kelvin. Pressure: 1.00000 Atm.

Sum of electronic and zero-point Energies = -2023.408068 hartrees

TS2-11

HF =-2023.8380702 hartrees

Imaginary Frequencies: 1 (-490.0376 1/cm)

Zero-point correction = 0.515326 (Hartree/Particle)
Temperature: 298.150 Kelvin. Pressure: 1.00000 Atm.

Sum of electronic and zero-point Energies = -2023.322744

hartrees

Product2-11

HF =-2023.9332031 hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.522240 (Hartree/Particle)
Temperature: 298.150 Kelvin. Pressure: 1.00000 Atm.
Sum of electronic and zero-point Energies = -2023.410963 hartrees

TS2-111

HF =-2023.8393261 hartrees

Imaginary Frequencies: 1 (-535.1374 1/cm)

Zero-point correction = 0.516040 (Hartree/Particle)

Temperature: 298.150 Kelvin. Pressure: 1.00000 Atm.

Sum of electronic and zero-point Energies = -2023.323286 hartrees

Product2-IIT

HF =-2023.9324886 hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.522418 (Hartree/Particle)

Temperature: 298.150 Kelvin. Pressure: 1.00000 Atm.

Sum of electronic and zero-point Energies = -2023.410070 hartrees

63



TS2-1IV

HF =-2023.8383123 hartrees

Imaginary Frequencies: 1 (-534.5200 1/cm)

Zero-point correction = 0.515522 (Hartree/Particle)

Temperature: 298.150 Kelvin. Pressure: 1.00000 Atm.

Sum of electronic and zero-point Energies = -2023.322791 hartrees

Product2-IV

HF =-2023.9363025 hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.521835 (Hartree/Particle)

Temperature: 298.150 Kelvin. Pressure: 1.00000 Atm.

Sum of electronic and zero-point Energies = -2023.414468 hartrees

TS2-V

HF =-2023.8389869 hartrees

Imaginary Frequencies: 1 (-512.4581 1/cm)

Zero-point correction = 0.515597 (Hartree/Particle)
Temperature: 298.150 Kelvin. Pressure: 1.00000 Atm.

Sum of electronic and zero-point Energies = -2023.323390

hartrees

Product2-V

HF =-2023.934742 hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.521989 (Hartree/Particle)

Temperature: 298.150 Kelvin. Pressure: 1.00000 Atm.

Sum of electronic and zero-point Energies = -2023.412753 hartrees

TS2-VI

HF =-2023.8379701 hartrees

Imaginary Frequencies: 1 (-515.4318 1/cm)
Zero-point correction = 0.516519 (Hartree/Particle)
Temperature: 298.150 Kelvin. Pressure: 1.00000 Atm.

Sum of electronic and zero-point Energies = -2023.321451 hartrees
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Product2-VI

HF =-2023.9262385 hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.522527 (Hartree/Particle)

Temperature: 298.150 Kelvin. Pressure: 1.00000 Atm.

Sum of electronic and zero-point Energies = -2023.403711 hartrees

TS2-VII

HF = -2023.8355427 hartrees

Imaginary Frequencies: 1 (-549.5131 1/cm)

Zero-point correction = 0.515473 (Hartree/Particle)

Temperature: 298.150 Kelvin. Pressure: 1.00000 Atm.

Sum of electronic and zero-point Energies = -2023.320070 hartrees

Product2-VII

HF =-2023.9303045 hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.521868 (Hartree/Particle)

Temperature: 298.150 Kelvin. Pressure: 1.00000 Atm.

Sum of electronic and zero-point Energies = -2023.408437 hartrees

TS2-VIII

HF =-2023.8354093 hartrees ?
Imaginary Frequencies: 1 (-529.8103 1/cm)

Zero-point correction = 0.515966 (Hartree/Particle)

Temperature: 298.150 Kelvin. Pressure: 1.00000 Atm.

Sum of electronic and zero-point Energies = -2023.319444 hartrees

Product2-VIII

HF =-2023.9324726 hartrees

Imaginary Frequencies: none found

Zero-point correction = 0.521895 (Hartree/Particle)
Temperature: 298.150 Kelvin. Pressure: 1.00000 Atm.
Sum of electronic and zero-point Energies = -2023.410578

hartrees
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NMR spectroscopic data of synthesized compounds

NMR spectroscopic data of anti-9

single_pulse ;
3
&
&
=1
7 2
& g
2z38 BaGE
28 é 2 B2g2
O ekl
Parameter Valug
1 Data File Name| 1221AS5b-3-4 H CDCI3-2-1,jdf
2 Instrument ECA 600
3 Solvent CHLORQFORM-D
4 Number of Scans 32
5 Nuclaus 1H
1
I l L‘_J_l_l_/
|
U ¥ 1 L
T T ™ 7 A P
2 2 8z o b= TEE g
g 2 g8 2 g§ k2= |8
T T T T = T L T T T T U T T T T T T
0 85 8.0 75 70 6.5 6.0 55 50 35 30 25 20 15 1.0 05 00

45 40
1 (ppm)

"H-NMR (600 MHz) spectroscopic data of anti-9. Measured in CDCl;.

1221A55b-3-4 CDCI3

2 B g B 2 4§ o mpe =
z 2 gz 5 3 g 585 | &
g 2 g3 2 & € TES g
1 1 (I [
Parameter Value

1 Data File Name 1221AS5b-3-4 C CDCI3 CARBON-3jdf

2 Instrument ECA 600

3 Selvent CHLOROFORM-D

4 Number of Scans 10000

5 Nucleus 13C

0.2

a1

T T T T
160 150 140 130 120 110 100 90 80
1 (ppm)
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BC-NMR (150 MHz) spectroscopic data of anti-9. Measured in CDCl;.

Parameter

2 Instrument

3 Solvent

4 Experiment

5 Number of Scans

EGA 600

| Data File Name 1221AS5b-3-4 G CDCI3-1jdf

Value

CHLOROF ORM{D
u I}

HMQGC u

.

I Hm_,____-nJm L .

1

- .

gradient enhanced HMQC with-X-decoupling

I R

100

110

120

130

140

180

190

200

45 40 a5

f2 (ppm)

HMQC NMR (600 MHz) spectroscopic data of anti-9. Measured in CDCls.

Parameter

| Data File Name 1221AS5b-3-4

2 Instrument

3 Solvent

4 Experiment

5 Number of Scans

ECA 600
CHLOROF ORM:
HMBC H
16

Value
BC CDCI3-1jdf

| L

D

LI

| SE—

i
gradient enhan

nced HMBGC

1
-0.5

~100
o
120
130
140
150
160
170
180
190

200

40 35
2 (ppm}

T
30

HMBC NMR (600 MHz) spectroscopic data of anti-9. Measured in CDCls.
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b

WVilue
1221A85b-3-4 DQF CDCI3-1 jdf
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TMD
i
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1 Data File Name
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o W =) w =% W o
il i i T T T id ~
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"H-NMR (400 MHz) spectroscopic data of syn-9. Measured in CDCl;.

1221AS5b-3-5 CDCI3 [~Y=Y-=1
single pulse decoupled gated NOE 558
$oo
fafelel
Foe
adg
B £
LT I
g ES g—g bt EEEE: =
= E 3 2 388 5
g g 22 & 8 gege | &
Parameter Value O
1 Title 1221A85b-3-5 CDCI3 H
2 Instrument JMM-ECS400 le)
3 Solvent CHLOROFORM-D
4 Number of Scans 10000 H
5 Nuclous 136 x-S

T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 180 180 170 160 150 140 130 120 110 100 80 80 70 60 50 40 30 20 10 0

T
-20

-10
1 (ppm)
13 : :
C-NMR (100 MHz) spectroscopic data of syn-9. Measured in CDCls.
Parameter Value
1 Title 1221A86b-3-5 CDCI3
2 Instrument JNM-ECS400
3 Solvent CHLOROFORM-D
4 Pulse Sequence hmagejxp u ﬂ “ i I
5 Number of Scans d " :
7 [f221As5-3-5 cDCBB I N
| gradient enhanced HMQC vgth X-decoupling 9P &
o
|20
o8-
30
— @
— o 40
- @
Fs0
| |50
|
|
| 70
|
— @
Feo
o0
| 100
|
110
O
120
— ° H
| (0] L
— o 130
5 H
| xS 40
SR o
_5: e 1150
|
% 160
|
| - Li70
T T T T T T T T T T T T T T T T T T T 1
90 85 20 75 70 65 6.0 55 50 45 40 35 30 25 20 15 10 05 00 -05

f2 (ppm)

HMQC NMR (400 MHz) spectroscopic data of syn-9. Measured in CDCl;.
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Parameter
1 Title
2 Instrument
3 Selvent
4 Pulse Sequence

5 Number of Scans 1

Walue
1221A85b-3-5 CDCI3
JNM-ECS400
CHLOROFORM-D
hmbcjxp

T | B N L I

Parameter
1 Title
2 Instrument.
3 Solvent
4 Pulse Sequence
5 Number of Scans

—

o W

1221AS5b-3-5 CDCI3 e
gradient enhanced HMBC R [
Lo
F2o
o -
Fao
o . ol 'S [0
® o -
Fso
160
Lo
Fso
o0
Fioo
Fiio
20
Fi3o
H40
L]
F1s0
H L
o 160
H 70
x-S Figo
R
@ e |
o ole” & 1200
r T T T T T T T T T T T T T T T T T T )
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
f2 (ppm)
HMBC NMR (400 MHz) spectroscopic data of syn-9. Measured in CDCls.
Value
1221A856-3-5 CDCI3
JNM-ECS400
CHLOROFORM-D ‘
cosyjxp
U ¥ “ ] n M..A.ﬂ._}\
1221AS5b-3-5 CDCI3
sradient shsolute valus cosy
- o
k1
-
O & {em a&a re
Q@ oF
o e Y
& & -3
ka
.
2 s
L4
ks
ks
a ° a®
(-] L 0
&)
- H
a -] (@)
H
x-S 8
Lo
U T T T T T T T T T T T T T T T T T T 1
90 85 80 75 70 65 60 55 50 45 40 35 a0 25 20 15 10 05 00 05

f2 (ppm)

COSY NMR (400 MHz) spectroscopic data of syn-9. Measured in CDCls.

