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[a]

aq

ATR
AZADO
BHT

br

n-Bu ("Bu)
ca.

caled

cat

DIPEA
DMAP
DME
DMF
DMP
DMSO
DTBP

EIl

eq

Et
FAB
hr
HMPA
HRMS
HZ
IBX
IR

specific rotation

acetyl

aqueous

attenuated total reflection
2-azaadamantane N-oxyl
2,6-di-t-butyl-p-cresol
broad (spectral)

normal (primary) butyl
circa

calculated

catalytic

doublet (specral)

chemical shift in parts per million
N,N-diisopropylethylamine
4,4-dimethylaminopyridine
1,2-dimethoxyethane
N,N-dimethylformamide
Dess-Martin periodonane
dimethyl sulfoxide
di-tert-butyl peroxide
entgegen

electron impact

equivalent

ethyl

fast atom bombardment
hour(s)
hexamethylphosphoric triamide
high-resolution mass spectrometry
hertz

2-iodoxybenzoic acid
infrared

coupling constant (in NMR soectrometry)
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LDA lithium diisopropylamide

LiHMDS lithium bis(trimethylsilyl)amide
L-selectride lithium tri-sec-butylborohydride
m multiplet
M molar (moles per liter)
Me methyl
min minute(s)
mol mole(s)
MMFF merck molecular force field
MOM methoxy methyl
N normal (equivalents per liter)
NaHMDS sodium bis(trimethylsilyl)amide
NMR nuclear magnetic resonance
P protecting group
Ph phenyl
PM3 parametric method 3
ppm part(s) per million
i-Pr isopropyl
quartet (spectral)
rt room temperature
s singlet (spectral)
SM starting material
t triplet (spectral)
TBAF tetrabutylammonium fluoride
TBHP tert-butyl hydroperoxide
TBS tert-butyldimethylsilyl
TEMPO 2,2,6,6-tetramethylpiperidin-1-oxyl
Tf trifluoromethanesulfonyl
TFA trifluoroacetic acid
THF tetrahydrofuran
TLC thin layer chromatography
TMS tetramethylsilyl

VA zusammen
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LA REAEPEFEF (Covalent Drug) & 133 FPITKEFEZ b . EKRNOIER) > Th D RIS
BoRIBEDVAT A, Y v, AVA=UEORBNET I BRI E OB T, AR
ERIERITERSTORKTH D . ERNICIET DN T L OO 7 —a v F) KFEREE. BK
PEAHEAE M 72 £ 208 U CHEAEM 2 & 72 b3 LA PEOFRA & el LT, Al 72245 & OAIC K 5
TER O RAEA R ] OIER 72 EDBIFTE 2 Z BRI E LTEIT oD, £O—F T, AEKA

TITHER S LIAMT b SR T 2 i 2 b o X VRV EENBE L FELTERBY . 2 b DEERKN
77 F & covalent drug @ & -DREFHEIE & ORIZIEFF R ILARE AR IS Z LI2 XLV | Hix 7wl
TERDRHT 52 ENBEIND, H<POEBRADIHERICHNOENTE T AT EANL, 2ok o7k
BIWERZ b7 T A OB b D ThHo7-Z &b, —f%IT covalent drug (XA T 4 7724 A—
ELTRTIEDENART VY, LLRRL, —Hfl ESFINO AN OEN TELRRIEATHL T AE
Joo, X2 Uz e+ 5 p-7 7 2 LRGUVEWEIINA T, Sull/MiFIlo 7 n e K7L, 7 e
NoRCTHEROT T T7 =, VAT T =Bl LN XS, AMOEWEIRSG
ELTHEBICHW SN TWS covalent drug $%% < 17/EL T\ % (Figure 0-1),

Figure 0-1
SN
g T
o (0] N
(0] p
COOH
Aspirin Penicillin V
Anti-inflammatory drug B-Lactam based antibiotics
synthesized in 1899 synthesized in 1957
OCH3 | o N7 (|)|
o N g | - = S | OCH3
N A
. g UNKF NH N~
NH
H;CO
Clopidogrel Lansoprazole Esomeprazole
Anti-platelet drug Proton pump inhibitor Proton pump inhibitor
launched in 1998 (USA) launched in 1995 (USA) launched in 2000 (Sweden)

