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Ac acetyl

Akt protein kinase B

Aq aqueous solution

Ar aryl

Bn benzyl

Bu butyl

Bz benzoyl

DEAD diethyl azodicarboxylate

DIBAL-H diisobutylaluminium hydride

DMAP 4-dimethylaminopyridine

DMEM Dulbecco’s modified eagle medium
DMF N, N-dimethylformamide

DMSO dimethylsulfoxide

EDC 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
eq equivalent

ERK extracellular regulated kinase

Et ethyl

GDNF Glial cell line-derived neurotrophic factor
GSK-3 3 glycogen synthase kinase 3

HRP Horseradish peroxidase

KHMDS potassium hexamethyldisilazide

LDA lithium diisopropylamide

MoNP acid 2-methoxy-2-(1-naphthyl)propionic acid
MALDI matrix assisted laser desorption/ionization
Me methyl

MeO methoxy

MNBA 2-methyl-6-nitrobenzoic anhydride
mTOR mammalian target of rapamycin



NGF
NVC

PBS
Ph
PMB
ppm
PPTS
PVDF

quant.

SDS
SE

TBAC
TBAF
TBS
TEMPO
Tf
THF
THP
TIPS
TMS
Trk
TsOH

normal

nerve growth factor
neovibsanin core structure
para

phosphate buffered saline
phenyl

p-methoxybenzyl

parts per million

pyridinium p-toluenesulfonate
polyvinylidene difluoride
quantitative

room temperature

sodium dodecyl sulfate
standard error

tertiary

tetrabutylammonium chloride
tetrabutylammonium fluoride
tert-butyldimethylsilyl

2,2, 6, 6-tetramethylpiperidine N-oxyl
trifluoromethanesulfonyl
tetrahydrofuran
2-tetrahydropyranyl
triisopropylsilyl
trimethylsiliyl

tropomyosine receptor kinase

p-toluenesulfonic acid
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UTAE, 272 Sl LA T L O 2 EBES Tk, iRAVE B B O KOS REA 2kt 2
MR & 72 > T 5. 2019 4FITHE S 72 WHO OFBEIEIZBET 204 RTIA4 02k D
&, R OFEHE BFEITH 5000 7 AT, 2050 4FIZIEK 148 5000 5 A E THINT 5
EHEHI SN TS, 602, AR TORANEICEDL S E A L RFHRBRE I8
#IT 8180 f& FALIZDIZ Y, HFDOF GDP DI 1.1%ICFY T 5.

—77, BARICBOTHRMERBEROMINIEL TH Y, WMKFO ELOHE
N X B E,2020 4-7T 631 J7 A, 2050 4E1Z1F 1016 T N E THEMNT 5 LHEFF STV 5.
P RZOHE L OWME N LD L, BEIEOERFINE LT, MREHERO—DT
LT NINAST—IARBIRD 353D 2 %2 EOTWD. Thbb, 7AWV, ~—R%E
TG, &5 WIXIEHRT 5 2 & AT EIUTRAVERFE LA RG> S8 5 2 & A ATkE
5. LInLZRN G, RIEZORARZRIGHRIEIIMHNL S LTV R0,

BUE, BBETIE, 7y nAg ~—BEBAYEIRER E LT T a ) v R T T —
PIHEATHHVARZAF I A), HTZI2), RRAADLB) D 3 HIBLN-
AFN-D-T ARG R EI T VB I U SRS (LUT, NMDA S2A G o
AT @) DOFFAFINEHAEINTWS Fig. ). 7TE®Fral) vrx=xs 7 —BHEA
X, BEOBMANICE N THRIZENE CH LT BTNV ) v ONfREMKT 5 2 & T,
PRI TR T L2 s 2 W S 5. £72, NMDA ZAKFEHER CTH 5 A
~ U F UITRBEMEARGEDE TH D IV F 2 URRIC K BB AR L o TE
U HmikEE2msl 552 L2 HME LTWNA.

H/’a_ NMe, o NH,
MeO N
R AT o s VSRS
~N"0 MeO
|
Rivastigmine (1) Galanthamine (2) Donepezil (3) Memantine (4)
FEFIIIAVYIRTFS—EHREH NMDASZ ARIETIE

Fig. 1 BifE, fEH SN TND TV oA ~ —BIERE T3
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T NA = —JROIRHELRREE LT, 734 R g OEML HEAHDOIEHK
SOMPREFIAEZSE, AERSIIRSE N EE Z % 9 (Fig. 2). ZNUH 5 & & & le - TR @
TEHARERE DK TR O BLTE A E U 5 Z & CRRASRENME 95 & ST
5. FEOERNLTHDLTEFLa) AT 7 —PEA L NMDA % A KiEHTERT
WIS BEICR T L2 RE O — I 2B 2 HINE L TR Y, T Y A ~—JF{D
B EZUGETER NI D, File T WY A ~— RGO NUIE STV D,

yEDLS— LRI
l %)\Iiio)ﬁi
reoLs-¢  m—p _
[> [> [> BAMAEOET |
pEoLS—¢ o T
-|' B H’%"‘ﬂﬂﬁﬂﬁE
- PEFNIUVIATT—CEEH
pEOLA—CIRER -
zn 2 ]- NMDAZ B I
7S04 KpHAA

Fig.2 7 /LY A = =R I 1T 2 9 B A RFE

FIT, L OWREN, TInA N OEMEMET S g7 L E—VIHERC y
I LA —BHER, TIvA 8 BICHT AU EORFICED HATEN, 2021 4F
DHLE, EREGLE L TRRINEZ b OER0 s, BEFETO L O TIL, 2020 (234
AR LT I 0 A R BHAETHLT T 2 X~TRHY, ZOHEED
FRIRRBRICB W THER STV D, L LA G, ZORIEL, TV A ~—J{Oitk
ITZ N DBRED HAELNZT 2D TH Y, IR OET L 7o BE ORI C& 722
W TN, IR L o TIR T L2 EHERE 2 [B118 S 2121, Wk OEITIc L -
T LI R O AEDRMETHDH EEXLND.

RO FAZE BRYE T D ERLEM & LT, MREER TS SN T D, fhes
BRFITEERNTHUWMIND X /37 HTH Y, NGF X BDNF, NT-3, NT4 7 & Zkk
REFENRE SN TR Y, MO AFCa b, R, WTERZIZED D 2 &3

BILTWD D LT, MR TIE, MR BIZAE O #hRSHEIR SE o ] ok
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SNTARIR A EE T2 Z EnWE SN TS, Lo L, AN TOREMS MmN
B O ZiE M EICREZ 2 TV D Y. ZN b ORBEAMRIRT 5 51EL LT, Z
7B T HMRERER IO 0, RRER T RO MG R RS L& DI
RAPHIRE S TS, ZOEENfE LT, EL7 4 VAN L T-817TMA(5)?
W&V, FRE S AR EAE O R E ] 72 & OMRR R K FARDTEMEZ R L, 7
I A~ —TUEFETR IR SIS KON 2R Th 1% OB RE LA & LT, HIME, BRRE
FERBR DM T TV 5 (Fig. 3).

CO,H

( ;
I
HO

T-817MA (5)

Fig.3 BifE, ERRBBRDMT O TV DIRRREE R FARIG M & R o B W

— 07, MREBRRFHEOIEEZ R ITLEWIRAD b b <G shTn .
Fig. 4 (21%, PMREEER TR S LT, MRRET MR Th 5 PCI12 Mlfia 104 ik kk
M~ & 534l S 2 /LB IR PR, MR ARAIAE ~ & 43k L 72 PC12 Ml D Fhif RSk
ZA 9 2 2SR AR ETE M &2 FE (b B & 7R L2, A 1Y Cucumis melo 1> 5 B S
Nier 7 e s vy B(6) DI bk EiGiE & 22 i BIL IS 2 R, £72, trans-
N T (DBEXWcs-Nr 7L @), BILBICEsTA V FRUTEDOD v T v
a9 U A Zingiber purpureum 7> D BiHE S 4, S CEEENENE & ZSk M RIREEME 2R 2 &
DEE SN TWD . E7z, Aspergillus JBOWBEER O HEfS N T A~V I F o
ALY v RYRMEY) Gentiana ringescens 75 BB S N7 > F L K C10) W, T~
J AR Y RAEY) Aristrochia arcuata 72D HEES -2 T 0 I () WidE L nsE
L REETEE 2 R T



OAc MeOD/\ MeO l N ‘
MeO il
OMe

OMe
OMe
trans-Banglene (7 cis-Banglene (8)
OH O MeO \ 0
HO OW "Ny >
no HO O
Gentiside C (10) Talaumidine (11)

Neovibsanin (12) Neovibsanin A (13) Neovibsanin B (14)

Fig. 4 HRERER TR 2 RO RISk DL &)

LLED X 91, 2 < DISHELEDB RRI» BRI TN D03, EE O BIFE
T, Z2OFTERAE TV = UFICER LTI A TWD . RAF T =
A13) B LT BAMIE 1996 FITEILHIZ LT, AA B AT T2 2 Viburnum
awabuki DIENSHBEI N2 7Y LM OT L TH Y, PCI2 MR L T2k i
JRARHETEPE A "9 10, UIFSEE A LA OV 7, (1A W5 I3 A B 7%= B(14) D
WG B ZEICER D A, HIHE 2 TR oz v v T ZBREREE O
18 (Neovibsanin core structure, LA T, NVC) 725 (+)-14 & RFEOEEZTRTZ & Z2H 60
IZLTW5 19 (Fig. 5). FEI1X, Z 018 OEE LIS, ®iEMER T VY g ~ /iR
PR — R ORI A HiE L.



MeO o )@
MeO,
o 3 /
No activity side chains
H
O o]
(0])%
H
MeQO o
17 O
No activity modifiable site

(maintaining activity)

18

NeoVibsanin Core structure
(NVC)

No activity

Fig.5 XA b7 =1 B ORIEEMEARBIRFSE

MR ZAEE M Z BRI T 5 51k L LT ER T 2 MEOMEMOEEZMAGDED
yfRGHEER L. T7b b, ldd oG 2 £ 2 B OTEM L e oGz,
Li@# sy 2 L CERG DY, Mg FOEEZ RS Z LR TE 47U v R
CEWaT A T 5 7EEER LR (Fig. 6). KRN OHE LN OIEELEMIZZ IR
LFEEE RO, T b OREEITEGHKIZ L > THIRS LTV D, ZOMERERNRED
FIZE o TAA T Y v P& Z AL FIED, RRITIIEE LR O ERIENE 2 Fr
ORI DF w2y — NEBORAIHICAZ TH D LB X, SbIZ, 20FOfEZ
RA SELZENTEERLIE, 2HEOEYE —SFICKR 5T 256 & i
L TR~ DB HERESS, Y OfER LOKRGHEDAESITR D7 EER LY
—ADBRNOEDOFRINZNEZEZBND.

oD

\

-9

Dual active compound
Natural product-like scaffold

g
m
0

Biologically active Structure merging

compounds

Biologically active
compounds

Biosynthesis A Biosynthesis B

Fig. 6 HHEENQE DI K 2 BRRIGIE LR o8 ar KIMIRE L & ORI
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EXL, MERERQADEICLDTEMH LAY OREFHIIB W T, NVC18) D& D~
su~tr 2R Ly ke ERE L Fig. 7). /bbb, v Zuadtrizn
LT, NVC(8) & trans-/N> 7 L2 () OIEZERADOESD Z LT, WMoy +OIEEL
RO ERWIHGFTE oA 7Y v MEAaW 19 ORIBUZE Y 7, A ET V=2
BhEfb G & LT3 T, PCI2 MifldlZxt L ComfbafBigtE 2 R LB DO BHFE I Ak
LTz 2. ZOEMIIARE = Ttk 2.

@

NVC (18)
OMe SR RIEEE
OMe
trans- Banglene NVC-Banglene Hybrid
. NBH (19)
DMEFEE .
S Structure merging

Fig.7 WEERAEDOEICIONAT Y v FMeahorfd (5 &)

AT YUy MEEWDR T LG OIEMEZ RS Z & 2T 2 720121% NVC(18) B
L trans- N0 7L (T DENENOIEEFT AT 20E RS DH. £2T, £h
ENDOF 7 —7 PR LT, ERARFRENEICER Y A 72 (Fig. 8). NVC18) IZ
DWTIE, HHFEARZEAEOWIH:, /IME, TEKIZ X o THR S AV BRI 2 FFo
TR 20029 N T, BRI Z X7 B ORRR IR ATV, NVC(18) ([T FntE Z o4 &
VRTBEORBMEICRY LTz, £, trans-N> 7L (D IZOWTUE, #ER I & F5o
21 3L & T DK MEFHERA TR L TEMFHMIZ 17V, 7V AL EREZEAL
RN SRR BRI L TV D 2 ZH I L. 2T BIZ DWW TIEEH
TECFFIN TS
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Fig.8 NVC BEX W rans-/ o7 Lo OIERBEFRRAZ B E Lcny+7v—7 (B )

—J7,Fig. 912137 U 7#lfa 0~ & OMRR BN FEA A RET DA E R~ L T\ 5.
Y~ 7 2%/ Hericium erinaceus 7>HHEES N7~V & 2 CQ2)MITRIRMTHIOH T
NGF EAEEIEENHER I NTALEMTH D, £, ALY~ T Z b HEES
el 7y ARI®EH NGF EAREFEEP R INTWDS., HPEI rny Y
Sarcodon scabrosus IHHEEESNIZ A T o= AQAOE, TV F U ALRIUYT
2 EkEAR L TEY, [FRRIC NGF EAREEEZ RS, —J, £REFEANTH X
Z /1 Paecilomyces tenuipes 7> 5 HEEE SN2 A 0T XA XL AR5 BLOB26) 137
U7 Ml DR BN OREAZRET 25 2 LD ME SN TWDH D, £ OB ORE

IZIEE S TR0 2,

X
OMe
CisHz™ O
OHC A A
OH (0]
Hericenone C (22) Erinacine A (23) Scabronine A (24)

Spirotenuipesine A (25) Spirotenuipesine B (26)

Fig.9 #hRESRER A T PEANRHETS L 2 FF O KN R DAL AW



BT, MIRREBR L EAREEEE R T IO OLEHD O L, AT XA Xy
v AQSICHEHE L. 25 13EhIcy 7 a2 LTNWAZ LMD, NVC LD
MEEENG DI LD EEESG FORGI B TE S, LinL, 25 OREEIEMEMES
EHBEFE ISR 2 MR 20, 2 2T, £ FEH A FRBRICtT 50 7L
DEMRERZ B L LT 25 ORGRICEY A, Z ORI EGHREZ#ER LTz, Z LT,
25 L ZOFEEREEZOTAY TN OAYTEEFHI ATV, 25 OIEMERBLZ KIRY)
CRIUTH D H)-ERDOSAE R, HEFD 2 >OT L a— LB LR EHESDNAEAT
o RN L. 61T, FURIZED2TMEROERNG, 25 (37 7 HlIZ/E
A LCNGF 13872 50BN T OEAZREL TWDLZ 2L L. Zh
B ORRICE LTI == Ciad 4 5.
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B NVC- X T VL rnAg 7 Uy KMEEYDOER L
Z DEYIETE R

Co il

AT = B(14) 1%, NGF fFIC X - Torfk L7z PC12 Ml xf L C & fif e
EIEMEZ RS 0. 2 OIEMEIIEDN @R S 72 NVCA8) T [RIFRERFSNLD Z
EDRABMNIINTWD 9. Fiz, SHZEEAZEADOLIA Y, /IMAPHIZE->TNVC
D 1L KO 1 ALICEHIL 28 U 723FE0K 27, 28 7355\ V72703 b 28 fifl IR (R e s 14 &
A2 EDER STV D (Fig. 10) .

W ( 1127
Nve (18) |

Neovibsanin B (14)
T fRREEEE

maintaining activity

Fig. 10 x4 7% =2 B OIEMEZREF L7 NVC O 1 36 KON 11 frE ik aik

—J7, trans-X 7L (DL, BLUGIZE T Ty a v s S, PCI2
(2R U T bap v & S i RIR IS PEO M T 2R3 Z L lE S TR D 12,
T UNALICEEIE 2 EA LS RISV T H 2SR B EEEER R S D (B
TH#%iR). NVC(18) & trans-/ N> 7 L 2 (D IR Z/ERBTFIC L > TEOERZ R T Z
EHEERE NS, EREEL LT u~Ft AR LTS, FHIL, ZofEE
UMD, Wy FOMELZERA DY N7V Y MUEWREIOERELHET. T70b
B, NVC(18) D&V TREBIEE AN AR 1 A3 KOV 11 AL trans-/N 0 7 L
DORIEZEATHZ & T, NVC IZx LT trans-/ > 7 L U OIEMERFEIND Z L3
Mrrsino A7y MeEWw 19 Zi%GH L7z (Fig. 11).
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Modifiable site of NVC (18)
MeO - ‘
o~ =
MeO

O OMe
OMe NVC-Banglene Hybrid (19)

OMe (NBH)
trans-Banglene (7)

Fig. 11 #EHENRA DRI L DA 7V v NMEAWDO#RE
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M NVC/R U 7 L 7 )y REEHO AR

NA T Yy RIEEW 19 DA GBI % Scheme 1 12T, V=0 33&7 7l A
12 L % Diels-Alder KIGIZ k> Ty 7a~xv U #a#Ess. £ LT,
Horner-Wadsworth-Emmons Ui K54 L7 ¢ >4k, #xM-Baylis-Hillman )&% #%C,
3RO ND EE R, 31 OIRFIRIRT IV F =L Z 4TV, LIEOGREIZA)IS
LA AT = BOEMIEEASELTLHILETIINETLHLEEXTD.

Scheme 1 /~A 7 U v NLEW 19 OE AT E

‘ OH  sterecoselective MeO
. alkynylation
e yny

>  MeO
MeO ‘
OMe

30 31 OMe
OMe
OAc OAc
HWE olefination ' Diiféﬁéger H w) P
OHC"
— E— o)
oxidation O
Morita-Baylis-Hillman OMe OMe
reaction -~ OMe Ohte
33

¥4, Pz 33 OFfEIA T/ 57 (Scheme 2). 34 ZHFEEE LT, DIBAL-H IZ
YoTz AT VEZETL, TUATIVa—L 35 257~ 55 35 2R afn7 v
ER36~ELO LT, TERNALDOT L R— USRI L > T 37 ~L#ENT-,

B2, Baeyer-Villiger B8{LIC L > CTHME 5V 33 2l L 7= 30,
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Scheme2 T =T 33 OFil

TEMPO
MeO_ _O OH CuBr, _0
2,2"-bipyridyl
b DIBAL-H Yz BuOK =
THF MeCN
-78°C,1h rt, 18.5 h, air
2 steps 97%
OMe OMe OMe
OMe OMe OMe
34 35 36
(0]
OAc
\fo = A
P Oxone® Pz
10% aq NaOH DMF
rt, 6 h n,3h
81% 80%
OMe OMe
OMe OMe
37 33

PR L7233 L7 7 v LA 2L D Diels-Alder St ClE, SOGSEBEC hr= 2 & v
TEMBGRAE TR T E A EHEIT L ole. 22T, 727 U AMERBE TS
Byme H DM VEBBIL, Tr/u A U EREEE LT Rafk ) 2000 L 72 InEGE
MatZEM Lz L 25, 19% DI TERAGAINE 32 2457-. L L, ARG Tl endo
MK 32endo MERLIZAG DNTZT20, IREM TH S 32 Z2 M TR L TRE LS ED
LT, EUOMIATAEEEE AT D 32ex0 ~EFE T, 32ex0 ITKX LT
Horner-Wadsworth-Emmons KIS &7V, b7 v A “HEHES 28D 38 # B— DAk &
L THH72 3239, TEMPO B2{kiZ KX - T 38 # = / o 39 ~[i2{tf% *, DMAP Zfitlit & 9%
#% H-Baylis-Hillman & 39217\, 73% DT 31 21572, IRWT, 31 DT /La—/L
Z TBS JECTIR#ELZ 4012, VF AL LT B A F LRSSz, 20
EENRBIDRICE ST, T EF U RICL D87 2 v ML b OREEBEDMER L
THITTHZ LT, AR EIRIZAER L, afthik 41a & BAHINE 418 25 1:10
DHFETH LN, HGoNYT AT LA~ —IREW% HPLC IZXL->THmlL, L
FARSEARELE 2 FFD 41 B & fe < ROSIZEEA L7=.
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Scheme 3 7 /L AL 418 DAL

OAc H H
X

(0]
= hydroquinone

70°C, 48 h
79%
endo/exo = 5:1

OAc

e

e

OMe OMe
OMe 32endo OMe
33
OH
TEMPO
Meojij/\v“ Phi(OAc),
MeO CH,Cl,
rt, 6.5 h
OMe 95%
38 OMe
(0]
OH  1Bsc
MeO S imidazole
MeO 0 °C, 10 min
92%
OMe
31 OMe
— O —
MeO
N
Li favor

1
N
Li/

v
MeO
O

Ar A\ \ o
WOTBS

unfavor

OAc
imidazole H\“‘\u
toluene o)
rt, 47 h
87%
endo/exo =1:8 OMe
32exo OMe
(0]
MGOU\\\\‘
MeO ‘D
OMe
39 OMe
(0]

I OMe

OMe

Meo:©/\\\\\
MeO

40

af=110

‘ OTBS
I OMe

Meoj@/\\
MeO
agp OMe

MeO F),OMe
AT owe
MeO

n-BuLi

THF
0°C,13h
then, MeOH
rt,3h

61%

DMAP
HCHO aq

THF/sat. NaHCO3 aq
(1)

0°C,7h

73%

(0]

OTBS % OMe

LDA
THF
—78°C,1 h
92%
(adfp=1110)

O

PIBEDERIE, Sbicko THEENI-RA T = B OAMELZSEIIT-

72 (Scheme 4). T72bb, 4180 =FHEA % Red-Al® 92 k- T, 89%DIET T
VAZEREAESEEBRL, 55172 42 % TBAF TS5 2 LT, VU VEOBLRE
MBI 7Ry TN A X U~ A T AATIN-F 7 b ALRORIZ & o T—21T 29 ~DEH:

kT,

UL UHAFRIZ L, FARWIIAREfMAEY e 27 43 ThHo7-. 43 13,

WoTZAERRLTZ29 ML b~ A F VUG ERZ LIERER, El Lz sHEllsh 5.
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ZEIT, JBoNT B AL ) —NVEEF, TR TLAARNEFY RTUET L E, =R
PEZ 7 P29 BEOGRPTEEE LTI L, L he~A 7 AOSOETEZRIE, 13
FEREANCHBID 29 ~EEWS D2 LN TETZ. T2 b 29 % Tebbe iFE 7 TRIR L
B\, FONT AR E X Z ) — VRS EERTHR#ET 524 T, 74—k
WNHEETTL, 2 TR 86%DINRTHIME T2 19 OGREER L. £/2, 19 DAFIL
T H—NERENI T B — L~ LT 44 B CIIRLL 2.

Scheme 4 ~A 7V v FLEHDOERL

Meoj@/\\\ TBAF
Toe THF

THF

MeO -78°C, 1 h rt, 24 h
89%

OMe
N5 owme
oOMe/fOMe = 1/3
1) Tebbe's reagent ﬁ H
CH2 MeO
NN
THF

rt, 4 h MeO S
2) MeOH
rt, 30 min  MeO
2 steps 86%
OMe

| NaOMe
MeOH 99%

1 M HCI

THF/H,0
0°C, 14 h
79%

19

keto form  OMe
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v’

W NVC- ST Lrong 70Uy RMEEH o
A Wyt AT

FFIECDITAA T U > RIbEH 19 % FV T PC12 Ml KX D IGMERHE &2 17 - 7=,
PCI2 fifaix, 7 » MEIESEEGEMIE D HEE, RS/ Tdhy, mfkxE
KIF- D 1 FETd D NGF ORI L » THEERMIa~ & b T 2 E 2 Ff> 0. 22T
%, PC12Mifaicxt U CEEE, (EWa M S THRtMia~ & bS8 5 0bikE
{EPE &, NGF RIS & - THRERRMIE~ & 231k L7z PC12 Mk L Tk ez &
BT, EEOME LR S ¥ 2 S8k RGO TR T 217 - 72 (Fig. 12).

MEFEEE R RIEEE
BN NGF 7N K
PC1 24k o PC1 248 _ \
E4ME) MeHE (E5ME) FREERRMARE IC ML R RREE

Fig. 12 PCI12 Al K 2 ARfR 528 R 115 1% O FFAf

L2rL, ZOiEfET 19 25 PC12 Ml ORI TR & LTHIFILTLE W, £
DOIEMWZ EMICFHET 2 Z N TE R o7, — 7, REREFRFOR SR A
HIZ & - T, NVC (18) &~ U ATJEPERE 5T 5 & RIMBE MR 2BV T TrkB B &K
CZED TR T FTNZ R ED) CBbMEE S D Z &G STV 5 ¥ (Fig.
13). 22T, 9%~ U R IHEGLTTkB 7T L0l U kiR L.
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w6 |

- Akt || | pGSK-3B ||
H | 1
Meo)%é mTOR \/ GSK'BB
NVC (18) l
p70S6k ||

Phosphorylation T

Fig. 13 NVC (2 X % TrkB Z &K 7 F WG EH

ZOREFR, ar ba— LI L T, 19 &5 LR TIEL, by rrrz
NRIEDY AL OEIME S R ST b DD, HEAEIIMHR TE 7o 7 (Fig. 14).
BHESLEREFEZ LT 2L THER Y VI LOMMA R TX 2 AEELEIN
W, ERICZEOY U TNARKELRDZ LIZNZ, ZHETO invitro DIEHEFHT
DOFERING, 19 [FKIFEMEICHA SRR H D 2 LD, & 57 HIEMEHlizRER D%
fazWra Lz, ZZTRIS, 19 DT B Z—LiEia~I T X — /L ~LZEWLT- 44 % 1
VW72 PC12 AR K D IEMEREAM 217 - 7=.
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Prefrontal cortex Hippocampus
250 - 250 -

200 A 200 -

<150 150

£ . I I Il Control

3 B NvC(18)

100 100 T L Il NBH(19)
50 A 50 A

0 -
pTrkB p70S6K pGSK3p3 pTrkB p70S6K pGSK3p3

The ddY mices were intraperitoneally received samples (30 mg/kg). After 30 min, the lysates were subjected to
SDS-PAGE, followed by immunoblotting with antibodies against phosphorylated TrkB, and 70S6K, GSK3[3.
Signal intensities from immunoblots were measured densitometrically.

Data are expressed as the mean = SE (n =4).
*P <0.05; **P <0.01 versus control (1% Tween 80); Dunnett’s 7-test.

Fig. 14 ~ v AfEPENEG% O TrkB B3 LN TekB Ty 72 X780 U ik

44 OFEVERFHI T, s Eah SIS & 28 R ETE P 2 PC12 Al D ZEE D & & A
ETHIETHE L. 7205, PCI2 Mlaks s ixt LT, s bakElE o

TV T NOB i, FEEMREIEEEEOFAL TIX PC12 MifE 2 fR R~ & 43
&2 DIZ 7208 (10 ng/mL) O NGF &> 7 23RN L, PC12 fllia o245k
DR EHRELTIHE L2, 3, AEMFHEOEEEZ AT 5720, RUT 472
Y RV OIEMEE R Lz, EOREE, NVC(18) 23 NGF f#1E T, Z¢td i ER{edEiE
woRd 2 &, rans-2N 2 7 L 2 (T) IZ SRR AR EETEVE & LR EIE O )T 2 R4 2 &

Wz, 61T, MbEWOMAEM 2RI 5 BT, m{bEW % RIRHZERN

L7=RbRER L=, ZORERE, trans-/X2 7 L2 (7) BUROTENME L U & T DT58RVENE

DR STz, —J7, 44 135 bR ETE MR L O REEEEOm T2~ L, Wi
b IR BRI TR RN R L 7z X, rans-x> 7L () XU BIRIEETIEE D 5
HLOD, XA T = UFEEEYE LT, 910 T PCI12 MilldlZxt 7 % s bk gt %
R Uz, 72, 44 OZRMIBRESETIE, rans-X0 7 L2 (DIZIFERORN0E D H 00D,
F& DO NVC(18) L v i) eiEtEZ 7~ L7z (Fig. 15).
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40 -

80 %
E 351 € * % T
% %k 70
? 30 - * % . 360 * %
2 2
QL 25 1 2 50
] [}
T 20 - £ 40
3 3 * %
g 15 4 * g 30 . * %
% 10 - _ %20 .
S 5- © 10
< 0 < 0
Control 30pyM 30puM 30pM 03upuM 3uM  30uM 10ng/mL 30pyM 30pM 30uM 03uM 3uM 30uM
18 7 7+18 44 NGF 18 7 7+18 44

+ NGF 10 ng/mL

Quantitative evaluation of the neurogenic activity in the presence  Quantitative evaluation of neurite outgrowth promoting activity
of samples. Data are expressed as the mean * SE (n = 100). in the presence of samples. Each sample was contained NGF
#*P < (.01 versus control (0.1% DMSO); Dunnett’s ¢-test. Data are expressed as the mean = SE (n = 100).

* P < 0.05; *¥P < 0.01 versus NGF; Dunnett’s ¢-test.

Fig. 15 PCI12 #ifid % V7o oAbl i8is o & S8 fif R R TG 14 O e R

INDDFRERND, 44 1 THBOEKEETIZH D b OD, trans-/N0 7 L 2 (T)ITHKRT
HEFREIEE A A L TCWD Z R b ZeoTo. LTen - T, 2 REEE D
T %R T NVC(8) 1Z%E LT trans-/3> 7 Lo () O EFEETEM 24 545 = LI ksh
Liz. —J5, A EIOIEMEFHERIZE VT, NVC8) & trans-23> 7 L 2 (T) OfETEE
B O X DAHMEY72TEVETREE O RIIHEGE ST, 44 13 rrans-/N 0 7L BRI D b
KIEHETH 7. L, FEBETRET D trans-/ N0 7 Lo DOT VLR EE S L
FEMRITMEFEEEZHA L TOD Z LICH L, 4 IZTOFEEEEFLTND Z L
2B, NVC B L ONA TV FMUIZ K D 0 EFEEIEME~ D] 5 DR R S

7-.
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B NVC B XX rans-/X 7 LD
VE B e I A U 7oAl 58
i

FH—BTHWRLIANA TV v FMeB 44 23, FEE 725 NVCU8) B X N rans-/N 7
V() ORAEEMOIENEEZ A L TWD Z & 2T 572 01T1E, EENO/EREER
WZERT 22 & 2T 0 ERH D, L L b, K218 & 7 OEHEERIIEH
&7 o TRV, 22T, FHEFEINENOEREFRRICHLIMOHAALTL.
NVCA8) [Z DWW TITHHFZEE AL ZEA DR 7, Bl ¥HIZ X - T, #OE#A L TA
L 727554k 45 78 PC12 MR OHIBINIZ AT L C, MRS OLNmICERET 5 2 &2
AHETWD 9 F70, #E, Me, BEKRBIZE > TI8ITBAMERERRE & LT
RET oY T/ e LI NV EOBEAEREL LTESF U 2HAL
ToRBEIR 20 ARSI TV D 229 (Fig. 16). JEBIRAWERGRIL & 1%, FrEDKEO %
WIS 5 Z & TIEMIL S, LRI e T 2 2 X0 B E AR B ZTBAR T 2B % FF
DOERETH Y, BRI L EAN Lo+ e — 7 EMES T O & X7 E
DYRBRIZARATH S 0. FFIZAME, 20 ZF T NVCA8) DIERER & X7 B Ok
HIZED AHATE.

(0]
© HN)J\NH 7 "N
L ARET
N N_ _O
(0]
20

Fig.16 NVC (ZHOGEE AL J OSSR L 2 8 A L7358k
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K7z, trans-2N2 7 L (DIZHOWTE, HIZE T, —EOMEIEHAHRE A S 5>
LR TSN O, BHELOEAIC X DTEE~OREIRFI S TWiny., 22T,
F—ECTHR LIS Ty RIEAW 19 OGP RIETH 2 38 ZFIH LT, & ik
BEEALLLbOZII LD, KMEFERZFHML, IEEFEMN S, PC12 M ToZ%E)

DEIEE 2 G LT,
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WE trans-/N2 U L UFEEARD AR

T, NAT YU v KMEEW 19 OE R A 38 (2%t LT, BAKNES SO AE St
X AR IR 46 DB AT A R LT-2, BTk aEs 2 LI TER
Motz ZORENS, 38 OT UNAALDT )V a— )LONARLFE RN EET 3 v L% L

STEY, MEEEICK > TROGENMET LTWD Z &3 HEE X7z (Scheme 5) .