70

1 (ppm)

1 (ppm)



NMR spectroscopic data of 17a

1
single_pulse

492 CHUOROFORM-D

7.3899
7.3830
6.1850
6.1781

~- <
<!

—

Parameter
1 Data File Name
2 Ingtrument
3 Solvent
4 Number of Scans
5 Mucleus

Value
1221A85b-2-1 H CDOI3-1jdf
ECA B00 O
CHLOROFORM-D
16

1H LS

15518 H2al

13217

10.8467-3
O564=

R I ——

[3.1048-

8.0 15 70 6.5 6.0

T T T
55 50 45 4.
1 (ppm)

;:_IG597{ -
o EETET

=
oy
o

25 20

'H-NMR (600 MHz) spectroscopic data of 17a. Measured in CDCl;.

i
single pulse decoupled gated NOE

—— 1838363
— 1446734

773227 CHLDROFORM-D
76.9015 CHLDROFORM-D

— 123 8857
—BB.B431

4 Nu
5 MNu;

1 Data Fite Mame
2 Instrument,
3 Solvent

Value
1221A850=2=1"C CDOI3=1jdf
ECA 600
GHLOROFORM-D 0o
mber of Scans 8177
cleus 13C

Parameter

—S0LAEE
—d41.1493

CHs
OH

—20.6070




BC-NMR (150 MHz) spectroscopic data of 17a. Measured in CDCl;.

140

150

160

F170

Parameter ‘alue
1 Data File Name 1221A85b-2-{1 GG CDCI3~1 jof
2 Instrument ECA 600
3 Solvent CHLOROFORM-D
4Experiment  HMQGC
5 Number of Scans 24 | | PU— i L
i
gradient enhanced HMQG with X-dedoupling
————y L]
4
CH3
OH
x-S
T T T T T T T T : T T T T T T T
15 70 6.5 6.0 55 5.0 45 4.0 35 30 25 20 15 1.0 05 0.0
2 (ppm)
HMQC NMR (600 MHz) spectroscopic data of 17a. Measured in CDCls.
Parameter alue
1 Data File Name  1221A85b-241 BG CDGI3-1 jdf
2 Instrument ECA 600
3 Solvent CHLOROF ORM-D
4 Experiment HMBC
5 Number of Scans 48 1 | A - A [
i
aradiet enhanced HMBC o
— ¢
— 0
]
CHs
OH
xS
T T T T T T T T T T T T T T T T
75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

2 (ppm)

HMBC NMR (600 MHz) spectroscopic data of 17a. Measured in CDCls.
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Parameter alue
| Data File Name 1221AS5b-2-1 DQF CDCI3-1jdf

2 Instrument ECA 600

3 Solvent CHLOROFORM-D

4 Experiment. Unknown

5 Number of Scans 16 I i -

1
gradient absolute value DQF Cosy

T T
15 70 65 60 55 5.0 45 4.0 a5
f2 (ppm)

COSY NMR (600 MHz) spectroscopic data of 17a. Measured in CDCls.

NMR spectroscopic data of 17b

1221AS5b-2-3.28.1.1r

_1929
61726

Paramster
1 Title
2 Solvent
3 Experimant
4 Number of Scang

1221AS5b-2-325.1.1r

cocia
0,
16

5 Spectrometar Frequency S00.13

Value

O

—

Faosx 10"

Fa.ox 10"

7.0 10"

Fe.ox 10"

Fs0x 10"

40 10"

EUERT

F2ox 10"

F1.0x 10"

102=] —

099=T

& Nucleus 1H
& |
T T
= =
3 b
T T T T T T T
0 75 70 6.5 8.0 55 50 45

"H-NMR (500 MHz) spectroscopic data of 17b. Measured in CDCls.

1 {ppm}



20,5881

— 145007
— 1235946

Frroa
= 770230

76,7693
— 8116
—a9
—39m82

—_

‘alue CHa

2 Solvent coeid 0
3 Experiment 1D

OH

4 Number of Scans 3500

58 F 12576 a S

6 Nuclaus 13c

Fi.5x 10"

H.4x10"

[H.3%10'2

.2x 10"

Hi.1x10"

H.ox10'

lo.ox 10"

Feox10"

Frox10"

Feox 10"

Feox10"

F40x10"

Faox1o'

Feox 10"

F.ox10™

0.0

—10x10"

— —T— T T T T T T — T
Ali} 200 190 180 170 160 150 140 130 120 110

BBC-NMR (125 MHz) spectroscopic data of 17b. Measured in CDCls.

Parametar Value
1 Title 1221A85b-2-32712
2 Solvent coci3
3 Experiment HseC
4 Number of Scans 8 i

1221AS50-2-32712rr

T
-10

1 (ppm)

T
80 75 7.0 6.5 6.0 55 5.0

HMQC NMR (500 MHz) spectroscopic data of 17b. Measured in CDCls.
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1 (ppm)

Parameter Value
1 Title 1221AS50-2-328.1.2
2 Solvent cDCIE
3 Experiment HMBC
4 Number of Scans 18
i : | I " l
1221AS5b-2-3.28.1.2rr
3
.
]
3
— o + 9 sucn
— - - o &
. A 4
.
— Ll
] a
#
.
L] L
— L o ® 4
’
— L] oo °
L)
T T T T T T T T T T T T
80 15 0 6.5 60 55 50 45 35 30 25
f2 (ppm)

HMBC NMR (500 MHz) spectroscopic data of 17b. Measured in CDCls.

1 (ppm)

Parametear Valus
1 Title 1221A55b-2-329.1.2
2 Solvent cDCI3
3 Experiment COsY
4 Number of Scans B
i : I | . a A
1221AS5b-2-320.1.2rr
-
r
L™
o |
e
s | w
& L
- &
g‘:'
e
B
— - o
B
0- - O
-
—_ ) -
T R e e I
80 75 70 65 60 55 50 45 a5 30 25
2 (ppm)

COSY NMR (500 MHz) spectroscopic data of 17b. Measured in CDCl;.
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NMR spectroscopic data of 18a

1221AS5b-2-420.1.1F = - Lazx 10"
]
REI EEEESRBL2BNRIRES CELEEIEsLEECERERSRBRRNES 5 Rz Faox 10"
EEE] SH2CZIzsIEEEISEE B33 E R R 255
R B b et PR3 EaT33 537Nt S a o R =23 N
Vi B Vg Voo B e S Iy | lagx10
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11
v i £ 1 ,1 i F3.2x10
} H [ ]I i
J j :‘ [ { / Faox 10"
! L F 1
F2ax 10"
F26x 10"
F24x10"
Pzramoter Valus CHj; Fz2x 10"
1 Title 1221A85b-2-420.1.1r o .
2 Solvent eoCls L Fzox 10
3 Experimant D S/\/ .
& Number of Seans 18 1 1.8 10
5 Spectrometer Frequency 500.13 SR "
& Nugleus T 1610
Fi4x10"
Fi.zx10"
Fiox 10"
[F8.0x 10"
y | 60> 10'®
1 1
. [F40x 10"
i y ! F2ox10'®
Ll ik L [0
1 T 7T 1 [eox0”
& -1 =) - - -~ == =
T T T T T T T T T T T T T T T T T T T
35 80 75 7.0 8.5 80 55 50 45 40 35 30 25 20 15 10 05 00 -05
1 (pom)
1 . .
H-NMR (500 MHz) spectroscopic data of 18a. Measured in CDCls.
1221AS5b-2-421.1.1g 2 T bes se r
: g g8 FEH g5 g £
g 4 gag e e i 1 RAESUS
& ¥ k=g 34 b3 o
| | % I [ L
Fiox10'®
Fa.ox 10"
Fa.ox 10"
Frox 10"
F6.0x 10"
Parameter Value CH3
1 Title 1221A86b-2-421.1 0 L
2 Salvent chcia (0]
3 Experiment 10 S/\/ Fs0x 10"
4 Nymber of| Scans 3800 n
5 Spectromater Freqbency 12576 LS (o] [
6 Nucleus 13 Laox 1o
Faox 10"
F2ox 10"
Fiox o'
1 1
| R | '
| I - 0.0
F-10x10"
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 70 6 50 40 30 2 10 0 -0

100
1 {ppm)

BC-NMR (125 MHz) spectroscopic data of 18a. Measured in CDCl;.
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Paramater
1 Title

2 Solvent

3 Experiment

HMQC NMR (500 MHz) spectroscopic data of 18a. Measured in CDCls.