2009 FIKEIZB W T EE v 710 ERros BRSO, EikL7zzae K7L, VT
TS =), T RAT T NG EERTWDSZ LTz T, TAEY IKEE T THLEFE 800 (H5E

DI S TWD EHEESILTW D, 2RO OHETD/RT & 91T covalent drug (ZpHFERIIC LT HARD T
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RESI 7RI R THDH LN D Z N TE D,

L22L7ed3 s, Bl L7z covalent drug X, Wit KT » 7T WA A2l o TAEA SN DT
7 < BRIRINZ2 A AVEDSHENL STt (ERIMT OFE M7 i 208 U TR A ORI CTH D = &
HONMISNTELLDOTHD, FlZIE, 7AEY 0% 100 FLLEH A% « Efiah 3L Th D
D AGMEAL O RICAFET 28 Y VEREOT B F b ESI SR T AWMU T, v rAF ST
— BRI ET S5 Z EBALNCENLZDE, 1971FICR>THLTH S Y,

Flo, ZIHETFOREMEILT X LA ) == I ko TRBENTZY — Meawicx LT,
DL FREE T b5 2 LA U CHIKBRICE ST b OB REZHAE HDTVWD, Ziuk, 70V
TGS NRE Y AT T =R EOFURERICOWTHERETH Y . RO EiShi-A 27TV —

(CBET 2 REANZR SRR AR SE A0 U CL BHIEO HY/K -ATPase & OIAREATERL &2 S+ B1EH A 1 =
XA BT ENT YD, ZOIEEARBITERIELS M T CORBBISICE > THEL DALV T 2 0T X RIR
ThHEHHINTEY, ZOEKRAD=ALE LTI, ETAAT IV —NLDANLT 4 = VHENT 1
FoAbE -tk REMHEOSWE Y PUBROERFFNBRXU YA IFY VRO 2 xR ET L, I
Lo THELEANLT 2 VEBBOBAGEZRTANL T 20T 2 RIZEBENS, 20X LTHELE
ANT 2T I KRB H /K -ATPase LDV AT A UFKL (Cys322) LIAREGEEKRTHZ EicLy, 7
0 bR CTEERAZRT O RIS TV D (Scheme 0-1),

Scheme 0-1
OMe
7 \ y OMe
=~
S N ® NN H (o)
N S U H = - . N Nx
3 > — Ny
N O N
o=t o O
MeO
MeO Omeprazole ©

- H,0 ®F HZ s R (Cys 322) N\,/N\ |
|
g T gr
—-SR

MeO

sulfenamide form

ZOEHIT, BUETIET v bR T IHER ORI STV D, TG NERT
FREESNIRD T-EITIE, RERZRREMICH o7, THUX, SO EfE LS 2 3 5
ZENPHEETH 12 EITMAT, TOEARZHALNCT 2 HEL RIS N TV RpoTz 2 b
LD ThH D,
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LA LA 5 1980 FARICAY | #EEEWFRRE RIEEE BT 2 DI - T, AERNEER ST ONK
MEIEIZFE DWW a v B o — & — R 3EY)EEEE (Computer-Aided Drug Design; CADD) BELFED H D & 78>
7o T TV IOREEAEYT X, X MRS SESANT, NMR, FBEFBEMEE R & O TiEZ VT
ARNICAFET 5 3ER 751 O ZIRTEEEZ A ST 5 & & HIic, TOERS 13- T B 4EKR
WIS D 3 T 2T 2 & Th D, Zhud, T & LToEYSFMEMT S TEI) o=k
TR BT B IITHAIN DS EA TN D Z AR LTRY, TORRICAEKLZEM Y 2T V1
952 L EEX LT 7 v —F ) Structure-Based Drug Design (SBDD) ThH 5, 7=72L, ZZTWoH [k
K EWVHIBEEDOHITIZ, WA T 2 SEB D =R OTEIE IS BT D EHRZT TR <L BURER
BUKME L W o 7o BB e ICIN A T, EOICIEB IR ERZ G EE R IERNBEEN TN D,