Scheme 5 38 & 46 OHEA SO

OH HO — (0] -
‘ 46 N X R
| f/g
MeO
o No reaction Ar H )
N\ : OH
MeO Ar
Various reaction conditions — H
OMe

38 OMe

FIT, DT Na— VDN EFERIRSED Z 2R AT, T70bb, 38 2
{352 L THELNZT 39 % Luche iI27C P2 K-> T, 81%DINERT3I8 DT /L a—
JU 2 NTARC G X7 47 ~ L U7~ (Scheme 6) .

Scheme 6 47 DEFL

NaBH, (1.2 eq) ‘
Meojij/%v“ CeCly 7TH,0 (2.4 eq) MGOD/\\“‘
MeO MeOH MeO
0°C, 15 min
OMe 81% OMe

39 OMe 47 OMe

B5ILT 47 123 LT, MNBA®Z U= 46 DHES Fa T A L — RS
Tt ARG AR 21 2 %L C & 7= (Scheme 7) .

I
iy
T
=

4
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Scheme 7 HCAREGRIR 21 DAL

OH 46 N~

: | (1.2eq) _

‘ MNBA (1.5 eq) 'T‘

B EtsN (3.0 eq) .

MeO]@/\\\ DMAP (1.0 eq) MeO:©/\\\

MeO ‘ 0°C,3h MeO O
ome 89% OMe

47 OMe 21 OMe

Nile)

F72, 4TI LTTILF LTI R9E D S2 G2 k- THISH A8 A%, THP i
KRR L, 2 BB 87T% DINFRT 48 2 157-. H 517~ 4812 46 i S5 & T

C3 DV v h—%FT 50NN 49 2 96% DIV TH7- (Scheme 8) .

Scheme 8 H YCAREGRIK 49 DAL

M 1 -

‘ ) Br” " OTHP ‘

MeO NaH MeO
DA\ DMF, 0 °C D/\
MeO O 2) MeOH/aq HCI MeO O
2 st 7%
OMe step 87% OMe
47 OMe 48 OMe
(0]
(6]
O (6]
| o o
HO
46 N~ : P

| (1.5eq) lil
EDC-HCI (1.5 eq) MeO -
DMAP (1.0 eq) j@/\
CH,Cl, MeO O
rt, 20 h
96% OMe

49 OMe

X6, BLOWTIZTETFNAEEEALZ50 & 51 2783 L 7= (Scheme 9) .
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Scheme 9 7 & FI/LILIK 50,51 DAL

38

25

47

51 OMe



%80 trans-/N2 7 L U RREARD A EVEREAT

FPNE, AR 2K FEERE T PCL2 BRI K D IEMEREN 2 17 72 - 7= (Fig. 17) .
FOFER, WTHOFERE 30 uM ORE THEFHFEEMEA TR I RN ERP BN
Mo fe. — 07, ZEEMBREIS PRI DWW CIX AR E CISMEARFFL TV D 2 & 3R S
-, F£72, KFEEREZ 60 uM OYRE T PC12 MlRIC/EA S 7-58121%, &2 Tody
TNTEMENBII, 1ZEAEOMBEMAERT D2 &b LNnERoT.

)]

o
D
o

9

- _

£ 40 1 £50

3 £

< 30 g 40

: :

n B

3 g 20

2 20 =

5 “

° 5 20 |

=) =3

g 10 o

]

o

| 0 -
Control NGF 7 38 47 50 51 21 48 49 NGF 7 38 47 50 51 21 48 49
10 ng/mL 30 uM 10 ng/mL 30 uM + NGF 10 ng/mL

Quantitative evaluation of the neuritogenic activity in the presence Quantitative evaluation of neurite outgrowth promoting activity
of samples. Data are expressed as the mean * SE (n = 70). in the presence of samples. Each sample was contained NGF.
**P < 0.01 versus control (0.1% DMSO); Dunnett’s #-test. Data are expressed as the mean = SE (n = 70).

*P <0.05; **P < 0.01 versus NGF; Dunnett’s t-test.

Fig. 17 trans-/\> 7 L VB8R O IE MM

WIZ, SRR R 21 & 49 2 NGF 77E T, 30 uM O T PC12 MfZIZ/EA &+,
WOCHEEE I L ABIER AR AT DN ~OE N DOERITBIER I N 7. 21 L 49 13
[l fE C o R R IE M 2 T 2 LD PC12 HIBAICREFICT/ERF LTV A DS, HtD

B2 B TR OREEE DENAAITERB L2 ERHL N E o7z,

M
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B B PEAERR AL A A L 7= NVC BBk %4 A=
FER 2 287 B DYRER

NVC (18) DIEFAERNIA TIXH 523, NGF #ill %5 1} 7= PC12 M@l %t L T2k
RIS M 2R3 2 & 2 QEAIC IR < &, 1R X /7 HI1T NGF D2 AR TdH % TrkA
R pI5S DV T MEEICEG T2 2 L X EORERERE WV EHERISh D, £, 18
(X~ 7 AN OFFFIZIC VT, TrkB B8 XN TrkB PO > 72 L BED Y v
LA REST D2 LD ™, ZOEREMILTkA BELOTk B O 7 FURiERICH
BTLX NI ETHLETETED.

Z 2T, RIS PE OTEVERHE (A LTS PCI2 Al & TrkA Z i 5E E
LTWDZERHBILTVD AS49 Mifldz HWNT, NVC IRy Tz ) e edF v
N U8R 20 B8 X OB G & LT, 20 O NVC #1552 2 fif B S 2 7R
ERVWT 7 FUICEEBRAT-2 B, v a~XxY U CEE LT 53 2V IEHE
TR ER Z1To 7. T LT, bl Z o X7 ER AWy = AZ 7 a y
NEATW, BRSNS X T E a2t LTz,

ZORER, A549 Hifas KOV PCR2 fila oW TN LiHAaIcBnTh, 20 1R
ML TUV Z M L7252 T 70 kDa fHm I Fp S0 722 3 RSB ICHERR S vz, — 7,
UV 2 L7222 TlE, a2 be— b OMENERINZN-T22 b, 20
DUVICE o THEMESNTH NV EZ2IE#R L TWDL 2 EDRHALNE R T, T,
52 ZEIIMUTRIZENTS 20 L RIBRIS, FEFICHE TIEdD 525 70 kDa (IR 54AY
MBI DN RSN, ZORERNG, 77 8 I B IERERIC RS
HEIVBIRMEN B D EHEE IS, £ LT, 83 ZIRMLIEARTIE= s hr—/b b g
LT, B2 NITBEDONRY FPBEESNR -T2 L5, 70 kDa {2 Bi%2 S
e & 37 T NVC (18) Z 38k ¥ 5 nl etk s X7z (Fig. 18) . £ 72, A549 Hifia
BLOPCRZAMEONWTNEMHEH LGS TY, RROBERNPEONIZZ &b, LI
DEBRTIE, HEAERY FO DR S 72 A549 a5 L7-.
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A549 cell PC12 cell
uv(+) uv(—) uv(+) uv(—)

(kDa) control 20 52 53 control 20 52 53 control 20 52 53 control 20 52 53

135 s 1 1
— -— ;

1
100 s 1 1
1 1
75— ——_— —— = = | - - !
= = xm i
1 1
63 m— | \
| 1
| |
48— i i
1 1
1 1

Each of cells (1 X 10° cells/mL) were incubated with samples at room temperature for 30 min under UV irradiation.
The lysates were subjected to SDS-PAGE followed by using streptavidin HRP to detect the biotinylated proteins.

o |
S N ~g~ N O
p T T
O O

Fig. 18 A549 Hifnds X OV PC12 HifE 2 F 7= Y E A A sk 52 B

RIZ, 70 kDa fHTIZHERR S AL Re 72 & L X 7 % L C, NVC(18) 23Bifn &
RTZEEFEAT S EEHME LT, 20 EFRIFEC 18 2RI 2 HAEKBREIT- 72,
Z OfER, 18 Z IR LT RIS W TRIEMKRAFHIC 70 kDa LD # > /7 D3 R
WL IR o T Z & D BRI X NI ISR D 20 DFEE A 18 1T &Ko THAMICE S
N2 Z BRI, Liend> T, 201X NVCU8) ICHfIMEZ /RT & v X7 B & Fi
AOICEERR LD 2 &SGR &7z (Fig. 19). 728, 20 ORERZ X7 BTk Bk
B OEFICKRIERD 18 NHE Lo fiR E LT, AEBRRIZEBWTHIRAN~D 18
DOBATN o TITENZ LB 6.
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NVC (18) / 20 ratio

(kDa) 0 1 10 102 108
135 ==

100 ==

P -

63 m—

48

A549 cells (1 X 105 cells/mL) were incubated with 18 and 20
at room temperature for 30 min under UV irradiation.

The lysates were subjected to SDS-PAGE followed by using
streptavidin HRP to detect the biotinylated proteins.

Fig.19 NVCIZ X5 20 & DA ER

WIZ, 20 (2K > THGR SN2 & v X7 BOMIN TORIEEZERT 52 L 2 HINE
LT, Ml o2 o3 7GRN EE L Coomise v b2 U, i B 5y & 4 e s
SORBIEZRM LI, 2 LT, ERBlOUZRZ Ty NEITo T fER, ks o8
7 BT AREIEE S (IR ST, MR E B SRS D 2 & D3RR STz (Fig. 20) .
Z OFERIE NVC OECIERR A PC12 MAPICREAT L, S hRIEEE M 2R L 7R
REGET D .

48 =

1
Membrane !  Cytosol
20 - + - +
A549 cells (1 X 105 cells/mL) were incubated with 20
at room temperature for 30 min under UV irradiation.

The lysates were subjected to SDS-PAGE followed by
using streptavidin HRP to detect the biotinylated proteins.

Fig.20 202 k- Tk S iz & > X7 ORI E ~D JRfE
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B AT XA R ADEERE
= O AYTE M E

Co il

AR T XA AQ5) B LU B(26) 1 2004 FEICHIERFOKRE, HHibizk-
TAMEBENFTHFRZ T OF RN S BEERE SN EAXFT AU THD
2 (Fig. 21). HEEARME LT, TR X =L 2G5 TIROESHERE, Ao RFEFRF
a e LT ARFENRIRFEEZA L TWD., £, ZNo{bEn, & N7 U THE

TP DR K RE AR ETE R 2 A0 Z EAME SR TWS. L, 20
FZRTE MR B A 77 = X TR TR S ATV 720,

Spirotenuipesine A (25) Spirotenuipesine B (26)

Fig.21 AR 7 XA X A BLOB Ok

A BT XA XY O = — 7 Tk L AEMIEE, AR A L OBk A R X
S, 2006 FEICHFERFOERSICI DA BT XA XY A 25) DT I BEM,
2007 FEIZiZ 2 v > B 7 K% O Danishefsky HIZ KD AERT XA~ A (25) B KX U'B
(26) DARF 2B ONENZNHAE STV D (Scheme 10). JER D DA FRILIE(R#E T
DEREZFEE LTEY, 54 I L T=y r v Wy FREIRSIC I D Ev 7
nZ7 7 NS5 OEEL, D7 I FEHWEZEHT VX LIC L D A ¥ RIS 2§
Btk LTW5h. —J7, Danishefsky H1%, 57 Dy W7 a7 us Ay, ZhilHt
e r7a7aRrmOT7 UHNAREHERKIEE LT ERD DAL — MIBT D8+
ML F—D 55 25 Tn5. Z0%, RIROLHAZRTHE LN 60 (23 LT,
Danishefsky-AtJii = > & @ Diels-Alder SURIZ K> T 61 ~LHW-KIZ, AR T X

AR A (25) ~DEHEFER L TN 5.
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Scheme 10 BED AT T X A~ 2 A DA REH

Ial

Watanabe et al. (2006)

0 Ni(cod),
EtsN, Nal O Br Br
then Et,SiH o LDA HMPA
DMF,95°C S 3 THF
79% —78°Ctont

54 Br 55 23% ()-Spirotenuipesine A (25)

Danishefsky et al. (2007)

0]

#O@jgo

o (¢}
N BuzSnH
? ~tBu o) O ABN 6 "0
5 3 5 _
toluene 5 3
reflux, 1.5 h
57 AcO  91% O

AcO—" 58 s 59 55

TMSO

Q I\
o \ OMe
(0]
OPMB

60 OTBS

(+)-Spirotenuipesine A (25)

24 steps
overall yield 8.3%

WTNOERL— N T, 3MONVKRIFEZ EEHD & LT, £7 5MAFHIUHKHR
AREFEL, T 6 AR EE AR IR 3R A IHUAREE L T 5. AW HIERER O FEE L 1) 1 F
T EAEICIEINT S &, EB LD — MIF TR TIEH D b O D, INERIZFREN
& 5. —J7, Danishefsky HDER/LV— M, DETRIGEZFEML TWD TEPEL,
A —NT v FITHENHH LB 6.

I TEEL, KLOPRMCENIIGOFRER AR T XA N A DERL— |k
BA%E % H¥5 L, Ireland-Claisen #5(7I1Z K- T 5 if, 6 i AAHIUMKIKE % (ZHESES
DB AL A R L7z
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HHH (2)-AE HTEZ/f“\V‘/A DEE R &
FHEARDE R

AT XA N A25) DA A %2 Scheme 11 12777, T A7 )L 66 [XBEHE %
BECAF IR AR 7 v a—L 67 Z AL LT, AR BEfEG SE 8
T EE 7. 6612k LT Ireland-Claisen #5723 3% Z & TS50z, 6 (LMK

—ZEIIHEL TS N EONDL LE AT, ARISTIE ML T 5 k7 va—
S DRBAFIRELEYFFLTZ. 65 NHDT 7 hiAbd: B = b= —T )L ONNK i
BT 64 ~LBEX, HIVR=VIEDERNL & TV DA, SRR 72 =R % 21k
IZE>TOINHFoNDEERT. 63 DHDEITICLSTHELDL TV h— I RTRFY
RERBGE L CHASELZ L TT 84 —/L 62 ~LE X, REGICIRERIIC
METDHZETAERT XA XU AR EAKRTED EEZT-.

Scheme 11 A BB T XA X A OERKEHHE

Acetal formation

Stereoselective Intermolecular
epoxydation lactonization

64

OH

SN OTI PS Ireland-Claisen : OTIPS
rearrangement 67
65 5 3TOTIPS

66

U

B RLEFE D8 & 72 5 Ireland-Claisen 571X, Gilbert & DS 0% £ E (2% 5 L 72 (Scheme
12). Gilbert 5%, "V aT= o OEKIZBUVT, 68 75 Ireland-Claisen A2 K > T

BEEES 2 2 DO F IR AT R 38 & i SLARIRIRADICHESE LTV AL Z OFRIRED R BLIC
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TARATND BALUHET DT ) — N T—T UL DHF L— 3 VIIRIZE - TSR
HCRAET L) 77— FONBEFRHH SN TND Z EICERT D, 22T, BILIC
T ) —NT—T VOO VI, L VLEICREP ORI IE~ORIE S FRE/R T &
H—)LEE A LT 66 % FE & LT Ireland-Claisen #5217 9 HikaER LT,

Scheme 12 & L — 3 U ZhEAFIH U 72 KSR A 72 Treland-Claisen #5017

®
OMe meo--K

0 o° 1) TBSCI, -100°C
KHMDS, ~78 °C — 2) 65 °C \ \
0 ©  3HF \ \
4) CHN,
68 69 70

92:8

9, BEEE 9 CTIHRATEEZ: 71 2 RREEE LT, 7 va—nrov e

AT IVDIRITTIZ L > T2 TR IBRDINERT, 7T VLT )La—)L 6T ~&iE -, Z LT,
FIVIR L ERED 9 L HEA S, 99% DI EE T Ireland-Claisen #5017 B ER A 66 %157~ (Scheme

13).

Scheme 13 T A7 /L 66 D7l

1) TIPSCI OH
OFt imidazole OH EDC-HCI °p

0 DMF DMAP o)
- —_—— >
2) DIBAL-H DMF

OH THF OTIPS 1,24h
2 steps 93% 99%
71 67 OTIPS
66

66 (=%t % Ireland-Claisen 57 O S a T, EBALUGTE, 5O VR ViR %
AFNERT ARG LU TOH (IR 2 MRS L7z (Table 1), BRETORKER, Entry 4 (2
<9 TMSCL, LDA ZZ N2 5 Y&, MEUEFSIET 24 FHRIS S 126 O0 62%
Ehch RWINER 5 2, SIRERIRIIC S AL & 6 LD IURRRFE Z RS D2 LN TE T
L2, 3OS T AT AT L A~—2MEE 1 1 ORTERTH 2
ERBLMNII T, B, ERLTZ 65a, BIIBRZICV Y BTN I T Ara~ NI T

7 4 — CHEERTRE Tl 7.
33



Table 1 Ireland-Claisen $&{\7. D S&{E R 5

o™y 1)LDA(5.0eq) pg |
00 TMSCI, —78 °C
2) A
0 ——

66

Entry Temperature TMSCI (eq) Time (h) Yield 65a: 655
1 rt 5 24 24% 53:47
2 rt 0 24 decomposed —
3 60 °C 5 24 51% 53:47
4 reflux 5 24 62% 52:48
5 reflux 5 18 55% 52 :48
6 reflux 5 36 51% 53 :47

ARBE DOHERE FOCHERE % Scheme 14 12777, £¥, LDAIC K D7 v b oARICHi<,
VhavA TNV Z L > TT 82 —ADBRERET L. W TZ AT A0 y M7 e ko
ERETT D, 20K, VFULIFFAKT L) T7— T =F B8l 77—
ND BALDOERIRFIZL DXL — 3 VHRICL - T Z@BRWIZT ) 77— FBERE
D K LIer /7 —F 2 TMSCI T F7 v 7 LIEOBIZHIRT 5 & TS-1 TR L7#E
W BIOEIRREZ R U CRURDEIT T2 2 & T, Hi721CE T D SALE 6 D MUk
FOMMEEBRHE SN D . —J57, 307 L3 — L ERIRUS s S BEN T AL B S AAAE
T 5T DITIBIRE~OREITRO BT, 65a & 658 DAL, 1ZX1: 1Il/koTz
EEZLINS.

34



Scheme 14 Ireland-Claisen H&{\7. 0> HE & 7 AR
0/7 |_|® g\ LiO/‘\O..--ITiG)
o)

0 o] .
S = O e
LDA
OR OR  Retro-oxa- OR

Michel reaction Deprotonation of

y-position
TMSO
TMSCI OTMS reflux OTMS \\:HQOTMS
@ ROt
Stereoselective TS-1 TS-2
silyl enol ether formation .
Chair-like form Boat-like form
favor unfavor

basic treatment
and
methyl ester formation

65q,

OTIPS -

Ireland-Claisen
rearrangement

ZIT, MEARRMEOM EEZBNE LT, 66 O 3 LTV — LEORERE Y T
HicEEH 2 7= 27 )L 73 IZ%FF 5 Ireland-Claisen 50725 L7-. T72b b, Si-O
I OREAIERE (1.63A) £V & C-OMDFEAIERE (143 A) 0lFNEWZ L E2BET D L,
TIPS %% U FNALKICEEZHZ 52 & T, 3 7 /v a— /LR RILR~ELDE, 37
RIEFIC L DHBNERKTH LML, 22C, 1 IC N FUEEZEAE, =T
NEBETLLTEONEZT VAT Va—L 72 ZALKRUBERAESETCHRET S

Ireland-Claisen 857 AiiBR{A 73 % FH%L L 7= (Scheme 15) .

Scheme 15 73 D&%

1) Trcl OH
OFt DMAP OH EDC-HCI °F
Oj pyridine DMAP o

_— _—
2) DIBAL-H DMF
OH THF OoTr  ™.24h
2 steps 78% 97%
71 72 oTr
73

5472 73 % Ireland-Claisen S5 DRMNIR LT & Z A, SARMELFIIRRE CTIED

HN2FEEEDOST AT LA —DIREW 74 73 2 BEfE 54% DINERTH H7-. '"H NMR
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MOEELTE-FNENDOYT AT LA ~—0ER T

a— U RERAER L2 &1
72 72 (Scheme 16) .
Scheme 16 74 DEL

9

%
O

1) LDA (5.0 eq) HO 0
TMSCI (5.0 eq)
2) refux

6

3) TMSCHN, 5
2 steps 54%
OTr

=52:48

73 ar

CO,Me

74

OTr

ZE1:1 THY, 3MDOT IV

LBEPFEO M BIX, HIFFCK LTI E A LR TE 2

ZFIT, £FTE65a, SO TEIRTORE T XA~ A (25 DAME BIET

Z &I L7z, 658 % PPTS T L T 77%DINETT X — V158 %1512 158DV

VI IRE LT 1%
HATL, 31T
T-1%, AN iR
5 ET, 81%DILET 78 1537-.

VU NEEEE

L TT 7 b AL

90% DIV T 76 ~LEL Z LN TET-.

EITL, 85%DINETT6 ~LEL Z LN TEL.

RAESEIE X RS A & A T CHfERE L 7= (Scheme 17) .

Scheme17 B 7 0257 k1 76 DAL

rt, 24 h
77%

PPTS (0.1 eq)

rt, 24 h
79%

-1OTIPS

p-nitrobenzoic acid M\
DEAD o
PPhg
Toluene

0 °C, 30 min
87%

PPTS (0.1 eq)

-1OTIPS

NaOMe

THF/MeOH
rt,2h
85%

WSR2 TNZ T R A RA MR REMNZ A2 LT, 77 bAbn

—J, 6San T EZ—1{bL

L, YEHER It SO C 7 Va2 — )L DSIAR % [ bR X
BT, 18% T MY DUARA N NCUETHZ

—

¥, 76 DXL

TBAF (1.5 eq)

THF

rt,12 h

then NaOMe
90%

TBAF (1.3 eq)
THF
rt, 48 h
quant.
fy 5y
9%
PN
76 e )\/,,
ot .— "_L
B

ORTEP drawing of 76



RIZ, B"oNIZT6 DT F— N 2Bilki#E L T7 b 64 21572, 64 (1L T, ¥V
N )= V=TV ERA L7 2= L=k, Bbick L RO R0 B
BEAATVY, 3 TR 61%DINR T EHiGA 2 A L7z, 80 ZH AV T, ~BuOOH T
R 5 & AFVIIC K DR EZ BT TRIGHEITL, =¥ R 81 % 93% DI
RTH. T, B FOORNEZSEIZ 8 OTRF L FOIETTHBAER 2417V, 93%
DINFET LR Fax 7 82 & LIERITKFMIARYR ST NI AT hoZiEn L
TEIRIZTV A —)L 83 457, AZADO BR{L 2K > T8 D—F7D k7 /va—nd
Fr% 96% DI TERAVIZERAL L7222, BRCTUE L THAKL, 96%DIRTx )
85 ~ & #H\ 7= (Scheme 18) .

Scheme 18 =T/ > 94 DEK

(g_\o o) 0o 1) TMSOTf PhSe
Et3N g
(o) TSOH'HzO (o) CH2C|2
—_— —_—
acetone/H,0 2) PhSeCl
60 °C, 16 h CH,Cl,
quant. -78°C, 1h
76 64 2 steps 74%
- ONG) NaBH,
+BuOOH agq “OP il o, PhoSe;
NaOH v g o AcOH NaBH,4
—_— " —_— _
THF - EtOH MeOH
0°C,4h % J< 0°C, 15 min 0 °C, 40 min
93% 0-0 93% 97%
81
AZADOL®
HO!- Phl(OAC)Q 0 TSOH'HQO
e — —_—
CH,Cl, CH,Cl,
rt,2.5h rt, 48 h
83 96% 84 96%

85 /5 86 ~DEHUTIER L DAL — kN DEBEBIL, GG ESE L THEDT-.
=9, LL IV 7AFa T bR LY AR T I INZ Ko T 63 D F
VF VT 4 BUDPR TN AR AL LT, ZOME TS WERRMET
convex M7 5 SIS HEIT L=, 63 75 86 ~DZEHATIX, DIBAL-H |2 X % 63 D&
TLD%, MRAEIZE D7 v 74—V OREEZ BT LI MR TH 72, LavL, 63 &
TU NN, vy Y VKSR T L C, |IRTRT 528 T, 77
R DOTEF Y RICRT 5 REBEN R L— RZHAT L, EEIIC 86 21525 = &7

T 7~ (Scheme 19) .
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Scheme 19 7 & &% — LI DA

F3C
\ﬂ/ (12 eq)

o)

Oxone (4 eq)
NaHCO; (8 eq) DIBAL-H (4.0 eq)
_—
MeCN/H,O(10/1) C;-lsz%z ish
0°C,24h ~78°C, 1.
98% then 30% aq Rochelle salt
quant. |||
O?/CFS
O\ O convex-face
R R

72, 86 ZFEH L TH7-a-OH 1K 86a% p-7 02 A AV LT-1%, HfEsaORE
ZIHELL, F 0O X B mREEMTIC X o T, Y ARMEF A2 MRS L 7= (Scheme 20) .

Scheme 20 86D AR L FDFEZR

p-bromobenzoyl chloride
DMAP
EtsN

5 PBrBzOr

OH cH,Cl,
rt, 24 h

~0
) OpBrBz
84%

86« 87 ORTEP drawing of 87

86 DAL, Wik~ > & W56 TIRIR) D, TOFEME R -7,
Z 2T, Trost FB{L AWM L7 & 2 A, 2T VAT L a— L OBRERE EIT L,
94% DIV T 62 157, 1H O 62 12X L TAFIELEITD &, FET T ¥ VAL D
DIEPEIERNTHEIT L, 80%DIET@)- AR T XA X A (25) DG A ERN T

0. T BARAIGERIE 22 T2 12.6% T d > 72 (Scheme 21) .
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Scheme21l AB T XA ADEK

(NH4)gM07054°4H,0

K,CO:
TBAC
H20, aq ~0 Nucleophile (10 eq)
86 » O R B THF—>
THF
ft, 24 h 9 OH Z78°c, 1h

94%
62 (+)-Spirotenuipesine A (25) ()-9-epi-25

12.6% overall
22 step from 80

OMe

Methylation favor /
Nucleophile 25  9-epi-25 O=—4% OH
MeMgBr 80%  trace H
. (e}
MelLi 65% 20% unfavor ©p e

SICHEETEMABE OFELZ BIIE LT, AL BT XA A(25) OFERARIC
HHLY ML ATZ (Scheme 22) . F£3°, 94Z, 1327 /L2 — )L NEMIZ G- % 5 B % e+
HZEEHEME Lo EAR88,91 R L7-. (£)- A BT XA X AR5 ZE0°C T
KFEAT RV T, GUEATFALERIGSEDL T ET, 13 L7V a— LB A F LS
N7z 88 N 80 DINHKTHEOLNT-. T2, ()25 D 13 (L7 /a2 —/L% TBS THRi# L 7=

BIZ9LT v a— DA FNALELTVY, TBAF TUEET 52 L TI1 % 3 TR 67%D
IR TG, £z, “HEA OEE~DOREE R 5 - 012(2)-25 ZHMUKFE RN
EoTEILL, 67%DPFHET 92 2187, — 5T, FAEFRRICNT ST+ e —7
DERZFER LT, 9L A F VI 2 SRR EREEOEAN R T UV EICE S X
HRERL AR LI T bb, 6212% LT Grignard ik A EH S ¥ 24T, 93 %
T1% DR THL LT-.
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Scheme 22 A b 15 XA~ AFEKROER

NaH
Mel
THF
0°C,20h
80%
TBSCI NaH
(+)-25 imidazole HO ~0 Mel
*)- _— B
CH.Cl, - THF
rt, 12 h 9 OT8S n.5n
87% 87%
89

Pd/C
Hy baloon  HQ,,

(+)-25
MeOH H
rt, 24 h ©
67%
92
ClMg/\/ HO,,
62 g N
THF OH
-78°C, 1 h =
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FoE T AT LAY —IEIZL D
A BT XA R A WSS EMRO TR

AR BT XA Ry AQ2S) OISR OGHIT, JeAEERIEE 71 2 W Th
%% #E 8, Ireland-Claisen B5(\7H% D 65a & 65F IS T H T AT LA ~—%2 %145
ZLTERTEDLDEEZLND. LL, +0ED T IEKD 25 DEMNERTE T
ZEMD, 2T, 250V T AT LAY — LI L BN EEREI LZ. (2)-AEE
TRA Y AQRS) DT V3 —VENS, JRH, B OIC Ko THRE SN T AL
NRUEE OEFEESEDH LT T AT LA~—{b L. T Ara— v EFHA L=
VT AT VA —UIZ L D 0ENE, —RICHEEE STV, B REZ &I/ b6N
T AT VA~—94,95 2L VBTNV I T A a~w NI T T 4 —CRHIZHEET D
Z & 23T & 72 (Scheme 23) .

Scheme 23 H)-AEBTXAXRUADTT AT LA~—1k

MNBA HO 0 o
EtsN NO,
DMAP o o//l( (
CH,Cl,
rt,3.5h 9%

(S)-MaNP acid <50% (Impurity 96 contained)

94 L 95 DYEEIZIIARE) L7248, 95 121X MNBA H3kD B /LR U EEDEA LTz & HEH &
DA 96 DNEFEL TEH Y, HPLC Z VT H % RIIIHBECE /e ho 72, £ 2T,
INBxEAL ) —VIEER, RISRPTHRAEISHEL T AT T LA R R DERIG
SHDH & T 96 BRI BE AR L, FlikE7e 95 24572 (Scheme 24) .
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Scheme 24 96 DR K 72 NA IS fiF

Mg

MeOH
rt, 20 h 95
two times

28% from (x)-25

Selective Methanolysis of 96

HonT-99BLOS 2FNENT M) UARA NSV RTUHT A2 LT, AERT X
AR A DFEFIEMAR (+)-25, (-)-25 2 F N F R 72INR T 7= (Scheme 25) .

Scheme 25 A b1 XA~ A WEFRMERD SR

NaOMe

MeOH
50°C,10h
90%

NaOMe

MeOH
50°C,10h
90%

42



HIE AT XA ABILOEERD
B Wi PR A

B LT v T E RO AR O 7R, NROICE D8 e B BT
ol Thebb, 7V 7RI K LT 7L E RN T 48 FEfE% O REH I 2 [B]UY
L, ZOBEUL L5 FiEZFIH LT PC12 Milaa 1548 L. 96 Refilts#&#% @ PC12 #f
NaDFEREZAL N D, 77U T Ha) & OFRt e K+ pE A 4 574 L 7= (Fig. 22) .

spiroteuipesines

neurotrophic neurite
factor secreted & outgrowth
s Jrom 1321N1 cells —> C

132IN1 cells PC12 cells
(glial cells)

Fig. 22 8528 K 1P AR (R ETEME O TR M RTAH R

FTETEIRKDODARE T XA X2 AQS) Z W TEMFHMIi 21T > 72, £ OfEE,
U TN EMZTZRTIEa Y b — 2, HREICPCI2 i DO REE LA R X
B E LTHID TAE BT XA X AQS) O F U 7 IR 53 2 ffifk S 2% K 17
AT 2 RS L 72 (Fig. 23) .

04 A
c **
-]
o 03 -
©
O
N
§02 -
s
5
,EJ 0.1 A
=

0
Control 10 ng/mL 30pM _ 3uM
NGF (x)-25

Neurite outgrowth of PC 12 cells by a conditioned culture medium with 1321NI1 cells.
The neurotrophic factor secretion-promoting activity of ( +)-25 from glial cells (1321N1)
was evaluated by the observation of neurotrophic factor-induced morphological changes
in PC12 cells. Data are expressed as the mean *+ SE for three wells.

##P <0.01 versus control (0.1% DMSO); Dunnett’s r-test.

Fig.23 (£)-AE 07 XA X2 A OFEMEGHE
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PC12 MR DOFEREZL N A B BT XA X2 v AQS) OBE#EERICL Db T AN
LR T HHNT, YU 2 ER PCI2 MO RN L T, PC12 Mlao
FERREL MR LTz, ZORER, o7 izl ar ban— Lt OETHEREN
T, AT XA R AQR5) 13 PCI2 Mk L CEZEEH L TV 2 & 3FE &
7= (Fig. 24) .

05
- %k 3k
c
204
o
S
v 03 A
c
R
S02
c
o
S 0.1
5
0 - -
Control 10 ng/mL 30 uM
NGF (£)-25

Quantitative evaluation of the neuritogenic activity in the presence of samples.
Data are expressed as the mean * SE for three wells.
**P < 0.01 versus control (0.1% DMSO); Dunnett’s r-test.