4 Number of Scans B I

Value
1221AS56-2-422.1 2]
coeiz
HSOG
” dl o ilh
1221AS5b-; 1.2
o
-
- o -
.
CHs
- - O S/\/
1 -
S O
-
1 T T T T T T T R — T T T
80 75 70 85 60 55 50 45 40 35 30 20 15 10
2 (ppm)

Paramater Valus
1 Title 1221A850-2-423.1 2r
2 Solvent cocia
3 Experiment HMBC
4 Number of Scans 16 I ” i e m
1221AS5b-2-4[231.2rr
— L &
— ® N 1) ¢
— o0 o @ &
4 L
— . o ® a8
— o o o
CH,
s AN
1
-5 O
=3 L EC]
T T T T T T T T T U — T T T
80 15 7.0 65 &0 55 50 45 40 a5 30 25 20 15 10
f2 (ppm)

HMBC NMR (500 MHz) spectroscopic data of 18a. Measured in CDCl;.
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Parameter Value

1 Title 1221A55b-2-4241 2
2 Solvent cocla
3Experiment  COSY
& Nomber of Soans B_ - !! X - _H o, h — AJ_._MI_._ S J.
1221AS5b-2-41241 2rr
Lo
_1 = £ .
— - s
rzo
.ﬁd’-
J s
>
= El 88 o Lso
J -
< : s€ s
< " e r
feo
i 5
ras =
5.0
= @ Lss
- 1
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- ]
165
CH3;
0
o 0 s NF |
— a L] 1] Lis
xS (o]
Lao
——— T
80 15 70 65 60 55 50 45 40 35 30 25 20 15 10
72 (ppm)
COSY NMR (500 MHz) spectroscopic data of 18a. Measured in CDCls.
NMR spectroscopic data of 18b
1221AS5612-5.30.1 17 -
2 Fe.ox 10"
gsgggszgzgss =87
B @ ki i i 6 _'l—\i F7.5x 10"
!r Frox 10"
[ .5 10"
‘ ¢
/ f , 6010
| | )
5.5 10"
5.0 10"
Paramatsr Value L 1
1 Title 1221A85b-2}5.20.1.1r CH;3 48%10
2 Solvent cheia
3 Expeiment D o S/\/ 40 10'"
4 Number of Scans i It
5 Spectrometer Frequency 500.13 S S Lasxio"
6 Nucleus 1
Faox10"
F25x 10"
F2ox 10"
F15x10"
Fioxio"
! 4 | | Fs0x 10"
1
L e e |
. oo
g ; '_',5 '.'_I: '1;:' !-! ::r' g F-5.0x 10"
——V———7 17— 7T —— T —— T T T T T 7T T
i5 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 05
1 (ppm)

"H-NMR (500 MHz) spectroscopic data of 18b. Measured in CDCls.
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1221AS56-2-5.85.1.1r

e e

17.0228
76.7645

— 192831
— 1442983

<

Parameter Value
1/Title 1221A550-2-535.11r
2 Sclvent aooa
3 Expariment 1] O
4 Number of Scans 3800
5 Spectrometer Freguency 125.76
6 Nucleus 13¢

54.9741
<54 1845

—445418
—a1m1
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— -G
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BC-NMR (125 MHz) spectroscopic data of 18b. Measured in CDCls.

Parametar Value
1 Title 1221455b-2-5.36.1.2]
2 Solvent cbcia
3 Experiment HsGC
4 Number of Scans 8 |l

| [1221ASS5b-2-5.36.1.2r

-

Y Awﬂ_

T T T
80 75 70 6.5 6.0 85 5.0 45 40 35
72 {ppm)

HMQC NMR (500 MHz) spectroscopic data of 18b. Measured in CDCls.
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Parameter Value
1 Title 1221A85b-2-5.37.1.2

2 Solvent cocls
3 Experiment HMBC “ M
4 Number of Scans 16

A A
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HMBC NMR (500 MHz) spectroscopic data of 18b. Measured in CDCls.

Parameter Walue
1 Title 1221A85b-2-538.1
2 Solvent cDCI
3 Experiment cosy
4 Number of Scans 8 u u ‘Jh
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COSY NMR (500 MHz) spectroscopic data of 18b. Measured in CDCl;.
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1221A85b-2-7 GDCI3
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Parameter

1 Title
4 Number of Scans 10000
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BC-NMR (100 MHz) spectroscopic data of 18¢c. Measured in CDCls.

Parameter
1 Title
2 Instrument
3 Solvent
4 Pulse Sequence
5 Number of Scans

Value
1221A886b-2-7 CDCI3
JNM-ECS400
CHLOROFORM-D
hmacjxp

([

i o

1221A85b-2-7 CDCI3
gradient enhanced HMQC with &-decoupling

~100

o

120

~130

140

150

~160

=70

85 80 70 65 6.0 55

T T T T T T T T T T
45 40 35 30 25
f2 (ppm)

HMQC NMR (400 MHz) spectroscopic data of 18c. Measured in CDCls.

Parameter
1 Title
2 Instrument.
3 Solvent
4 Pulse Sequence

5 Number of Scans 1

Value
1221A85b-2-7 CDCI3
JNM-ECS400
CHLOROFORM-D
hmbejxp

L1

H_J,,J, J.J”L.‘NJ'L .

1221AS5b-2-7 CDCI3
gradient enhanced HMBC

130

140

150

160

F170

180

180

~200

T
55 50

T T T T T T T T T
45 4.0 35
2 (ppm)

HMBC NMR (400 MHz) spectroscopic data of 18c. Measured in CDCls.
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COSY NMR (400 MHz) spectroscopic data of 18c. Measured in CDCls.

85 80 15 70 6.5 6.0 55 50 4.5

80

NMR spectroscopic data of 18d

2.0

-8

2

1.0

o8

06

0.4

roz

0.0

0.2

Value
1221AS56-2-8 CDCI3

JNM-ECS400

Parameter

1 Title

2 Instrument
3 Solvent

CHLOROFORM-D

4 Number of Scans 16

5 Nucleus

1221AS5b-2-8 CDCI3o

single_pulse

Freoor g

-3600T)
05 )

Frawo[

Frssoe]

Fasen|

Tdeoo]

6 L0
e

Hlnws.,

E-ga00)

E-13967)

40 35
1 (ppm)

4.5

5.0

5.5

8.0 15 70 6.5

85

83



"H-NMR (400 MHz) spectroscopic data of 18d. Measured in CDCl;.

1221AS56-2-8 GDCI3 Eda
single pulse decoupled gated NOE = B
45 -0.060
=¥ ¥=}
1% B
545
543
-1 = By F I T == -0.055
g ] EEE 5 T B gg ]
@ o & o - - L3
i [ W [IRANRY i
-0.050
-0.045
H0.040
Parametar Value CH3
1 Title 122|AS5b-2-8 CDCI3
2 Instrument JNM-ECS400 (0] ANF Lo.03s
3 Solvent CHLOROFORM-D S
4 Number of Scans 9000 s 1
5 Nutleus 136 x> Looao
-0.025
-0.020
l0.015
0.010
-0.005
1 u [ I 1
| - l
] Mo [ . . Loses
--0.005
T T T T T T T T T T T T T T T T T T T T T |
10 180 170 160 150 140 130 120 110 10D 90 80 70 60 50 40 30 20 0 0 -0
1 (ppm)
13 : 4
C-NMR (100 MHz) spectroscopic data of 18d. Measured in CDCls.
Parameter Value
1 Title 1221AS56-2-8 CDCI3
2 Instrument JNM-ECS400
3 Solvent CHLOROFORM-D
4 Pulse Sequence hmacjxp
5 Number of Scans 1 | . P N A
T} [1221AS55-2-8 CDCH ™ ro
gradient enhanced HMQC With X-decoupling| 0
1 o Fio
F20
F30
— s 40
F50
1
T (60
70
= e
F8o T
=
F90 S
Fi00
F110
Fizo
— © %
Fi30
CHj;
0] s /\/ F140
1
F150
x-S O
F160
- Lito
T T T T T T T T T T T T T T T T T T T 1
90 85 20 15 70 85 60 55 50 45 35 30 25 20 15 10 05 00 05

4.0
2 (ppm}

HMQC NMR (400 MHz) spectroscopic data of 18d. Measured in CDCls.
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Parameter
1 Title
2 Instrument
3 Solvent
4 Pulse Sequence
5 Number of Scans

Parameter
1 Title
2 Instrument.
3 Solvent
4 Pulse Sequence
§ Number of Seans

-

Value
1221A856-2-8 €DCI3
JNM-ECS400
CHLOROFORM-D
hrnbe
e I | w . M | —
1221AS5b-2-8 CDCIA 1o
gradient enhanced HMBC
[ o
Ho
20
Fao
- F4o
(50
b
° Feo
o
eo
Fso
Foo
1o
RE
F3o
F4o
Hso
CH3;
o _ Fso
S N Fi70
T}
SR (e} 180
Fso
o
r T T T T T T T T T T T T T T T T T T 1 200
90 85 80 75 10 65 60 55 50 45 40 35 30 25 20 15 10 05 00 05
2 (ppm)
HMBC NMR (400 MHz) spectroscopic data of 18d. Measured in CDCls.
Value
1221A556-2-8 CDCI3
JNM-EC5400
GHLOROFGRM-D
b | | .. m n PR | A
1221AS5b-2-8 CDCI3
gradient ebsolute value cody
o '- 0
=
- -
o
- 2
D
- -] 3
L~
| =
4
-~
s
a2 &
) a5 -6
a o
CHs I’
o -]
o) =
S/\/
1 e
SRS 0
Lg
; . T T T : T T . : T T T . T T T T : )
90 85 &0 15 70 65 60 55 50 45 40 a5 a0 25 20 15 10 05 00 05
2 (ppm)

COSY NMR (400 MHz) spectroscopic data of 18d. Measured in CDCl;.