FelZik 7= CADD 2 B3 D HiT L, 1ERS 1 L3 FA2 R T 2 L L bic, mEHEOMAMEMICE
T O 2B U T, ENENONAEEDOZ(LORREZ bHERT 5 2 LN TE D, ZOHEHOHEARZ X

T, RN OB RERS T 21T O 2 EBNFREIC R o 72, ZhUE, RS TIoxd 2 EfE
TN TR LA ARG T2 2 2B U T, AR E < BIEH D720 covalent drug % £l
HT 22 EMAMRBIZR > TE LA ERLTWD,

ZDOXE IR FEO T, SBDD FEIC Lo TR S04 FEERIHTA Al & LT, Ber-Abl 123/
CEF—BEMHERCTH LA ~vF =T L EGFR Fuv X —BlHEKRTH LS 7 4 F=TEET D
ZENTED Y, KT 2001 FEIKETER SN A ~F =7 1%, BIEEEENE A MF IS L CBEE 2R IGH
IRZRET 5 Z LAl U T, o PR OAN 2 REAIZ S D 5 2 L IIZE B L7 (Figure 0-2),

Figure 0-2

N o
K/ ~ N\ | \)N
/
o N
Imatinib Gefitinib
Bcr-Abl tyrosine kinase inhibitor EGFR tyrosine kinase inhibitor
launched in 2001 (USA) launched in 2002 (Japan)

LU E, 25O FHERHIN AFNZOW T, itk O ke B s & SEAIE O 5B
DY S-xns ko ckhol-, T, ¥ 74 F =712\, BHEABRE LHEABRSE L OB TS
PRNRNC R E R ZRDOOEND ZERHLN LR, 2N EGFR Fry v —Y 4 2a— K45

PO VHEEERRIIMNES 17/ BEARICHRT 2 Z LWL SN, T2DL, 2 b Do F4f
-6-



HIFLAS AFINE, BEASY T O IR TR R REE I S W TREB ISR SN b O TH 5120, S
B RIZIES MEDREE I, W & OMBERANENT 22 L1280 ZOIREDHE

WO REREENR IO IND T ERRENT,

—7J7. 1998 4£{Z Fry, Hook 5(ZXL - T, EGFR F 1 ¥ FF—¥ %) & L7 targeted-covalent drug (Z
B3 A8Fge s Shiz * Y, = ZClE. Michael acceptor & FEEN A ETFRED o, B-REgfHLR=
NAEE 2 BLEROREEFITEA L, R0 OREMET I 7 BEHE (Cys 773) & ORICILEREE 2 Ak
SHELHZ EITEY ., HEFEHOHE®RARAA BN, £7 Fry., Hook B, 77 4 F =7 LIL@ED 4-7 =
U XFYEKEO 6 M a, B-REMT I MEEZEA LT PD168393 (22T, EGFR F 1
FF—BLORyF U7 Ialb—2a AIDOWTHF LSRR, Cys 773 & o, B-AREaFIT I i &
OB+ DHEE LD DB L2 5 22 ONI LT, 22T, EREICZ ke E ARk L.
EGFR F 1 ¥ % T —RICkT HEFEEICOWTHRE LIz E ZA, 77 4 F =7 (ICs:23nM) &tk
L CRIEZ2TE MR R (ICs: 0.70 nM) 23O B D Z L ZBH 5 Lz, (Figure 0-3),

Figure 0-3

HN Br |

N
4?( |\N
2% [0 N
. SH NH,
EGFR tyrosine kinase inhibitor I Cys 773 5

TR AR RIS I IS & . BB TR EGFR Fr v —EHER L LB SN, T CICEK
IESHENTHWDLEONT 77 F=T7Thbd, ZOBEOSTHFHIBWTL, o, B-FfEfT I RiEED
YA FEMED ATV T X ) A EAT D Z L2k, REMET I BRFEIE (Cys 773) DSGASICHE