Fig.24 (1)-AE 0T XA X2 A O PCI2 ffEZx4 2 EHEEH

WIZ, AT XA NY 2 A FEARDOTEVET T 21T > 72, 9-epi-25 TIXIEMEDMRFF S
VTV, ONLT Vv a— v AT L7291 L=/ v QTR E RS oz, &
7z, BT NVva—nzAF AL LT 88 biEME A RS RinoTe. —T77, LA FNVIEED
RNT U NT v a—L86a, BB LNIN AT NIEZT U NVKITE S X 72 93 TIIiE Mk
DIRFF SN TV, 612, ZHEEAZEIT L RITEEEZ RS Rrole. Zhb o
FERND, 9, 13O 7 )V a—/v b TEHEGIIEERBUINATH H 2 & DRIz,
F72, 9L A FNAIITIEMRBUCKLEATIERNZ LD, 93 D 9L T UL EDOEHIZ K
%, VERRFRRICH T -7 0 —7 O8R5 T % (Fig. 25).
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o
o

* %k

:

* %k * %

Differentiation Scale Unit
o o o o o
it o P = o
I
*
*
*
*

0

NGF (2)-25 9-epi-25 91 62 88 86 868 93 92

Neurite outgrowth of PC 12 cells by a conditioned culture medium with 1321N1 cells. The neurotrophic factor secretion-promoting activity
of samples from glial cells (1321N1) was evaluated by the observation of neurotrophic factor-induced morphological changes in PC12 cells.
Data are expressed as the mean = SE for three wells. **P <0.01 versus control (0.1% DMSO); Dunnett’s r-test.

Hydroxy group and double bond are essential

Methyl group is not essential

Fig.25 A7 XA X A OMEETEMEFER

FEWT, AT XA~ AQS) DNFIEARZ VT iE M 217> 7. =2 |
o—/L R LT, (4)-25 B L ON)-25 TIHIEMENTER S0y, (0)-25 TIZIEME e
RTEXRmoTz. ZOREND, 25 TR LR UL F 2B T 5 (+)-25 OHABPIE

Pz R L, (925 IZITIEEDR N2 E NI B0 & 72 > 72 (Fig. 26) .
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= 0.5 A

c

)

[0)

= 04 -

&)

()]

S 03 -

©

G 021

Q

8 o1z

0 -]
Control 10 ng/mL 30 uM 30pyM  3uyM  30uM

NGF (+)- 25 (-)-25 (+)- 25

Neurite outgrowth of PC 12 cells by a conditioned culture medium with 1321NI1 cells. The neurotrophic factor
secretion-promoting activity of samples from glial cells (1321N1) was evaluated by the observation of neurotro
-phic factor-induced morphological changes in PC12 cells. Data are expressed as the mean % SE for six wells.
##P <0.01 versus control (0.1% DMSO); Dunnett’s ¢-test.

Fig.26 At 105 XA~ A SRR AR O TE P

WIZ, ABT XA A TUREE L7 ) 7 il 255 NVC (18) Z i L T
EME~OEBE MR LT, ZO/E, NVCA8) OUSIMOA EIZ K 215 D 7221 LR
72 o 7. NVC(18) 1X NGF Hili & 52 1F 7= PC12 AlAaICxh U C 2t il R HETEME 2 o
TZEND, ZORRIE, AT XA AQSIETZ U THlENS, NGF &3
72 DA N T DOFEA ZRE L TV D 2 & 2R 5 (Fig. 27) .
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05 1

%k %k
c
5 04 -
o * %
3 I
8 os | v an
c L 2
RS
S o2
T
(O]
) -
= 0.1 -
o
0 -
Control 30 uM 10 ng/mL 10ng/mL  30uM 30 uM
NVC NGF NGF (+)-25 (+)-25
+ +
30 uM 30 uM
NVC NVC

Neurite outgrowth of PC 12 cells by a conditioned culture medium with 1321NI1 cells. The neurotrophic factor
secretion-promoting activity of samples from glial cells (1321NI) was evaluated by the observation of neurotro
-phic factor-induced morphological changes in PC12 cells. Data are expressed as the mean * SE for three wells.
*##P <0.01 versus control (0.1% DMSO); Dunnett’s ¢-test.

Fig.27 NVC L A BT XA XL A DHMBAE DI L DIHEE~DORE

Z 2T, RIZHL NGF Hulkz V7o RSk 9217 > 72, NGF (25 L THt NGF Hifk
PR U726 O TIX PCI2 MIRDTEREEA LT & A CHER SN 2T, T &)
5, HL NGF HUERNAKRT v ALUET, BEL TV I ERMHRATES. LIL, (+)-
A BT XA NI AQRS) I LT R T, UL K D IEME~DFERI5h &R
SNehote. LIehio>T, ZOMENS S 25137 U 7#llan 6, NGF &35 5
TR R DOFEAZREE L TV D Z & MFEI S 4L7e (Fig. 28). 7288, 7'V 7THIlE) & &
A SN DR T D 9 B, GDNF IZ-OWTlid 100 ng/mL D¥EE T, PCI2 MO
AL E R SN EE2HERLTWAD. LEEBoT, 25 IZX o THEAMEEIND
F% a3 N 11X GDNF TIZEW L E 2 515,
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0.6 -

%k %k
—
c 0.5 1
2 %k %k
) T * %
© 0.4
O
wn
5 03]
=
8
=
c 0.2 4
(&)
P -
(&)
3=
IS 0.1 4
.Lm n N
Control NGF antibody 10 ng/mL  10ng/mL 30 uM 30 uM
NGF NGF (+)-25 (+)-25
+ +
NGF antibody NGF antibody

Neurite outgrowth of PC 12 cells by a conditioned culture medium with 1321NI1 cells. The neurotrophic factor
secretion-promoting activity of samples from glial cells (1321N1) was evaluated by the observation of neurotro
-phic factor-induced morphological changes in PC12 cells. Data are expressed as the mean + SE for three wells.
##P <0.01 versus control (0.1% DMSO); Dunnett’s r-test.

Fig.28 NGEHUKIC LD AL BT XA XL A [EME~D 5

48



l\
5

C

A5

Kl

~

K IR W TER L, MRREBRNFROEMEEZ R I(LEMIZER L, T H D
BRI K OVEMIE VRS, TEMREFIRRICEY AT
—E T, BR24EMIEMNEZ T NVCUS8) & trans-/3> 7 L > (T) OfEZ Hia s
DEDLZ LI oTHELNDLNA T v NMEAMOERR & AMTEMERHT 21T > 7. £ D
FER, trans-/N 0 7 L HUR O U ETE DM 5- S 7 NVC B ZFonA 7 U v R
LB 44 DBFFEICHRE) LTz,
H—E NVC- T oA 7V v BMEEMO G & £ O AW EEH

XE@

NVC (18)

@ o
OMe NVC scaffold with neurogenesis activity

OMe
trans-Banglene (7)

BT, NVCU8) & trans-23 2 7 L 2 (T) OAEFAREFEESR A1) 72 A2 IC B f1
By T UIALICEBRIEEZ BN LT trans-/N > 7 L BRSNS E RIEME 2 (R FF L C
WL ZEEMLMI L. £7Z, NVCA BRI 2 EA LIS+ 7 rn—7
20 % VT, NVCA8) ITBIAMEZ R & o /X7 EOBHIT D) L.
¥ NVC B X rans-23 v 7V o OVE RIS ARIAC 811 7= BF4E

MeO o)
)%
OR . Q
o [
) 2.
HN” NH N o)
N

MeO e \\(\
MeO " 2 i " v H H OJ
() g S
OMe (0] o]
OMe 20
Maintaining neurite outgrowth promoting activity Labeled the protein indicating affinity with NVC
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5B =TI, MR E A RS A R T AR T XA NV AR DT EIA

RETT AT LAY B KD WP RMEROTR A ER Lz, & 61, FEIREIC
I KA, AR LIV TN OAERIENRHEAIT S Z & T, ART XA
A(25) DIEMFBLZIE, (0 AKONRILFE 9, 13MLOT )V a— b, ZEEGNLET
HY, O AFVENLERNT L A2 L. £7-, NGF OEA Z R4 5164 ©
> NVC (18) Z /7 S W72 F 5 N O NGF Uik 2 FI | L2 PR EROR RS, 2w
T XA AQRS)IXZ Y TR D NGF & 13878 2 iR S K1 D FEA 2 i L C
WLZ EZHLMNI L.

B 2T XA A DB E F D EIEE S

¥
/w HO/_\O

o Ireland-Claisen — CO,Me : Diastereor;lze(riization
rearrangement A o] metho
o — SN —= S\ . (+)-25,(-)-25
j OTIPS
OTIPS

o
o]

(+)-Spirotenuipesine A (25)
65 22 steps 12.6% overall
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EBROER

SIS, PRI, FEBREBIEICOWT

FRIZWr 0 072 0RO, ROSIET VT RERT TV, REETHRO b DEZE D F
FHEH Lo, ROSEEICITRRIEE S U IZBEH bRt RIS, ik - i
MR AERN L. WEOBEITRIET, vn—% ) —= R L —F—T{To7z. 7
Mg 7 v~ k277 7 ¢ —(TLC)I Merck Kiselgel 60F 254 (0.25 mm)Z=fEH L7=. A
ARy hOBEHIZIZ250 nm X TV356 nm D UV 7 > 7T OBE, 2% p-7 = AT VT & R-5%
R~ 7 ) —VESHRIZR L7ct, MBS 52 & TRIBELE. ik, IvERezEs
LI VAT NMCRTZETHRIELIZ. BRSBTSV DT Lo a~ N7 77 4 —%
BARALANER > U 77 70 60 (BRIK, 63-210 um) % FVy, Wik U B AN T A7 < b
7'Z 7 4 —13F N7 AT A7 FLHL Cosmosil 140 C18-PREP % 721% 75 C18-OPN Zf ] L
. 7a~ N7 40— LIEEBEE viv TR L. @ik e~ 7 o7
+ —(HPLC)IZ H A3 e4E# JASCO PU-987 1 7 1~ K 7K > 7, JASCO PU-2080plus 7 7
v MR T E2ANT, s & L TRASJGHE JASCO UV-970 RifkHids, F72i3

JASCO UV-2075 Bfn Higs & VN 7=,

WET — 21220 T

EREAE ([alp)iE,  H A HIASCO P-10305U5E 54 IV CHIE L7z, ARIMIRIIL A 2
27 V(LA IR & BE9)IE B ARy ETASCO FT-IR410%! % FVNC, ROBE CTHIIE LTz, Kl
KA A7 R JL(NMR & FR9)1E, VarianfE# Gemini-200%, Unity-200%, Mercury-300
A1, MR-400%!, Mercury-500%, Unity-600%!, % 7= |3Brukertt® #iHi 7' v — 7 ICBBO
cryoprobe Z F\» 72 AVANCE III HD 500 MHz spectrometer Z VT, 7 7 A F /L7
STMS)ZWHEHE L L CIE L7, F£72, HIEBEITE Y v 1 AR/L A(CDCL), HEHA
P (CeDg), EEDMSO(C,D¢SO), E A ¥ /—/L(CD;0OD), LY T (CsDsN)Z FH»

7o ALFET 7 MO ZppmBAL TERFL L, #EATERW)ZHZBEAL CTHIE L. > 7 g,
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—HfREs, “HREd, —HERE, WEREYq, LEREZquin, ZEHEEZmORLEZ. £
TeWg IR G idbr & L7z, BESIT AT FVELTMS &E)IE, AAE -+ AX-500
A AT, LA T AIECA T CLE IS ), UL SR A4 {biE(CL FFAB L IE)
& Waterst:%! SYNAPT G2-Si HDMS ZH\WC, =L 7 hr AT L—A A ALIECLT
ESI& M) THIE L=, 728, E&EOHT A7 kL & NMR Unity-600 oD I 7E 137 & SCH
REFHJulant o 2 —ITRE L 72
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Srope

o

Methyl (E)-3-(3.,4-dimethoxyphenyl)acrylate (34)
MeO___O

=

OMe
OMe
34

34-V A FX v F AR (10021 g, 48.13 mmol)D A X J — b (96 mLIEIKIZ p- bV
T ALK R KR (904 mg, 4.75 mmol)Z& %, 17.5 FERIHEFE U720y S INEGE T
Liz. S|IEE CHntk, fafmgAKkET MY U LAKEREMZ, T/NRL—F—TA
X ) —NEREL. BT VTR L, B0 AE L2 28K, fafafKkT
Pelits, BOKBEE~ 7 % U LA TR S, IERGIENM Lo, 15040727k 34 (10.948
g, quant)Z RIS 5 2 L7 S WRD USTER L7=.

34: white solid; FT IR (neat) 3001, 2950, 2839, 1714, 1633, 1600, 1519, 1464, 1455 cm'; 'H
NMR (300 MHz in CDCl;) & 3.80 (3H, s), 3.91 (6H, s, OMex2), 6.31 (1H, d, J = 15.9 Hz), 6.86
(1H,d,J=8.1 Hz),7.04 (1H,d,J= 1.8 Hz),7.10 (1H,d,J = 8.1, 1.8 Hz), 7.63 (1H,d,J = 15.9
Hz); 3C NMR (75 MHz in CDCL;) § 51.52, 55.75, 55.84, 109.41, 110.86, 115.32, 122,51,
12720, 144.68, 149.04, 150.98, 167.57 ; MS (CI*) m/z 222 [M]*; HRMS (CI*) m/z calcd for

C,H,404: 222.0892, found 222.0895.

(E)-3-(3,4-Dimethoxyphenyl)prop-2-en-1-ol (35)

OH

OMe
OMe
35
34 (10.908 g, 49.08 mmol)?® THF (97 mL){&{E Z-78 °C \IZWHAI LD, KFEHT A VT
2EATIIVI =N (IM RV PR 100 mL, 100 mmol) & %, D FE £ OIRET
1 RFREIRER L7z, 30% 2 v o = WVIEKISIR &2 N 2 7214, ROSTEIRDN EEHEIC /e 5 £ ¢
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FERTHRERE LI, oA AR —F —CAHBEBEZREELT-0b, ZARKEMA, B
e F L Ol L7z, 150 7- e % fafn oK Cleiftt, MoKt~ 7 x>0 A
THIMR S, JEIRBIRME L. 5O 725%IE 35 (9.653 g, quant) A9 25 = &<k
DRGSR LTz,

35: white solid; FT IR (neat) 3389, 3002, 2936, 2837, 1603, 1584, 1517 cm'; 'H NMR (300
MHz in CDCl;) § 2.19 (1H, br), 3.84 (3H, s), 3.85 (3H, ), 4.27 (2H, dd, J = 5.7, 1.2 Hz), 6.22
(1H,dt,J =15.9,6.0 Hz), 6.50 (1H,d, J = 159 Hz), 6.77 (1H, d, J = 8.1 Hz), 6.88 (1H,dd, J =
8.1, 2.1 Hz), 6.90 (1H, d, J = 1.8 Hz); 3C NMR (75 MHz in CDCl;) & 55.63, 55.73, 63.52,
108.63, 110.90, 119.50, 126.45, 129.60, 130,79, 148.65, 148.79; MS (CI*) m/z 194 [M]*;

HRMS (CT*) m/z caled for C;H405: 194.0943, found 194.0945.

(E)-3-(3,4-Dimethoxyphenyl)acrylaldehyde (36)

0]

=~

=

OMe
OMe
36

35(9.363 g,48.20 mmol)® 7 & k= U /b (160 mL)¥{%(Z TEMPO (377 mg, 2.41 mmol),
SR (543 mg, 2.43 mmol), 2,2°-E U 2/ (375 mg, 2.40 mmol), --BuOK (273 mg,
244 mmol) & Mz, ZEXEPHAT, R C 13.5 Btk L=, fafnifiib 7 =7 Ak
Wi E N %, BEf=TF L CHItH L7z, 3o aiE 2 288K, K Creidis,
HEKGIER~ 73230 LA CHEESE, IRREBIRGE L. JFonRiEz s V7V Z
Loma< NI T7 4— (Y UERRT TV 41 35 1:1)THERL L T 36 (9.030 g, 97%)
R,

36: yellow solid; FT IR (neat) 3004, 2937, 2838, 2744, 1681, 1621, 1601, 1519 cm™'; 'H NMR
(300 MHz in CDCly) & 3.92 (3H, s), 3.93 (3H, s), 6.61 (1H, dd, J = 15.9, 7.8 Hz), 6.90 (1H, d, J
=84 Hz), 707 (1H,d,J=1.5Hz),7.16 (1H, dd, J = 84, 1.8 Hz), 741 (1H, d, J = 15.9 Hz),

9.65 (1H,d, J = 7.8 Hz); *C NMR (75 MHz in CDCl;) & 55.89, 56.00, 109.77, 111.05, 123.39,
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126.65, 126.98, 149.30, 15191, 152.78, 193.49; MS (CI*) m/z 192 [M]*; HRMS (CI*) m/z

calcd for C,;H,,05: 192.0786, found 192.0787.

(3E SE)-6-(3.,4-Dimethoxyphenyl)hexa-3,5-dien-2-one (37)

0]

OMe
OMe
37

36 (12814 g, 66.66 mmol)?D 7 & k> (6TmLWANRIZ 10%/KER{LT ~ VU 7 LA/KIEHR (5.3
mL, 13.25 mmol) & 1 ., =R T 6 REMHEE L7z, IM Hfga iz TR L7-1%, Bilg—
FUTHIH L7, 15 6o AR E & fafn B ik CUeip %, MOKmiEE T b U U A Tz
SH, IBEBRREME L. BN EREEL VDTN DT u~ NT T T 40— (~FH
VR TV 4:1 D 1) TREBRLL T,37 (12518 g, 81%) & 1537~

37: yellow solid; FT IR (neat) 2997, 2937, 2838, 1747, 1647, 1616, 1597, 1580, 1518 cm’'; 'H
NMR (300 MHz in CDCl5) & 2.30 (3H, s), 3.89 (3H, 5), 3.91 (3H, 5), 6.21 (1H,d, J = 15.6 Hz),
6.74 (1H,dd, J = 15.3, 10.5 Hz), 6.82-6.91 (2H, m), 7.01 (2H, m), 7.27 (1H, dd, J = 15.3, 10.5
Hz); *C NMR (75 MHz in CDCl;) § 27.29, 55.85, 55.91, 108.99, 111.07, 121.36, 124.66,
129.01, 129.48, 141.22, 143.78, 149.15, 150.24, 198.35; MS (CI*) m/z 232 [M]*; HRMS (CI*)

m/z calcd for C,4;H,605: 232.1099, found 232.1098.

(1E 3E)-4-(3.,4-Dimethoxyphenyl)buta-1,3-dien-1-yl acetate (33)

OAc
X
=

OMe
OMe
33

37 (1.617 g, 6.96 mmol)?® DMF (7.0 mL)#A#Z(Z Oxone®(5.133 g, 8.35 mmol) & /Il 2, =i T
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3R L7z, BT A b3y RO, ZAKENZ, BT L chitiLi. 5
DIV A HEE A O B UK T, BOKRRRE T R U U A TR S, IRIEA IR L
7o, BN EREEZ VTN AT Ara~ NI T 7 40— (T UEBRT TV 6:1)
THHRIL T, 33(1.389 g,80%)% 157=.

33: yellow solid; FT IR (neat) 3080, 2996, 2937, 2840, 1741, 1646, 1616, 1596, 1579, 1518
cm'; 'TH NMR (300 MHz in CDCl3) 6 2.17 (3H, s), 3.88 (3H, s), 3.91 (3H, 5), 6.18 (1H, dd, J =
12.3,10.2 Hz), 6.47 (1H,d, J = 159 Hz), 6.58 (1H, dd, J = 15.9, 10.2 Hz), 6.81 (1H,d, J = 8.7
Hz), 6.90-6.93 (2H, m), 7.50 (1H, d, J = 12.3 Hz); *C NMR (75 MHz in CDCl;) § 20.70, 55.76,
55.88,108.31, 111.09, 115.93, 11943, 121.74, 130.24, 132.00, 138.03, 148.76, 149.00, 167.76;

MS (CI*) m/z 248 [M]*; HRMS (CI*) m/z caled for C4H;604:248.1049, found 248.1058.

(1R*28* 4R*)-2-Formyl-3' 4'-dimethoxy-1,2,3,4-tetrahydro-[1,1'-biphenyl]-4-yl acetate
(32endo) and (1R*2R* 4R*)-2-Formyl-3'4'-dimethoxy-1,2,3,4-tetrahydro-[1,1'-biphenyl]

-4-yl acetate (32exo)

32endo 32ex0

The numbering of positions is according to the skeleton of natural neovibsanins

33 (13.05 g, 52.56 mmo)D T 7 1 LA > (25 mL)RHEICE R/ > (580 mg, 5.267
mmol)Z 1%, MEGEFE LT 48 FEEHEE L. 77 A U0 2/ELTOL, ZARK
Nz, BT LT L. BoNT-AWEE A% K, Ak cldg, &
KEiEET R Y U LTS, JBRZREMRLL. GOoNEEL Y DTNV TT LY
B b T 74— (VR T L 51 5 3:)THRL LT, 32 (12.676 g, 79%) %
57, 507 32 (12.67 g, 41.63 mmol)D h /LT (416 mL)AIRIZA 2 ¥ —/L (2.83
g, 41.57 mmol)Z Ml %, =i T 48 RFMIR#E L7z, fafidfib” =7 LKERZ N Z,

FEig—F v CThit L7c. 15 b AHE 2 fafn R ik TUest&, MEKhiig T Y o A
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THB S, BRBRIREM L. JBonlREEL VWS NV T hra~ NI T 7 4 —
(ANFY 2 FHRTT L 6: 1005 4 1) THEELL T, 32exo0 (9.143 g, 72%), 32endo (1.161g,
9%) & 157=.

32endo: yellow oil; FT IR (neat) 2938, 2836, 2721, 1730, 1590, 1514 cm™'; 'H NMR (600 MHz
in CDCly) & 1.90 (1H, ddd, J = 13.3, 11.8, 8.8 Hz, H-10p), 2.10 (3H, s, OCOMe), 2.27 (1H,
ddd, J = 13.3,6.2,3.2 Hz, H-10a), 2.89 (1H, m, H-11), 3.85 (3H. s, OMe), 3.86 (3H, s, OMe),
3.96 (1H, m, H-1), 544 (1H, m, H-4), 5.94 (1H, m, H-1), 598 (1H, ddd, J = 10.0, 4.1, 1.5 Hz,
H-2),6.74 (1H,d, J = 2.1 Hz, H-2’), 6.79 (1H, dd, J = 8.2, 2.1 Hz, H-6"), 6.82 (1H,d, J = 8.2
Hz, H-5"),9.51 (1H, d, J = 1.9 Hz, CHO); *C NMR (150 MHz in CDCl;) & 21.17 (OCOMe),

24.58 (C-10), 40.75 (C-1), 4890 (C-11), 55.84 (OMe), 55.87 (OMe), 68.37 (C-4), 111.19

(C-Ar), 112.54 (C-Ar), 121.35 (C-Ar), 128.17 (C-3), 130.60 (C-Ar), 131.62 (C-2), 148.44
(C-Ar), 148.93 (C-Ar), 170.48 (OCOMe), 202.20 (CHO); MS (CI*) m/z 304 [M]*; HRMS (CI*)
m/z calcd for C;H,0Os: 304.1311, found 304.1306.

32exo: yellow oil; FT IR (neat) 3001, 2938, 2836, 2724, 1734, 1591, 1517 cm™'; '"H NMR (600
MHz in CDCl3) 6 1.87 (1H, ddd, J = 14.3, 11.7, 4.4 Hz, H-10a), 2.11 (3H, s, OCOMe), 2.15
(1H, ddt, J = 14.3, 3.3, 1.0 Hz, H-10pB), 2.87 (1H, m, H-11), 3.63 (1H, m, H-1), 3.87 (3H, s,
OMe), 3.88 (3H, s, OMe), 5.36 (1H, m, H-4), 593 (1H, dd,J =99, 2.3 Hz, H-2),5.96 (1H, m,
H-3),6.75 (1H,d,J=2.1 Hz,H-2"),6.79 (1H,dd, J = 8.4,2.1 Hz, H-6’), 6.83 (1H,d, J =82
Hz, H-5"), 9.68 (1H, d, J = 1.4 Hz, CHO); *C NMR (150 MHz in CDCl;) 8§ 21.26 (OCOMe),
27.51 (C-10), 41.80 (C-1), 50.18 (C-11), 55.90 (OMe), 55.93 (OMe), 65.03 (C-4), 111.38
(C-Ar), 111.43 (C-Ar), 120.28 (C-Ar), 124.84 (C-3), 13446 (C-Ar), 13545 (C-2), 148.16
(C-Ar), 149.14 (C-Ar), 170.39 (OCOMe), 202.87 (CHO); MS (CI*) m/z 304 [M]*; HRMS (CT*)

m/z calcd for C7H,005:304.1311, found 304.1304.
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(1R*25%* 4R*)-2-((E)-3,4-Dimethoxystyryl)-3' 4'-dimethoxy-1,2,3 ,4-tetrahydro-[1,1'-biphe

nyl]-4-ol (38)

38

The numbering of positions is according to the skeleton of natural neovibsanins

Dimethyl (3 4-dimethoxybenzyl)phosphonate® (9.200 g, 35.35 mmol)?® THF (100 mL)¥ % %
—18C AL, -7 FNIUF UL (1.6 M ~FH UEHKE 20.6 mL, 32.96 mmol) & Il %,
Z DO F F OIRETI10 0 L7z, 32exo (7.150 g, 23.49 mmol)® THF (20 mL)¥& i % I Z.,
0 CIZHFIRL T I3 Lz, A% /) — &Nz, IR T 3 REEStRE, fafnifiifb
T =T LKERAEMATZ. Bk FL T, 150 AREE 2 s K T
Ve L, MOKEREET b U U A THEBESYE, MBRRREMELL. Gonickibzs U ns
NHTE7 A~ NI T T 40— (NFY iR TV 3105 D) THRE LT, 38(5.650
g,61%) 2 157-.

38: pale yellow solid; FT IR (neat) 3491, 2935, 2835, 1588, 1514 cm!; 'H NMR (600 MHz in
CDCl3) 6 1.69 (1H, brs, OH), 1.87 (1H, ddd, J = 11.8, 9.5, 4.3 Hz, H-10a), 2.05 (1H, m,
H-10B), 2.63, (1H, m, H-11), 3.11 (1H, ddd, J = 9.2, 39, 2.2 Hz, H-1), 3.82 (3H, s, OMe),
3.850 (3H, s, OMe), 3.853 (3H, s, OMe), 3.87 (3H, s, OMe), 4.37 (1H,d, J = 3.4 Hz, H-4),5.89
(1H,ddd,J=99,22,0.8 Hz, H-2), 597 (1H,dd, J = 159, 7.7 Hz, H-1"), 6.01 (1H, m, H-3),
6.12 (1H,d, J = 159 Hz, H-2"), 6.69 (1H, d, J =2.1 Hz, Ar-H), 6.73 (1H, dd, J = 8.2, 2.1 Hz,
Ar-H), 6.76-6.79 (4H, m, Ar-H) ; *C NMR (150 MHz in CDCl;) 6 36.82 (C-10), 40.23 (C-6),
48.45 (C-1), 55.79 (OMe), 55.83 (OMe), 55.86 (OMe), 55.90 (OMe), 63.68 (C-4), 108.71
(C-Ar), 11095 (C-Ar), 111.13 (C-Ar), 111.62 (C-Ar), 118.82 (C-Ar), 120.41 (C-Ar), 128.40
(C-3), 129.53 (C-2’), 130.69 (C-Ar), 131.02 (C-1’), 134.69 (C-2), 136.08 (C-Ar), 147.56
(C-Ar), 148.36 (C-Ar), 148.68 (C-Ar), 148.91 (C-Ar); MS (CI*) m/z 396 [M]*; HRMS (CI*) m/z

calcd for C,4;H,305:396.1937, found 396.1933.
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(1R*28%)-2-((E)-3 4-Dimethoxystyryl)-3' 4'-dimethoxy-2,3-dihydro-[1,1'-biphenyl]-4(1H)-

one (39)

The numbering of positions is according to the skeleton of natural neovibsanins

38 (1.771 g,4.467 mmol)D Y7 mr A & > (22 mL)i&K|IZ TEMPO (68.8 mg, 0.440 mmol),
ERXAT7E R I — RREY (1580 g,4.905 mmol) & EIR TN, ZOFEEDORET
4 BE[EIREEL, SHICEATE hF v a— ¥ (572 mg, 1.776mmol) & Nz, 2.5
IR R L7c. BafnpRik/ks27- b U U SOKESR/EARF A itk 7~ b U o A1 D)KEE %
MATA%, Yr7muXZ T L, BKmEET b U U LTRSS, IRB%ENGE L
o, BonEREE VTN T AIa~ NI T T — (T YRR T L 4:1
NE D) THRL T, 39(1.667 g,95%)% 157~

39: colorless oil; FT IR (neat) 2935, 2835, 1676, 1589, 1515 cm™; 'H NMR (600 MHz in
CDCl3) & 2.57 (1H, dd, J = 16.2 Hz, H-10a), 2.72 (1H, dd, J = 16.2 Hz, H-10B), 2.94 (1H, m,
H-11),3.51 (1H,dt,J =9.2,2.6 Hz, H-1), 3.84 (3H, s, OMe), 3.86 (3H, s, OMe), 3.867 (3H, s,
OMe), 3.868 (3H, s, OMe), 5.95 (1H, dd, J = 15.6, 74 Hz, H-1°), 6.11 (1H, d, J = 15.6 Hz,
H-2%), 6.19 (1H, dd, J = 10.2, 2.6 Hz, H-3), 6.67 (1H, d, J = 2.1 Hz, Ar-H), 6.73 (1H, dd, J =
7.8,2.1 Hz, Ar-H), 6.78 (3H, m, Ar-H), 6.83 (1H,d, J = 7.8 Hz, Ar-H), 6.93 (1H, dd, /= 10.2,
2.6 Hz, H-2); C NMR (150 MHz in CDCl;) & 42.90 (C-10), 46.60 (C-11), 48.76 (C-1), 55.81
(OMe), 55.86 (OMe), 55.89 (OMe, overlap with another OMe peak), 108.81 (C-Ar), 111.11
(C-Ar), 111.20 (C-Ar), 111.39 (C-Ar), 119.08 (C-Ar), 12046 (C-Ar), 128.44 (C-1’), 129.36
(C-3), 12993 (C-Ar), 130.59 (C-2’), 133.84 (C-Ar), 148.13 (C-Ar), 148.71 (C-Ar), 148.95
(C-Ar), 149.02 (C-Ar), 152.62 (C-2), 198.92 (C-4) ; MS (CI*) m/z 394 [M]*; HRMS (CI*) m/z

calcd for C,4sH,605:394.1780, found 394.1784.
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(15*,25%)-2-((E)-3,4-Dimethoxystyryl)-5-(hydroxymethyl)-3' 4'-dimethoxy-2,3-dihydro-[1,

1'-biphenyl]-4(1H)-one (31)

The numbering of positions is according to the skeleton of natural neovibsanins

39 (3.861 g, 9.788 mmol)?> THF/faFIpkfE/KFET U 7 LOKESHE (1:1, 32mL)#E# % 0 °C
(ZR AR, 3T% R/~ U KRR (6.36 mL, 78.36 mmol), DMAP (1.196 g, 9.790 mmol) %
Mz, ZOEFEORET 7 R L. fafET o E=7 LKERA I Z, Bk
TFUTHIM L7z, B oA 2 B K Covetg, MokmEET Y v AT
R, JER%REME L. BonEEE VAN T A a~w NI T T 4 — (~F
P UEER =TV 2:1 05 1:2) TR L C, 31(3.043 g,73%) & 157=.

31: colorless oil; FT IR (neat) 3501, 2935, 2835, 1668, 1590, 1513 cm™'; 'H NMR (600 MHz in
CDCl;) 6 2.60 (2H, m, H-10a., OH), 2.75 (1H, dd, J = 16.2, 4.0 Hz, H-10), 2.96 (1H, m, H-11),
3.54 (1H,dd,J =9.6,2.1 Hz,H-1) 3.83 ((3H, s, OMe), 3.85 (3H, s, OMe), 3.862 (3H, s, OMe),
3.864 (3H, s, OMe), 4.36 (2H, brs, CH,0H), 592 (1H, dd, J = 15.8,7.3 Hz, H-1"), 6.11 (1H, d,
J =158 Hz, H-2"), 6.67 (1H, d, J = 2.1 Hz, Ar-H), 6.73 (1H, dd, J = 8.2, 2.1 Hz, Ar-H), 6.77
(3H, m, Ar-H), 6.82 (1H, d, J = 8.2 Hz, Ar-H), 6.87 (1H, m, H-2); *C NMR (150 MHz in
CDCl;) 6 43.26 (C-10), 46.43 (C-11), 48.81 (C-1), 55.80 (OMe), 55.85 (OMe), 55.87 (OMe),
55.93 (OMe), 61.70 (CH,OH), 108.80 (C-Ar), 111.10 (C-Ar), 111.23 (C-Ar), 11148 (C-Ar),
119.08 (C-Ar), 12041 (C-Ar), 128.18 (C-1°), 129.85 (C-Ar), 130.68 (C-2’), 133.86 (C-Ar),
137.74 (C-3), 148.15 (C-2), 148.72 (C-Ar), 14893 (C-Ar), 148.99 (C-Ar), 149.01 (C-Ar),
199.72 (C-4); MS (CI*) m/z 424 [M]*; HRMS (CI*) m/z calcd for C,sH3Og: 424.1886, found

424.1884.
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(15*,25%)-5-(((Tert-butyldimethylsilyl)oxy)methyl)-2-((E)-3 ,4-dimethoxystyryl)-3' 4'-dimet

hoxy-2,3-dihydro-[1,1'-biphenyl]-4(1H)-one (40)

The numbering of positions is according to the skeleton of natural neovibsanins
31 (2864 g,6.747 mmol)D Y7 mrr A X v (22 mL)AIKR % 0 °C \[ZiHmEIt:, 4 I XY —v
(1321 g,8.765 mmol), -7 F /LI AF U7l K (1321 g, 8.765 mmol) & /I %,
ZDOFEFEORET 10 558k Uiz, fafRERKFE T MU U LKEREMA 2%, Y7 n
o AKX UTHI L, BEKFE~ 7R ATHERESE, JERBIERELE. SOk
W VATNATLIax 8T T77 4 — (NF T FBRTF L5106 3: 1) THREL
T, 40(3.354 g,92%) % 157=.