85

1 (ppm)

f1 (ppm)



NMR spectroscopic data of 19

3,
a2
3.0

28

28

24
2

2.0

s

H
tos
Ho.6
Ho4

0.2
0.0

—0.2

122 1ASSb-2-6 CDCI3

singlg pulse

0

&
z
E}

/

O=un

O

S

Value
1221AS5b=2-6 CDCI3

JNM-ECS400

Paramster

1 Titte

2 Instrument,
3 Solvent

GHLOROFORM-D

4 Number of Scans 16

1H

5 Nucleus.

Wh
I

Fozs

E-1001
£968 1]
BELET|

Fossez-

E-sass

HI_E, B

Feaoy
Fozuy

Fo000')

25

30

4.0

4.5

5.0

5.5

6.0

6.5

70

15

80

85

1 (ppm)

"H-NMR (400 MHz) spectroscopic data of 19. Measured in CDCl;.

g g g8 g g 8 8 8§ § 2 2 8 8 &
S . % . ¢ . % .5 .8 . % .5 .3 3. ¢ .9 .3 f
0£26'92— \
Oo=n
LE96 1b="]
6590 7"
L0695 10—~

Z66295—

O-WHOAOHOTHT 2208 '9¢ -,

O=MHOJOHOIH] £8

1221AS5b-2-6 CDCI3

single pulse decoupled gated NOE

£005 11—

FLIG V61—

Value
1221A856-2-6 CDCI3

JNM-ECS400
CHLOROFORM-D

13C

Parameter

1 Title
2 Instrument

3 Solvent
4 Number of Scans 2200

5 Nucleus




BC-NMR (100 MHz) spectroscopic data of 19. Measured in CDCl;.

Parameter
1 Title
2 Instrument
3 Solvent
4 Pulse Sequence
5 Number of Scans

Value
1221AS5b-2-6 QDCI3

JNM-ECS400
CHLOROF ORM-|

hmacjxp L

U._A_M—A__M__L_mujjﬁii J\_L

140
150
160
170
180
190
200
210

122 1AS5h=2-6CDCI3
gradient enhanced HMQC with X-decoupling
E ]
— o
E 0 & ]
4 e
o
hn
xS
U T T T T T T T T T T T T T T T T
0] 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 20 1.5 1.0 05 00 -05
2 (ppm)
HMQC NMR (400 MHz) spectroscopic data of 19. Measured in CDCls.
Parameter Valup
1 Title 1221AS5b-216 CDCI3
2 Instrument JNM-ECS40}
3 Solvent CHLOROF ORM-D M ‘
4 Pulse Sequence hmbcjxp |
5 Number of Scans 1 Y S & ALLM N
1221A55b-2-6 CDCI3
4§ gradient enhanced HMBC. 8
E
4
— G
A 05
= 4
= @
o
- n
SRS
@ o
0
T T T T T T T T T T T T T T T T
75 70 6.5 6.0 5.5 5.0 45 40 35 3.0 25 20 1.5 1.0 05 00
f2 (ppm)

HMBC NMR (400 MHz) spectroscopic data of 19. Measured in CDCls.
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Parameter
1 Title
2 Instrument
3 Solvent

Value
1221A85b6-2-6
JNM-ECS400
CHLOROF ORM-|

DCI3

D

4 Pulse Sequence cosyjxp i

5 Number of Scans Sl
1221AS50-2-6 CDCR 05
Eradient absolte valus cosy
- oo
o5
F1.0
- F15
2.0
® | &
25
N z&; -
- 3.0
; b a5 :E
4.0 =
45
5.0
T = ] 55
“ (0] 6.0
— - & |1}
o] S \/\ 6.5
. = 7.0
W o - Lis
T T T T T T T i
80 7.5 10 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05
2 (ppm)
COSY NMR (400 MHz) spectroscopic data of 19. Measured in CDCls.
NMR spectroscopic data of 20
0716AS13Tob-3-3 COCI3
single_pulse
E g e
Vo [
35
[
7
! a0
|
F25
Parameter Value O
1 Title 0716AS13Tob-3-3 CDCI3
2 Instrument JNM-ECS400 /\)I\/ S \/\
3 Sol GHLORDFORM-D
4 Nul:;zlr'oi Scans 8 (H3C)2N \ \ 20
5 Nucleus H
F1.5
| I
1.0
05
H 4 m ] Iﬂ
u ﬂ N N al Lao
T T | T T
g ] g8 28| 3
0 85 80 75 70 65 60 55 50 45 10 35 30 25 20 15 10 05 00 05
1 (ppm)



"H-NMR (400 MHz) spectroscopic data of 20. Measured in CDCls.

0715AS13Tob-3-3/CDCIA 'Y I
T4
single pulse decoupled gated NOE iz [0.045
% F
=F: I
£42
EE E
5345
8 2 e 8 5 e H0.040
8 s g 2 5 : g %83
2 B @ = g 3 gea
| | | | [
L0035
H0.030
Parameter Valug
1 Title 0716A$13Tob—3-3 CDOI3 0]
2 Instrument INM=ECS400 s r0.025
3 Solvent CHLOROFORM-D HACLN™ ~
4 Number of Scans 5865 ( 3 )2
5 Nucleus 13¢
H0.020
H0.015
H0.010
1
| ! Fo.005
1
! -
AN - 0
T T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 19 180 170 160 150 140 130 120 110 100 90 8O 70 60 S0 40 30 20 10 0 -0 -20
1 (ppm)
13 ; :
C-NMR (100 MHz) spectroscopic data of 20. Measured in CDCls.
Parameter Value
1 Title 0716AS13Tob-3-3
2 Instrument JNM-ECS400
3 Solvent CHLOROF ORM-D
4 Pulse Sequence hmagcjxp
5 Number of Scans . m m A B
0716AS13Tob-3-0 I ro
gradient enhanced HMQC with X-decoupling
k10
F20
F30
-
3 o F40
150
F60
k70
180 2
k3
Fe0 z
E
F100
k110
= 120
(o] F130
] /\)l\/
S F140
(HsCLNT N
150
-
1160
- Li70
T T T T ; T T T T T T T T T T T T T : )
90 85 80 715 70 65 60 55 50 35 30 25 20 15 10 05 00 05

45 4.0
2 (ppm)

HMQC NMR (400 MHz) spectroscopic data of 20. Measured in CDCls.
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Parameter
1 Title
2 Instrument
3 Solvent
4 Pulse Sequence
5 Number of Scans

Value
0716A513Tob-3-3 CDCI3
JNM-ECS400
CHLOROFORM-D
hmbejxp
1

HMBC NMR (400 MHz) spectroscopic data of 20. Measured in CDCls.

0716AS13Tob-3-3 CDCI3
gradient enhanced HMBC

ro

r T T T
9.0 85 80 15

Parameter
1 Title
2 Instrument
3 Selvent
4 Pulse Sequence
& Number of Scans

Value
0716AS13Tob-3-3
JNM-ECS400
CHLOROFORM-D
cosyjxp

10

6.5

60

55

5.0

45

2 (ppm}

T
40

VA

COSY NMR (400 MHz) spectroscopic data of 20. Measured in CDCl;.

0716AS13Tob-3-3
gradient absolute value cosy

9.0 8.5 80 75

70

6.5

60

5.5

T
5.0

T
45

72 (ppm)

90

T
40

100

F110

120

130

140

150

160

170

180

190

~200

05

rz

Fa

5

=7

1 {ppm}

1 {ppm)



NMR spectroscopic data of 21

0716A513Tob-3-4 CDCI3 q
single_pulse 3 L2a
= r22
E o
3 J S F21
P 2w ° =
98| 3 g8 8 3
e i & i 2o
Y W | |
-1.9
f ! i .8
j o i
) | ] AR, J Lig
1.8
-4
Parameter Value Lig
1 Title 0716AS13Tob-3-4 CDCI3 :
2 Instrument | INM-ECS400 Li2
3 Solvent CHLOROFORM-O
4 Number of Scans 32 ri
5 Nucleus 1H
r1.a
O 09
o8
/\)’l\/s P
(HC)N ~ZCH;, "
—0.6
05
04
1
—0.3
0.2
il " it e [ a1
I
I i I A \ s Lo
iy T iy | i ot
) B o = s = 2 =
g E B 2 g 3 &£ 2 0.2
T T T T T T LR a—— T T U T —— T T T 1
] 85 8.0 15 70 65 6.0 5.5 5.0 45 40 35 30 25 20 15 10 05 00 -0.5
1 (ppm)
1 . .
H-NMR (400 MHz) spectroscopic data of 21. Measured in CDCls.
D716AS513Tob-3-4 CDCIZ ofa
single pulse decoupled gated NOE 2 B 0016
I3
545
zdc loois
3 B
g 2 3 8 - = mele =
2 : ii B 8] 8% % 5 oois
I i 1 i Rl i
N
0013
0012
F0.011
o010
Parameter Value
1 Title 0716AS13Teb-3-4 CDCI3 o

2 Instrument, JNM-ECS400 /\)k/ s / (0.009
3 Solvent CHLOROFORM-D

4 Number of Scans 30000 (H3C)2N X \/\CHg [0.008
5 Nucleus 13C

0.007

0.006

0.005




BC-NMR (100 MHz) spectroscopic data of 21

Parameter Value
1 Title 0716A513Tob-3-4 CDCI3
2 Instrument, JNM-ECS400
3 Solvent CHLOROF ORM-D
4 Pulse Sequence hmacjxp

. Measured in CDCls.

5 Number of Scans 1

0716AS13Tob-3-4 CDCIZ

IRy

i

|

gradient enhanced HMQG with~decoupling,

I -

100

110

120

130

T T
45 40
2 (ppm)

T
35

T
30

25

20

HMQC NMR (400 MHz) spectroscopic data of 21. Measured in CDCls.