WL O G Z [ S5 TRAES TS Y, &5I22007 412, TV b BlFr s —
¥ (BTK)DRAENET 2/ BRI (Cys 481) ZHERI L LIZIUEAIE LTA IAF =T hlESn b2 810,
covalent drug O 53 FAERIFLS VAN DO IEDNEFIZAT AL D L D720 | EDOENTIREN R 58T
STV 5 (Figure 0-4),



Figure 0-4

cl ; cl

n
n

: i T
Q G, Q

Afatinib
EGFR tyrosine kinase inhibitor
launched in 2013 (USA)

Ibrutinib
Bruton's tyrosine kinase
launched in 2013 (USA)

Z DX DI L targeted-covalent drug (2B 290K & R &2 2 T 228 5 — 2BV T, 2012
1T Serafimova 512 & - T reversible covalent drug &\ 9 #i7- 2 a2 @8 Sz 'Y, & 512 Serafimova
SIZZOMAICHSE 2013 4FEICa->T7 /727 UAT I R (CAA H) % covalent drug & L T oD HEAHE
1% & L 72 Fragment-Based Drug Design (FBDD) ®OF{EIZ L - T, RSK2 F 1% F—EHEH DOBHIIC
LTS D, 22T, 727 UAT 2 REEALLREASE RSK2 Fry v —F LD AT A
VIR L OFUSDIZEARRHRNCHET T 201 LT . 727 VAT X RO ol v 7/ HE H 2 CAA K
AN LTEAICIE. 7 2 OB REWEICES KSR EIZMZ T, afii”a b OHEE
DA LA > TS EIT LT K 25 2 &Ik Y, AR EERZ R T Z LB L IS
(Figure 0-5), J72bbH, CAA FEZEA LIZLERINEN &5 AT A VRETIIRWHIOT 2 ) Bk
KOS EFI &R LIESHEIC b, MG OEITICN S BRI cE 2 LR ahi, 2ol
I%. reversible covalent drug &\ 9 Fr7c 2 BEEOEAIZ LV | BEfFD covalent drug [ZHB W TG S LTV
FHRFRAIFEGTERL & ) D B S 2R L D 2 ATREMEZ R LTV D,



Figure 0-5

(0] (@)
HS” R
| NH, —mm> NH,
irreversible
A
R process R® ' R
acrylamide
(0]
HS” R
NC
NH,
| reversible
R process

Met 493 o
Cys 436 |

S
-
RSK2 tyrosine kinase inhibitor OH

PL B ~72 & 512, covalent drug DOWFFEILEIES FIZBIT D EREHEEMT OEANT IS < targeted-covalent
drug ~D B & reversible covalent drug & V9 H LWEADHEAZR T, KEARLHELZHT LS L LT
Do

—J7. ZHETIZ S 2 FMIZ Michael acceptor #§1& 2 A3 2 EMTEMEME S RN DR ZE < A s T
7= (Figure 0-6)'>'Y, ZN 5 DLAMIT, T DS FHEERIEDOENIIE U T, TENNIRAR D EER 5y
FIMEHT LIk, MAOEMENEELZ RTZERRESNTVD, TOFTH FHIZ/RLEZ
Chrolactomycin 35 J: OY Pyrrocidine A (ZB8 L CTiX. Michael acceptor & 23 KN OEER) 751 & DILFFRES
EALE U CHERES 2 2 & NEMEDORIUZIB N TR THETH DL Z LR LNI SN TN D,

Figure 0-6

HOOC
Me
Chrolactomycin Pyrrocidine A
Telomerase inhibitor Antibacterial for MRSA



LPLARRE, D O RRERAEVTEMEYE A3 3 % Michael acceptor ffiilL, & D USMED & S
2, ZORER G FAZK T D BIPEMERNZ E AN EIEE L TOFEMAIZAT TR REEA L LTE
INTWD, TO—FTIIE, ZDL 57 Michael acceptor #itiA3 oxy-Michael IGIZ LY~ AX 2 7 X
TR THIRZEVME S 2 5 R n U 22 VPSR TR &7 (Figure 0-7) 17,
DX D7 T ORI IREE & A T D RINHORAEMIE B AIRIC G- 2 D5 ORI A 1 = X b %
fiE 9% Z & N TEHE, masked-covalent drug &\ ) Fi7o el &AL TH 2 L 2B LT, EIHLLFED
SEORBIZRKESERTEDLHDOLEE X, TNOLOMRZRGT 52 LT LT,