40: colorless oil; FT IR (neat) 2998, 2952, 2931, 2855,1737, 1672, 1590, 1517 cm™'; 'H NMR
(500 MHz in CDCl;) & 0.08 (6H, s, +-BuSiMe,), 0.88 (9H, s, £-BuSiMe, ), 2.57 (1H, dd, J =
15.9, 12.8 Hz, H-100), 2.70 (1H, dd, J = 16.2, 3.5 Hz, H-10B), 2.89 (1H, m, H-11), 3.54 (1H, d,
J =89 Hz, H-1), 3.82 (3H, s, OMe), 3.85 (3H, s, OMe), 3.86 (6H, s, OMe x 2), 4.46 (2H, m,
CH,OTBS), 5.94 (1H, dd, J = 15.9,7.3 Hz, H-1"), 6.08 (1H, d, J = 15.9 Hz, H-2"), 6.66 (1H, s,
Ar-H), 6.72 (1H, d, J = 8.2 Hz, Ar-H), 6.75-6.79 (3H, m, Ar-H), 6.81 (1H, d, J = 8.2 Hz, Ar-H),

6.94 (1H, s, H-2) ; 3C NMR (125 MHz in CDCl;) § -5.38 (-BuSiMe,), 18.32 (Me;CSiMe,),

25.87 (Me;sCSiMe,), 43.24 (C-10), 4691 (C-11), 48.64 (C-1), 55.76 (OMe), 55.78 (OMe),
55.79 (OMe), 55.85 (OMe), 59.82 (CH,OTBS), 108.57 (C-Ar), 110.88 (C-Ar), 110.93 (C-Ar),
111.15 (C-Ar), 119.02 (C-Ar), 120.50 (C-Ar), 128.58 (C-17), 12991 (C-Ar), 13043 (C-2°),
134.47 (C-Ar), 138.20 (C-3), 146.33 (C-2), 147.84 (C-Ar), 148.54 (C-Ar), 148.81 (C-Ar),
148.82 (C-Ar), 198.40 (C-4); MS (CI*) m/z 538 [M]*; HRMS (CI*) m/z caled for Cs5;H4O651:

538.2751, found 538.2751.
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Methyl 3-((18*,25*,45%)-5-(((tert-butyldimethylsilyl)oxy)methyl)-2-((E)-3,4-dimethoxysty
ryl)-4-hydroxy-3'4'-dimethoxy-1,2,3 4-tetrahydro-[1,1'-biphenyl]-4-yl)propiolate (41¢)
and Methyl 3-((15%*,25* 4R*)-5-(((tert-butyldimethylsilyl)oxy)methyl)-2-((E)-3,4-dimetho
xystyryl)-4-hydroxy-3'4'-dimethoxy-1,2,3,4-tetrahydro-[1,1'-biphenyl]-4-yl)propiolate

419

415

The numbering of positions is according to the skeleton of natural neovibsanins

A Y Tu T I (2.60 mL, 18.5 mmol)® THF (S0mL)AIZ-78 °C T n-7 F /11
FL (16M ~FHV R 11.5mL, 184 mmol) &%, 0°C I[ZHIEL T30 oL
7o, T, “18°CIlZHmAE, 7r A ATV (153 mL, 184 mmol) &Mz, ZDFE F
DIRJE T 20 /3 #EFE L7-%, 40 (3.308 g, 6.14 mmol)? THF (10 mLY&AK &2 Nz CTEDF £
DOIRJE T 1B 5. b7 B = 0 LKREZ N, BT /L CThiH L
7o, OGS A S K THERE, BOKRIEET U U A TR S Y, IREER
L7z, o REEZ VA TN T L a~ NI T 7 04— (~FH FigTT L
3005 LDTHER LT 41 (3.620 )25, SOICEREKERs n~ 7T 7 ¢ — Tl
LTCYT AT LA~— 4la (333 mg,9%), 415(3.177 g, 83%)% Higf L 7-.

41 yellow oil; FT IR (neat) 3461, 3000, 2952, 2856, 2228, 1716, 1586, 1514 cm™! ;'H NMR

500 MHz in CDCl;) 6 0.13 (3H, s, -BuSiMe,), 0.15 (3H, s, t-BuSiMe,), 0.93 (9H, s,

-BuSiMe,), 2.09 (1H, t,J = 12.8 Hz, H-10a1), 2.48 (1H, dd, J = 12.7, 2.3 Hz, H-10B), 2.68-2.74
(1H, m, H-11),3.22 (1H,d, J = 9.8 Hz, H-1), 3.79 3H, s, OMe), 3.81 (3H, s, OMe), 3.85 (6H, s,
OMex2), 3.86 (3H, s, OMe), 4.30 (1H, d, J = 12.4 Hz, CH,OTBS), 4.76 (1H, d, J = 12.3 Hz,
CH,OTBS), 5.24 (1H, s, OH), 5.71 (1H, s, H-2), 5.94 (1H, dd, J = 15.9, 7.3 Hz, H-1"), 6.12 (1H,
d, J =160 Hz, H-2"), 6.63 (1H, s, H-Ar), 6.66 (1H, d, J = 8.2 Hz, H-Ar), 6.75-6.78 (4H, m,

H-Ar), C NMR (125 MHz in CDClL;) 0 -5.56 (t-BuSiMe,), —5.46 (t-BuSiMe,), 18.15
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(Me;CSiMey), 25.77 (MesCSiMe,), 43.24 (C-11), 4344 (C-10), 4881 (C-1), 52.70 (OMe),
55.78 (OMe), 55.79 (OMe), 55.85 (OMe), 55.89 (OMe), 66.35 (CH,OTBS), 69.13 (C-4), 75.75
(alkyne), 90.11 (alkyne), 108.76 (C-Ar), 111.02 (C-Ar), 111.10 (C-Ar), 111.44 (C-Ar), 118.92
(C-Ar), 120.37 (C-Ar), 129.06 (C-1%), 130.11 (C-2°), 130.39 (C-Ar), 131.63 (C-2), 135.41
(C-Ar), 135.77 (C-3), 147.78 (C-Ar), 148.48 (C-Ar), 148.83 (C-Ar), 148.90 (C-Ar), 153.95
(COOMe); MS (CI*) m/z 622 [M]+; HRMS (CI*) m/z caled for CssHieOsSi: 622.2962, found
622.2956.

415: yellow oil; FT IR (neat) 3468, 3001, 2952, 2856, 2228, 1714, 1586, 1516 cm’'; 'H NMR

600 MHz in CDCl;) § 013 (3H, s, +-BuSiMe,), 0.16 (3H, s, t-BuSiMe,) 0.93 (9H, s, t-BuSiMe,),

2.09 (1H, t, J =12.8 Hz, H-10a), 2.48 (1H, dd, J = 12.6, 2.7 Hz, H-10p) 2.69-2.74 (1H, m,
H-11),3.23 (1H,d, J = 9.9 Hz, H-1) 3.79 (3H, s, OMe), 3.82 (3H, s, OMe) 3.85 (6H, s, OMe x
2),3.86 (3H, s, OMe), 4.30 (1H, d, J =12.2 Hz, CH,OTBS), 4.76 (1H, m, CH,OTBS), 5.23 (1H,
s, OH), 5.71 (1H, t,J =1.1 Hz, H-2), 5.94 (1H, dd, J =15.9, 7.4 Hz, H-1"), 6.12 (1H, d, ] =15.8
Hz, H-2), 6.63 (1H, d, J =19 Hz, H-Ar), 6.67 (1H, dd, J =8.1, 1.9 Hz, H-Ar) 6.76-6.80 (4H, m,
H-Ar); C NMR (150 MHz in CDCl;) & -5.56 (-BuSiMe,), -5.46 (+-BuSiMe,), 18.15
(Me;CSiMey), 25.77 (MesCSiMey), 43.24 (C-11), 4346 (C-10), 48.81 (C-1), 52.67 (OMe),
55.78 (OMe), 55.80 (OMe), 55.86 (OMe), 55.89 (OMe), 66.31 (CH,OTBS), 69.12 (C-4), 75.76
(alkyne) 90.12 (alkyne), 108.81 (C-Ar), 111.06 (C-Ar), 111.14 (C-Ar), 111.47 (C-Ar), 118.93
(C-Ar), 120.38 (C-Ar), 129.07 (C-1°), 130.12 (C-2), 13041 (C-Ar), 131.60 (C-2), 135.43
(C-Ar), 135.80 (C-3), 147.80 (C-Ar), 148.50 (C-Ar), 148.85 (C-Ar), 148.92 (C-Ar), 153.94
(COOMe); MS (CI*) m/z 622 [M]*; HRMS (CI*) m/z caled for CssHigOsSi: 622.2962, found

622.2965.

HPLC separation of 41 ¢,

YMC-Pack SIL 4.6 x 250 mm, hexane ; EtOAc = 4:1, flow rate 4 mL/min, detected wavelength

254 nm; 414 tr = 58.3 min, 41 a: tr = 73.4 min.
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[mv]
=
58.287

73.409

8
6
4
2
-0

20 2 3 35 4 45 50 55 60 € 0 )5 80 8 90 95 100

min |

PKNO NAME TIME  MARK CONC AREA HEIGHT NTP

! 58.29 80898 298540021 18475.68 KX
2 1341 10,102 33548204 2509.93 7060
Total 100000 332088525 18985.61

Methyl (E)-3-((15*2S* AR*)-5-(((tert-butyldimethylsilyl)oxy)methyl)-2-((E)-3 4-dimethox

ystyryl)-4-hydroxy-3'4'-dimethoxy-1,2,3,4-tetrahydro-[1,1'-biphenyl]-4-yl)acrylate (42)

The numbering of positions is according to the skeleton of natural neovibsanins

41 (224 mg, 0.358 mmol)® THF (3.6 mL){&#Z % -78 °C |2 #11%, Red-Al® (3215M h/v
TR (034 mL, 1.09 mmol)Z Nz, D% FOIRET 1 RFMIHEE Lz, faffEik 7
VEZ Y AKEREINZ T, BT LTI L, SO aE A ek T
Vet Uiz, oKAfilE~ 27 %> 0 AT EE, JRiB%IEMGLZ. Soni-kEz Y
HTFNTT T a~ T T 74— (XY EFRTT L 411 5 D) THE LT, 42
(201 mg, 89%) % 1%7-.

42: colorless oil; FT IR (neat) 3451, 2998, 2953, 2932, 2856, 1724, 1652, 1586, 1518 cm’'; 'H;

NMR (600 MHz in CDCl;) 6 0.096 (3H, s, +-BuSiMe,) 0.097 (3H, s, t-BuSiMe,), 0.91 (9H, s,

t-BuSiMe,) 2.09 (1H, dd, J = 12.9, 12.6 Hz, H-100), 2.13 (1H, dd, J = 12.9, 3.4 Hz, H-10p),
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2.50 (1H, m, H-11),3.27 (1H,d, J =99 Hz, H-1), 3.78 (3H, s, OMe), 3.81 (3H, s, OMe), 3.85
(3H, s, OMe), 3.86 (3H, s, OMex2), 4.14 (1H, d, J = 11.9 Hz, CH,OTBS), 4.44 (1H, ddd, J =
119,1.2,0.7 Hz, CH,OTBS), 4.81 (1H, s, OH), 5.81 (1H,d,J=1.2 Hz,H-2),5.93 (1H,dd, J =
15.6,9.8 Hz, H-1°), 6.06 (1H, d, J = 15.6 Hz, H-2’), 6.21 (1H, d, J = 15.6 Hz, COCH=CH),
6.62 (1H, d, J = 2.4Hz, H-Ar), 6.67 (1H, dd, J = 8.2, 2.4 Hz, H-Ar), 6.77 (3H, m, H-Ar), 6.80
(1H, d, J = 8.2 Hz, H-Ar), 7.18 (1H, d, J = 15.6 Hz, CO-CH=CH) ; *C NMR (150 MHz in
CDCl;) & -5.55 (t-BuSiMe;,), —5.44 (+-BuSiMe,), 18.08 (Me;CSiMe,), 25.75 (Me;CSiMe,),
43.06 (C-10,11, overlap), 48.82 (C-1), 51.67 (OMe), 55.80 (OMe), 55.84 (OMe), 55.87 (OMe),
55.90 (OMe), 66.23 (CH,OTBS), 74.57 (C-4), 108.75 (C-Ar), 111.12 (C-Ar), 111.64 (C-Ar),
118.92 (C-Ar), 119.82 (COCH=CH), 120.20 (C-Ar), 129.59 (C-1’), 130.03 (C-2’), 130.44
(C-Ar), 132.38 (C-2), 135.66 (C-Ar), 136.15 (C-3), 147.75 (C-Ar), 14847 (C-Ar), 148.74
(C-Ar), 14891 (C-Ar), 152.63 (COCH=CH), 167.14 (COOMe); MS (CI*) m/z 624 [M]*;

HRMS (CT*) m/z caled for CssHys05S1: 624.3118, found 624.3151.

((3aS*,75*,85*,9a5*)-7-(3,4-Dimethoxyphenyl)-8-((E)-3,4-dimethoxystyryl)-3,3a,5,7,8,9-he
xahydro-2H-furo[3,2-c]isobenzofuran-2-one (29) and (5R*,85%*,95%)-8-(3,4-Dimethoxyph
enyl)-9-((E)-3 4-dimethoxystyryl)-6-(hydroxymethyl)-1-oxaspiro[4.5]deca-3,6-dien-2-one

(43)

The numbering of positions is according to the skeleton of natural neovibsanins

42 (1.145 g, 1.832 mmol)? THF (18 mL)#A#%|(Z TBAF ( 1M THF &%, 5.5 mmol) % =& T
Mz, TOFFEOEET 24 FEEEER L2, fSfE LT vt =7 2KRKZ N2 121,
Mg —F L CHIH L, MEKEiEE~ 71> 7 LA TS, BB%EREWELTZ. ok

WEkaE VDTN T AT~ NI T T 40— (N UEERTT L 2:1 005 1:3) TR
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LT, 29(82mg,9%),43 (649 mg, 74%) % 157~

29: pale yellow solid; FT IR (neat) 2932, 2836, 1777, 1585, 1514 cm''; 'H NMR 600 MHz in
CDCl3) & 2.00 (1H, dd, J = 14.3, 9.6 Hz, H-10a), 2.09 (1H, dd, J = 14.3, 9.6 Hz, H-10p),
2.73-2.77 3H, m, H-6, H-11), 3.55 (1H, t, J =2.1 Hz, H-1), 3.870 (3H, s, OMe), 3.872 (3H, s,
OMe), 3.88 (3H, s, OMe), 391 (3H, s, OMe), 4.41 (1H,dd,J=3.6,2.1 Hz,H-5),4.54 (1H,d,J
= 11.8 Hz, H-18), 4.69 (1H, m, H-18), 6.02 (1H, t,J = 1.9 Hz, H-2) 6.33 (1H, d, J =15.7 Hz,
H-2’),6.40 (1H,dd, J = 15.7,9.1Hz, H-1"), 6.67 (1H, dd, J =8.2, 2.1 Hz, H-Ar), 6.71 (1H, d, J
=1.9 Hz, H-Ar), 6.80 (1H, d, J =8 4 Hz, H-Ar), 6.83 (1H, d, J = 8.2Hz, H-Ar), 6.90 (1H, dd, J =
8.2, 1.9 Hz, H-Ar), 6.93 (1H, d, J =1.9 Hz, H-Ar) ; 3C NMR (150 MHz in CDCl;) 6 31.97
(C-10), 37.00 (C-6), 4431 (C-11), 45.59 (C-1), 55.87 (OMe), 5591 (OMe), 55.94 (OMe),
56.02 (OMe), 70.19 (C-18), 83.05 (C-5), 87.16 (C-4), 109.11 (C-Ar), 111.21 (C-Ar), 111.26
(C-Ar), 111.50 (C-Ar), 119.18 (C-Ar), 119.63 (C-Ar), 127.64 (C-2), 129.27 (C-2’), 130.47
(C-Ar), 131.33 (C-17), 135.37 (C-Ar), 136.26 (C-3), 148.12 (C-Ar), 148.58 (C-Ar), 149.05
(C-Ar), 149.23 (C-Ar), 174.65 (C=0); MS (CI*) m/z 478 [M]*; HRMS (CI*) m/z calcd for
Cy3H3007: 478.1992, found 478.1992.

43: yellow solid; FT IR (neat) 3502, 3060, 3000, 2937, 2836, 1835, 1767, 1661, 1602, 1519
cm'; 'TH NMR 600 MHz in CDCl;) 2.03 (1H, dd, J =12.8,2.7 Hz, H-108), 2.48 (1H,t,J = 12.8
Hz, H-10a), 2.64 (1H, m, H-11), 3.35 (1H, dd, J = 9.5, 2.1 Hz, H-1), 3.80 (3H, s, OMe), 3.86
(3H, s, OMe), 3.87 (6H, s, OMex2),4.02 (1H, d, J = 13.0 Hz, CH,OH), 4.09 (1H,d,J =130
Hz, CH,OH),5.96 (1H,dd,J=159,7.6 Hz,H-1"),6.07 (1H,d, J = 159 Hz, H-2"), 6.10 (1H, t,
J =14 Hz, H-2), 6.18 (1H, d, J = 5.6 Hz, CO-CH=CH), 6.65 (1H, d, J = 2.1 Hz, H-Ar),
6.71(1H, dd, J = 8.2, 2.1 Hz, H-Ar), 6.77-6.79 (3H, m, H-Ar), 6.82 (1H, d, J = 8.2 Hz, H-Ar),
7.61 (1H, d, J = 5.6 Hz, CO-CH=CH); *C NMR (150 MHz in CDCl;) & 39.62 (C-10), 44.34
(C-11),48.58 (C-1),55.87 (OMe), 55.93 (OMe), 55.99 (OMe, overlap with another OMe peak),
61.10 (CH,OH), 88.49 (C-4), 108.81 (C-Ar), 111.20 (C-Ar), 111.35 (C-Ar), 112.10 (C-Ar),
119.11 (C-Ar), 120.01 (C-Ar), 120.75 (CO-CH=CH), 128.40 (C-1’), 129.97 (C-Ar), 130.80

(C-2°), 134.05 (C-2), 134.73 (C-3), 134.86 (C-Ar), 148.07 (C-Ar), 148.79 (C-Ar), 148.83
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(C-Ar), 149.04 (C-Ar), 158.76 (CO-CH=CH), 172.28 (C=0); MS (CI*) m/z 478 [M]*; HRMS

(CI*) m/z calcd for CysH3005: 478.1992, found 478.1993.

437> 529D ARk

43 (548 mg, 1.145 mmol)®D A % /7 —)L (11.5 mLYAIRIZT F U 7 A A R K (28% A
X ) — V¥R 0.022 mL, 0.114 mmol)Z /%, =i T 1 B L7z, fafntfifb 7 =%
= U LKEER AN Z 724, BERe—F LTI L, SRR~ 7 %o U A TR S,
JEImZENE L. BonNREE VDTN DT LTIa~ NTT7 40— (T fE

BTl 2:1 755 L) THELL T, 29 (545 mg, 99%) % #47-.

Hybrid compound 19

19«0Me OMe

The numbering of positions is according to the skeleton of natural neovibsanins

29 (200 mg, 0.418 mmol)?® THF (42mL)# %% 0 °C ([T A%, Tebbe i3 (0.5M hL=
ERWE 1.68 mL,0.840 mmol) & Al %, SRIEICHIE LT 4 BRI Lz, ISA S Z AL
TR T AEMAT KB THA LT 10%KEE (LT N Y U 2KEREZBFENZ =05,
T4 Ry RCIEE L7, I8 Z R L TR DN EEZ A X/ —/L (84 mL)IZ IR
SH T30 pEIRTHEE L. fafMRBEKET N U LKEKEZINZ 2%, Bifg=F/L

THIH L, GO AHE 2K Tt Lic, BRI~ 7R U L THES
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H, MR BRIRGE L. GOoNTEREEL S VTN T L u~ N T T 40— (~FH
HEA =T /L 2:1,1% NV =F L7 I ) CTHERLL C, 19 (183 mg, 86%, a:B= 1:3) % 15%7-.
19a0OMe isomer: white solid; FT IR (neat) 2936, 2833, 1727, 1603, 1584, 1514 cm™'; 'H NMR
(600 MHz in C¢D¢) 6 1.30 (3H, s, H-19), 1.73 (1H, dd, J = 14.1, 5.8 Hz, H-6f3), 1.93 (1H, dd, J
=13.6,44 Hz,H-100), 1.99 (1H, dd, J = 13.6,5.4 Hz, H-10B), 2.51 (1H, d, J = 14.1 Hz, H-6a),
2.78 (1H, m, H-11), 3.24 (3H, s, OMe), 3.39 (3H, s, OMe), 3.44 (3H, s, OMe), 347 (3H, s,
OMe), 3.49 (3H, s, OMe), 4.33 (1H,d, J = 5.6 Hz, H-5),4.38 (1H,d, J = 11.0 Hz, H-18[3), 4.94
(1H, m, H-18a), 5.69 (1H, m, H-2), 6.39 (1H, d, J = 15.8 Hz, H-2’), 6.60 (1H, d, J = 8.2 Hz,
H-Ar), 6.66 (1H, d, J =8.7 Hz, H-Ar), 6.75-6.76 (2H, m, H-Ar), 6.83 (1H, dd, J = 15.8,9.5 Hz,
H-1°), 697 (1H, dd, J = 8.1, 2.1 Hz, H-Ar), 7.04 (1H, d, J = 2.1 Hz, H-Ar); 3C NMR (150
MHz in C¢Ds) 6 23.77 (C-19), 35.29 (C-10), 45.82 (C-11), 46.24 (C-1), 46.93 (C-6), 48.80
(OMe), 55.46 (OMe), 55.59 (OMe), 55.74 (OMe), 55.77 (OMe), 70.54 (C-18), 87.41 (C-4),
88.90 (C-5), 109.12 (C-7), 110.12 (C-Ar), 112.42 (C-Ar), 112.63 (C-Ar), 113.03 (C-Ar), 119.51
(C-Ar), 120.23 (C-Ar), 12393 (C-2), 128.53 (C-2’), 131.74 (C-Ar), 13490 (C-1’), 137.42
(C-Ar), 141.67 (C-3), 149.17 (C-Ar), 149.66 (C-Ar), 150.36 (C-Ar), 150.44 (C-Ar); MS (CI¥)
m/z 508 [M]*; HRMS (CI*) m/z caled for C;0H360,:508.2461, found 508.2467.

190Me isomer: colorless oil; FT IR (neat) 3033, 2935, 2863, 2833, 1603, 1584, 1515 cm™!; 'H
NMR (600 MHz in C¢Ds) 6 1.48 (3H, s, H-19), 2.02 (1H, dd, J = 13.9, 4.3 Hz, H-108), 2.30
(1H,dd,J =139, 3.8 Hz,H-10a), 2.33 (1H, dd, J = 14.1, 5.5 Hz, H-6a), 2.43 (1H, dd, J = 14.1,
5.5 Hz, H-6pB), 2.85 (1H, m, H-11), 3.17 (3H, s, OMe), 3.37 (3H, s, OMe), 3.43 (3H, s, OMe),
3.44 (3H, s, OMe), 3.47 (3H, s, OMe), 3.55 (1H, br, H-1), 4.30 (1H, d, J = 12.5 Hz, H-18p),
432 (1H,dd,J =55, 1.2 Hz, H-5), 4.66 (1H, m, H-18w), 5.62 (1H, m, H-2), 647 (1H,d, J =
15.7 Hz, H-2), 6.58 (1H, d, J = 8.2 Hz, H-Ar), 6.65 (1H, d, J = 8.7 Hz, H-Ar), 6.72-6.73 (2H,
m, H-Ar), 6.98 (1H, dd, J = 84, 2.1 Hz, H-Ar), 7.02-7.07 (2H, m, H-Ar, H-1); *C NMR (150
MHz in C¢Ds) 6 23.61 (C-19), 32.37 (C-10), 45.79 (C-11), 46.30 (C-1), 47.62 (C-6), 49.32
(OMe), 5548 (OMe), 55.56 (OMe), 55.78 (OMe, overlap with another OMe peak), 69.89
(C-18), 86.65 (C-4), 89.40 (C-5), 110.10 (C-Ar), 110.74 (C-7), 112.45 (C-Ar), 112.65 (C-Ar),

113.05 (C-Ar), 119.54 (C-Ar), 120.25 (C-Ar), 12341 (C-2), 128.53 (C-2’), 131.46 (C-Ar),
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133.73 (C-17), 136.80 (C-Ar), 14091 (C-3), 149.28 (C-Ar), 149.69 (C-Ar), 15042 (C-Ar),
150.48 (C-Ar); MS (CI*) m/z 508 [M]*; HRMS (CI*) m/z calcd for C5H3607: 508.2461, found

508.2451.

Hybrid compound 44

44 OMe keto form OMe

The numbering of positions is according to the skeleton of natural neovibsanins
19 (112 mg, 0.220 mmol)?® THF/H,0 (3:1, 44 mL){A{R%Z 0 °C [Zm#HItL, IM g
(0.022mL, 0.022 mmol) & I %, % D F F O T 14 BFfHEEE L7z, fafimigKET b
U U LK Z M A T, HR—F /L CTHIE L, 5072 AME Z i /K Tl
Uiz, MoKRifE~ 7 x>0 A CHIBESE, JIERZRE L. GohiEkEezs ) 07
NHTGEhruav  NTT77 44— (Y BT T L 2:0, 1% N =F LT I 2) TR
L T 44 (86 mg, 79%) % 157~
44 : white solid; FT IR (neat) 3499, 3005, 2935, 2868, 2836, 1714, 1603, 1585, 1517 cm™'; 'H
NMR (500 MHz in C¢Dy) & 1.46 (3H, s, Me, a-OH), 1.51 (3H, s, Me, B-OH), 1.65-1.70 (2H, m,
H-6, H-10, B-OH), 1.78 (1H, dd, H-10, B-OH), 1.83 (3H, s, H-19, keto), 1.93 (1H, br, OH,
a-OH), 1.96 (1H, dd, J = 14.4, 5.0 Hz, H-10, keto), 2.07 (1H, br, OH, keto), 2.08 (1H, dd, J =
13.8, 4.4 Hz, H-10, a-OH), 2.27 (1H, d, J = 14.0 Hz, H-6, B-OH), 2.31-2.35 (2H (H-6, a-OH),
1H (H-10, keto), m), 2.43 (1H, dd, J = 13.9, 4.8 Hz, H-10, 0-OH), 2.61 (1H, dd, J = 164,49
Hz, H-6, keto), 2.79-2.85 (1H (H-11, a-OH), 1H (H-11, B-OH), 2H (H-6, H-11, keto),
3.89-3.49 (nine singlet signals overlapping, OMe), 3.53 (1H (H-1, B-OH), 1H (H-1, a-OH), m),
3.62 (1H, m, H-1, keto), 3.99 (1H, d, J = 3.1 Hz, H-5, B-OH), 4.05 (1H, br, OH, B-OH), 4.17
(1H, dd, J =7.1,5.1 Hz, H-5, keto), 4.22-4.31 (1H (H-18, B-OH), 1H, (H-18, a-OH), 1H (H-5,

a-OH) 1H (H-18, keto), m), 4.59-4.69 (1H (H-18, a-OH), 1H (H-18, B-OH), 1H (H-18-keto),
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m), 5.54 (1H, d, J = 1.4 Hz, H-2, keto)), 5.57 (1H, d, J = 1.5 Hz, H-2, 3-OH), 5.64 (1H, d, J =
1.3 Hz, H-2, a-OH), 6.44-6.50 (IH (H-1’, a-OH), 1H (H-1’, B-OH), 1H (H-1’, keto), m),
6.58-6.73 (2H (H-Ar, H-2’, a-OH), 2H (H-Ar, H-2’, B-OH), 2H (H-Ar, H-2’, keto), 6.89-7.00
(3H (H-Ar, H-2’, a-OH), 3H (H-Ar, H-2’, 3-OH), 3H (H-Ar, H-2’, keto); 3C NMR (125 MHz
in C¢Ds) & 28.04 (C-19, B-OH), 29.51 (C-19, a-OH), 30.67 (C-19, keto), 33.02 (C-10, keto),
33.57 (C-10, a-OH, B-OH), 42.78 (C-6, keto), 44.13 (C-11, keto), 44.79 (C-6, B-OH), 45.29
(C-1, keto), 45.83 (C-11, B-OH), 4591 (C-11, a-OH), 46.40 (C-1, a-OH), 46.48 (C-1, B-OH,
C-6, a-OH), 55.46 (OMe), 55.52 (OMe), 55.55 (OMe), 55.59 (OMe), 55.72 (OMe), 55.75
(OMe), 55.82 (OMe), 68.48 (C-18, keto), 69.92 (C-18, a-OH), 70.35 (C-18, -OH), 73.89 (C-4,
keto), 83.77 (C-5, keto), 86.15 (C-4, B-OH), 86.71 (C-4, a-OH), 89.37 (C-5, a-OH), 89.60 (C-5,
B-OH), 106.86 (C-7, B-OH), 107.74 (C-7, a-OH), 110.02 (C-Ar), 110.23 (C-Ar), 112.40 (C-Ar),
112.48 (C-Ar), 112.51 (C-Ar), 112.54 (C-Ar), 112.58 (C-Ar), 112.82 (C-Ar), 112.98 (C-Ar),
113.03 (C-Ar), 119.52 (C-Ar), 119.58 (C-Ar), 120.09 (C-Ar), 120.19 (C-Ar), 120.23 (C-Ar),
122.46 (C-2, keto), 123.93 (C-2, a-OH), 124.13 (C-2, B-OH), 128.29 (C-2’, B-OH), 128.48
(C-2’, a-OH), 12942 (C-2’, keto), 130.80 (C-Ar), 131.57 (C-Ar), 131.66 (C-Ar), 133.25
(C-17, keto), 133.66 (C-1’, B-OH), 133.98 (C-1’, a-OH), 136.57 (C-Ar), 136.91 (C-Ar), 137.12
(C-Ar), 140.52 (C-3, B-OH), 140.82 (C-3, a-OH), 142.73 (C-3, keto), 149.21 (C-Ar), 149.26
(C-Ar), 149.70 (C-Ar), 149.73 (C-Ar), 149.99 (C-Ar), 15042 (C-Ar), 15044 (C-Ar), 150.47
(C-Ar), 205.34 (ketone); MS (CI*) m/z 494 [M]*; HRMS (CI*) m/z caled for C,0H3407: 494.2305,
found 494.2316; elemental analysis calcd (%) for C,H3,0,: C 70.43, H 6.93, found C 70.16, H

6.97.

PCI12HI 2 VN - V& PE SR

PC12#fld 2 DMEM/10% HS, 5%FBS, 100 unit penicillin-streptomycin CHLEYE S AU 7= 51,
8000 cells/mL DA FE T247 = LT L— R D 1 7 = /LD & 400 uL >+ 5. 24
REf A o F 2 _X—F —NTHE L7-1%, &Y 7 /L DMSOERIE A DDMEM/2% HS,

1%FBS, 100 unit penicillin-streptomycinfl k55 (DMSORALIRE 0.1%)Z 4% 4 X Hi9 5.
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A Fa_X—Z —TEELHT, IRFHZIZT L — FFHORMIZ4% TV LT VT e R
PBSIA %400 uL 3" 2> 2 TS ME T 5. 552N 5IRE L ThHHER Y = /WiZ4%ik
VAT VT B RPBSYANR 2400 L 21 2 CI5 ME T 5. 4% 5 /Vv A7 VT & RPBS
YRR 2 W5 B2 LC, PBS buffer 400 uLC =% . 0.1M Borate Buffer 400 pL"C 1 [=]
W3 2. 01%AF L 70— 300 uLx Mz, [EE L7l =R T 2 K7 5.
utath, I UQTYEHL, BAMEBICHIZT 5.