Parameter Value
1 Title 0716A813Teb-3-4 CDCI3
2 Instrument JNM-ECS400
3 Solvent CHLOROF ORM-D

4 Pulse Sequence hmbejxp
5 Number of Scans

]

0716AS12Tob-3-4 CDCI3
gradient enhanced HMBC

ke

@

1.5

90

100

110

120

130

140

150

160

170

180

190

-200

T T T T
9.0 85 8.0 75

HMBC NMR (400 MHz) spectroscopic data of 21. Measured in CDCls.

T
10

T
6.5

T
6.0

T
5.5

T
50

T T
45 40
f2 (ppm)

92

T
35

T
30

T
25

1 (ppm)

1 (ppm}



Parameter Value

1 Title 0716AS13Tob-3-4 CDCI3
2 Instrument JNM-ECS400
3 Solvent CHLOROFORM-D

4 Pulse Sequence cosyjxp

5 Number of Scans 16 ST I

0716AS13Tob-3-4 CDCI3
gradient absolute value cosy

il

| o ™ 0

(HsC)sN ’\)k/s\/\cm |

3

5

r7

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10

2 (ppm)

COSY NMR (400 MHz) spectroscopic data of 21. Measured in CDCls.

NMR spectroscopic data of 22

1
single_pulse ;
2
2
] g
5 = seee—1
g = MR HEEgEREEaTEiREs R RIRETERICT B FEEEE]
~ ~ S eSO W desesadoddoddddddgddaadaadaoiaaod - o T TT
4 | T N Y ' | o=
/ B - HH
Parameter Valu o
1 Data File Name| 0716AS13Tob—3-1H CDCI31jdf ]
2 Instrument ECA 60( S
3 Solvent CHLORQFORM-D (Hac)zN S
4 Number of Scans 16 Y/ ]
5 Nucleus 1H
L]
[l
i | | ] '
T i T i i L
g g g 2 g B B 2
o 85 80 s 70 65 50 a5 50 45 40 35 a0 25 20 15
f1 (ppm)

1 {ppm)




"H-NMR (600 MHz) spectroscopic data of 22. Measured in CDCls.

1

single pulse decoupled gated NOE

—153.9680

153.7878

54 GHLOROFORN-D
HLOROFORM-D

g8 5 = g |5

35 g g g (8

88 B b 2 |5

H | | [

Parameter Value O

1 Data File Name | 0716AS13Tob-31 C CDCI3-2jdf
2 Instrument. ECA 600 S
3 Solvent CHLOROFORM-D (HaC)>N X
4 Number of Scans 23489 /
5 Nucleus 13C

T T T T
120 10 100 a0 80 70 60 50 40 30 20 10
1 (ppm)

BC-NMR (150 MHz) spectroscopic data of 22. Measured in CDCls.

Parameter

2 Instrument.
3 Solvent
4 Experiment

Value
| Data File Name 0716AS13Tob-3-1 QC CDCI3-1jdf

ECA 600

GCHLOROF ORM-D

HMQC

5 Number of Scans 32

I

L_H n ._._MJLJJ'L R Jl'x._

1

gradient enhanced HMQC with X-decoupling

20

30

40

50

60

rio

180

190

~200

8.0

15 70

T T T T T T T T T T T T
55 50 4.5 4.0 a5 30 25 20 1.5 1.0 05 0.0
f2 (ppm)

HMQC NMR (600 MHz) spectroscopic data of 22. Measured in CDCls.
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Parameter Value
| Data Fils Name 0716AS13Tob-3-1 BG $DCI3-1 jaf
2 Instrument ECA 600
3 Solvent CHLOROFORM-D
4 Experiment HMBC b
|
5 Number of Scans 64 I ] } M N
i
gradient enhanced HMBC ore lo
Fio
20
30
i a0
50
Fso
70
— + @ [0
a0
oo
10
lzo
30
40
] 150
160
o] 170
s REL
(H3C)2N = / Ligo
=
200
k210
T T T T T T T T T T T T T T
80 15 10 65 60 55 50 35 30 25 20 15 10 05 00 05
HMBC NMR (600 MHz) spectroscopic data of 22. Measured in CDCls.
Parameter Value
1 Data File Name 0716AS13Tob-3-1 DGF|CDGI3-1jdf
2 Instrument ECA 600
3 Solvent GHLOROFORM-D .
4 Number of Scans 32 I ] A Jis
i
gradient absolute value DQF Gosy
o
Bl
2
=~ (-] -]
- ks
% - o
F4
J - |-
r5
— L. J -
.
. - - -
. = - F6
- -
d
(o] b
- -
S
- - L (H3C)2N X /
I8
T T T T T T T T T T T
80 75 70 65 60 55 35 30 20 15 10 05 00 05

4.0
2 (ppm)

COSY NMR (600 MHz) spectroscopic data of 22. Measured in CDCl;.
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NMR spectroscopic data of 23

D716AS13Tob2-3-110.1.1r =2 11
F1.9x10

H.8x10"

1.5768 H20

TE016
wiz
6336
8313
6261
6236
4779
4756
4651

74656

7.25:

TOETT

1.0778

7.0703

5.6608

5.6152

—28326

:
<

H.7x 10"
H.6x10"

F1.5x%10"

e 345
L

H.4x10"

H.ax10"

F12x 10"
Parameter Value

1 Title 0716AS13Tch2-3-110.1r o]
2 Solvent CDCI3
3 Number of Scans 16 H-C)-N Y
4 Spectrometer Fraquency 500.13 (HsC)z

5 Nucleus iH

Fi.1x 10"

\ / H.0x10"

F9.0x 10"

F8.0x%10"
F70x10"°
H6.0x10'°
F5.0x 10"
Fa0x 10"
F3.0x%10"

F20x 10"

F1.0x10'°

s [ A N e oo

F-1.0%10'

It 02950

1.0311-3
2835\{
2995\—1

£

T T
0 85 80 15 10 6.5 6.0 5.5 50 45 40 35 3.
f1 (ppm)

"H-NMR (500 MHz) spectroscopic data of 23. Measured in CDCl;.

0716A513Tob2-3-1.11.11r

25 20 1.5 1.0 05 0.0 0.5

F2ox10'

F1.9x10'"

 TH215 COClE
76,7610 CDCI3

H.8x 10!

— 1808074
— 1536816
— 1474282
1302176
= 1284306
S-izisize
—01.7668
— 44,0638
— 373327

H.7x 10!
F1.6x10'"
F1.5x 10!
Fi.4x10'
SEESTI

F1.2x10'"

Parameter Value .
1Titte OTBASIETob2=3T11.11r o] 1.1 10
2 Solvent cDCI3 s "
3 Number of Scans 3000 ™ 1.0 10
4 Spectrometer Frequency|125.76 (HsC)2N

§ Nuetelrs 136

Fe.0x 10"

8.0x 10"
F7.0x 10"
[6.0x10'0
5.0 100
F4.0x 100
F3.0x 10"
F2ox 10"

| T i l l H. u | | ) I Fi.ox10'®

0.0

-

-10x10"

T T T T
00 190 180 170 160 150 140 130 120 110 100 ( JBU 80 0 60 50 40 30 20 10 0 -10
f1 (ppm;

BC-NMR (125 MHz) spectroscopic data of 23. Measured in CDCl;.
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Parameter
1 Title
2 Solvent
3 Experiment

4 Number of Scans 8

Parameter
1 Title
2 Selvent
3 Experiment

Value
0716AS13Teb2-3-1.121.2m “
CDCI3 ‘
HSQC
“ Ll i_l H A U
0716AS13Tob2-3-1.12.1.2rr
o)
ol - S
(HsCRN™ ™% \ )
E‘ﬂ 7!5 7‘5 6‘5 6‘0 5‘5 Elﬁ llﬁ 4!0 3‘5 3‘0 2,‘5 2‘0 1!5 IIO
2 (ppm)
HMQC NMR (500 MHz) spectroscopic data of 23. Measured in CDCls.
Value
0716AS13Tob2-3-1.13.12m
CDCI3 |
HMBC
Leil | )i
0716A513Tob2-3-1.13.1.2rr
) [J
0
s
, (HSC)zN%
8‘0 7‘,5 7‘0 ﬁ‘ﬁ SID 5‘5 5‘0 4‘5 4!0 3‘5 3‘0 2‘5 ZIG 1 ‘5 IIG

4 Number of Scans 16

f2 (ppm)

HMBC NMR (500 MHz) spectroscopic data of 23. Measured in CDCls.
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Parameter Value
1 Tite 0716AS13Tob2-3-1.14.1 2n]
2 Solvent CcDCI3
3Experiment  COSY “ l | L U
4 Number of Scans 8 AL
0716AS13Tob2-3-1.14.1.2rr :
1.0
-
[ - 5 = - : = = = —T— £ ~his
- 20
o 25
j - . Lao
- . : Las
4.0
E
T 4.5 3
=
: Lso
: 155
— - -
6.0
Les
—_— - ) e
o - ) : o
] n S. —— 15
= R . (Hac)zN%
——lso
| | |
80 15 70 5 60 55 50 45 40 35 30 25 20 15 10
2 (ppm}
COSY NMR (500 MHz) spectroscopic data of 23. Measured in CDCls.
NMR spectroscopic data of 24
1|n;|uJ)u| 13 g‘ 38
2
2 3.6
E g
R e T o g e e = 3 a4
Eﬁﬁi%?;%?;?;%ﬁéﬁ%ﬁ%%%é%EEEEEEESEESE%E%E%%§%§§§ e | g :
- R S0
{ Lao
L2s
/ )
b4
L2z
Parameter Value
L et e N 0007AEh3T02-3 1 COCIo1 Loo
2 ECA 600
3 Selvent CHLOROFORM-D 1.8
4 Number of Scans 16
5 !E! ! 1H 1.6
O 1.4
/\/I‘k/\/\ 2
(H3C)N" X SCH; '
Ho
Los
Los
Lo
| o2
i A LA oo
T i T 02
] i ii ¢
‘U 3'5 8‘0 7'5 T‘.U GI5 6‘0 5'5 5.0 45 4‘.0 3.'5 3‘0 2'5 2.‘0 1'5 1.‘0 0!5 du -0'.5



"H-NMR (600 MHz) spectroscopic data of 24. Measured in CDCls.