Figure 0-7

trans-fused cis-fused cis-fused

UCS1025A CJ-16,264 Pyrrolizilactone
(Telomerase inhibitor) (Antibacterial) (Proteasome inhibitor)

HIZHBREE I, TNOLOZREEY ) VY ) VI 7y —~ a7 2T O—EHNEND o,
B-REAFNT 7 # LEBAL (Michael acceptor) 7343 F-PN oxy-Michael S JintZ LW = A% v 7 Sz b5tk %
ALTEY, ZOAEENIZE T 20 THEREICOWTHEBRA 72D, FEFERIZ UCS1025A (2R LT,
ARNOBREIZUIV pH7.4 OEEEEFIZBWN T, 7 F A= ) — A b L7 BRI 2 T, B
BED A2 VR = VLD BB LB LTz o, B-REBRIT 7 % L& te 3 SOLFREO M T RS
MEIERT D Z EBNMLN TV D, Eio, BHEEMSIE T TF A — % L ORBER 2 EH S BG4
L, AFX TV ANR= VORI L > TAE LT a, B-REIFIT 7 & A3 T 2 IS HEITT 5
ZEBHLMNTENTVS (Figure 0-8) 'Y, Z D Z L%, UCS1025A NAEKNIZH T 5~ A% 7 O

2LV, B TCHDHT e AT —EIZ% LT Michael acceptor & LTEHL YD Z & &RLTEY, =
D ENEYTEEDORBUZ IR EE L TWnD b0 EHEHl SN D,
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Figure 0-8

N
\—"0H
Tautomer |

/

SH
HO™
“\\”\OH Tris buffer (pH 8.0)
o N MeOH
\—"0H 82%

Tautomer Il

FBBREN LT, Tr AT —BHERTH D UCS1025A & ZAIMMNE 2 Z ARG 12 %32 HjE
FLETGME 2 A2 CI-16264 & T, ZBRIEE R U DU ) VL ORI SLARERLE 235 LT\ 5D 2 &
ENCENTWD, 20X HI, TEAR TV 7 —~a7 T HNE—OFhaEEE2H > TV HICHBEb 5T,
Z DB NLARBLE O D355 L TV D EIIMRO TR CTH D . 2D X 5 2 iR (b EORE R WS T
DRBUCHEZ TODEELZIALDCTHZ LI TEETH D,

ZOXIT, ZBREY e Y DU BITRD TR 22 5y T RERE & BURTRWVAEMITEME 2 A L T D,
512 Michael acceptor & L T D4y 152355 W oxy-Michael S K » T 2% 0 7 S b 2L,
R & OFBAERZB U T, EEMET I VBEREICEI D07 2 Al K0 iEHR LSS Z 3T
BENDHDOT, = ba B—IZHF 2 KEE; TO & Michael acceptor & L COMEEEAZ R L, =AY 1
EHEFEAL DD EWVIHT LU covalent drug DT > F L— b & L THRD TRIBRIEVEE 24 LT\ 5 1]
BERSHL LD LEEZ LD (Figure 0-9),
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activation by
deprotonation

interaction with
target enzyme

covalent bonding

with target enzyme .
Y strong and specific

inhibition of target enzyme

LNLZARNRE, Zhb OEEWREOFEMRERABEFIC OV TIE, REFALNCESNTELT, Ihk
IR % Z L 13ed CHEEARNICGHRE TH D, T TEHIL, ZNOLOZREE 0 Y DY VHOARK
CERWTHRARE LWEREFIEZBRT D L &b, ZOFEEZFA L RARERAEDITEEDE D2
BREBLT, ZBIEr e ) OY ) VEOAKRNICE T 55 e L OWERMIF 2 A+ 5 - L 2 H
& L THE AT o 72,