EVEFHI O E B TIE, TYVFNAIATTEY 2VOBEREZTELRLRNL D T U H A
SR T 5. HIERSRICT DHINN 2 &Y o 7V OKIRE N S U 100fF 3R L 22
HOREIZWET D, BoNET —F OMHLEEE, MackiatiradmL, AEE
BEIZB LTI, Dunnett’s t-testZ £ L 7-.
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(1R*,25%* 48%)-2-((E)-3,4-Dimethoxystyryl)-3' 4'-dimethoxy-1,2,3 4-tetrahydro-[1,1'-biphe

nyl]-4-ol (47)

OH

O OMe

47 OMe
39 (100 mg, 0.254 mmol)®D A % / —/b (2.5 mL)y&k%Z 0°C IZmAIL, Hilbkr ) oA 7K
Fi# (227 mg, 0.609 mmol), KFE{LA T FHEF MU 7 A (11.5 mg, 0.304 mmol) Z AN %,
ZOFEFEOWRET IS ofiidh Uiz, faflEbT &= KSR EZ N Z 7214, BT
JVTHIH L, BOKREE~ 7 % U A CHE S, IRBIEMGE L. Soh/ikigs v
VBTN HT T~ NTT77 44— (NFH R TF L 2:1 06 1) THE LT, 47
(81 mg, 81%) % 157-.
47: white solid; FT IR (neat) 3398, 2934, 2835, 1588, 1515 1464, 1417 cm™; 'H NMR (500
MHz in CDCly) 8 1.66 (1H, dt, J = 12.2, 10.1 Hz), 2.30 (1H, dd, J = 11.7, 4.6 Hz), 2.41-2.46
(1H, m), 3.16 (1H, dt, J = 9.5, 1.9 Hz), 3.80 (3H, s), 3.847 (3H, s), 3.853 (3H, 5), 3.86 (3H, 5),
453 (1H, br), 5.75 (1H, d, J = 10.1 Hz), 5.88 (1H, d, J = 10.0 Hz), 5.96 (1H, dd, J = 159,72
Hz), 6.04 (1H, d, J = 16.0 Hz), 6.63 (1H, s), 6.68 (1H, d, J = 8.3 Hz), 6.75-6.79 (4H, m); 3C
NMR (125 MHz in CDCl;) & 38.94, 44.99, 4848, 55.81, 55.82, 55.84, 5591, 67.57, 108.70,
11091, 111.12, 111.59, 118.87, 120.40, 129.53, 130.28, 130.55, 131.34, 132.52, 136.27,
14754, 148.42, 148.62, 148.92; MS (CI*) m/z 396 [M]*; HRMS (CI*) m/z calcd for CpHsOs:

396.1937, found 396.1935.
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(1R*,25%* 48%)-2-((E)-3,4-Dimethoxystyryl)-3' 4'-dimethoxy-1,2,3 4-tetrahydro-[1,1'-biphe

nyl]-4-yl 2-(7-(dimethylamino)-2-oxo-2H-chromen-4-yl)acetate (21)

21 OMe

47 (10.0 mg, 00252 mmo) DY 7 v v XA & > (05 mL)EK%Z 0 °C IZHA L,
2-(7-(Dimethylamino)-2-oxo-2H-chromen-4-yl)acetic acid (7.5 mg, 0.0303 mmol), KV =F
LT 22 (001 mL, 0.0717mmol), 2- A F/L-6-= 122 BREMEEKY (13.0 mg, 0.0378
mmol), DMAP (3.0 mg, 0.0246 mmol)Z IHKAN X, % D F F OIS T 3 R L.
BURREEKFE T U U LKSIREIMZ T2, Y7 ra A2 THi L, BKEigE~ 2
XYY LATHBESE, BEBRELZ. BONEREZ VDTN T A a~< T
77 4— (M FE= TV 5:1) THEL LT, 21 (14.1 mg, 89%) % 157-.

21: yellow solid; 'H NMR (500 MHz in CDCl;) § 1.75 (1H, dt,J = 12.3, 11.2 Hz), 2.27 (1H, dd,
J=110,5.1 Hz),2.48 (1H,m), 3.05 (6H, s), 3.18 (1H, m), 3.71 (2H, s), 3.79 (3H, s), 3.84 (3H,
s),3.85 (3H, s),3.86 (3H, 5), 5.63 (1H, br), 5.75 (1H, d, J = 10.3 Hz), 5.83 (1H, d, J = 10.1 Hz),
593 (1H,dd,J=15.9,7.5Hz),6.03 (1H,d,J = 160 Hz), 6.08 (1H, s), 6.52 (1H,d, J = 2.4 Hz),
6.61-6.63 (2H, m), 6.66 (1H, d, J = 8.3 Hz), 6.76-6.77 (4H, m), 742 (1H, d, J = 9.0 Hz);53C
NMR (125 MHz in CDCL) & 34.29, 38.45, 40.07, 44.62, 48.23, 55.80, 55.82, 55.88, 71.49,
98.34,108.41, 108.72, 108.96, 110.69, 110.93, 110.10, 111.42, 118.86, 120.38, 125.20, 126.61,
129.55, 129.88, 130.36, 134.72, 135.65, 147.65, 14831, 148.47, 148.69, 148.90, 152.94,
15593, 161.72, 168.87, HRMS (MALDI) m/z calcd for C;;H3;NOgNa:648.2568, found

648.2571.
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3-((1R*,25*,45%)-2-((E)-3,4-Dimethoxystyryl)-3' 4'-dimethoxy-1,2,3 4-tetrahydro-[1,1'-bi

phenyl]-4-yl)oxy)propan-1-ol (48)

48 OMe

47 (40.0 mg, 0.101 mmol) & 2-(3-Bromopropoxy)tetrahydro-2H-pyran* (115 mg, 0.515 mmol)
%M Z 7= DMF (0.5 mL)#i % 0 °C IZmAI L, KFELT b U UL (60% , iEI/RT 7 1

AT 21.0 mg, 0.525 mmo) & Nz, =D F F OIEE T 12 B L. fafnifib7

Y=Y DKW EMA T, ~FY iR L@DIRGRE T L, AEZ
ZREK, BARIEHK T L T B KRR~ 7 10 0 L TR S, IR R B L 7c.
BonlEEE 17 Lu~ N7 74— (M FigT T /L 5:)THE L TE

AR (511 me) e A H /) —V/IM Hlg (10:1,0.5 mL)ICIAfR S C, SRIE T 4 FREHEAE
L7z, SRRk FET BV U LKEIK AN A T2, Hilg—F /LTl LU, #KEiRE~ 7
RV LTHBSE, BR%REWE L. fohikiEz s VIV T hrn< b7
T 74— (NFYUERRT T L 2:1 05 12) THRLL C, 48 (40.0 mg, 93%) & 1547~

48: colorless oil; FT IR (neat) 3435, 2935, 1585, 1514, 1464, 1417 cm™; 'TH NMR (500 MHz in
CDCl3) 6 1.68 (1H, dt,J = 12.3, 11.2 Hz), 1.87 (2H, m), 2.31 (1H, m), 2.40 (1H, m), 3.15 (1H,
m), 3.73-3.82 (6H, m), 3.79 (3H, s), 3.836 (3H, s), 3.843 (3H, s), 3.87 (3H, s), 4.21 (1H, br),
5.75 (1H,d,J=10.2 Hz),5.90 (1H, d, J = 10.2 Hz), 596 (1H,dd, J = 15.9,7.3 Hz), 6.03 (1H,
d,/=160Hz),6.62 (1H,d,J=1.7 Hz), 6.67 (1H, dd, J = 8.2, 1.8 Hz), 6.74-6.78 (4H, m); 1*C
NMR (125 MHz in CDCl3) 6 32.30, 35.24, 44.87, 48.64, 55.75, 55.76, 55.79, 55.85, 62.03,
67.37,7507, 108.62, 110.87, 111.07, 111.55, 118.82, 120.31, 128.80, 129.43, 130.32, 130.51,
132.90, 136.26, 147 .48, 148.35, 148.55, 148.86; MS (CI*) m/z 454 [M]*; HRMS (CI*) m/z calcd

for C;;H340¢: 454.2355, found 454.2358.
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3-((1R* 25* 485%)-2-((E)-3 4-Dimethoxystyryl)-3' 4'-dimethoxy-1,2,3 4-tetrahydro-[1,1'-bi
phenyl]-4-yl)oxy)propyl 2-(7-(dimethylamino)-2-o0xo0-2H-chromen-4-yl)acetate (49)

0]

Q/\/\o
. N
Me0:©/\\\‘- ‘ |
MeO O
OMe
49 OMe

48 (9.1 mg, 0.0200 mmol) DY 7 mw A X > (05 mL)AER%Z 0 °C (ZWH L,

o] ¢}

2-(7-(Dimethylamino)-2-oxo-2H-chromen-4-yl)acetic acid (7.5 mg, 0.0303 mmol), EDCeHCI
(5.9 mg, 0.0307mmol), DMAP (2.4 mg, 0.0196 mmol)% iR Tz, ZDFE F DR T 20
WFRIFLER L 7o, BRRNRIR/K R T b U U DOKISRZ A T2tk, 7 mm A% TR L,
HoKmilg~ 7 32U A CHBR S, ERRIRGE L2, FonlREez s V05 n 7
Lrma~ T T7 44— (MR T L5 TR LT, 49 (13.1 mg, 96%) % 157=.
49: yellow sold; 'H NMR (500 MHz in CDCl;) 6 1.57-1.64 (1H, m, H,O peak overlapped),
1.90 (2H, m), 2.21 (1H, d, J = 6.8 Hz), 2.37 (1H, m), 3.01 (6H, s), 3.14 (1H,d, J = 7.7 Hz),
3.53 (2H, m), 3.69 (2H, s), 3.80 (3H, s), 3.85 (6H, s, OMe peak overlapped), 3.86 (3H, s), 4.08
(1H, br),4.26 (2H,t,J =63 Hz),5.72 (1H,d, J=10.2 Hz), 5.81 (1H, d, J = 10.2 Hz), 5.96 (1H,
dd,J=159,7.1Hz),6.03 (1H,d,J=16.0 Hz), 6.06 (1H, s),6.49 (1H,d,J = 2.1 Hz), 6.60 (1H,
dd,/=90,2.1Hz), 6.63 (1H,s), 6.67 (1H, d, J = 8.2 Hz), 6.75-6.80 (4H, m), 741 (1H,d, J =
9.0 Hz); C NMR (125 MHz in CDCl3) & 29.23, 35.27, 38.34, 40.05, 44.89, 48.69, 55.81,
55.84, 55.89, 62.78, 64.14, 98.32, 108.41, 108.69, 108.96, 110.70, 110.90, 111.09, 111.63,
118.86, 120.35, 125.26, 128.89, 129.43, 130.43, 130.59, 132.87, 136.36, 147.50, 148.37,
148.39, 148.60, 14891, 152.92, 155.93, 161.66, 169.03; HRMS (MALDI) m/z calcd for

CsHisNOgNa [M+Na*], 706.2987, found 706.2980.
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(1R* 28* AR*)-2-((E)-3 4-Dimethoxystyryl)-3' 4'-dimethoxy-1,2,3 d-tetrahydro-[1,1'-biphe

nyl]-4-yl acetate (50)

OAc

Lowe
50 OMe

38 (10.0 mg, 0.0252 mmol)»D Y7 B u A X > (0.5 mLAFRIZ, FUx=F LT I (003
mL, 0.215 mmol), DMAP (3.0 mg, 0.0246 mmol), #E/KEEEE (0.01 mL, 0.106 mmol) % =E{i
Tz, ZOFEORET 2 BT L. fafmigkET MY o LKERE N % 72
%, Yr/mrr AT L, KGR~ 7 R0 LTRSS, JRIERGIEMG L.
BoNTREE Y DTN T Lrua~w NI T T 40— (~FH RV 3:1)TH
FLC, 50 (104 mg, 94%) % 157-.

50: yellow solid; FT IR (neat) 2999, 2936, 2835, 1731, 1586, 1515, 1464, 1417 cm™'; 'H NMR
(500 MHz in CDCl5) 6 1.90 (1H, m), 2.08 (1H, m), 2.11 (3H, s),2.60 (1H, m), 3.12 (1H, d, J =
9.5 Hz), 3.83 (3H, s), 3.855 (3H, s), 3.859 (3H, s), 3.87 (3H, s), 5.38 (1H, d, J = 2.7 Hz), 5.96
(1H,dd,J = 159,75 Hz), 5.98-6.01 (2H, m), 6.11 (1H, d, J = 16.0 Hz), 6.69 (1H, s), 6.74 (1H,
dd, J =82, 1.5 Hz), 6.77-6.81 (5H, m); 3C NMR (125 MHz in CDCL3) § 21.40, 33.56, 40.68,
4827, 55.77, 55.83, 55.85, 55.87, 66.39, 108.66, 110.96, 111.08, 111.73, 118.83, 12041,
124.68, 129.71, 130.45, 130.52, 135.79, 136.64, 147.62, 148.39, 148.64, 148.88, 170.67; MS

(CI*) m/z 438 [M]*; HRMS (CI*) m/z calcd for C,6H30Og: 438.2042, found 438.2038

(1R*,25%* 48%)-2-((E)-3,4-Dimethoxystyryl)-3' 4'-dimethoxy-1,2,3 4-tetrahydro-[1,1'-biphe

nyl]-4-yl acetate (51)

OAc

MeOm\\‘- ‘
MeO O
OMe

51 OMe
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50 & [FREDTFNEIZHE - T, 47 (10.0 mg, 0.0252 mmol)2> 5 51 (9.8 mg, 89%) & #47-.

51: white solid; FT IR (neat) 2998, 2934, 2834, 1727, 1584, 1516, 1464, 1418 cm™'; '"H NMR
(500 MHz in CDCl;) 6 1.77 (1H, dt, J = 12.3, 11.2 Hz), 2.10 (3H, s), 2.32 (1H, m), 2.50 (1H,
m), 3.19 (1H, d, J = 94 Hz), 3.81 (3H, s), 3.85 (6H, s, OMe peak overlapped), 3.86 (3H, s),
5.60 (1H, br), 5.80 (1H,d, J =10.8 Hz), 5.84 (1H,d,J =103 Hz), 595 (1H,dd,J=159,74
Hz), 6.05 (1H, d, J = 16.0 Hz), 6.64 (1H, s), 6.68 (1H,dd , J = 8.2, 1.3 Hz), 6.75-6.79 (4H, m);
BC NMR (125 MHz in CDCl5) & 21.34,34 .49, 44.67,48.38,55.79, 55.84,55.90, 70.18, 108.73,
11093, 111.11, 11142, 118.86, 12042, 127.35, 129.72, 129.81, 130.48, 134.19, 135.87,
147.63, 148.44, 148.70, 148.91, 170.85; MS (CI*) m/z 438 [M]*; HRMS (CI*) m/z calcd for

Ca6H3006: 438.2042, found 438.2033.

PC12fi i & F v 7o TG PEEE A

PCI2#fi 2 AW TH —FE L FRO FIRTERZAT 5. EEHME O ERILTIE, TV
NHATTHEY 2 VDOFEREZERGRNE D T U X LRET D, MERRIZT 5
fZe 23 TN DFRRENS ZNENTOEER U, JEE A RIEERE O R T3z
DEIZWEL, SMMEFFHEIEMEOFMN CITMEE LY b RWREEZ A L TV 5Dl
DEGERE L. /(oS T —F OFGHLEE, MackistET &2/ L, A EER
EVZBI LTI, Dunnett’s t-testZ £ L 7=.
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DR ANPEATER (AR 22 5N L 7= NVCHEE R o i i

3-(4-(4-(3-(4-((3-((3aS*,85*,9a5*)-2-Methoxy-2-methyl-3,3a,5,7 8,9-hexahydro-2H-furo| 3,
2-clisobenzofuran-8-yl)propoxy)methyl)-1H-1,2 3-triazol-1-yl)propoxy)benzoyl)phenoxy)p
ropyl(2-(2-(5-((3aS* 4S* ,6aR *)-2-oxohexahydro-1H-thieno[3,4-d]imidazol-4-yl) pentanami

do)ethoxy)ethyl)carbamate (20)

g

Ny "0 o} CuS0,+5H,0 o} kNN
0 sodium ascorbate g 2 mo i
S — N0 f Z™o
N=N N

o
n
HN)LNH o

t-BuOH/H,0
Hﬁ” ! OF° ha e KL
. .,,I/\/\H/N\/\O/\/NH |_I|-|N le:i . a OYO
0 sZ s 4s,,,/\/\mr\l\/\o/‘'\Z(NH
(0]

20

7Y K2 (14.2 mg, 0.020mmol) & 27 2 (12.3 mg, 0.040 mmol)% +-BuOH/H,O (3:1,2.0 mL)
R ERSRIT) FLK Fn¥) (6.0 mg, 0.024 mmol) & N %, SRR TS| L7228 S8 LTl
KUTRIZT AL E BT S U v A (4.8 mg, 0.024 mmol) % Il 2 CERIE T 8 Ky
T5. ISR ZNEME T U B 7V CHEm LT, SNz EEZ W HEI 7 L7~ N7
TT74— (AF =K 1.5: 1) THRE LT, 20 (8.3 mg,41%)%157=.

20: FTIR 2924, 2853, 1714, 1600, 1506 cm™'; '"H NMR (600 MHz in CD;OD) & 1.30 (1H, m,
H-11A), 1.38 (3H, s, H-1*minor), 1.40 (3H, s, H-1%), 1.39-1.45 (4H, m, H-4, 13%), 1.54-1.76
(6H, m, H-3, 5, 9*A-minor, H-10%), 1.80 (1H, dd, J = 13.8, 44 Hz, H-9*A), 1.90 (1H, m,
H-9*B-minor), 1.92 (1H, dd, J = 13.8, 6.0 Hz, H-9*B), 2.05 (1H, dd, J = 13.8, 54 Hz,
H-3*A-minor), 2.16 (2H, t, J = 6.2 Hz, H-b), 2.19 (2H, t, J = 7.2 Hz, H-2),2.19 (1H,d, J = 13.8
Hz, H-3*A), 2.24 (1H, d, J = 13.8 Hz, H-3*B), 2.25 (1H, d, J = 13.8 Hz, H-3*B-minor), 2.42
(2H, quin, J = 6.4 Hz, H-h), 2.68 (1H,d, J = 12.6 Hz, H-5"" ), 2.89 (1H, dd, J = 12.6, 5.0 Hz,
H-5"f), 3.15 (3H, s, H-15*minor), 3.16 (1H, m, H-4""), 322 (3H, s, H-15%), 327 (2H, t, J =

5.4 Hz, H-2"),333 (2H, t,J = 6.0 Hz, H-1°), 3.49 (6H, m, H-2’, 17, 14%), 409 2H, t,J = 5.6
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Hz, H-m), 4.10 (1H, m, H-4%), 4.11 (1H, d, J = 10.7 Hz, H-6* A-minor), 4.16 (1H, d, J = 10.7
Hz, H-6*A), 4.17 (2H, t, J = 6.0 Hz, H-c), 4.18 (1H, m, H-4*minor), 424 (2H, t, J = 6.2 Hz,
H-a),4.27 (1H, dd, J = 13.8, 4.6 Hz, H-3""), 437 (1H, m, H-6*B), 4.46 (1H, dd, J = 7.8, 4.6 Hz,
H-6""), 4.49 (1H, m, H-6*B-minor), 4.55 (2H, m, H-y), 4.64 (2H, t, J = 6.7 Hz, H-0), 5.69 (1H,
m, H-8*minor), 5.72 (1H, m, H-8%), 7.00 (2H, d, J = 8.7 Hz, H-k), 7.04 (1H, d, J = 8.7 Hz, H-e),
7.72 (1H,d, J = 49 Hz, H-j), 7.75 (1H, d, J = 4.9 Hz, H-f), 7.96 (1H, d, J = 3.3 Hz, H-p); °C
NMR (150 MHz in CD;OD) & 23.92 (C-1*minor), 24.08 (C-1%), 26.83 (C-3), 29.20 (C-5),
29.49 (C-13%), 29.75 (C-4), 30.11 (C-6), 30.61 (C-11%*), 30.83 (C-n), 32.12 (C-12%), 32.71
(C-10*minor), 3347 (C-10%), 36.09 (C-9%), 36.74 (C-2), 40.29 (C-1°), 41.04 (C-5""), 41.68
(C-2”), 46.73 (C-3*minor), 47.08 (C-3*), 48.41 (C-0), 49.30 (C-15*minor), 50.09 (C-15%),
56.98 (C-4""), 61.63 (C-67"), 62.58 (C-a), 62.58 (C-a), 63.37 (C-3"), 64.65 (C-y), 66.02 (C-c),
66.10 (C-m), 70.45 (C-2°), 70.74 (C-6*), 70.86 (C-1”), 71.22 (C-6*minor), 71.80 (C-14%),
88.66 (C-5*), 89.76 (C-4*), 89.94 (C-4*minor), 110.14 (C-2*minor), 111.61 (C-2%), 115.27
(4C, C-e, k), 123.07 (C-8*minor), 123.54 (C-8%), 12531 (C-p), 131.74 (C-g), 131.97 C-i),
133.34 (4C, C-f, j), 139.16 (C-7%), 146.40 (C-q), 159.10 (OCONH), 163.70 (C-1), 164.05 (C-d),
166.07 (C-17"), 176.17 (C-1), 196.60 (C-h); HRMS (FAB*) m/z calcd for Cs2H71N;NaO128

[M+Na*] 1040.4779, found 1040.4779.

3-(4-(4-(3-(4-((3-((3aS*,85* 9a5*)-2-0x0-3,3a,5,7,8,9-hexahydro-2H-furo[3,2-c]isobenzofu
ran-8-yl)propoxy)methyl)-1H-1,2 3-triazol-1-yl)propoxy)benzoyl)phenoxy)propyl (2-(2-(5
-((3aS*,4S*,6aR*)-2-oxohexahydro-1H-thieno|[3,4-d]imidazol-4-yl)pentanamido)ethoxy)et

hyl)carbamate (52)
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52

The numbering of positions is according to 20

20L& FIRED FIEIZHE- T, 7 K (17.8mg, 0.025 mmol)7» 552 (18.6 mg, 75%) & 157-.
52: FTIR 3254, 3070, 2931, 2872, 1698, 1643, 1599, 1554, 1509 cm’'; '"H NMR (500 MHz in
CDCl;) & 1.40-1.52 (3H, m, H-4, H-12* or 13*, 1.58-1.74 (7H, m, H-3, 5, 12*, 13%), 1.81 (1H,
dd,J =13.7,4.0 Hz, H-11*A), 1.89 (3H, m, H-10*, 11*B), 2.09 (1H, d, J = 18.9 Hz, H-9*A),
2.11-2.23 (4H, m, H-2,b),2.28 (1H, dd, J = 18.9, 2.6 Hz, H-9*B), 2.45 (2H, m, H-n), 2.68-2.74
(3H, m, H-3*%,5°A), 2.88 (1H,dd, J = 12.9, 4.8 Hz, H-5""B), 3.10 (1H, m, H-4""), 3.35 (2H, m,
H-2"),3.41 (1H,t,J = 5.0 Hz), 3.49-3.53 (6H, m, H-1",2°, 14%), 406 (2H, t, J = 5.7 Hz, H-m),
413 (2H, t, J = 6.3 Hz, H-c), 425-427 (4H, m, H-1", 3™, 4%), 434 (1H, d, J = 114 Hz,
H-6*A), 4.46-4.51 (2H, m, H-2"", 6*B), 4.60-4.63 (4H, m, H-o, 1), 5.57 (2H, m, HNCONH,
HNCOO), 5.88 (1H, brs), 6.32 (1H, brs, HNCONH), 6.63 (1H, brs, HNCOC), 6.94 (4H, m, H-e,
k), 7.65 (1H, s, H-p), 7.76 (4H, m, H-f, j); *C NMR (125 MHz in CDCl;) § 25.52 (C-3), 27.99,
28.12, 28.20 (C-4 or 5 or 13*), 28.91 (C-b), 29.80 (C-9%), 29.85 (C-n), 30.34 (C-12%), 30.53
(C-10%), 33.27 (C-11%), 35.76 (C-2), 36.94 (C-3%), 38.99 (C-1"), 40.51 (C-5"7), 40.72 (C-2"),
61.45 (C-a), 61.77 (C-3""), 64.34 (C-1), 64.42 (C-m), 64.65 (C-c), 69.68, 69.83 (C-1" or C-2°),
70.22 (C-6%), 70.54 (C-14%), 83.02 (C-4%), 87.78 (C-5%), 113.94, 113.95 (C-e or k), 122.86
(C-p), 125.36 (C-8%), 130.65, 130.96 (C-1 or g), 132.21 (2C, C-f, j), 134.04 (C-7%), 145.55
(C-q), 156.76 (OCONH), 161.71 (C-1), 162.10 (C-d), 163.90 (HNCONH), 173 .41 (C-1), 175.38
(C-2%), 194.35 (C-h) ; HRMS (MALDI) m/z calcd for CsoHeN-O1,S [M+H*] 988.4485, found

988.4498.
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3-(4-(4-(3-(4-((Cyclohexylmethoxy)methyl)-1H-1,2 3-triazol-1-yl)propoxy)benzoyl)phenox
y)propyl(2-(2-(5-((3aS*,4S* ,6aR*)-2-oxohexahydro-1H-thieno[3,4-d]imidazol-4-yl) pentana

mido)ethoxy)ethyl)carbamate (53)

0]
u S |
v U i g
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p
w 'N\UY 2 n B ! f
\/\lN/\/\O f : o
N=N o KlL
e |
HN NH a

0]

RGN Y
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20 FIEED FINEIZHE- T, 7Y K (21.0 mg, 0.0302 mmol)7> 553 (18.2 mg, 65%) % 157=.
53: FTIR 3329, 2926, 2854, 1701, 1654, 1645, 1600, 1541 cm'; '"H NMR (600 MHz in CDCls)
0 0.80 (2H, m, H-uA), 1.16 (2H, m, H-w), 1.24 (4H, m, H-v), 1.43 (2H, quint, J/ = 7.2 Hz, H-4),
1.55-1.78 (7H, m, H-3, 5, t, uB), 2.14 (2H, quint, J = 6.3 Hz, H-b), 2.22 (2H, dt, J = 7.2, 3.3 Hz,
H-2), 2.45 (2H, m, H-n), 2.70 (1H, d, J = 12.9 Hz, H-5A), 2.89 (1H, dd, J = 12.9, 5.1 Hz,
H-5""B), 3.12 (1H, m, H-4""), 3.31 (2H, d, J = 6.4 Hz, H-s), 3.36 (2H, m, H-2"), 3.42 (2H, m,
H-1),3.54 (4H, m, H-17,2°),4.06 (2H, t, J = 5.8 Hz, H-m), 4.13 (2H, t, J = 6.3 Hz, H-c), 4.28
(3H, m, H-3"",a),4.48 (1H,dd, J = 12.6, 5.1 Hz, H-6”), 4.60 (2H, t, J = 6.9 Hz, H-0), 4.60 (2H,
d, J = 04 Hz, H-r), 530 (1H, brs, HNCONH), 5.50 (1H, brs, OCONH), 6.08 (1H, brs,
HNCONH), 6.52 (1H, brs, CH,CONH), 6.94 (2H, d, J = 9.0 Hz, H-k), 6.95 (2H, d, J = 8.4 Hz,
H-e), 7.55 (1H, s, H-p), 7.76 (2H, d, J = 8.4 Hz, H-), 7.77 (2H, d, J = 9.0 Hz, H-j); *C NMR
(150 MHz in CDCl;) d 25.47 (C-3), 25.80 (C-w), 26.55 (C-t), 28.00 (C-4), 28.05 (C-5), 28.93
(C-6), 29.81 (C-v), 29.81 (C-n), 30.02 (C-u), 35.73 (C-2), 39.04 (C-1°), 40.52 (C-5), 40.72
(C-27), 46.95 (C-0), 5544 (C-4""), 60.10 (C-6""), 61.51 (C-3"), 61.78 (C-m), 64.33 (C-1),
64.55 (C-c), 64.68 (C-17), 69.70 (C-2"), 69.88 (C-s), 113.93 (C-k), 113.98 (C-¢), 122.67 (C-p),
130.68s (C-g), 131.10s (C-i), 132.23d (2C, C-f), 132.26d (2C, C-j), 145.80s (C-q), 156.77s
(OCONH), 161.65 (C-1), 162.13 (C-d), 163.67 (C-1""), 173.36 (C-1), 194.37 (C-h); MS (FAB")

m/z 862 (M-); HRMS (FAB-) m/z calcd for C44HeoN,O9S [M-] 862.4173, found 862.4176.
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V22 Ta sy MZEABEZ T EDOKH
o X NI IR DR

AS49HBIE F 72 1 ZPC12HE 2 1x10° cells/mL DL T24 7 = /L7 L— RIZ500 pL§ - D>FE
LT, £ rFa—F—NTUHHA v Fa—T5. Bz, Miassss
HINTORENI0 uMIZ72 D £ D IZK Y > 7L ODMSOAIR 2 UsH LT 2 BEf A > %
2 N—H—THEETDH. T0%, 71— XU FHNTIOSBUVE RS, BE#%,

EiHia-BRZE L, PBS buffer 500 pL C2[E1¥5+%, RIPA buffer [T 7 A 7 A 71100 uL T
MELY, XY RVTF =TT, BE N TR AR, =05 B (10min,

5°C, 15000rpm) L7z RiGEFHTo2my XU NV T7Fa—7IZB LT, fMilahbox

X7 E R 2 TR LTz

SUTARK T 1y MIE DX LT B OfENT

FHEL U 7= 2 o BRI A 2% SDSY > 7 b buffer & B HIRA LT3 A& L
bDIZ1% Y~ —T7 VU T v h7/b— R250KERZVEIRM LTV 7 015 ul
EytE~Y——30 uL%E%, 10 ARV 77 VLT I RTZMCT 7 Z4 L T30 mATIHf
ffl, SDS-PAGE % 1T7-7z. SDS-PAGEf D7/ LPVDFEZ R G, A X/ —/LA
> 77—, 150 mA T2 K], =i TG 21T -7, i551%, PVDFIX 4 TBS-Tween 20
T2, 5 pMoOWE L%, /~1 7 VU 3y 7 [ZBlocking One 2.0 mL & PVDFEZ Al
T, =R T30 ke 9 L7z, PVDFIEZ /Ny Z7/)2bH0 L, TBS-Tween20T 5 47
MoOWwE %3 B0 L7, Y% OPVDFKE % Blocking One T20001% 77 B L 72
Streptavidin-HRP T/ 3w 7 L, 4 °C THAEANRE 5 L7z, /N> 27 L7-PVDFEZ Y H L
TBS-Tween 207C5 ZrH O %3 [El#E VK L=, e, PVDREZ 7 v 7 EICE L,
K73 %Z LY, HRP substrate peroxide solution 250 uL., HRP substrate luminol reagent 250 uL
[ Millipore], M OVRFEZZBE /K 500 uL % X <IRFI L7 &2 T L, 10MhE L2,

5372 K 5y 2 WOER Y, PVDFJEE % Image reader LAS-4000 mini [ Fuji film ] CH#AT L 7=.
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plus Membrane Protein Extraction Kit [Thermo Fisher]|® 7'®2 s 2— /L2 L7z/3 > TH N
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(2-Methyl-4-((triisopropylsilyl)oxy)cyclopent-1-en-1-yl)methanol (67)
OH

OTIPS
67

BEFIVEZHE » CHREL L 7= 7149 (2.80 g, 16.5 mmol)? DMF (33 mL)AIKIZA I & — )b
(2.80 g,41.Immol), PV A Y7t/ U/Lr7rl K (3.80mL,17.9 mmol)Z BN Z,
ZOFEFEDOERT 24 FFIREHE Lo, ZAEKEIMZ 2%, ~FV VB F L (4 DIRE
LTI L, MOKRiEE~ 7 22U A TS, JRREBIEM L. SonokiEo
THF (41 mLYFIKIZ-78 °C TKFENTA Y 7T I =75 (IM RV U RIE

41 mL,41.0 mmol)Z Mz, ZDEFDOIRE T30 DLz, A% /—/L 32mL)& 30%
2y ¥ WV KTAIR (48 mL) % /Il 2 CERIE. T 24 Wefij ik L7=1%, Befg—F v Gl L,
HEKGIER~ 7 323U LA CHEESE, IRREBIRGE L. JFonciEz s V7NV Z
Loma< NI T7 4— (Y UERTT L 5:1)THELL C, 67 (4.353 2,93%) & 157-.
67: colorless oil; FT IR (neat) 3314, 2941, 2865, 1463 cm™; '"H NMR (500 MHz in CDCl;) 6
1.03-1.10 (21H, m), 1.67 (3H, 5), 2.35 (1H, dt, J = 16.6, 1.3 Hz), 2.44 (1H, dd, J = 16.1, 1.3 Hz),
2.62 (1H,dd,J = 16.6,7.1 Hz),2.77 (1H, dd, J = 16.0, 7.1 Hz), 4.16 (2H, 5), 4.56 (1H, m); 3C
NMR (125 MHz in CDCL) & 12.08, 13.75, 17.96, 44.48, 4898, 59.02, 70.78, 131.77, 133.36;

MS (CI*) m/z 283 [M-H]*; HRMS (CI*) m/z calcd for C,¢H3,0,S1: 283.2088, found 283.2094.