1 =f=
single pulse decoupled gated NOE é z ~0.30
232
=X ¥=}
g4
£4s ro.28
it &
g i S 388 g
g B £8 3 E iz (&3 = 028
\ | v | Vol |
r0.24
ro.22
r0.20
Parameter Value
| Data File Name 0603AS13To2-3 G CDOCI3-1 jdf 0O
2 Instrument ECA 600 /\)j\/\/\ ro18
3 Solvent CHLOROFORM-D
4 Number of Scans 16871 (HgC)zN X SCH3
to.16
5 Nucleus 13C
r0.14
012
r0.10
ro.08
r0.06
F0.04
. 1
‘ H 4 Ho.02
| l
L M A ) A ) r0.00
0.02
T T T T T T T T T T T T T T T T T T T 1
0 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
13 : 1
C-NMR (150 MHz) spectroscopic data of 24. Measured in CDCls.
Parameter Value
1 Data File Name 0803AS13To2-3 GC CDOI31jdf
2 Instrument. ECA 600
3 Solvent GHLOROFORM-D
4 Experiment HMGC “
5 Number of Scans 8 M Y | L A
— - 0
gradient enhanced HMQG with X-decoupling
1o
_— °
20
a0
— ®
[0
< @
|50
|60
70
= o
8o =2
8
a0 =
100
10
120
= RED]
0 140
150
7 ! /\)k/\/\
(H3C)2N SCH; [,
- Li70
T T T T T T T T T T T T T T T T T T T 1
9.0 85 80 75 7.0 65 6.0 55 50 45 40 as 30 25 20 15 10 05 00 -05

2 (ppm)

HMQC NMR (600 MHz) spectroscopic data of 24. Measured in CDCl;.
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Parameter

2 Instrument
3 Selvent

4 Experiment
5 NMumber of Scan:

Value

1 Data File Name 0603AS13To2-3 BC CDCI3-1,idf

ECA 600
CHLOROFORM-D
HMBC

16

Jo

1

gradient enhanced HMBC

]

40

50

60

70

100

F110

120

130

140

190

-200

15 70 65 6.0 55

T
50

T
40

35 30 25 20 1.5 1.0 0.5 00

1 (ppm)

2 (ppm)

HMBC NMR (600 MHz) spectroscopic data of 24. Measured in CDCls.

Parameter
| Data File Name
2 Instrument
3 Solvent

Value
0603AS13To2-3 DQ
ECA 800
CHLOROFORM-D

F CDCI3-1jdf

|

4 Number of Scans 8 n e

i
gradient absolute valus|DQF Cosy

—_—
)
—_—

(o]

(H3C)2N /\A/\/\scm

T T T T T T T T T T T T T T T T T
0] 15 10 8.5 60 5.5 5.0 4.5 40 35 30 25 20 15 1.0 05 0.0
2 (ppm)

COSY NMR (600 MHz) spectroscopic data of 24. Measured in CDCl;.
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1 (ppm}



NMR spectroscopic data of 25

0716AS13Tob-4-3.10.1.1r

_~1.5603
=-1.636+

| Sy -

L{ se08 H20

Parameter Value
T Title
2 Solvent
3 Experiment 10
4 Number of Scans 16
§ Spectrometer Frequency 50013
1H

CDCI3

6 Nucleus

OT1BAS 13 Tob-4=310. 111

i

F2ox10'
H.9x 10!
F1.8x 10!
1.7 % 10"
1.6 10!
.5 10"
.4 10"
F1.3x10'
1.2 10!
Fiix 10"
F.ox10'
.0 100
8.0 x 100
F7.0x 10
6.0 10'°
5.0 10"
F4.0x 10"
F30x 10"
F20x 100

F.0x 10"

H0.0

100003

i mn—I
i onz7g
3

2 6178

-10x10"

80

~
@

l2.0714.
& 11166

=)

65 6.0

e
o

T
45

o [pesa]

T T
4.0 35
1 (ppm)

20

"H-NMR (500 MHz) spectroscopic data of 25. Measured in CDCl;.

0716AS18Tob—4-3.11.1.1r

— 185.1882

—152.7807
—134.2032
1267010
128.2326

Fd

— 1172603

— 54,8640

_ 454601
a4 7569

Parameter
1 Title
2 Solvent
3 Experiment 1D
4 Number of Scans 3000
5 Spectrometer Flequency |125.76
6 Nucleus 13C

coci3

0716AS13Tob=4=31111¢

Value

o]

— 36,6807
33.2870
32,4804

4

(Hs C)zN/vj\/\/\S/\/

H.5x 10"

H.4x10"

H.ax10"

F12x 10"

F.1 %10

F.ox 10"

F9.0x10"°

F80x10"°

Frox10'®

F6.0x10'°

50100

H4.0% 10"

F30x10'°

Fzox10'®

H.0%10"

0.0

1.0x 10"

T
180

170

T
150

T T T
160 140 130 120 10

10 60 50

0 90 80
1 (ppm)

BC-NMR (125 MHz) spectroscopic data of 25. Measured in CDCl;.
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Parameter
1 Title
2 Selvent
3 Experiment

4 Number of Scans §

Value
0716A513Tob—4-3.12.1.2

CDCI3
HSQC

0716AS13Tob-4-3.12.1.2rr

0]

(Hs C)ZN/\JJ\/\/\S/\/

100

110

120

130

140

150

50

T
4.5

T T T T T T T T T
4.0 35 30 25 20 1.5 10 05 0.0
f2 (ppm)

HMQC NMR (500 MHz) spectroscopic data of 25. Measured in CDCls.

Parameter
1 Title
2 Solvent
3 Experiment

|l

4 Number of Scans 16

Value
0716AS13Tob—4-3.13.1.2)
CDCI3
HMBC

s

[N JU

0716AS13Tob—4-3.13.1.2rr

-

100

110

120

130

140

r1s0

160

170

r180

190

50

T
45

T T T T T T T T T
4.0 a5 30 25 20 15 10 05 0.0
2 (ppm)

HMBC NMR (500 MHz) spectroscopic data of 25. Measured in CDCls.
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6
7

Value
0716AS513Tob—-4-3.14.12r

cDoI3

cosy
0716AS13Tob—4-3.14.1.2rr

4 Number of Scans 8

Parameter

1 Title
2 Solvent

3 Experiment

«- 9 8 - @ @ W e ®m O e RN - @ @ ®w R ® B w8 d =@ 5 3
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M
i
=
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Le® o
= I
L B
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2
=3 @ -
] o he— ¥ = 6860
S A =
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L vnmm L
T SR o Fiseon
QoS
— £ L[5 5 |
T £z2 8 28841
555 50z L
3§
L 3 §3
< 2 ¢ ER]
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S EE9sE 3
£ .28 ed1
e S EEE
=~ FEwndz =z
— N o
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- 0404 0HO E8¥2
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BOIG L~ -

8.0

—

0716AS13Tob=4-6 H CDCI3

single_pulse

COSY NMR (500 MHz) spectroscopic data of 25. Measured in CDCl;.

NMR spectroscopic data of 26

35 30
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6.0 55 5.0 45 40
1 (ppm)

6.5

10

8.0
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"H-NMR (400 MHz) spectroscopic data of 26. Measured in CDCls.

0716A513Tob-4-6 CDCI3
single pulse decoupled gated NOE

—195 0240
—152.9064
=133 8056
128,580

1278617

G
=
T
g
v}
&
&
3
I

HLOROFORM-D

— 1185288
—54.2387

456108
<ad 0883
Roaza0ss

415644

1 Title
2 Instrument
3 Solvent

5 Nucleus

Parameter

4 Number of Scans 3555

Value
07T16AS13Tob—4-6 CDCI3
JNM-ECS400
CHLOROFORM-D

13C

0]

(H3C)2N/\)l\/\/\8’s

~

~-364878

0.050

r0.045

0.040

0.035

r0.030

0.025

~0.020

~0.015

r0.010

~0.005

—0.005

T T T
220 210 200

T T T T T T T
190 180 130

T
120

T T T T T T T
100 90 80 70 60 50 40
1 (ppm)

T
110

BC-NMR (100 MHz) spectroscopic data of 26. Measured in CDCls.