—F. INOOEOBBRIIBWT, EFITo—T WA YD affic 7 ==Lt L= LA EAL D
%R T BRI R & R L7,

THRELTOELATODNTIL, ZOWBRMEEIZAE B L7ICE TS B~ OIS A TER I S h
TofR, ZHVE TIZEMRSH RO TR L L TOFEAMEIMTOI TV D, EEF TR, St Lok
ZFMMLIER, EXTE, ¥u /77 —FZbISHINTWD, —JF ., {LFO5E TORMIZS
WL, [ARIEHE Th D EL B2 R A RSUR IR STV D DIZR LT, L AbEmoF]
AT v UBMEEOG 7 EORER 2 DIZE E > Tvie, LM LR, EFETIIAEALFEOSEFIZB D
T, EEAMETHE L LTOR L ENRA L OMBEREGNER SN | (BRI V2 TFF o~
FA—BHOE VR ARAIROEEREZE ZH S TNWDL ZERALNIEINTWD, £z, BHFo
ST CIIARNOERKR L B L U L OMBEAERPFENLRE SNLTVWD—H T, KEFONHTHHE

MEVETEL L TOE Ly OFEEENERH STV,
-12 -



ARG AT OBV TAHE Y L AMAEEMITEET D WHE0 AT DIV O T D1 1970 R0 6
THDHB. LV F RO syn BBEIC K- T HEEE 2 LESRIRIISE AT 2 FIESBTE S TR ),
ZOFETESE L ORBREMILEHOEEBICbISA S TEEZ 2, —F, =—T LEWD afilc 7
T B Lo VR AT AEEY (0Se-7 v X2 —L) I[ZHONWTIE, BLURFRBET A DAL RT =F
Y ANKAFF L RETFIINDONTNE S LZENT HEVIWEEZELTWND I &b, FHEHY
AT 7 OS2 < it STV % (Figure 0-10)°Y,

Figure 0-10
'-’;ojio)
S

\OJ\/\EWG

ZDEHT, AT LV ALEDIIERLFHIC O EERMESIT ZEG L OOH LN, TOERMIEL
LClannu 7 UEF 72 EOBEELE bk aEiEt L VR TEIRT L 5IEP, v v/ 77 bk
FISIZROND K912, BV AT A OREFMEZRHT H5HENTEAETH T,

FEHEITI=RMEE 0 ) OV KA T D RRAILEM OGO E L2\ T, =—F VD
afIC7 2= VoV EEBEEAL O ARG EHTICRE L, ZOINEIY 7= L= R
ZRYTFNERRAT 4 vty IRIEE A G DR RN ORE MR R T CEIT T2 721 ok, =
— TG F O C(sp))-H F A ZEEHEML 5 2 L 2@ U T, Lk 0,8e-7 & X — L ENRINCES =
EWXTED,

Z DX 97 C(sp))-H #EA DEBE RIEVALZ N LT 0,8e-7 & #— /L OBRITHOWTIE, ZHE TITU
TIRT L HIRREENLTNDDHRTHS (Scheme 0-2) %2,
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Scheme 0-2

iodosobenzene acetate
NaN3

O PhSeSePh O\
SePh

O rt, 71% conversion o

\

FITEEL, SITRHLAET—T VD a-7 = = L= UEROSIZ DWW T, BUGHEOFE 72
Rl il & &b, BWE A RIEDIERZ By E L7ZHFRIC IRV LA T,

ZHRHDIFEOFEMIZONT, LUFOMEICHZ > Tk 5,
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T—F  CSRECTY DY) UBROEHRAOEELE O

o — i INETICHME SN TV DL BRI n ) U U EROMEEE

CERMEE U OV UEROEEIEICOWTIL, 2 E TIZ Danishefsky 5. Hoye 5. BHHZIZUH
LT DEONDOIIET N—TIZLY Tr AT —VIEEEWE Th S UCS1025A OEE %@ U TH
mERTWD P29,

Hoye HIZ=BREE R Y OV VB ABET 20300 L LT, AFFES R~ LA I RigL Tyl
N T T — R EAEEEAERSE 2R TIZRENT, U7 AT LAERENZ O FNT L R— VB0
FOSHEEIT LT BRIET 7 4 A5 6N5 2 L2 R L7z (Scheme 1-1-1) 7, & 5122 OUG % HE2ETH
Pep~ 1A I RICx LTS LIS E THMO TRERWY T A7 LA SR TR BRI T 7 % A
2L Z LICRYI LTV (Scheme 1-1-2),