(2-Methyl-4-((triisopropylsilyl)oxy)cyclopent-1-en-1-yl)methyl 1, 4-dioxaspiro[4. 5]decan

e-6-carboxylate (66)

s
00

O

66

OTIPS

85



67 (9.775 g, 30.54 mmol)?® DMF (30 mL){##ZIZ 14-Dioxaspiro[4.5]decane-6-carboxylic
acid* (6.255 g, 33.59 mmol), DMAP (373 mg, 3.05 mmol), EDC*HCI (7.610 g, 39.70 mmol)
ZNESON A, ST 24 RFRBIFR Lo, ZREOKZMMA T2, ~F 5 2 offli— T v4:1)
RATABECHIH L, MK~ 7 32 7 AT, EREGEME L. GOk
Ba VDTN T BT a~ 8T TT = (ST UEERT T L 30:1 205 15:1) THIR
L, 66(13.710 g,99%) % 157~

66: colorless oil; FT IR (neat) 2957, 2723, 1739, 1463 cm™'; '"H NMR (500 MHz in CDCl;) 6
1.01-1.08 (21H, m), 1.29-1.32 (1H, m), 1.44-1.49 (1H, m), 1.58-1.71 (3H, m), 1.69 (3H, s),
1.80-1.95 (3H, m), 2.35 (2H, m), 2.60 (1H, dd, J = 15.8, 6.8 Hz), 2.65-2.71 (2H, m), 3.84-3.96
(4H, m), 4.54 (1H, m), 4.62 (2H, m); *C NMR (125 MHz in CDCl;) § 12.04, 13.87, 17.93,
22.86, 2291, 23.34, 27.30, 34.53, 34.59, 44.85, 44.87, 48.846, 48.854, 49.88, 60.50, 64.46,
64.81, 64.84,70.70, 108.54, 108.55, 127.50, 127.52, 135.84, 135.88, 172.36; MS (CI*) m/z 451

[M-H]*; HRMS (CI*) m/z calcd for C,sH,305Si1: 451.2885, found 451.2887.

Methyl (S*)-2-(2-hydroxyethoxy)-1-((15*,4R*)-1-methyl-2-methylene-4-((triisopropylsily
Doxy)cyclopentyl)cyclohex-2-ene-1-carboxylate (65a) and Methyl (65%)-2-(2-hydroxyeth
oxy)-1-((15*,45%*)-1-methyl-2-methylene-4-((triisopropylsilyl)oxy)cyclopentyl)cyclohex-2-e

ne-1-carboxylate (650)

/N
HO/—_\O HO O

The numbering of positions is according to the skeleton of natural spirotenuipesine A

oA YT e N7 2 (7.1 mL, 50.3 mmol)® THF (80 mL)IA#ZIZ-78 °C Tn-7 F /LU
FL (16M ~FH 8% 313 mL, 50.1 mmol)Z %, 0°CIZHIEL T 20 0L
7o, B, 78 CIlZmHAIL7=DHIZ 66 D THF (20 mL)AKR Z M2 TE DO DIRE T
30 g L2, FUAFAT YLl R (6.3 mL, 49.6 mmo)Z %, #hRuIZ=ER

(SRR, FOSERZ AL T 24 REREINBGERT SE 7. |ETHm L72D HIZ 4M K
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b R U 7 2K (10mL) & A% 7 —/v (10 mL)Z 4% C, iR CTRAERE LT,
IM R ANz TR, BT L TRt L, SOKEig~ 7 x>0 AT SE, JE
WBEME L. BONTEEBEZ VSN D T L0~ NI T T 4 — (~FY iR
TFIL 41 DOHEFRT T LOR) TR L TEBEO R 2 rE L. SonTIRE
Mo s/ AL ) —v (31, 32 mL)IEIKIZ TMS U7 YV A% M =—7 VIR
5.0 mL, 10.0 mmol) Z A CT=EiE T 30 73R 5. KR DFEAENNERT D £ THERR Z N
XTI L0 BICffRBEKFET M U LKERE M T2, Big—F /L CHif L,
BB~ 720 LA TCTHBESE, IBBRBRRMELZ. BONEREZ S ) DTNV T
Loma~ NI TT 4— (Y UEFRT TV 1510 05 10:) TR LT, 65a (1413 g,
30%),653(1.510 g, 32%) % 157~

65z colorless oil; FT IR (neat) 3486, 3060, 2946, 2866, 2722, 1726, 1656, 1463 cm'; 'TH NMR
(500 MHz in CDCl;) § 1.00-1.06 (21H, m, TIPS), 1.14-1.23 (1H, m, H-8a), 1.40 (1H, t, J =
13.2 Hz, H-7a), 1.48 (3H, s, H-14), 1.67 (1H, m, H,O peak overlapped, H-8b), 1.75 (1H, dd, J =
13.9, 1.9 Hz, H-4a), 1.95-2.08 (2H, m, H-9), 2.22 (1H, dd, J = 13.9, 4.4 Hz, H-4b), 2.41 (1H, d,
J = 15.7 Hz, H-7b), 2.45 (1H, d, J = 13.3 Hz, H-2a), 2.58 (1H, m, H-2b), 3.04 (1H, br, OH),
3.70 (3H, s, OMe), 3.77-3.87 (4H, m, HOCH,CH,0-), 430 (1H, t,J = 4.6 Hz, H-3),4.79 (1H, d,
J=3.6Hz, H-10),4.99 (1H,d, J = 2.0 Hz, H-13a), 5.01 (1H, s, H-13b); *C NMR (125 MHz in
CDCl;) & 12.05 (TIPS), 18.01 (TIPS), 18.02 (TIPS), 20.61 (C-8), 24.01 (C-9), 29.16 (C-14),
30.78 (C-7), 47.87 (C-2), 48.67 (C-4), 49.18 (C-5), 51.66 (OMe), 57.60 (C-6), 60.76
(HOCH,CH,0-), 68.28 (HOCH,CH,0-), 71.28 (C-3), 99.90 (C-10), 108.84 (C-13), 154.90
(C-11), 156.91 (C-12), 17521 (C-15); MS (CI*) m/z 467 [M+H]*; HRMS (CI*) m/z calcd for
CaeH705Si; 467.3187, found 467.3185.

654 colorless oil; FT IR (neat) 3477, 2943, 2866, 1723, 1656, 1462 cm™'; 'H NMR (500 MHz
in CDCl;) & 1.03-1.09 (21H, m, TIPS), 1.21-1.25 (1H, m, H-8a), 1.27 (3H, s, H-14), 1.65-1.76
(2H, m, H-7a, 8b), 1.86 (1H, dd, J = 12.5, 7.4 Hz, H-4a), 1.98-2.10 (2H, m, H-9), 2.39 (2H, m,
H-4b, 7b), 2.61 (1H, dd, J = 14.9, 7.2 Hz, H-2a), 2.69 (1H, br, H-2b), 3.29 (1H, br, OH), 3.69
(3H, s, OMe), 3.72-3.87 (4H, m, HOCH,CH,0-), 428 (1H, m, H-3), 4.80 (1H,dd, J = 50,25

Hz, H-10), 4.89 (1H, s, H-13a), 4.92 (1H, s, H-13b); *C NMR (125 MHz in CDCLy) & 12.11
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(TIPS), 17.93 (TIPS), 20.61 (C-8), 23.89 (C-9), 28.07 (C-14), 30.95 (C-7), 46.17 (C-2), 48.43
(C-5), 48.88 (C-4), 51.65 (OMe), 56.99 (C-6), 61.20 (HOCH,CH,0O-), 68.73 (HOCH,CH,O-),
70.51 (C-3), 99.46 (C-10), 107.86 (C-13), 155.04 (C-11), 155.64 (C-12), 175.25 (C-15); MS

(CI*) m/z 467 [M+H]*; HRMS (CI*) m/z calcd for C,6H4705S1: 467.3187, found 467.3194.

(2-Methyl-4-(trityloxy)cyclopent-1-en-1-yl)methanol (72)

OH

OTr
72

71 (550 mg, 3.23 mmol) D ¥’ Y 7> (6.4 mL)AHRIZ =R T DMAP (39 mg, 0.319 mmol),
UFnzm Y R (1350 g,4.84 mmol) ZNAKAN Z, 100 °C (ZHNEA L T 6 Refilfi#hE L7z, =
B E T Lizth, ZBEKEMNZ, ~FV U /EEE= T L@ DIRATREE i L, fEK
Wifg~ 73230 LA CHEESE, BRI L. /JBonciEa s VSN T L7
0~ 7T 74— (NFYUERRTF L 60:1) TR L C, Son7-4m (4353 g)
@ THF (5.7 mL)EHEIZ-T8 °C TKFET A VY T o AT A I =T A (IM MLV UK
6.3 mL, 6.30 mmol)Z Il %, D F FDIRE T30 oI L=, A ¥/ —/ (60mL),30%
2y ¥ UV KEAIR (8.0 mL)Z % CEIR T 12 REMBIE L=, BEfg—F L Tl L,
HEKGIEE~ 73230 LA CHEESE, IRREBIRGE L. JFonciEz s V7NV Z
Loma~ NI T7 4— (~FVUEFRT TV 15:1) THRREL L T, 72 (934 mg, 2 steps 78%)
R,

72:colorless oil; FT IR (neat) 3313, 3057, 2926, 1596, 1490, 1447 cm™; '"H NMR (500 MHz in
CDCl;) § 1.06 (1H, br), 1.53 (3H, s), 1.99 (1H, dd, J = 17.0, 7.9 Hz), 2.15 (1H, m), 2.23-2.32
(2H, m), 4.03 (2H, s), 4.30 (1H, m), 7.22 (3H, m), 7.28 (6H, m), 7.48 (6H, m); 3C NMR (125
MHz in CDCls) & 13.57, 41.87, 46.25, 58.81, 73.01, 87.19, 126.84, 127.76, 128.80, 131.58,

133.35,145.15

(2-Methyl-4-(trityloxy)cyclopent-1-en-1-yl)methyl 1,4-dioxaspiro[4.5]decane-6-carboxylat

e (73)
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: OTr
73

66 & FIRED FIEIZHE > T, 72 (17.8mg, 0.025 mmol)?> 573 (520 mg, 97%)% 157=

73: colorless oil; FT IR (neat) 3058, 3031, 2936, 2890, 1732, 1596, 1491, 1448, cm™;
'H NMR (500 MHz in CDCl;) 6 1.30 (1H, m), 147 (1H, m), 1.55 (3H, s), 1.59-1.67
(3H, m), 1.79-1.87 (2H, m), 1.88-2.00 (2H, m), 2.12-2.29 (3H, m), 2.63 (1H, dd, J = 8.
5, 5.1 Hz), 3.81-3.93 (4H, m), 4.29 (1H, m), 447-4.54 (2H, m), 7.22 (3H, m), 7.27 (6
H, m), 747 (6H, m); *C NMR (125 MHz in CDCL;) 6 13.72, 22.92, 22.95, 23.36, 27.
31, 34.56, 34.64, 4224, 46.10, 46.15, 49.88, 60.36, 64.48, 64.83, 64.86, 72.95, 72.98, 8
7.16, 87.17, 108.53, 126.84, 127.30, 127.34, 127.74, 128.79, 135.84, 135.87, 145.12, 17
229, 172.31; MS (CI*) m/z 538 [M]*; HRMS (CI*) m/z caled for Ci;sHsOs: 538.2719, f

ound 538.2715..

Methyl 2-(2-hydroxyethoxy)-1-(1-methyl-2-methylene-4-(trityloxy)cyclopentyl)cyclohex-2

-ene-1-carboxylate (74)

OTr

74

65 & [FIRED FIEIZHE > T, 73 (100 mg, 0.186 mmol)7/> 574 (55 mg, 54%) % 157=

74: colorless oil; FT IR (neat) 3490, 3086, 3058, 2935, 2874, 2840, 1718, 1656, 1597, 1491,
1448 cm'; 'H NMR (500 MHz in CDCl3)  0.99 (3H, s), 1.01 (1H, dd, J = 13.0, 6.8 Hz),
1.08-121 (3H, m), 1.26-1.37 (2H, m), 1.47 (3H, s), 1.53-1.64 (3H, m), 1.83-2.02 (6H, m), 2.06
(1H,d,J =162 Hz),2.27-2.35 (3H, m), 2.44 (1H, br), 2.91 (1H, br), 2.96 (1H, br), 3.630 (3H,
s),3.634 (3H, s), 3.65-3.70 (2H, m), 3.75-3.81 (6H, m), 3.92 (1H, m), 4.06 (1H, m), 4.69-4.75

(3H,m), 4.81 (1H,s),4.88 (1H,s),4.94 (1H, s), 7.19-7.23 (6H, m), 7.25-7.30 (12H, m), 7.46
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(6H,d,J=7.5Hz),7.49 (6H,d,J =7.5 Hz); 3*C NMR (125 MHz in CDCl;) & 20.54, 2385,
23.92,27.94,28.73,30.84,44.14,44.97,45.77,46.10,47.57,48.99,51.61,51.63,56.78,57 .31,
60.58,60.96, 67.93, 68.24,72.25,73.06, 86.93, 87.16, 99.53, 99.68, 108.09, 126.76, 126.86,
127.69, 127.73, 128.68, 128.88, 145.06, 145.17, 154.48, 154.67, 15692, 175.02, 175.10; MS

(CI*) m/z 553 [M+H]*; HRMS (CI*) m/z calcd for C36H4,Os: 553.2949, found 553.2959.

Methyl (S*)-6-((15*, 4R*)-4-hydroxy-1-methyl-2-methylenecyclopentyl)-1.,4-dioxaspiro[4.

5]decane-6-carboxylate (75/)

758

The numbering of positions is according to the skeleton of natural spirotenuipesine A

654910 mg, 1.95 mmol)» 7 1 A X > (6.5 mL)&HRIZ PPTS (49 mg, 0.195 mmol) %
FRTMA, TOEEOIREE T 24 BFEHHE L7z, fafRERKSET b U 0 LIKEHE Z N
RIctk, Yrmu X Z o THH L, B0 N7 AE 2 SRk FE T B U U LKEIK T
Vo, BOKRE~ 732 U LA TR S, IR%REME L. GoncmEss Vs
NTHrua~ NTTT7 40— (~FHUFEBR=F L 20010 6 10:1) THE LT, 758
(701 mg, 77%), 653 (184 mg, 20%) % 1%7-.

75: white solid; FT IR (neat) 2944, 2866, 1723, 1650, 1464, 1432 cm™'; 'H NMR (500 MHz in
CDCl;) & 1.05 (21H, m, TIPS), 1.23 (3H, s, H-14), 1.38 (1H, dt, J = 13.0, 3.6 Hz, H-10a),
1.47-1.68 (6H, m, H-4a, 8, 9 10b, H,O peak overlapped), 2.02 (1H, dt, J = 13.1, 4.0 Hz, H-7a),
2.13 (1H,d,J =14.0 Hz, H-7b),2.32 (1H, m, H-2a), 2.48 (1H, dd, J = 13.5, 5.8 Hz, H-2b), 2.84
(1H, dd, J =130, 10.0 Hz, H-4), 3.72 (3H, s, OMe), 3.85 (1H, dd, J = 14.9, 7.5 Hz, H-acetal),
3.90 (1H, dd, J = 13.5, 7.5 Hz, H-acetal), 4.04-4.13 (3H, m, H-3, acetal), 4.61 (1H,d,J =2.6
Hz, H-13a), 4.96 (1H, d, J = 2.2 Hz, H-13b); *C NMR (125 MHz in CDCL;) & 12.18 (TIPS),
18.02 (TIPS), 18.03 (TIPS), 22.55 (C-8 or C-9), 22.60 (C-8 or C-9), 29.05 (C-14),29.98 (C-7),

33.50 (C-10), 47.51 (C-4), 47.72 (C-2), 48.86 (C-5), 51.03 (OMe), 59.89 (C-6), 61.93
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(C-acetal), 63.72 (C-acetal), 70.40 (C-3), 10942 (C-13), 112.72 (C-11), 155.70 (C-12), 172.73
(C-15); MS (CI*) m/z 467 [M+H]*; HRMS (CI*) m/z calcd for CysH;OsS1: 467.3187, found

467.3203.

Methyl (S*)-6-((15*,4R*)-1-methyl-2-methylene-4-((triisopropylsilyl)oxy)cyclopentyl)-1,

4-dioxaspiro[4.5]decane-6-carboxylate (75a)

The numbering of positions is according to the skeleton of natural spirotenuipesine A

758 & [FIEED FNEIZHE S T, 65a (1.350 g,2.89 mmol)H> 5 75a (1.069 g, 79%), 65a (234 mg,
17%) % 157=.

75 a: white solid; FT IR (neat) 3079, 2946, 2714, 1730, 1650, 1464 cm™"; '"H NMR (500 MHz in
CDCl;) 6 1.02-1.04 (21H, m, TIPS), 1.36 (1H, dt, J = 12.6, 4.2 Hz, H-10a), 1.41 (3H, s, H-14),
1.43-1.59 (5H, m, H-4a, 8,9), 1.65 (1H,d,J = 15.0 Hz, H-10b), 1.87 (1H, dt, J = 12.6, 4.3 Hz,
H-7a), 2.12 (1H, d, J = 13.2 Hz, H-7b), 2.31 (1H, d, J = 14.8 Hz, H-2a), 2.47 (1H, m, H-2b),
3.12 (IH, dd, J = 143, 5.0 Hz, H-4b), 3.71 (3H, s, OMe), 3.83 (1H, dd, J = 14.5, 74 Hz,
H-acetal), 3.88 (1H, dd, J = 14.4, 7.3 Hz, H-acetal), 4.00-4.06 (2H, m, H-acetal), 4.29 (1H, t, J
= 4.5 Hz, H-3),4.69 (1H, d, J = 2.2 Hz, H-13a), 501 (1H, s, H-13b); 3C NMR (125 MHz in
CDCl3) & 12.07 (TIPS), 18.02 (TIPS), 22.59 (C-8), 22.71 (C-9), 29.29 (C-14), 29.85 (C-7),
33.23 (C-10), 47.80 (C-2), 48.27 (C-4), 49.69 (C-5), 50.99 (OMe), 60.31 (C-6), 61.84
(C-acetal), 63.68 (C-acetal), 71.37 (C-3), 109.36 (C-13), 112.78 (C-11), 157.45 (C-12), 172.75
(C-15); MS (CI*) m/z 467 [M+H]*; HRMS (CI*) m/z caled for C,H4Os: 467.3187, found

467.3184.

Methyl (S*)-6-((15*, 4R*)-4-hydroxy-1-methyl-2-methylenecyclopentyl)-1.4-dioxaspiro[4.

5]decane-6-carboxylate (77)
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The numbering of positions is according to the skeleton of natural spirotenuipesine A

75a (1.00 g, 2.14 mmol)® THF ( 4.3 mL)#% % (Z TBAF ( IM THF &%, 2.8 mL, 2.80 mmol)
B TINR, £OF EOWRE T 48 IpfHlfek Lz, fafiibr & =7 LK 20
A T2t%, BT )L CHIE L, 507 AiE z S K Tleidiz, BKhilE~ 7 %
DU LATCHEESE, BRBREM L. BoNEEE VBTNV T A~ NI T
T A= (NFY R TV 111005 15 TR LT, 75 (665 mg, quant.) & £547-.

75: white solid; FT IR (neat) 3501, 2946, 2885, 1716, 1446 cm™'; 'H NMR (500 MHz in CDCl;)
& 1.34 (1H, dt,J = 12.5,4.4 Hz, H-10a), 1 41 (3H, s, H-14), 1.42-1.53 (5H, m, H-4a, H-8, H-9a,
OH), 1.57 (1H, d, J = 9.3 Hz, H-9b), 1.65 (1H, d, J = 14.3 Hz, H-10b), 1.85 (1H, dt, J = 12.8,
3.8 Hz, H-7a),2.08 (1H, d, J = 13.7 Hz, H-7b), 2.30 (1H, d, J = 15.4 Hz, H-2a), 2.54 (1H, dt, J
=15.3,2.1 Hz, H-2b), 3.22 (1H, dd, J = 14.9, 4.9 Hz, H-4) 3.71 (3H, s, OMe), 3.82 (1H, dd, J =
14.4,7.7 Hz, H-acetal), 3.88 (1H, dd, J = 13.8, 7.5 Hz, H-acetal), 3.98-4.06 (2H, m, H-acetal),
427 (1H,t,J = 44 Hz, H-3), 474 (1H, d, J = 2.0 Hz, H-13a), 5.09 (1H, s, H-13b); *C NMR
(125 MHz in CDCls) § 2247 (C-9), 22.57 (C-8), 29.75 (C-7), 29.92 (C-14), 33.17 (C-10),
4707 (C-2), 4745 (C-4), 4931 (C-5), 51.10 (OMe), 60.17 (C-6), 61.80 (C-acetal), 63.63
(C-acetal), 70.92 (C-3), 110.53 (C-13), 112.64 (C-11), 156.76 (C-12), 172.50 (C-15); MS (CI*)

m/z 311 [M+H]*; HRMS (CI*) m/z calcd for C;H,,0s: 311.1853, found 311.1849.

Methyl (S%)-6-((15*,4S5%)-1-methyl-2-methylene-4-((4-nitrobenzoyl)oxy)cyclopentyl)-1,4-d

ioxaspiro[4. S]decane-6-carboxylate (78)
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The numbering of positions is according to the skeleton of natural spirotenuipesine A

77 (550 mg, 1.77 mmol)® kL (18 mLYAHRIZ MU 7 = =/LAR AT 1 7 (651 mg, 2.48
mmol), p-= F B2 BEME (415 mg, 2.48 mmol) ZEXRIN %, 0 °CIZwmEE, 7TV hn
RUBRY=F )L 22M VT UK 1.13 mL, 2.49 mmol) & 1%, D% £ DIRE T 30
SERER LT, BURIREEAKFE T N U U DK Z N Z T2 %, B~ /L CHitE L, 561
oA RS 2 faFn R IR KHE T b U U LKA CHeE %, SoKIiE~ 71220 LTS

, EREERE L. SonREE Y BTNV T 8o a~ NI T T 40— (~FHs
HEA =T /L 10:1 5 4:1) TR LT, 78 (710 mg, 87%) % 15%7-.

78: white solid; FT IR (neat) 2944, 2883, 1717, 1526 cm™"; '"H NMR (500 MHz in CDCl;) 6
1.30 (3H, s, H-14), 1.37 (1H, dt, J = 12.5, 4.3 Hz, H-10a), 1.45-1.54 (3H, m, H-8, H-9a), 1.61

(1H,d,J = 10.0 Hz, H-9b), 1.67 (1H, d, J = 13.9 Hz, H-10b), 1.91-2.02 (2H, m, H-4a, 7a), 2.17
(1H,d, J = 13.3 Hz, H-7b), 2.51 (1H, dd, J = 13.5, 11.0 Hz, H-2a), 2.79 (1H, dd, J = 13.6, 6.3
Hz, H-2b), 3.08 (1H, dd, J = 13.0, 10.4 Hz, H-4b), 3.72 (3H, s, OMe), 3.83 (1H, dd, J = 14.8,
7.4 Hz, H-acetal), 3.89 (1H, dd, J = 14.3, 6.9 Hz, H-acetal), 4.06 (2H, m, H-acetal), 4.74 (1H, d,
J=2.5Hz,H-13a),5.06 (1H,d, J = 1.8 Hz, H-13b), 5.16 (1H, m, H-3), 8.17 (2H, d, J = 8.7 Hz,
H-Ar), 8.25 (2H, d, J = 8.7 Hz, H-Ar); 3C NMR (125 MHz in CDCl;) § 22.42 (C-8), 22.51

(C-9), 28.88 (C-14), 29.87 (C-7), 32.91 (C-10), 43.11 (C-2 or C-4), 43.12 (C-2 or C-4), 48.58
(C-5),51.21 (OMe), 59.71 (C-6), 61.70 (C-acetal), 63.56 (C-acetal), 73.65 (C-3), 111.00 (C-13),
112.53 (C-11), 123.36 (C-Ar), 130.61 (C-Ar), 135.65 (C-Ar), 150.30 (C-Ar), 153.14 (C-12),
164.46 (-COO-pNO,Ph), 172.35 (C-15); MS (CI*) m/z 459 [M]*; HRMS (CI*) m/z calcd for

C,4sH2oNOs: 459.1893, found 459.1891.

(15*,25%*,55%)-1-Methyl-7-methylene-4-oxadispiro[bicyclo[3.2.1]octane-2,1'-cyclohexane-2

'2"-[1,3]dioxolan]-3-one (76)
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The numbering of positions is according to the skeleton of natural spirotenuipesine A

75/ (500 mg, 1.07 mmol)?® THF (2.1 mL){&#%!Z TBAF (IM THF {&#%, 1.6 mL, 1.6 mmol)
ZRETMZ, TOXEOWET I2MMBHF L. €O, A%/ —/L 21 mL), T
MUDLARRYE 28% AF /7 —/ VIR, 1.03mL, 5.34 mmol) & =R THZ, £ D% %
DOIRE T 9 BpMHER L7z, fafitifb T € =0 LKER 2N 2 T21%, Hifg— 7 /L CHiI
L, b7 AHE z R gk TR, MoKk~ 7 %2> v AT S, IRk
R L. BONTREEZ S VAT N T L0~ NI T 74— (~F Vo FiigET T
L 10:1 25 5: 1) TR L T, 76 (269 mg, 90%) % 15 7-.

76: white solid; FT IR (neat) 2925, 2863, 1730, 1653, 1448, 1421 cm™'; 'H NMR (500 MHz in
CDCl3) 6 1.32-1.39 (2H, m, H-4a, H-9a), 1.40 (3H, s, H-14), 1.49-1.57 (2H, m, H-8a, 10a),
1.65-1.69 (1H, m, H-9b), 1.89 (1H, d, J = 13.3 Hz, H-10b), 1.97 (1H, dt, J = 12.8, 3.8 Hz,
H-7a),2.05 (1H, tq,J = 12.8,3.8 Hz,H-8b), 2.12 (1H, dd, J = 13.0, 2.6 Hz, H-4b), 2.24 (1H, dt,
J=128,3.8 Hz, H-7b), 2.59 (1H, dd, J =179, 5.2 Hz, H-2a), 2.88 (1H, dd, J = 17.9, 2.5 Hz,
H-2b), 3.60 (1H, dd, J = 14.7, 7.7 Hz, H-acetal), 3.80 (1H, dd, J = 13.3, 6.7 Hz, H-acetal),
3.86-3.89 (2H, m, H-acetal), 4.64 (1H, t, J = 4.1 Hz, H-3), 4.77 (1H, s, H-13a), 4.86 (1H, s,
H-13b); '3C NMR (125 MHz in CDCl;) 6 21.03 (C-8), 22.74 (C-9), 23.23 (C-14), 31.18 (C-7),
31.22 (C-10), 40.51 (C-2), 43.65 (C-4), 48.14 (C-5), 58.21 (C-6), 62.38 (C-acetal), 63.79
C-acetal), 76.05 (C-3), 106.82 (C-13), 112.38 (C-11), 154.95 (C-12), 172.06 (C-15); MS (CI*)
m/z 279 [M+H]*; HRMS (CI*) m/z caled for C,¢H»;04: 279.1591, found 279.1591.
Crystallographic data for the structure of 76 have been deposited with the Cambridge

Crystallographic Data Centre as supplementary publication numbers CCDC 2039727.

787> 576 DE L

78 (690 mg, 1.50 mmol)?> THF (2.5 mL)¥&IKIZ A % / —/L (106 mL), 7 U 7 A A F 3%
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VR (28% A X —/VIEIE, 1.44 mL, 7.46 mmol)Z =R TH X, FOFEFEOIRE T2 K
IR Lz, St 7 8 = 2KIEIR & N X 7%, BEfR— /L Chit L, SEKATES
VTR LTS, JBR%EMR L. SonREEZ VDTN T LT a~w
NTT T 4= (NFYEERRTTF L 5:)THERLL T, 76 (357 mg, 85%) % 157-.

(15*,25%*,55%)-1-Methyl-7-methylene-4-oxaspiro[bicyclo[3.2.1]octane-2,1'-cyclohexane]-2',

3-dione (64)

The numbering of positions is according to the skeleton of natural spirotenuipesine A

76 (600 mg, 2.156 mmol)D 7 & k >/7K(10:1, 7.2 mL)EIKIZ p- F )V 2 ALK B — KTl

¥ (123 mg, 0.647 mmol) % iR T Z, 60°C [ZHEL T 16 BEff#RE L7, =L FE Tt

W LT bEFRIEKRFE T N U LKERE N A T-%, BffE=F /L CHiH L, o

AHEIE & K TS, BOKRER~ 7 % 2 A THIR S, JRB%IEE L. &5

ODNTIREZ D I TN AT AT a~ N7 T T 4 — (~FH UERRTT L 2:1) TR

LT, 64 (506 mg,quant.)% 157

64: white solid; FT IR (neat) 3075, 2952, 2871, 1736, 1700, 1656, 1460, 1422 cm™'; 'H NMR
(500 MHz in CDCl;)  1.47 (3H, s, H-14), 1.55 (1H, dd, J = 13.2, 3.0 Hz, H-4a), 1.76-1.93 (3H,
m, H-8, 9a), 1.98-2.02 (1H, m, H-9b), 2.16-2.30 (3H, m, H-4b, 7a, 10a), 2.49 (1H, ddd, J = 14.5,
11.1, 5.3 Hz, H-7b), 2.63-2.69 (2H, m, H-2a, 10b), 2.91 (1H, dd, J = 18.4, 2.4 Hz, H-2b), 4.76
(1H, t, J = 3.6 Hz, H-3),4.92 (1H, t, J = 2.4 Hz, H-13a), 5.02 (1H, d, J = 1.8 Hz, H-13b); 13C
NMR (125 MHz in CDCl;) 6 21.94 (C-14), 22.28 (C-8), 24.87 (C-9), 34.07 (C-7), 40.39 (C-2),
41.74 (C-4), 42.46 (C-10), 48.80 (C-5), 68.24 (C-6), 76.74 (C-3, overlapped CHCI; peak),
110.20 (C-13), 151.80 (C-12), 172.74 (C-15), 206.97 (C-11); MS (CI*) m/z 234 [M]*; HRMS

(CI*) m/z calced for CJH305: 234.1256, found 234.1256.

(15*,25%*,55%)-1-Methyl-7-methylene-2'-((trimethylsilyl)oxy)-4-oxaspiro[bicyclo[3.2.1]octa
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ne-2,1'-cyclohexan]-2'-en-3-one from 64

TMSO

101

The numbering of positions is according to the skeleton of natural spirotenuipesine A

64 (1380 g,5.89 mmol)dD 7 mr A% 20 mL)AKZ 0°C IZmAIE, N =TT 2

> (2.50 mL, 17.94 mmol), TMSOTf (1.60 mL, 8.85 mmol)% i1z, SEIRICHIE L T 2.5 I
R L7z, fafniRIKE T B Y U LKERENZ T2, v 7rr A2 o THiItL, 5
DIV HEE & S B K CHR R, BOKRREE~ 7 % > U A ORI S, IRIEE IR L
o, Bl FilELZ T VA5 Ry RTEBLT, Y IUr= /) —Lx=—7/b (1.799 g,
quant.) & 537

white solid; FT IR (neat) 3079, 3044, 2959, 2841, 1734, 1659, 1456, 1443, 1424 cm™'; 'TH NMR
(500 MHz in CDCl3) § 0.12 (9H, s, TMS), 1.30 (3H, s, H-14), 1.42 (1H, dd, J = 13.0, 3.0 Hz,
H-4a), 1.64-1.69 (2H, m, H-8), 1.98-2.07 (3H, m, H-7a, 9), 2.12-2.19 (1H, m, H-7b), 2.30 (1H,
dd,J=13.0,2.4 Hz, H-4b), 2.64 (1H,dt, J = 18.1,2.4 Hz, H-2a), 2.81 (1H, dd, J = 18.1, 2.4 Hz,
H-2b), 4.72 (1H, t, J = 3.4 Hz, H-3), 4.86 (1H, s, H-13a), 4.89 (1H, s, H-13b), 497 (1H, t, J =
4.2 Hz, H-10); 3C NMR (125 MHz in CDCl;) & -0.07 (C-TMS), 19.79 (C-8), 21.05 (C-14),
23.29 (C-7), 3322 (C-9), 40.70 (C-4), 40.96 (C-2), 49.32 (C-5), 57.73 (C-6), 77.25(C-3,
overlapped CHCI; peak), 105.92 (C-10), 108.86 (C-13), 147.82 (C-11), 154.20 (C-12), 175.32
(C-15); MS (CI*) m/z 306 [M]*; HRMS (CI*) m/z caled for C;;H,0;Si: 306.1651, found

306.1643.