Parameter
1 Title
2 Instrument
3 Solvent

Value
0716AS13Tob—4-6 CDCI3
JNM-ECS400
CHLOROFORM-D

4 Pulse Sequence hmagejxp

5 Number of Scans

0716AS13Tab—4-8 CDCI3
gradient enhanced HMQGC with@(-decoupling

JL

L

T T T T T T T
9.0 8.5 8.0 15 10 6.5 6.0

T T T T T T T
55 5.0 45 4.0 35 30 25
2 (ppm)

00

HMQC NMR (400 MHz) spectroscopic data of 26. Measured in CDCls.
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Parameter Value
1 Title 0716AS13Tob-4-6 GDGI3
2 Instrument JNM-ECS400
3 Solvent GHLOROFORM-D ‘
4 Pulse Sequence hmbejxp I
5 Number of Soans 1 | N JiN S
} D716AS13Tob—4-6 CDCI3 1o
b gradient enhanced HMBG
— 0 ko
10
]
20
i F30
. F40
—
F50
160
L 0] 70
—_— /\)l\/\/\ .S Lso
4 (HaC)N" 57N
3 ro0
F100
F10
E
3 ° Fi20
— 09 6 130
3 140
E 150
%
% 1160
E
7 170
E 180
F190
3 0
L2o0
i T T T T T T T T T T T T T T T T T T 1
90 85 80 7.5 70 &5 60 55 50 45 40 35 30 25 20 1§ 10 05 00 05
f2 (ppm)
HMBC NMR (400 MHz) spectroscopic data of 26. Measured in CDCls.
Parameter Value
1 Title 0716AS13Tob—4-6 CDCI3
2 Instrument, JNM-ECS400
3 Solvent CHLORGFORM-D ‘
4 Pulse Sequence cosyjxp |
5 Number of Seans I il N L L
0716AS13Tob-4-6 CDCI3
gradient absolute value cosy
- Lo
1
N
= -
2
2 - . s
4 = aw L
=
=
- @ &
- &
- = L)
&3
S
L
= L] - O
/\)W S B
-~
r T T T T T T T T T T T T T T T T T T 1 9
90 85 80 75 70 65 B0 55 50 45 40 35 30 25 20 15 10 05 00 -05
2 (ppm)

COSY NMR (400 MHz) spectroscopic data of 26. Measured in CDCl;.
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NMR spectros

OT16A513Tob—4-2.100100%1r

copic data of 27

getlimits used for: 0716AS13Tob-4-2 14 1 D-/shoyaku

g

74504
S 5251

_-5.05%
Sy 30

31048
30015
3079
—2d15

_"_'_—'““"*-\'é

s S

Parameter Value
I Title
2 Solvent GDCI3
3 Number of Scans 16

4 Spectromater Frequency 50013

5 Nucleus TH

0716A813Tob 4 21010011r

0

(HgC)ZNWS

/\)?\/'\J
(HaC)N" N

e

0974

16100 H2O

220 10"

F210x 10"

F200x 10"

F1.80x 10"

f1.80x 10!

F.70x 10"

.60 10"
;1.50x 10"
-—l.dﬂx 10"
:L@Ox !
-—I.ZOx 10"
-—l.mx 10"
:LDOX !
-—9.00x 10
-—B.E)Ox 10"
-—?,mx 10'°
-—E.DOX 10"
-—5.00x 0"
-—«mox 10'°
-—a.oox 10"

200 10"

1.00 10'°

=0.00

I 1

089

1
b
‘\_,-" \
T

3 29{

F100x10%

F-200x10"

T
5.5 5.0 45

40
f1 (ppm)

T
35 30 25 20

"H-NMR (500 MHz) spectroscopic data of 27. Measured in CDCl;.

071645 13Tob—d-2g 1-Hir

— 152

— 1528309
_~1789725
S 1200904

Value
0716A813Tob-4-2.11.1.1r
2 Salvent cocr
3 Number of Scans 3000
4 Spectrometer Freguancy 12576
§ Nucleus 13c

Parameter
1 Title

— #4762

112
=45 5369
Sadam3768

o]

—ar0003

—12 5525

(HSC)ZN/\\\M/\S

/\/lok/\J
(HsCloN " ~

Fzox10"

Fi.ax 10"

—0013

F1.8x= 10"
F1.7% 10"
F1.6x 10"
F1.5x10"
1.4 10"
F1.3= 10"
F1.2x10"
Fi.1x10"
Fox 10"
lo.0x10'°
Fa.ox10'®
Fr.0x10'®
6.0 10"
|50 10'°
F40x10'®
Faox 10"
F2ox10'®

F1.0x10'°

sttt

0.0

-1.0% 10"

T T T T T T T
180 170 160 150 140 130 120

T
110

100
1 (pom)

BC-NMR (125 MHz) spectroscopic data of 27. Measured in CDCl;.
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Parameter
1 Title
2 Salvent
3 Experiment

4 Number of Scans &

Value
0716A813Tob-4-2.12.1{2m
CDGIS
HSQC

Il

071BAS1 3Tob-4+212.1.20
— L4
= e
1 ¢
0]
(HSC)zN/\)k/\\/\S
P —
_=_I‘ -
(H3C)N" -
1 <
= o -
80 15 70 60 55 50 45 40 35 30 25 15 10 05 00 -05
f2 (ppm)

HMQC NMR (500 MHz) spectroscopic data of 27. Measured in CDCl;.

Paramatar Value
1Title 0716A813Tob-4-2.13.1[2r
2 Solvent coc13
3 Experiment HMBC
4 Number of Scans 16 1 u
L
O716ASI3Tob—4F213.1 2
— :
L N 3 N N
— ] 0
L
4 . . '
o) 4
P+ : ’\)J\/v :
g . (HaC)aN™ ™ S
- : Q .
\ ; ~
‘" (H3C)2N = 7
T .
. .
f— Pl | ®
! [
—1 " | L] LI
T T T T T L T T T T T
80 75 70 60 55 50 45 40 35 a0 25 15 10 05 00 05
f2 (ppm)

HMBC NMR (500 MHz) spectroscopic data of 27. Measured in CDCls.
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Parametar

Value

1 Title 0716AS13Tob-4-2 1412
2 Solvent cDCI3
3 Experiment cosY
4 Number of Scans a_ _ . A A _Jl__ B o _ANA L JL I
DT16AS1 3Tob—4+2.14.1.2rr
ﬂ N Lo
| ~1
] .
] L
J
-':\ -3
—= T »
-y
— - o 5
|
2 - 4
6
o
(Hjc)zN/\)J\A/\S =
- o]
—J £ - \
(HaC)N" % Ly
EI.U TIE ?‘.ﬂ GIE G{D 5‘.5 5.‘0 4‘.5 ll‘.ﬂ 3!5 3‘0 2!5 ZIU l!ﬁ I!U 0!5 0‘0 '&.5
2 (ppm)
COSY NMR (500 MHz) spectroscopic data of 27. Measured in CDCl;.
NMR spectroscopic data of 28
0T16AS13Tobo4-4 H CDCI3 22
single_pulse z
b 2.1
’;‘ 3 2.0
i g 1.9
f e 2537 Al \klf i Lis
! 1.7
[ 7 Fie
f /] F
14
1.3
Parameter Value
1 Title 0716AS513Tob—4-4 H CDCI3 (o] Li2
2 Instrument JNM-ECS400 /\)J\/\/\
3 Solvai CHLOROFORM-D F1.1
4 Normor of Scale 8 (HaCRN" S ?
5 Nucleus 1H (HSC)ZN\/Y\/\/S 1.0
o 0.9
0.8
0.7
0.6
0.5
0.4
0.3
it 0.2
ﬂ 1 1 i o1
j_i [ SRS [ VAU | ] Loo
T L Y T o1
0 85 8.0 158 10 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 20 1.5 1.0 05 0.0 -0.5
fi (ppm)

"H-NMR (400 MHz) spectroscopic data of 28. Measured in CDCls.
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(0.055

0.045

0.040

0.035

0.030

r0.025

r0.020

r0.015

r0.010

r0.005

071BAST3Tob-4-4 COCI3 ET O
single pulse decoupled gated NOE 3z
£
-k I
3
543
E £
2 g 2 © S -
g g 3s i 3 23FE
g 2 &5 3 g3
iy I N 2
Parameter Valde (o]
1 Title 0716AS18Tob-4-4 CDCI3 /\)j\/\/\
2 Instrument. JNM-ECS400 (H3ClN"~X s
3 Solvent CHLOROFORM-D |
4 Number |of Scans 10000 (H3C)N .= = S
5 Nucleus 13C \/Y\/\/
(o]
1
1
1
) ! " " A .
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 1% 180 170 160 150 140 130 120 110 {00 80 B8O 70 60 50 40 30 20 1D 0 -0 -20
1 (ppm)
13 : 4
C-NMR (100 MHz) spectroscopic data of 28. Measured in CDCls.
Parameter Value
1 Title 0716AS13Tob-4-4 CDCI3
2 Instrument JNM-ECS400
3 Solvent CHLORGF ORM-D
4 Pulse Sequence hmacjxp LJ “
5 Number of Scans U R J - L e L
0716AS13Tob-4-# COCI ¥ o
gradient enhanced HMQC with&(~decoupling -]
] Fio
1 20
30
& 40
50
60
E o]
70
/\)j\/\/\
S . (HsCRN S s
3 | —teo
E (HSC)QN\fY\/\/S
32 90
E o
oo
F110
1
120
3 30
140
150
] pr
160
o i
r T T T T T T T T T T T T T T T T T T \_170
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 i5 i0 05 00  -05
2 (ppm)

HMQC NMR (400 MHz) spectroscopic data of 28. Measured in CDCls.
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Parameter
1 Title
2 Instrument
3 Solvent
4 Pulse Sequence
5 Number of Scans

Parameter
1 Title
2 Instrument
3 Selvent
4 Pulse Sequence
5 Number of Scans

Y

Value
0716AS13Tob—4-4 CDCI3
JNM-ECS400
CHLOROFGRM-D
hmbejxp LJ
1 I ke ” \_ L u“\ 1
0716AS13Tob—4-# COCI3 1o
gradient enhanced HMBC
o o
Fo
20
(30
40
(50
0
0
Fo
/\)J\/\/\
(HsCRN" =% ? 0
(HaC)zN\/Y\A/S %0
o Foo
Fito
120
08 Fao
40
Hso
Feo
H70
Heo
Lo
-
Lz00
U T T T T T T T T T T T T T T T T T T 1
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 05
2 (ppm}
HMBC NMR (400 MHz) spectroscopic data of 28. Measured in CDCls.
Value
0716AS13Tob—4-4 CDCI3
JNM-EC5400
CHLOROFGRM-D
cosyjxp
e ﬂ l_.}l . L " Jh\ 1
0716AS13Tob-4-4 CDCI
gradient absolute value cosy
= Y
= i
=
I
- la
o ™
k4
(=] (-} 5
. ]
is 5]
le
1) B
/\)J\/\/\
T 9 (HaC)N™ ™ ?
(HsC)2N \/Y\/\/S e
o
-9
T : T T T T T T T T T T T T T T T T T )
90 85 &0 15 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 05

2 (ppm)

COSY NMR (400 MHz) spectroscopic data of 28. Measured in CDCl;.
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NMR spectroscopic data of 29

0716A813Tob-4-1-H CDCI3
single_pulse 3|
S
i 28
&
g
§ g
g = 26
24
r2.2
2.0
1.8
Parameter Value
+Fitle OFH6ASH3Tob—4-1H CDOI3 O 1.6
2 Instrument JNM-ECS400 /\)l\/\/
3 Solvent GHLOROFORM-D N
4 Number of Scans & (HsC)ZN \ rid4
§ Nucleus 1H
1.2
rio
| 0.8
0.6
0.4
n
|
'” ‘ o2
i i 0,
L J |
I JAN \ Lo
T T T T
= & = § 8 8 &5 02
g g ] 9= = =l 8
T T T = =T T T T T T T S T T T T T T 1
0 85 8.0 75 7.0 6.5 6.0 55 50 45 40 35 30 25 20 1.5 1.0 05 00 -0.5
1 (ppm)
1 . .
H-NMR (400 MHz) spectroscopic data of 29. Measured in CDCls.
0716A513Tob-4-1 CDCI3 =F &=
single pulse decoupled gated NOE = B
cflo
i3 i F0.040
Eflc
cfic
i b
8 g 28g 8 s =4 0 -
2 8 228 2 & 13 B3 g |8
3 8 ags | 9 g 4 |2 § |c
I I AN I I [ rooss
0.030
—0.025
Parameter Value
1 Title 0718A513Tob—4-1 CDCI3 0
2 Instrument JNM-ECS400 /\)j\/\/
3 Selvent CHLOROFORM-D
r0.020
4 Number of Scans 8000 (HSC)ZN \ Z Z
5 Nugleus 13¢
0015
~0.010
—0.005
| 1
1 1 1
s " i | o R R ST A
oS SR eI : - oA VA bbb e, —C 000
T T T T T T T T T T T T T T T T T T T T 1
0 180 180 170 160 140 130 120 110 100 90 80 70 60 50 40 a0 20 10 ) -10
1 (ppm)

BC-NMR (100 MHz) spectroscopic data of 29. Measured in CDCl;.
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Parameter Value
1 Title 0716AS513Tob—4-1 CDCI3
2 Instrument JNM-ECS400
3 Solvent CHLOROFORM-D
4 Pulse Seguence hmaejxp "

J
5 Number of Scans il wl I H N L

0716AS13Tob-4-1 CDCI3 - 0
gradient enhanced HMQG with &~decoupling o

] 0

80
(HsC)oN /\)j\/\/

100
110
120

130

o ©

T T T T T T T T T T
90 85 80 15 710 65 6.0 5.5 50 4.5 40 35 3.0 25 20 1.5 1.0 05 00 -0.5
2 (ppm)

HMQC NMR (400 MHz) spectroscopic data of 29. Measured in CDCls.

Parameter Value
1 Title 0716AS13Tob—4-1 CDCIZ
2 Instrument JNM-ECS400
3 Solvent CHLOROFORM-D
4 Pulse Seguence hmbejxp “

|
5 Number of Scans 1 il rll I H A %

0716AS13Tob—4-1 CDCI3 10

dient enh: d HMBG
gradient enhance 0 Lo

100
F110
120

130

-200
r T T T T T T T T T T T T T T T T 1

T T
9.0 85 80 15 10 6.5 6.0 5.5 50 45 40 35 30 25 20 1.5 1.0 0.5 0.0 -05
2 (ppm)

HMBC NMR (400 MHz) spectroscopic data of 29. Measured in CDCls.

112

1 {(ppm)

1 (ppm)



Parameter Value

1 Title 0716A513Tob—4-1 CDCI3
2 Instrument JNM-ECS400
3 Solvent CHLOROF ORM-D

4 Pulse Sequence cosyjxp "

5 Number of Scans I w I “ A L

3

7

1 (ppm)

0716AS13Tob-4-1 GDCI3
kradient bbsolute vakie cofy
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COSY NMR (400 MHz) spectroscopic data of 29. Measured in CDCl;.
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b MBI U-251IMG B X Ot FEUEMIIEE MDA-MB-231 (%, American Type
Culture Collection (Manassas, VA, USA) 7Ol A L7Z. U-251MG 1%, ¥~y alizdA( —2
JUESHL (Dulbecco’s modified Eagle’s medium, DMEM) / X7 /v 22— (‘& L7 A /L AF0YEHEEE,
KB, BA) TH:#E L7-. MDA-MB-231 |%, DMEM /& Z /L 21— 2 (&t 7 A /L AFEHEE)
THEFE L7z, AEAHIZIE, 10% 7 MREifyE (fetal bovine serum, FBS; Sigma-Aldrich, & b
A A, S A=V, KE) BEIO® 1% 2=V /AT h~A 2 (PC/SM; L7 A
IV LTS 2 5A L.

CSC B LT nenCSC @ CellTiter-Glo® 3D MfAFRT v A

U-251 MG & MDA-MB-231 @ CSC I, JEATHE UV, 0 27 4 TIRRRIEIC L -
T L. 37205, MiTEIEESE 96 /X7 L — bk (Corning International, =—=1"7,
—a—V Y —U— N, KE) ET 2% B-27[B-27® Serum-Free Supplement (50x); Thermo Fisher
Scientific], 20 ng/mL FFZE K7 (epidermal growth factor, EGF; Peprotech, = » % —E L,
—a—U ¥ —U—M, KE), 20 ng/ mL HEENEMGHESF QSR K F (basic fibroblast growth
factor, b-FGF; Peprotec) 33X 1V 1% PC/SM %% ¢¢ DMEM / F12 (Thermo Fisher Scientific, ™
FY L, v TFa—t v VPN, KE) T 7 MEE L MaX, 1 R"BEZD 3.0 X 10%cells
/90 pl DIEEE CTHIESEE 96 7=/ L— MIEEM L, % 24 B CREB(LEY (1 X
HT=D 10ul) TUFLLTZ. A7 ¢ 7 ORRITENT RS F TR L7, 6 Bk, Mz &t
EH% 96 XA YA K7L — bk (96F Nunclon TM Delta White Microwell SI; Thermo Fisher
Scientific) (2 L7=. DMEM/F12 T 10 2R L7z CellTiter-Glo® 3D ik (Promega, ~
TAY, UgRary M, KE) 2 1 RdH7ZD 100l BINL, |IRT 5 oREE O L
TIRA L, 37 C T 25 iAo X axX—FL7. IV ) A—%— (GloMax®
Discover System; Promega) CillliE L7z.

nonCSC 1%, 1 R&H7=VHifEd% 3.0x10° cells / 0uL DEFET 96 7 = /L7 L — NMIFEFEL,
RO 24 BEMBICRBRILEY (1 R"dH7-0 10 L) TUEELE L. 3 HE, CSC L[AkE
296 U= /VRTUA M L— &M LT CellTiter-Glo® 3D 334 7= Ml EAF R DR
i z4T o7,

Heat AT

FEEHAMTIX, GraphPad Prism8.21 ZfE/H L CIATIANE L7z, #EHENTIX, —JohliE oy
Br (ANOVA) &, ZhicHe <IREREM O 2R Z W3 5729 D Tukey-Kramer F 72 1%
Dunnett fREIZL VITo72. *P<0.05, **P<0.01, £7/2IL ***P<0.001 DA, ZITHET
bHoH LR LT
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CEMNCIIES

{tEW 3a BLT 16 ® 'HNMR A7 bV ERIE L EEDT

NMR A7 kUL, JEOLINM-ECS400 (H AE T, A, HA) THIELZ. &5 8 HO
AFX v UNETEN, WENRT A—H T Table 10 DIBY & Liz. A7 FLOfENTIL, JEOL
Delta v5.0.3 3O MestReNova ZfEH L, (FEAIEIZHEI TEIT L.

SR 7, EESHTHILEY (4.8 umol) B L OWENEY'E dimethyl sulfone
(DMSO0,, 4.8 umol) % DMSO-ds (0.6 mL) (2T 5 2 & THFE L. Yo 7L aiiss, A
IZ '"HNMR A7 RV ERIE LT2tk, o7 % 60 C ICTHRE L. 7 H#%, BHE 'H
NMR A7 RLEHIEL, BN Z1T-7-. CD;OD % HEEL & L7722 iE DSS-ds
Reference Material [Sodium 3-(trimethylsilyl)-1-propane-1,1,2,2,3,3-d¢-sulfonate] (1.2 gzmol / 0.6 mL) %
WIEHEME & L ClRRDOEEZ 1T o 72,

p

Table 10.
NG A= A ENE
x_domain 'H
X_sweep 15 ppm
scan 8
X_acquision_time 2.73 sec
x_resolution 0.366 Hz
X_point 16384
x_angle 90 deg
relaxation_delay 60 sec
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