(15*,2S8*,3°5* 55%)-1-Methyl-7-methylene-3'-(phenylselanyl)-4-oxaspiro[bicyclo[3.2.1]octa

ne-2,1'-cyclohexane]-2',3-dione (79)

The numbering of positions is according to the skeleton of natural spirotenuipesine A
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YU ) —)L=—T )b (526 mg, 1.716 mmol)D Y7 v A X (33 mL)AIR & -78 °C
I EI, 7=t =7 aT 4 K (347 mg, 1.802 mmo)D 7 mu XX (10
mL)EKE ANz, ZOFEFEOWRET 15 R Lz, fafmEgKET MY U LOKEK %
Mz 7%, v7au X2 T L, BN aHEZ M BHEK TRk, MKk
YR ATCHBE S, ERBREM L. BoNTEEE Y DTSNV T A aw
N7T T 4= (NFVEERR T F L 10:1) THRERLL T, 79 (494 mg, 74%) & 1537=.

79: white solid; FT IR (neat) 3054, 2944, 2866, 1723, 1656, 1577, 1477, 1438 cm'; '"H NMR
(500 MHz in CDCl;) & 1.46 (1H,dd, J = 13.2,2.3 Hz, H-4a), 1.46 (3H, s, H-14), 1.71-1.75 (1H,
m, H-8a), 1.81-1.94 (2H, m, H-8b, 9a), 2.10 (1H, dt, J = 11.2, 4.1 Hz, H-7a), 2.28-2.33 (1H, m,
H-9b), 2.36-2.40 (2H, m, H-4b, 7b), 2.68 (1H, dt, J = 18.1, 2.0 Hz, H-2a), 2.83 (1H, dd, J =
18.1, 2.0 Hz, H-2b), 4.76 (1H, s, H-3), 5.03 (1H, dd, J = 10.8, 6.5 Hz, H-10), 5.24 (1H, s,
H-13a), 5.54 (1H, s, H-13b), 7.25-7.28 (3H, m, H-Ar), 7.57-7.58 (2H, m, H-Ar); 3C NMR (125
MHz in CDCL;) § 20.27 (C-14),21.71 (C-8), 35.04 (C-7), 35.13 (C-9), 40.69 (C-4), 41.06 (C-2),
48.79 (C-5), 5291 (C-10), 65.66 (C-6), 78.49 (C-3), 115.32 (C-13), 127.71 (C-Ar), 128.48
(C-Ar), 129.02 (C-Ar), 135.00 (C-Ar), 148.64 (C-12), 170.56 (C-15), 202.53 (C-11); MS (CI*)

m/z 390 [M+H]*; HRMS (CI*) m/z calcd for CyyH»,05Se: 390.0734, found 390.0730.

(15*,25%*,55%)-1-Methyl-7-methylene-4-oxaspiro[bicyclo[3.2.1]octane-2,1'-cyclohexan]-3'-e

ne-2'3-dione (80)

The numbering of positions is according to the skeleton of natural spirotenuipesine A

79 (1.000 g, 2.57 mmol)? THF (13 mL)¥&#& % 0 °C \Z#HEI%, mIBRAKET U 7 A (1.082
g, 12.88 mmol), 30%iafE (/KK (1.46 mL, 12.88 mmol)/Il %, SIRIZFH-IR L T 30 ok
L7z, BaRRBRKFET N U U DKIRIE/AAR T AR T b U 7 D) KA & N 2 7214,
FEfE = F /L CHi L, BOKRREE~ 7 %> U A CRIBE S, IERZIRNE L7Z. Boniik

WE VDTN T LIa~x N TT7 4 — (TR T L 3:1 005 2:1) TR L
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T, 80 (490 mg, 82%) % 157~

80: pale yellow solid; FT IR (neat) 2986, 2930, 1721, 1659, 1467, 1416 cm™'; 'H NMR (500
MHz in CDCl;) 6 1.40 (3H, s, H-14), 1.60 (1H, dd, J = 13.2, 3.0 Hz, H-4a), 2.28 (1H, dd, J =
13.2,2.6 Hz, H-4b), 243 (1H, ddd, J = 14.7,5.9, 2.6 Hz, H-7a), 2.51-2.55 (2H, m, H-8), 2.66
(1H, m, H-2a),2.82 (1H, dt, J = 14.8, 8.5 Hz, H-7b), 2.96 (1H, dd, J = 18.4,2.4 Hz, H-2b),4.74
(1H,t,J=2.3 Hz, H-13a),4.78 (1H, t, J = 3.6 Hz, H-3), 5.01 (1H, s, H-13b), 6.10 (1H, dt, J =
10.3, 2.1 Hz, H-10), 6.93 (1H, dt, J = 10.3, 3.9 Hz, H-9); *C NMR (125 MHz in CDCl;) 6
20.10 (C-14), 24.50 (C-8), 29.19 (C-7), 40.31 (C-2), 41.04 (C-4), 4940 (C-5), 65.13 (C-6),
77.23 (C-3) 110.50 (C-13), 130.28 (C-10), 149.06 (C-9), 152.07 (C-12), 172.83 (C-15), 194.42
(C-11); MS (CI*) m/z 233 [M+H]*; HRMS (CI*) m/z caled for C;;H;;0;5: 233.1172, found

233.1186.

(1S*,1’S*, 28%*, 55%*, 6°’S*)-1-Methyl-7-methylene-4, 7'-dioxaspiro[bicyclo[3. 2.1]octane-2,

3'-bicyclo[4. 1. O]heptane]-2', 3-dione (81)
0o

The numbering of positions is according to the skeleton of natural spirotenuipesine A

81 (400 mg, 1.61 mmol)? THF (4.8mL){A#K % 0 °C (2 H1%, AMKER{LF & U 7 LK
(0.86 mL, 3.44 mmol), 68% -7 F /Lt Ru LA ¥ K (046 mL,347 mmo)Z %, %
DF FOIRE T 4 RefiEE L7z, fafnF A g7 bV v KSR Z N2 7%, Bifg=T
JUTTHIH L, KRG~ 7 % U LA THBESE, RE%ERNE L. S mikz v
VBTN HT T a~ NTT77 40— (NFH U FBRTF L 2:1 006 1) THE LT, 90
(398 mg, 93%) & 157~

81: white solid; FT IR (neat) 2945, 1726, 1703, 1463 cm™'; '"H NMR (500 MHz in CDCl;) 6
1.35 (3H, s, H-14), 1.57 (1H,dd, J = 13.3,2.9 Hz, H-4a), 2.17 (1H, dd, J = 14.6, 5.7 Hz, H-7a),
227 (1H, m, H-8a), 2.35 (1H, dd, J = 13.3,2.6 Hz, H-8b), 2.40 (1H, dd, J = 15.6, 6.4 Hz, H-7b),

2.53 (1H, dt,J = 13.6, 6.4 Hz, H-4b), 2.69 (1H, dt, J = 184, 2.4 Hz, H-2a), 297 (1H, dd, J =
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18.4,2.4 Hz, H-2b), 3.27 (1H, d, J = 3.5 Hz, H-10), 3.62 (1H, s, H-9),4.74 (1H, d, J = 2.3 Hz,
H-13a), 4.77 (1H, t, J = 3.5 Hz, H-3), 5.10 (1H, s, H-13b); '*C NMR (125 MHz in CDCl;) 0
21.94 (C-14), 22.57 (C-8), 25.46 (C-7), 40.50 (C-4), 40.57 (C-2), 50.34 (C-5), 53.26 (C-10),
54.33 (C-9), 64.10 (C-6), 77.38 (C-3), 111.57 (C-13), 15191 (C-12), 171.77 (C-15), 199.34
(C-11); MS (CI*) m/z 249 [M+H]*; HRMS (CI*) m/z caled for C,4H;;04: 249.1121, found

249.1125.

(1S*, 28*, 4’S*, 55%)-4’-Hydroxy-1-methyl-7-methylene-4-oxaspiro[bicyclo[3.2.1]octane-

2,1'-cyclohexane]-2',3-dione (91)

0o

The numbering of positions is according to the skeleton of natural spirotenuipesine A
P77 2= L= R (756 mg, 242 mmol) DT X J — L (16 mL)&EHE % 0 °C (2 E1#%,
AKFEFATHEST RV DA (183 mg, 4.84 mmol), FEEE (0.03 mL,0.525 mmol) & 1%, & D
FFOEE TS5 L2, 81 (400 mg,1.61 mmol)Z Mz 7=, TOEEDEETISH
PiER Uiz, fafnti by e =0 MKEIRE N 2 7o, Big=F VTt L, BEKhiEE~
AU LATHEIE, RiB%REMR L. SoniEEE2 VSNV E T A7~ k

7T 74— (NFVUEEBRT TV 111 5 1:5) THRELL T, 82 (375 mg, 93%) % 157-.

82: white solid; FT IR (neat) 3444, 2972, 1726, 1698, 1464, 1417 cm™'; 'H NMR (500 MHz in
CDCly) & 144 (3H, s, H-14), 1.56 (1H, dd, J = 132, 2.9 Hz, H-4a), 1.97-2.09 (2H, m, H-7),
2.17 (1H, dt, J = 14.7, 5.1 Hz, H-8a), 2.28 (1H, dd, J = 13.2, 2.5 Hz, H-4b), 2.47 (1H, dd, J =
15.0, 3.6 Hz, H-10a), 2.55 (1H, d, J = 3.7 Hz, OH), 2.66 (1H, dt, J = 18.4, 2.4 Hz, H-2a), 2.72
(1H, ddd, J = 16.3,10.7, 6.0 Hz, H-8b), 2.81 (1H, dd, J = 15.0, 3.9 Hz, H-10b), 2.89 (1H, dd, J
= 184,22 Hz, H-2b),4.37 (1H,d, J = 3.9 Hz, H-9),4.77 (1H,t,J = 3.4 Hz, H-3), 491 (1H, s,
H-13a), 5.03 (1H, s, H-13b); *C NMR (125 MHz in CDCl3) & 21.26 (C-14), 28.60 (C-8), 29.54

(C-7), 40.34 (C-2), 41.57 (C-4), 48.65 (C-5), 50.09 (C-10), 67.27 (C-6), 68.31 (C-9), 77.20
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(C-3), 110.60 (C-13), 151.26 (C-12), 172.47 (C-15), 205.68 (C-11); MS (CI*) m/z 251 [M+H]*;

HRMS (CT*) m/z caled for CsH9O4: 251.1278, found 251.1293.

(15*,28*2'R* 4'S*,55%)-2' 4'-dihydroxy-1-methyl-7-methylene-4-oxaspiro[bicyclo[3.2.1]oc
tane-2,1'-cyclohexan]-3-one (83, and (15*,25%2'S*4'S*,55%)-2'4'-dihydroxy-1-methy

1-7-methylene-4-oxaspiro[bicyclo[3.2.1]octane-2,1'-cyclohexan]-3-one (83.;)

13

" 83trans 8301'5

The numbering of positions is according to the skeleton of natural spirotenuipesine A

82 (350 mg, 1.40 mmol)® A % / —/ L (7.0 mL){A#K % 0 °C [Z#mH1%, KFEFTFEF b
U A (53 mg, 1.40 mmol) &M%, D F F OIEE T40 o L. fafntib 7 £ =
U LKEHR 2 N A T 4%, BT L CHI L, BKMBE~ 7 220U AT RS, 18
WEREAE LT, BoNREEZ S VDTNV T L ra~ N7 T 7 40— (~F V2R
TF /L 1:2) THEL L T, 83,4, (311 mg, 88%), 83, (32 mg, 9%) % 157-.

83,.uns: White solid; FT IR (neat) 3342, 2933, 1698 cm™'; '"H NMR (500 MHz in CDCl;) 8 1.32
(1H, br, OH), 1.45 (3H, s, H-14), 1.50 (1H, dd, J = 13.2,2.8 Hz, H-4a), 1.66 (1H,d,J=4.2 Hz,
OH), 1.79 (1H, d,J = 13.1 Hz, H-7a), 1.86 -1.90 (2H, m, H-8a,10a),2.00 (1H, dq, J = 12.5,3.8
Hz, H-8b), 2.14 (1H, dt, J = 13.6, 4.1 Hz, H-7b), 2.23 (1H, dd, J = 13.2, 2.4 Hz, H-4b), 2.50
(1H, m, H-10b), 2.73 (1H, dt, J = 184, 2.1 Hz, H-2a), 2.84 (1H, dd, J = 184, 2.2 Hz, H-2b),
400 (1H, m, H-9), 4.10 (1H, s, H-11), 4.69 (1H, s, H-3), 5.19 (1H, s, H-13a), 529 (1H, s,
H-13b); *C NMR (125 MHz in CDCl;) 6 23.09 (C-14),24.70 (C-7), 30.42 (C-8), 40.61 (C-10),
41.34 (C-2), 43.22 (C-4), 49.19 (C-5), 53.68 (C-6), 65.93 (C-9), 72.14 (C-11), 76.36 (C-3),
110.64 (C-13), 15245 (C-12), 172.46 (C-15); MS (CI*) m/z 253 [M+H]*; HRMS (CI*) m/z
calcd for C4H,,0,4: 253.1434, found 253.1440.

83.;: white solid; FT IR (neat) 3425, 2970, 2931, 2870, 1723 cm™'; 'H NMR (500 MHz in
CDCl;) 6 1.25 (3H, s, H-14), 1.48 (1H, dd, J = 13.1, 2.7 Hz, H-4a), 1.59 (1H, m, H-7a),

1.73-1.76 (1H, m, H-8a), 1.85-1.94 (2H, m, H-7b, 8b), 2.14-2.17 (2H, m, H-10a, 10b), 2.25 (1H,
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dd, J = 13.1, 2.3 Hz, H-4b), 2.71 (1H, m, H-2a), 2.94 (1H, dd, J = 18.5, 1.7 Hz, H-2b),
3.49-3.55 (1H, m, H-9), 3.85 (1H, t, J = 8.6 Hz, H-11), 4.71 (1H, s, H-3), 5.15 (1H, s, H-13a),
5.24 (1H, s, H-13b); *C NMR (125 MHz in CDCLy) & 19.91 (C-14), 27.79 (C-7), 29.77 (C-8),
39.95 (C-10), 40.79 (C-4), 40.98 (C-2), 48.51 (C-5), 56.40 (C-6), 68.34 (C-9), 68.54 (C-11),
76.32 (C-3), 109.64 (C-13), 158.72 (C-12), 171.14 (C-15); MS (CI*) m/z 253 [M+H]*; HRMS

(CIY m/z calcd for C4,H,,0,4: 253.1434, found 253.1434.

(15%*,28%*,2'S* 58%)-2'-hydroxy-1-methyl-7-methylene-4-oxaspiro[bicyclo[3.2.1]octane-2,1'-
cyclohexane]-3,4'-dione (84a) and (15*,25%*2'R*,55%)-2'-hydroxy-1-methyl-7-methylene-

4-oxaspiro[bicyclo[3.2.1]octane-2,1'-cyclohexane]-3,4'-dione (84/)

The numbering of positions is according to the skeleton of natural spirotenuipesine A

83 (trans isomer 311 mg and cis isomer 32 mg, total 1.36 mmol)®> "7 B 1 A Z > (6.8 mL)
WRIERIZ AZAZOL® (20.8 mg, 0.136 mmol) , AT & hF I — FXB L (480 mg,
1.490 mmol) % iR THN %, =D F FOWRE T 2.5 BRI Lz, fafiikEkET I U
LAKEEREARF A RiiE T b U U AL )RR E X 72t%, 7 a2 2 THIt L, &
KW~ 7220 LA THEBESE, IREBRIEWE L. BONIREEZ S D BTN T M
rna< b5 7 40— (NFFUEBRTF L3105 1:1) THEL L T, 848297 mg, 88%),
840 (30 mg, 9%) % 157-.

84 white solid; FT IR (neat) 3545, 2952, 1719, 1645, 1476, 1445, 1423 cm™'; 'H NMR (500
MHz in CDCl;) § 1.30 (3H, s, H-14), 1.61 (1H, dd, J = 132, 2.7 Hz, H-4a), 1.98-2.04 (1H, m,
H-7a), 2.19-2.26 (2H, m, H-7b, 8a), 2.31 (1H, dd, J = 13.2, 2.2 Hz, H-4b), 2.64 (1H, dd, J =
16.1,5.8 Hz, H-10a), 2.72-2.80 (2H, m, H-2a, 8a), 2.88 (1H, d, J = 5.1 Hz, OH), 2.99 (1H, dd, J
=18.6, 1.6 Hz, H-2b), 3.20 (1H, dd, J = 16.0, 10.9 Hz, H-10b), 4.13 (1H, m, H-11), 4.81 (1H, s,
H-3),5.21 (1H, s, H-13a), 5.26 (1H, s, H-13b); 13*C NMR (125 MHz in CDCl;) § 19.61 (C-14),

28.29 (C-7), 36.98 (C-8), 4091 (C-2), 4098 (C-4), 46.45 (C-10), 48.76 (C-5), 56.68 (C-6),
101



68.51 (C-11), 76.74 (overlap CDCl; peak), 110.19 (C-13), 156.86 (C-12), 172.13 (C-15),
209.27 (C-9); MS (CI*) m/z 250 [M]*; HRMS (CI*) m/z calcd for C;H304: 250.1205, found
251.1214.

84/: white solid; FT IR (neat) 3351, 2972, 2932, 2895, 1699, 1426, 1401 cm™'; '"H NMR (500
MHz in CDCl;) 8 148 (3H, s, H-14), 1.60 (1H, dd, J = 134, 2.8 Hz, H-4a), 2.02-2.06 (2H, m,
H-7a, OH), 2.24-2.29 (2H, m, H-4b, 10a), 2.38 (1H, m, H-8a), 2.55 (1H, dt, J = 12.9, 5.3 Hz,
H-7b), 2.78 (1H, dt, J = 184, 2.0 Hz, H-2a), 2.88 (1H, dd, J = 18.4, 2.1 Hz, H-2b), 2.97 (1H,
ddd, J =15.7,12.6, 6.6 Hz, H-8b), 3.54 (1H, dd, J = 16.1, 3.5 Hz, H-10b), 4.40 (1H, s, H-11),
4.78 (1H, s, H-3), 5.24 (1H, s, H-13a), 5.34 (1H, s, H-13b); '3C NMR (125 MHz in CDCl;) 0
2290 (C-14), 25.58 (C-7), 37.51 (C-8), 41.16 (C-2), 43.30 (C-4), 48.46 (C-10), 49.01 (C-5),
53.31 (C-6), 73.35 (C-11), 76.92 (C-3), 111.41 (C-13), 151.38 (C-12), 172.78 (C-15), 211.47
(C-9); MS (CI*) m/z 251 [M+H]*; HRMS (CI*) m/z caled for C;sH,004: 251.1278, found

251.1295.

(15*,2R* ,55%)-1-Methyl-7-methylene-4-oxaspiro[bicyclo[3.2.1]octane-2,1'-cyclohexan]-2'-e
ne-3.,4'-dione (85)

10 11

13 85

The numbering of positions is according to the skeleton of natural spirotenuipesine A
84 (Bisomer 297 mg and « isomer 30 mg, total 1.306 mmol) D7 B 1 A ¥ > (6.5 mL)i&
WRIZ p- BV ALK R — /KT (24.8 mg, 0.130 mmol) & IR T x, D F DA
JETA8 IR L7, FOSI I 2 € D EE U B 73y FTlgEE, #ifE LT85 (291
mg, 96%) % 157~

85: white solid; FT IR (neat) 3077, 2969, 2882, 1729, 1686, 1461, 1426 cm™; 'H NMR (500
MHz in CDCL) & 1.19 (3H, s, H-14), 1.66 (1H, dd, J = 13.5, 2.4 Hz, H-4a), 2.27-2.36 (2H, m,
H-7ab), 2.41 (1H, dt, J = 17.1, 40 Hz, H-8a), 2.50 (1H, dd, J = 13.4, 2.6 Hz, H-4b), 2.68-2.76

(2H, m, H-2a, 8b), 2.85 (1H, dd, J = 18.3, 2.0 Hz, H-2b), 4.87 (1H, s, H-3), 5.14 (1H, t,J =24
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Hz,H-13a),5.36 (1H, s, H-13b), 6.22 (1H,d, J = 10.5 Hz, H-10), 6.85 (1H, dd, J = 10.5, 1.3 Hz,
H-11); *C NMR (125 MHz in CDCl;) 6 19.50 (C-14), 28.69 (C-8), 33.59 (C-7), 38.34 (C-4),
41.18 (C-2), 4849 (C-5), 51.54 (C-6), 78.58 (C-3), 113.66 (C-13), 132.88 (C-10), 146.25
(C-11), 149.79 (C-12), 170.09 (C-15), 198.54 (C-9); MS (CI*) m/z 233 [M+H]*; HRMS (CI*)

m/z calcd for C4,H,05: 233.1172, found 233.1173.

(1R*, 1’R*, 5’R*, 7°S*)-1’-Methyl-4'-oxadispiro[cyclohexane-1, 2'-bicyclo[3.2.1]octane-7',

2''-oxiran]-2-ene-3', 4-dione (63)

The numbering of positions is according to the skeleton of natural spirotenuipesine A

85 (120 mg, 0.517 mmol)® 7 & k= k U L/7K (10:1, 10 mL)&E % 0 °C \Z¥ L, 1,1,1-

NV ZnrAdue 7k by (055 mL, 6.145 mmol), KEE/KFET F VU 7L (348 mg, 4.142

mmol), Oxone® (1.270 g, 2.066 mmol)& Il %, & D F £ OIEE T 24 FERIHELE L=, fafnT

TR bV U LAKER AN A T21%, B F ATl L, EAKMEE~ 7127 AT

RS, ER%RIEME L. SOoNEBEEZ VDSV T A sa~w N T T T 40— (o~

X FEET T L 2:1 5 1) THR LT, 63 (126 mg, 98%) % 137-.

72: white solid; FT IR (neat) 2936, 1720, 1685 cm™'; '"H NMR (500 MHz in CDCls) 6 0.96 (3H,
s, H-14), 1.94 (H, dd, J = 13.6, 2.9 Hz, H-4a), 2.23 (1H, dd, J = 16.7, 5.4 Hz, H-2a), 2.34-2 41

(1H, m, H-8a), 2.43-2.51 (3H, m, H-4b, 7a, 8b)), 2.62 (1H, dd, J = 16.7, 2.8 Hz, H-2b), 2.68

(1H,ddd,J=18.5,11.9, 5.3 Hz, H-7b),3.02 (1H, d, J = 4.1 Hz, H-13a), 3.14 (1H,d, J = 4.1 Hz,
H-13b), 493 (1H, m, H-3), 6.25 (1H, d, J = 10.5 Hz, H-10), 6.73 (1H, dd, J = 10.5, 1.5 Hz,
H-11); *C NMR (125 MHz in CDCL;) & 13.57 (C-14), 29.52 (C-8), 33.99 (C-7), 37.90 (C-4),
41.70 (C-2), 48.30 (C-12), 49.03 (C-13), 52.09 (C-6), 63.83 (C-5), 77.72 (C-3), 132.95 (C-10),
144.11 (C-11), 171.39 (C-15), 197.49 (C-9); MS (CI*) m/z 249 [M+H]*; HRMS (CI*) m/z caled

for C,4;H,,0,: 249.1121, found 249.1128.
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(1R*2°R* 3a’R*,5’R* ,6a’ R*)-6a'-(Hydroxymethyl)-3a'-methyl-3a',5',6' 6a'-tetrahydro-2'

H 4'H-spiro[cyclohexane-1,3'-[2,5]epoxycyclopenta[b]furan]-2-en-4-0l (86)

The numbering of positions is according to the skeleton of natural spirotenuipesine A

63 (50.0 mg, 0201 mmol)D Y7 v A X (40 mLYAHK & 18 °C IZHEILT-DH, KkFE
oA YT AT A= (IM Rl 3K 081 mL, 0.810 mmo) & %, Fd
FEOIRET 1.5 BEfIEFR L7z, 30% 2 v o = VHEOKESIR & N 2 7=, RO 4,
EWRICR2 D EFTHERTHRET L. ISR EZ Y7 na A2 o THRE, BRI~ 7
R LATHBESE, BEBRELZ. BONEEEZ VDTN T N a~ T
F7T7 4= (X UFERT L 12005 1:4) TR 5 Z LT, 86 (51.0 mg, quant.) & 45
7.

86a: white solid; FT IR (neat) 3391, 2966, 2866, 1715, 1454 cm™". 'H NMR (500 MHz in
CDCl;) 6 1.01 (3H,s,),1.05 (H,,J=Hz,), 1.19 (1H,d,J=12.8 Hz,), 1.43-1.46 (2H, m), 1.49
(1H,d,J =119 Hz,), 1.78 (1H, br), 2.10-2.19 (3H, m), 2.23 (1H, dd, J = 11.7, 3.4 Hz,), 2.35
(1H,d,J =129 Hz,),3.73 (1H,d,J =123 Hz,),3.83 (1H,d,J =123 Hz,), 4.18 (1H, s), 4.46
(1H,s),5.03 (1H,s),5.57 (1H,d,J=10.6 Hz,),5.79 (1H, d, J = 10.6 Hz,); 3C NMR (125 MHz
in CDCl;) & 15.53, 24.17, 31.42, 40.66, 43.17, 52.78, 64.68, 67.23, 76.08, 90.10, 10291,
132.31, 133.82; MS (CI*) m/z 252 [M]*; HRMS (CI*) m/z calcd for C,4HO4: 252.1362, found
252.1357.

864 white solid; FT IR (neat) 3395, 2924, 1649, 1438 cm™''H NMR (500 MHz in CDCl;) &
107 (3H, s, H-14), 1.22 (1H, d, J = 12.9 Hz), 1.50 (1H, d, J = 11.7 Hz), 1.67 (1H, br),
1.70-1.78 (2H, m), 1.86-1.89 (1H, m), 1.95 (1H, m), 2.05 (1H, br), 2.23 (1H,dd, J=11.7,3.3
Hz),2.48 (1H,d,J = 12.8 Hz), 3.76 (1H,dd, J = 12.1,2.5 Hz, H-13a), 3.85 (1H, d, J = 12.1 Hz,
H-13b), 4.12 (1H, s), 447 (1H, s), 4.96 (1H, s), 5.75 (1H,d, J = 104 Hz), 593 (1H, dd, J =
10.4,4.9 Hz). *C NMR (125 MHz in CDCl;) 6 15.89, 19.84,29.10, 40.96, 43.18, 49.04, 52.79,

62.67, 64.71, 76.15, 90.11, 102.59, 129.82, 135.06; MS (CI*) m/z 253 [M+H]*; HRMS (CI*)
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m/z calcd for C4,H,,04: 253.1434, found 253.1432.

((1IR*2’R* 3a’R* 4S5* 5’ R* 6a’ R*)-4-((4-Bromobenzoyl)oxy)-3a'-methyl-3a' 4',5',6'-tetrah
ydro-2'H ,6a'H-spiro[cyclohexane-1,3'-[2,5]epoxycyclopenta[b]furan]-2-en-6a'-yl)methyl

4-bromobenzoate (87)

pBrBzO!

87

86c (1.8 mg, 0.00713 mmol)D Y7 B A X > (0.TmLRHRIZ, p-7 BEX VA )v7u
U K (7.8 mg,0.0355 mmol), ~V=F/L7 I (001 mL,0.0717 mmol), DMAP (0.9 mg,
0.00737 mmol)& I %, =8I T 2 REIFETE L7z, BafniREe/KkFE T b U 7 SKERZ Nz
T2t%, Y7 mu XX o THIH L, KRR~ 7 %30 A TR SH, JEm% RN L.
Bon-EEE VDN T AT a~w N T T T 40— (T BTV 5:1) TR
FLC, 87(4.0mg,91%)% 157,

87: white solid; FT IR (neat) 2969, 1719, 1590, 1484, 1455 cm!; 'H NMR (500 MHz in CDCl;)
& 1.13 (3H, s), 1.30 (1H, d, J = 13.0 Hz), 1.60-1.65 (2H, m), 1.69-1.77 (1H, m), 2.23-2.28 (2H,
m),2.36 (1H,d,J=11.5Hz),2.43 (1H,d,J=13.0 Hz), 448 (1H,d, J = 12.0 Hz), 4.53 (1H, s),
4.62 (1H,d,J = 12.5 Hz), 5.12 (1H, s), 5.52 (1H, m), 5.77 (1H,d, J = 10.5 Hz), 5.85 (1H,d, J =
10.5 Hz); *C NMR (125 MHz in CDCLy) & 16.02, 23.78, 27.28, 40.61, 43 .48, 50.18, 52.86,
66.23, 70.52, 76.05, 88.18, 102.86, 128.12, 128.45, 128.62, 129.95, 131.18, 131.68, 131.87,
133.98, 165.56, 165.63; MS (CI*) m/z 616 [M]*; HRMS (CI*) m/z caled for C,sHyBr,Og:

616.0096, found 616.0089.

Sample and crystal data for 96

Crystal system triclinic
Space group P-1
Unit cell dimensions a=6.372(6) A o =96.236(12)°
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b=7219(7) A B =95410(12)°

c=26.58(2) A v =96.069(11)°

Volume 1201.7(19) A

Y/ 2

Goodness-of-fit on F2 1.144

Final R indices 2541 data; I>20(I) R1=0.1089,wR2 =0.2817
all data R1=0.1242, wR2 =0.2927

(1R*2°R* 3a’R* ,5’R* ,6a’ R*)-6a'-(Hydroxymethyl)-3a'-methyl-3a',5',6' 6a'-tetrahydro-2'

H 4'H-spiro[cyclohexane-1,3'-[2,5]epoxycyclopenta[b]furan]-2-en-4-one (62)

The numbering of positions is according to the skeleton of natural spirotenuipesine A

86 (40.0 mg, 0.159 mmol)® THF 32mL)AHRIC, TV 77 VT =1 LUKMY)
(196 mg, 0.159 mmol), fREEH U ™7 1 (44 mg, 0.318 mmol), 30%i@iE{k /KK (0.09 mL,
0.794 mmol) & Z TH 2, O F £ O T 24 FEEBEE L. F72, RISBHIBEED S
8 [T & 16 FFH# I E N 30%mfE{t/kFEK (0.09 mL, 0.794 mmol)iEAN L 7. &
TA My FTIERE, WRZEGRL CHEONTEREL VDTNV T LI a~x N7
T 74— (NFYUEEET T L 3.1 D D) THERL T, 62 (374 mg, 94%) % 157-.

62: white solid; FT IR (neat) 3436, 2963, 1678, 1450 cm™'; '"H NMR (500 MHz in CDCl;) 6
1.16 (3H, s, H-14), 129 (1H,d, J = 13.1 Hz, H-4/), 1.53 (1H,d, J = 11.8 Hz, H-2/3), 1.94 (1H,
ddd, J =13.2,11.2,7.7 Hz, H-7/), 2.13 (1H, br, OH), 2.21 (1H, dd, J = 11.8, 3.2 Hz, H-20),
2.37-242 (2H, m, H-4a, H-70), 2.48-2.51 (2H, m, H-8), 3.86 (2H, m, H-13), 4.52 (1H, s, H-3),
521 (1H, s, H-15), 6.03 (1H, d, J =10.5 Hz, H-10), 6.94 (1H, dd, J = 10.5, 1.7 Hz, H-11); 1C
NMR (125 MHz in CDCl;) & 16.13 (C-14), 25.30 (C-7), 35.20 (C-8), 40.98 (C-4), 43.04 (C-2),

49.58 (C-5), 5341 (C-6), 63.94 (C-13) , 76.39 (C-3), 90.25 (C-12), 101.69 (C-15), 129.74
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(C-10), 153.50 (C-11), 198.70 (C-9); MS (CI*) m/z 251 [M+H]*; HRMS (CI*) m/z calcd for

C14H1004:251.1278, found 251.1283.

(2)-Spirotenuipesine A (25) and (+)-9-epi-Spirotenuipesine A (9-epi-25)

(+)-Spirotenuipesine A (25)
The numbering of positions is according to the skeleton of natural spirotenuipesine A

62 (12.0 mg, 0.0479 mmol)? THF (4.8 mL)A#k %2 -78 °CIZHmHAI LI=D B, ATF N~ TRy
A7 1K 3M T—7 /LR 0.16 mL, 0480 mmol)Z %, ZDFE E£DIRET 1K
R Lo, fafsfb 7 e =0 KR A M A 7214, Eif—F /L CHitt L, MEKHR
B~ 70U LTHBESE, IBRBIEMELZ. BoNEEZ Y DTN T T LT m

VR NTTT 4= (TP T2 b —T L DRH) THERLL T, (+)-25 (102 mg,

80%) & 15 71=. DED 9-¢pi-25 LA L TW RN R i & OBEEN T o7z,

AF ALK E U TAF ALY F 7 AEFNTEEE

62 (38.4 mg, 0.139 mmol)® THF (14 mL)AR 78 C IZHEI LT=DH, AF LY F 7 A
(114 M =—7 L¥AHR 1.20 mL, 1.37 mmo)Z M %, Z O FE FOIRE T 1 REEEL L.
fAfndE LT B =0 DKESIR AN A T2%, FEE—F L CHIE L, AR~ 7 3T
ATHBRSH, JBRBREMRLE. BonREE VISV 6ua~v NI 7 4
— (NFH TV ETFT—TL 12 PEYVZT AT =T LDR) THE LT, (#)-25
(24.0 mg, 65%), 9-epi-25 (7.5 mg, 20%) % 157-.

(+)-25: white solid; FT IR (neat) 3405, 2969, 2930, 2869, 1456 cm'; 'H NMR (500 MHz in
CDCl;) 8 1.02 (3H, s, H-14),1.20 (1H, d, J = 12.9 Hz, H-4/, 127 (3H, s, H-16), 1.49 (1H,d, J
= 13.1 Hz, H-2), 1.52 (1H, dd, J = 14.0, 3.2 Hz, H-7/), 1.68 (1H, s, OH), 1.69 (1H, dt, J =
13.9,3.2 Hz, H-8a), 1.89 (1H, d, J = 12.9 Hz H-84), 2.07-2.13 (2H, m, H-7a, OH), 2.23 (1H,

dd,J=11.6,3.1 Hz, H-2), 2.37 (1H, d, J = 12.8 Hz, H-42), 3.73 (1H, dd, J = 12.3, 7.1 Hz,
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H-13a),3.83 (1H,dd,J =12.3,5.4 Hz, H-13b), 4.46 (1H, s, H-3), 5.01 (1H, s, H-15), 5.48 (1H,
dd J =105, 14 Hz, H-11), 5.71 (1H, dd, J = 10.5, 1.5 Hz, H-10); *C NMR (125 MHz in
CDClL;) & 15.62 (C-14),24.37 (C-7),27.41 (C-16),36.99 (C-8),40.76 (C-4),43.11 (C-2),49.07
(C-5), 52.78 (C-6), 64.70 (C-13), 69.25 (C-9), 76.08 (C-3), 90.04 (C-12), 102.78 (C-15), 130.41
(C-11), 136.94 (C-10); MS (CI*) m/z 266 [M]*; HRMS (CI*) m/z calcd for C;sH»,O4: 266.1518,
found 266.1525.

(£)-9-¢pi-25: white solid; FT IR 3398, 2963, 1455 (neat) cm™'; '"H NMR (500 MHz in CDCl;)
1.07 (3H, s, H-14), 1.22 (1H, d, J = 12.8 Hz, H-4/), 1.29 (3H, s, H-16), 1.41 (1H, s, OH), 1.51
(1H,d,J=11.7Hz,H-2p),1.61 (1H,dt,J =134,3.1 Hz, H-8¢2), 1.70 (1H, dt,J = 12.9,3.1 Hz,
H-7p), 1.82-1.88 (2H, m, H-8 4, OH), 2.00-2.04 (1H, m, H-7¢2),2.24 (1H,dd, J = 11.6, 3.6 Hz,
H-20),247 (1H,d,J =129 Hz,H-40),3.76 (1H,dd, J = 12.2,7.1 Hz, H-13a),3.86 (1H, dd, J
=12.2,5.7 Hz, H-13b), 448 (1H, s, H-3), 4.96 (1H, s, H-15), 5.62 (1H, dd, J = 10.3, 1.7 Hz,
H-11),5.75 (1H, dd, J = 10.3, 1.7 Hz, H-10); *C NMR (125 MHz in CDCL;) 6 15.71 (C-14),
21.60 (C-7), 29.81 (C-16), 35.44 (C-8), 40.99 (C-4), 43.20 (C-2), 49.08 (C-5), 52.83 (C-6),
64.77 (C-13), 66.36 (C-9), 76.12 (C-3), 89.97 (C-12), 102.49 (C-15), 133.00 (C-11), 134.83
(C-10); MS (CI*) m/z 267 [M+H]*; HRMS (CI¥) m/z caled for CisH;04: 267.1591, found

267.1599.

(1R*2'R*3a'R* 45* 5'R* 6a'R*)-6a'-(Methoxymethyl)-3a' 4-dimethyl-3a',5',6' ,6a'-tetrahy

dro-2'H 4'H-spiro[cyclohexane-1,3'-[2,5]epoxycyclopenta[b]furan]-2-en-4-ol (88)

(#)-25 (7.2 mg, 0.0270 mmol)?® THF (1.0 mL)/A#Z % 0 °C \ZWmHA LT=D 5, KFELT U
7L (60% , ENRT T 4 25 1.5 mg, 0.0375 mmo)Z Nz, =D E FOIRET 10
SR L. 2otk, I U{EAF L (001 mL, 0.161 mmo) &Mz, TDEEDORET
10 FEFIBEER U7e. fufntfife 7 8 =0 DOKEIK A N 2 7= t%, BERR—F L CHit L, &

KR~ 7 %20 LTRSS E, ERERME L. SONTEREEZ U DTN D T L
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sma~ N7 77 4— (Y UERT TV 1) THERLL T, 88 (6.1 mg, 80%)% 157-.

88: colorless oil; FT IR (neat) 3419, 2928, 1731, 1455 cm™'; '"H NMR (500 MHz in CDCl;) 6
1.03 (3H,s), 1.19 (1H,d,J=12.5 Hz), 1.28 (3H, s), 1.48-1.54 (2H, m), 1.60 (1H, br), 1.68 (1H,
dt,J=13.5,3.5Hz),1.88 (1H, m),2.11 (1H, m), 2.20 (1H, dd,J=12.0,3.0 Hz), 2.35 (1H,d, J
=125 Hz),341 (3H,s), 3.55 (2H, dd, J = 15.0, 10.5 Hz), 4.44 (1H, s),4.98 (1H, s), 5.53 (1H,
dd,J=10.5,15Hz),5.71 (1H, dd, J = 10.5, 1.5 Hz);3*C NMR (125 MHz in CDCl;) § 15.71,
2432, 2741, 37.08, 40.74, 43.29, 49.39, 52.83, 59.53, 69.26, 74.22, 76.15, 89.00, 102.79,
130.76, 136.65; MS (CI*) m/z 280 [M]*; HRMS (CI*) m/z calcd for C,¢H,404: 280.1675, found

267.1673.

(1R*2'R*3a'R* 45* ,5'R* 6a' R*)-6a'-(((Tert-butyldimethylsilyl)oxy)methyl)-3a' 4-dimethyl
-3a',5',6',6a'-tetrahydro-2'H 4'H-spiro[cyclohexane-1,3'-[2,5]epoxycyclopenta[b]furan]-2-

en-4-ol (89)

(#)-25 (6.0 mg, 0.0225 mmol)PD Y7 v r A % (1.0 mL)EEIZ, 4 I 4V —/L (6.2 mg,
0.0911 mmol), -7 F LT AFNT U7l K (6.8 mg, 00451 mmo)Z Iz, =R T
12 BfsE Lie, faRRBROKSE T M U U LKIsIR 2 IMA T2, Y7 vnnm X2 Thilt
L, BOKWfg~ 720 LA THBESE, EREREGE L. Sonimkss YV 1 rn
NTLrma~v NTT77 44— (NFH BT L) THE LT, 89 (7.5 mg, 87%)%
5=,

89: colorless oil; FT IR (neat) 3423, 2956, 2930, 2859, 1472, 1462 cm™'; 'TH NMR (500 MHz in
CDClL;) 6 0.08 (6H, s), 0.90 (9H, s), 1.07 (3H, s), 1.17 (1H, d, J = 13.0 Hz), 1.28 (3H, s), 1.50
(1H,dt,J=14.0,3.0 Hz), 1.56 (1H,d,J=11.5 Hz), 1.68 (1H, dt,J = 13.5,3.0 Hz), 1.88 (1H, d,
J=13.0Hz),2.05 (1H,dd, J=11.5,3.0 Hz), 2.10 (1H, d, J = 13.5 Hz), 233 (1H,d, J = 13.0
Hz),3.72 (1H,d,J=11.0Hz),3.84 (1H,d,/J=11.0 Hz),4.43 (1H,s),4.97 (1H, s), 5.62 (1H, d,

J=10.5Hz), 5.67 (1H, d, J = 10.5 Hz); *C NMR (125 MHz in CDCl;) 6 -5.65, -5.57, 15.98,
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18.22, 24.26, 25.83, 27.42, 37.16, 40.98, 42.98, 49.02, 52.90, 64.17, 69.29, 76.13, 89.68,
102.56, 131.36, 136.10; MS (CI*) m/z 380 [M]*; HRMS (CI*) m/z caled for C,H360.S1:

380.2383, found 380.2391.

Tert-butyl(((1R*,2'R* 3a'R* 45* 5'R* 6a'R*)-4-methoxy-3a' 4-dimethyl-3a'4',5',6'-tetrahy
dro-2'H ,6a' H-spiro[cyclohexane-1,3'-[2,5]epoxycyclopenta[b]furan]-2-en-6a'-yl)methoxy)

dimethylsilane (90)

89 (7.4 mg, 0.0194 mmol)® THF (1.0 mL)#ik % 0 C IZmHEN L7200 b, KFET Y 7 A
(60%, BT 7 4 1248 7.8 mg, 0.195 mmo) &Nz, F D% FEDRET 10 ¥
L. 2o, 3 v{EAF /L (0024 mL,0.386 mmol)z %, EIRIZHIE L T 5 KEH
PiFR Uz, b7 e =0 AKEIRZ N2 7o, Bile—F L Tt L, MoK
~ RV U LATHBRSE, IBEREBWE L. BonERZ VDSV T L0~
N7T T 4= (NFY U EERR T L 4:1) THRRLL T, 90 (6.7 mg, 87%) % 157-.

90: colorless oil; FT IR (neat) 2930, 2858, 2822, 1463 cm™'; '"H NMR (500 MHz in CDCl;) 6

0.08 (6H,s),0.91 (9H, s), 1.07 (3H, s), 1.17 (1H, d, J = 12.5 Hz), 1 .24 (3H, s), 1.50 (1H, dt, J =

14.0,3.5Hz), 1.56 (1H,d,J = 11.5 Hz), 1.62 (1H, m), 1.91 (1H, dt, J = 13.5, 3.5 Hz), 2.06 (1H,

dd, J = 11.5,3.0 Hz), 2.13 (1H, m), 2.34 (1H, d, J = 13.0 Hz), 3.20 (3H, s), 3.73 (1H,d, J =

11.5 Hz), 3.85 (1H, d,J = 11.0 Hz), 444 (1H, 5), 499 (1H, 5), 5.61 (1H, dd, J = 10.5, 1.5 Hz),

5.72 (1H, dd, J = 110, 1.5 Hz); C NMR (125 MHz in CDCl;) § -5.64, -5.56, 15.86, 18.24,

23.96, 25.44, 25.84, 30.52, 40.96, 43.02, 49.02, 49.65, 52.82, 64.23, 73.94, 76.13, 89.66,

102.61, 13331, 134.04; MS (CI*) m/z 394 [M]*; HRMS (CI*) m/z calcd for C6H,,0,394.2539:

found 394.2535.

((1R*2'R* 3a'R* 45*,5'R* 6a'R*)-4-Methoxy-3a' 4-dimethyl-3a' 4',5',6'-tetrahydro-2'H ,6a

'H-spiro[cyclohexane-1,3'-[2,5]epoxycyclopenta[b]furan]-2-en-6a'-yl)methanol (91)
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90 (6.7 mg, 0.0170 mmol)? THF (0.85 mL)¥& % |(Z TBAF ( IM THF &%, 0.051 mL, 0.051
mmol) ZEHIETMX, FOEFEORET 4 BEEELZ. fafnET v F = 2KE
RNz 1=1%, BT L CHIE L, 1557 HE 4 S fn K Coiits, MoKming
VR U LA THESE, BIRGEM L. BoniEEE T VSN T A av
N7Z7 40— (T UERET TV 30 5 1) THRL LT, 91 (4.2 mg, 88%) & 157-.

91: white solid; FT IR (neat) 3456, 2968, 1455 cm™'; 'TH NMR (500 MHz in CDCl;) § 1.03 (3H,
s), 1.20 (1H, d, J = 13.0 Hz), 1.24 (3H, s), 1.50 (1H, d, J = 13.0 Hz), 1.52 (1H, dt, J = 14.0, 3.5
Hz), 1.64 (1H, m), 1.89-1.95 (2H, m), 2.15 (1H, m), 2.24 (1H, dd, J = 12.0, 3.5 Hz), 2.39 (1H, d,
J=13.0Hz),3.20 (3H, s),3.75 (1H,dd, J = 12.0, 7.0 Hz), 3.85 (1H, dd, J = 12.0, 5.0 Hz), 4 47
(1H,s),5.03 (1H, s), 5.60 (1H, dd, J = 10.5, 1.5 Hz), 5.67 (1H, dd, J = 10.5, 1.5 Hz); *C NMR
(125 MHz in CDCL) & 15.51, 24.10, 25.38, 30.50, 40.79, 43.16, 49.09, 49.66, 52.75, 64.71,
73.88,76.07,89.92, 102.89, 132.41, 134.88; MS (CI*) m/z 280 [M]*; HRMS (CI*) m/z calcd for

Ci6H2404: 280.1675, found 280.1679.

(15*,2'R* 3a'R* 45* ,5'R* 6a'R*)-6a'-(Hydroxymethyl)-3a' 4-dimethyltetrahydro-2'H 4'H-

spiro[cyclohexane-1,3'-[2,5]epoxycyclopenta[b]furan]-4-ol (92)

(£)-25 (5.6 mg, 0.0210 mmol) D A &% / —/L (4.2 mL}¥A#ZIZ 10% Pd/C (11 mg, 0.103 mmol)
A, KFEHE, 24 BRI L. ROSEIRZ 74 F ClEEERREMELZ. 55
NIZREE VAT NI TG L0~ T T 74— (NFYUEfgRT TV 111 D HEFR
TFNDOH)THERL T, 92(3.8mg,67%)%1F7-.

92: colorless oil; FT IR (neat) 3403, 2926, 1447 cm™'; '"H NMR (500 MHz in CDCl;) 6 1.08

(3H,s), 1.14 (1H, d, J = 12.5 Hz), 1.26 (3H, s), 1.32-1.40 (2H, m), 147 (1H,d, J = 11.5 Hz),
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1.51-1.64 (4H, m), 1.71 (1H, d, J = 13.5 Hz), 1.86 (1H, br), 2.04 (1H, m), 2.22 (1H, dd, J =
12.0,3.0 Hz), 2.48 (1H, d, J = 12.5 Hz), 3.69 (1H, d, J = 11.5 Hz), 3.81 (1H, d, J = 12.0 Hz),
4.46 (1H, s), 5.29 (1H, s); *C NMR (125 MHz in CDCL) & 15.24, 25.74, 25.77, 28.18, 35.80,
37.64,41.67,43.10, 48.56, 50.20, 65.05, 70.53, 76.16, 89.82, 101.45; MS (CI*) m/z 268 [M]";

HRMS (CI*) m/z calcd for C;sH,,0,4: 268.1675 , found 268.1672.

(1R*2'R*3a'R* 4R* 5'R* 6a'R*)-4-Allyl-6a'-(hydroxymethyl)-3a'-methyl-3a',5',6' ,6a'-tetr
ahydro-2'H4'H-spiro[cyclohexane-1,3'-[2,5]epoxycyclopenta[b]furan]-2-en-4-0l (93) and

(1R*2'R*3a'R* 4S*,5'R* 6a'R*)-4-Allyl-6a'-(hydroxymethyl)-3a'-methyl-3a',5',6' 6a'-tet
rahydro-2'H 4'H-spiro[cyclohexane-1,3'-[2,5]epoxycyclopenta[b]furan]-2-en-4-o0l (9-epi-9

3)

62 (6.0 mg, 0.0240 mmol)?® THF (2.4 mL)&E Z-78 C IZHMHAILT=DE, T U~ TRy
7 A7 1Y K (2M THF &% 0.12 mL, 0.240 mmo) & N %2, & D FE F OIEE T 1 R
L. faffi b7 B =0 AKIBRE N Z T-1%, Bife—F L Chitt L, #KkAifE~
TR U NTHRESHE, BRBEGE L. GonEEEr > Y BNV 7 57~ b
TS5 74— (WK H VTN —T ) 41 PHYZT LT )LDAHR)THEL T,
93 (5.0 mg, 71%), 9-¢pi-93 (0.9 mg, 13%) % 57~

93: colorless oil; FT IR (neat) 3403, 2927, 1637, 1455 cm™'; '"H NMR (500 MHz in CDCl;) 6
104 (3H,s), 1.22 (1H,d, J = 12.5 Hz), 1.50 (1H, d, J = 11.5 Hz), 1.55 (1H, dt, J = 13.5, 3.0
Hz), 1.65 (1H, dt, J = 13.5,3.0 Hz), 1.75 (1H, br), 1.94 (1H, d, J = 13.0 Hz), 2.08 (1H, d, J =
13.5 Hz), 2.23-2.28 (2H, m), 2.34-2.39 (2H, m), 3.74 (1H,d,J = 120 Hz),3.84 (1H,d, J = 12.5
Hz), 447 (1H,s), 5.02 (1H, s), 5.17 (2H, m), 5.55 (1H, d, J = 10.5 Hz), 5.70 (1H, d, J = 10.5
Hz), 5.89 (1H, m); 3*C NMR (125 MHz in CDCl;) & 15.81, 23.77, 34.21, 40.82, 43.11, 44 .80,
49.11, 52.80, 64.74,70.15,76.07, 89.99, 102.91, 119.27, 131.32, 133.21, 135.85; MS (CI*) m/z

293 [M+H]*; HRMS (CI*) m/z calcd for Ci7H»504: 293.1747 , found 293.1744.
112



9-epi-93: colorless oil; FT IR (neat) 3405, 2925, 1715, 1637, 1455 cm™!; 'H NMR (500 MHz in
CDCl;) 6 1.07 (3H,s), 1.22 (1H,d,J =129 Hz), 1.25 (1H, br), 1.51 (1H,d, J = 11.7 Hz), 1.63
(1H,dt,J =13.8,3.2 Hz), 1.69 (1H, dt,J = 12.7,2.5 Hz), 1.76 (1H,d, J = 15.1 Hz ), 1.83 (1H,
br), 2.02 (1H, m), 2.22-2.33 (3H, m), 2.47 (1H, d, J = 13.2),3.76 (1H, dd, J = 12.1, 5.8 Hz),
3.86 (1H,dd, J =120, 3.6 Hz), 447 (1H, s), 4.95 (1H, s), 5.13 (2H, m), 5.69 (1H,d,J =104
Hz), 5.74 (1H, d, J = 10.5 Hz), 5.82 (1H, m); *C NMR (125 MHz in CDCl;) 6 15.67, 21.31,
33.36, 40.98, 43.20, 46.98, 49.08, 52.98, 64.76, 6791, 76.13, 89.99, 102.50, 119.09, 133.11,
133.16, 134.10; MS (CI*) m/z 293 [M+H]*; HRMS (CI*) m/z calcd for C;;H,s04: 293.1747 ,

found 293.1750.

(1IR2’R3a’R A4S ,5’R 6a'R)-4-Hydroxy-3a' 4-dimethyl-3a'4',5',6'-tetrahydro-2'H ,6a' H-spi
ro[cyclohexane-1,3'-[2,5]epoxycyclopenta[b]furan]-2-en-6a'-yl)methyl (S)-2-methoxy-2-(n
aphthalen-1-yl)propanoate (94) and ((15,2'S,3a'S4R,5'S,6a'S)-4-Hydroxy-3a',4-dimethyl
-3a'4',5',6'-tetrahydro-2'H ,6a' H-spiro[cyclohexane-1,3'-[2,5]epoxycyclopenta[b]furan]-2-

en-6a'-yl)methyl (S)-2-methoxy-2-(naphthalen-1-yl)propanoate (95)

94

(+)-25 (25.0 mg, 0.0939 mmol)D 7 1 1 X & > (1.9 mL)IFHZIZ(S)-MaNP acid (23.8 mg,
0.103 mmol), DMAP (11.4 mg, 0.0933 mmol), ~ VY =F /L7 I > (0.052 mL, mmol), 2- X
FIL-6-= bk 12 EFEBIEKY) (64.6 mg,0.188 mmol) % Il x, =D % F OIEE T 3.5 KEfH]
PP U7z, fRIREEKET b U U ORISR Z N2 721, Efg—F v CHitiL, Bon
TS A f N RIEAKFE T B U U AT, BRI~ 71 U LTI S, IRl
BEELZ. GonEEesh 70~ T T 7 40— (NFH2-7usl ) —u
15:1 705 5:1) THRL L T, 94 (18.0 mg, 40%), 95 (22.4 mg, <50%, Al 96 % & ie) %15
7-.

94: [0]'%, = + 22.0 (c = 1.5, CHCL,); FT IR (neat) 3457, 2969, 2932, 1740, 1600, 1509, 1458

cm™ ; 'TH NMR (500 MHz in CDCl3) & 0.53 (3H, s),0.79 (1H,d,J=12.7 Hz), 0.89 (1H, d, J =
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12.0 Hz), 1.21 (3H, s), 1.25 (1H, br), 1.36 (1H, dt, J = 14.0, 3.3 Hz), 1.55-1.63 (3H, m), 1.80
(1H,d,J =129 Hz),1.96 (1H,d,J =139 Hz),2.03 (3H,s),2.13 (1H,d, J = 12.8 Hz), 3.11 (3H,
s),4.15 (2H, dd, J =160, 12.1 Hz),4.20 (1H, s), 4.83 (1H, s), 5.19 (1H, dd, J = 10.5, 0.8 Hz),
561 (1H,dd,J=10.5,1.0 Hz), 7.45-748 (3H, m), 7.63 (1H,d, J=7.2 Hz), 7.82-7.85 (2H, m),
8.38-8.40 (1H, m); 3C NMR (125 MHz in CDCl;) 6 15.13, 21.71, 24.01, 27.31, 36.83, 40.29,
42.48, 49.36, 50.83, 52.63, 66.22, 69.11, 75.75, 81.35, 87.44, 102.63, 124.73, 124.90, 125.69,
125.79, 126.59, 128.71, 129.54, 130.13, 131.31, 133.97, 134.62, 136.85, 173.93; MS (CI*) m/z

478 [M]*; HRMS (CI*) m/z calcd for CyH;3,06:478.2355, found 478.2346.

HPLC analysis of 94 and 95
YMC-Pack SIL 4.6 x 250 mm, hexane ; EtOAc = 1.5:1, flow rate 1 mL/min, detected

wavelength 280 nm.

= == 30.818

[mV]

8
6
4
<
2 | 2
| N
fi &
o M o ~— —_—
i —
0 5 10 15 20 25 30 35 40 45 50
[ min]
PKNO NAME TIME MARK CONC AREA HEIGHT NTP
1 22,63 1.462 15626.79 343.05 5640
2 3082 88.969 951232.30 16314.81 6228
Total 90.431 966859.09 16657.86
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NO,
96

HRMS (CI*) m/z
or CogHp7NO7: 429.1788
Observed 429.1782

PKNO

Total

NAME

TIME

[ min]

MARK

\%

30

CONC
2.286
87.855
6.721
96.862

35

AREA
244987.40
9415326.77
720235.87
10380550.0

0

HEIGHT
4596.60
83955.66
9085.10
97637.35

50

NTP
8330
2481
7012

RIRAYR A Z ) U 28D 96 DRE

95 (18.1 mg, RHiHE LT 96 Z&Te)D AKX /—)b (50 mLIFIRIZ~ 7 R0 A (61
mg, 2.509 mmol) & il %, iR T 20 KFfIRFR L7z, RIS Z >V 7 Xy RClgiE
B L., BONEEEDOA X ) —v (50 mLAKIC~ 7 %7 A (61 mg, 2.509
mmol)Z A1 %, ZIR T 20 R Lz, BSOS Z > U 7 7%y R CIEM% NG L
. BonREE VAN T AT u~ NI T T 4 — (NFH UERR T L 2:1
N5 1:4)THR LT, 95(10.0 mg, 28% from (+)-25) % 157=.

95: [a]?'p = — 51.1 (c = 1.0, CHCL,); FT IR (neat) 3457, 2930, 1743, 1600, 1510, 1456 cm'; 'H
NMR (500 MHz in CDCl5) & 0.24 (3H, s),0.69 (1H,d, J = 12.8 Hz), 1.00 (1H,d, J = 11.5 Hz),
121 (3H,s), 129 (1H, dt, J = 139,33 Hz), 1.58 (1H, dt, J = 13.6, 3.2 Hz), 1.78 (1H, d, J =
13.0 Hz), 1.82 (1H, dd, J = 11.6,2.7 Hz), 1.94 (1H,d, J = 13.8 Hz), 2.03 (3H, 5),2.08 (1H, d, J
=129 Hz),3.09 (3H, 5),4.09 (1H,d, J = 12.3 Hz),4.20 (1H, s),4.28 (1H,d, J = 12.3 Hz), 4.83
(1H,s),5.12 (1H, dd, J = 10.5, 1.1 Hz), 5.56 (1H,dd, J = 10.5, 1.4 Hz), 7.44-7.48 (3H, m), 7.61
(1H, d, J = 7.1 Hz), 7.80-7.83 (2H, m), 8.39-8.41 (1H, m); *C NMR (125 MHz in CDCl;) &
14.89,21.57,24.16, 27.33, 36.89, 40 .41, 4305, 49.19, 50.76, 52.57, 65.59, 69.09, 75.69, 81.28,

87.50,102.54, 124.77, 125.00, 125.79, 125.94, 126.69, 128.62, 129.57, 130.19, 131.47, 134.08,
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134.36, 136.71, 174.09; MS (CI*) m/z 478 [M]*; HRMS (CI*) m/z calcd for CyH3406:478.2355,

found 478.2346.

HPLC analysis of 95

YMC-Pack SIL 4.6 x 250 mm, hexane ; EtOAc = 1.5:1, flow rate 1 mL/min, detected

wavelength 280 nm.

HOL/—> /\"O =
200 OM\O(S)'MaNP 3
|
9% % 1‘1
160 Il
I
[
= 120 [
> \
G B
[\
|
80 |\
I
[\
] \
[\
40 ; \
| \
| \
| \\
| N
ol S z -
0 5 10 15 20 25 30 35 40 45 50
[min]
PKNO NAME TIME MARK CONC AREA HEIGHT NTP
1 34.17 99.145 22625819.8 192399.78 2100

Total 99.145 22625819.8 192399.78

(+)-Spirotenuipesine A (25)

94 (10.0 mg, 0.0209 mmol)D A % / —/L (0.9 mLARIZT h U 7 A A FFT K (28% A
X ) — VIR 0.10mL, 0.518 mmol) & 1 %, 50 °C T 10 REfEfEHE L7, fafnifi{b7 %
= U LKEER AN Z 724, BERe—F LTI L, SRR~ 7 %o U A TR S,

JERBIRME L=, SonRkz VAN Tara~ NI T 74— (~FH U0
e F L 1:1 D LAHTHER LT, (4)-25(5.0 mg,90%) % 57=. FeStE LS OmitT —

Zld(x)-25 L —E LT
(+)-25: white solid; [a]*p =+ 52.9 (¢ = 0.45, CHCl,).
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(-)-Spirotenuipesine A (25)

(+)-25 &L FIREDOFIEIZHE > T, 95 (1.350 g, 2.89 mmol)7> 5 (-)-25 (4.5 mg, 90%) % 157~
FESCEE LIS DT — 2 13(x)-25 & —E L 7=.

(-)-34: white solid; [a]”p =— 52.1 (¢ = 0.45, CHCl,)

R R 7 K] 7 PE AR AR T R D B fff

PC12#fil 2 DMEM/10% HS, 5%FBS, 100 unit penicillin-streptomycin CHELEL S AU 7z 51,

10000 cells/mLOFIIEEE T247 = /L7 L— hD 1 7 = /LD E400 pL ST 5.
4HF[H A 2 F 2 N—Z — N THEE L7218, Biih 4 132 il 2 55 #i+400 pL & 2249 5.
A Fa_X—FZ—TEELHT, IRFHZIZT L — FFHORMIZ4% TV LT VT e R
PBSIAK %400 uL 3" 2> 2 TS ME T 5. 552 5IBREL ThHHER Y = /LiZ4%ik
VAT VT B RPBSYANR 2400 L 201 2 CI5 ME T 5. 4% 5 /Vv A7 VT & RPBS
Vit 2 51 Br2 L C, PBS buffer 400 pLC —[EI¥E¥%. 0.1M Borate Buffer 400 uLC 1 [H]
W32, 01%AF L7 0— 300 Lz Mz, [EE L7l A =R T 2 R 5.
gutath, I VUQTYEHL, BAMEBICHIZT 5.

EMEFHIOERBLTIE, TYVFNADATTEY 2VOBEEZERLRLRNL D T U H A
i3 5. BIEMRIZT H2MIEZE KT TNV OFKREN S ZZE VTR L T,
INE D DTFiE OEBEBITEEOERZFHET 5. 57 —Z OfGHLELE, Mackt i
WrafHL, AEZEMREICE L CTIE, Dunnett’s t-testZ £2H L 7.

*132 IN LA e is s 55

1321N1#fifid 2 DMEM/10% HS, 5%FBS, 100 unit penicillin-streptomycin CHHAK = 4172 55
1, 20000 cells/mLOHIfREEFE T247 =)L 7 L— kD 1 7 = /LIZ-DE500 uLd D¢
L. 4R A X a2 X—F —NTHEELL®, &V 7 /LODMSOEIK % & T

DMEM/10% HS, 5%FBS, 100 unit penicillin-streptomycinffl % #i (DMSO# LI E0.1%)
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IZHEAR T D, A o FaX—F—TEEEZT, 48RM%ZICT L — hH OB % [A]
IRL7=bDRfEH L ab.

a) NVCOWNNT X D202 sl L72 BT, 132 I BT #8151 2 B0 L 722 1ZNVC
Z30 WMDIRFEIZ7e D X O lZmaxzb D& L7z,

b) PINGFHUARIZ X 2 AR CII 1321 labs 2 55 1 2 [BIN#%, HINGFHLIAR % 0.5ug/mL
DRI D X DIz, 4°CTURMEE LI bOZHH L7
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P

AW BT 2I12H72Y, BELRDEIFE, HEHELIHDY £ LAY S)IEEER
[CEEH N LET. FRPIRERICEBE SN TS, — O3B TSR DV T
FRENZ 2 & F LAY B eRAN IR W2 L ET. AFEICH T 2B D R
PEZEATLLEESY, WObLRELOFTELWZZE E LAY IR SR ISR
N LET. KX EERT 21220, ZECof, FELZGD £ LEARTE &

BWEEE, RINERATR, RH=HR, MR SR A AR IE HELH L
BT RS RIS O FEERORAETOLE R 2 DB INCE > TEITTHZEMNT
& F L7z, PCI2 MlifdZ V7o AEMTEERHIE €I, A% @Il 0REd%, AREmUESNZ
[CHFRE N2 & £ LT B — RO~ 7 R & FIO T iGN i B P A 2 K2 3R
AP EIRMEBIRZ T EM L T2 & F Lo, BB M OB ER T, A% Kk
IR, PRI R o F L, WRRICE LR L BiF 5. #
BN TIX, RO 7 — HPEEE, MAE HELICEB B L
L JELSAEILE L BT ET. AFROBITICHI 0 IS, HixRETEEZ K-> T el &
F LIRS EEMPHEHEE, MEMFAEOBFRRIZE LR L LT £

F 72, RBFFED Iz h, BAEFESREHFLEIEAMEL eI LD T8, AR
BHE S OB SEBh R & 2 KB A2 B £ Lz, EMHLE L P £,

BFFEEE DR CRARB MG/ D £ LI b v m RICHR @7 LS. Sin g
FEEONE, FAE, RUGEARICE > TRELCMASEERLZEL I ENTESELE.

JESHELE L B ET.

RIS, ROVFPAEREZ A TR, HACRE, S, A, IS0 LIRS LE
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