Scheme 1-1-1
0 0
. =\ CO,Me
| N\/\/CO Me R3SIOTf, Et3N _ | N OMe - N
2 N
CH,Cly, rt SN " N osir
ol ol OSiR; 3
racemate
B _ R=TMS, 88%, dr 62:1
0 0 R =TBS, 81%, dr 46:1
H\ TMSO OMe R =TIPS, 97%, dr 105:1
N N
OMe
®2%_ OTMS o )
TMS T™MS
L exo endo (favored) |
Scheme 1-1-2
OR! OR’
Ro. [ RO, R'O,
Y com R20Tf, Et;N COMe $0:Me
olVie >
- ~ CcDCly, rt 0] N (0] )
R0 \—"0R2 OR?
0o major optically active  minor
_ R'" R?  %yield dr
i TMSg b TMS((J)\\__QTMS
SOM SOM .
J e 3 e TMS TMS 74 20:1
OTMS ———— OTMS TMS TBS 76 14:1
H HA
Q Q TES TMS 72 33:1
® ®
™S ™S
Bn TMS 87 11:1
L Si Re _
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Hoye BT Bk L7278 IO Z®_IMET 7 # 22k L L TRIET 252 £I2X > TUCS1025A O F &
IROBRERAEER LT, TITIEET, v U A VBB A B EEE LTHY, v-7 X VBB E O
KM G SN &> THRBN A I FIZX LT, ZICHSL L7200 FRT L R—=ARDORISIZ LTIk
SEOTBRET 7 X L BB, 20Kk, SOICETREOKGERT, $ROT v VEREH T 5 A7
7B NTHE LT, ZORET 7 Z BTk LT, INEGEAE T T4 Diels-Alder L %1T 9 Z &1
KV, THY B EAREIRANAEE L 72, BV HbIc i > TELE I LRF Y L— hDGTN
oxy-Michael SSIZE > T=ZRMEE R Y UV ) UEKEAMET L2 LI2L0 ., RENREZERLL TWD

(Scheme 1-1-3)*",

Scheme 1-1-3
0 0 o)
H2N\/\/COOH 2 steps
| ©o > | No~_COOH ——> _ | N._~_~COOMe
46%
o) o) o)
l\
=
I o N,OMe
3 steps ] 1
TIPSOTf, i-Pr,NEt =\ §0:Me i~ =\ £O:TIPS  jprvge e
CHCl, -78°Ctort O~ N 0~ N - -
Zre \—"0TIPS —oTIPS THF - Et,0
79% -50 °C, 35%
H
65°C HF-Pyridine
_—
CDCly CH4CN
WCOLTIPS 2 days N WCOLTIPS rt, 2 days
0” "N 9 ¢ 56% o
\—"oTIPS 69% —"oTIPS ° \—"0H
(+)-UCS1025A

—J5C UCS1025A DD RF 24 % #RL L 7= Danishefsky S 1X41DIZ, fafno “8MET 7 # 2Tx L
THEAERASEIRMU T CELDIZ ) T— AW ZEIZE ST, THIY VT T 7 A2 kL OEfE
AT D WG &2 3% U TRt & B4 L72 (Scheme 1-1-4), L2>L72208 5, PHIICK LT, @y U o—
TN E T ALOKRFBRF-ONEREFIZL > T, MO RBET 7 2 L0 ) T — AL IELH T L
M TE 720> 72 (Scheme 1-1-5),
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Scheme 1-1-4

O ';l Aldol reaction or
N Claisen condensation
+ A R S e >
> ! —OP
S H S H ;3
PO— H o) X

Scheme 1-1-5
0 0 o-t
Base
N N NTN
—H— E 7
N = Electrophile N H _FOH
tBDPSO— M H TBDPSO— A TBDPSO\\;QVP
Not observed

% Z CHEIC Hoye B ASHENL L7 WG MER BRI T 77 & BB 202 e GG 2 & L, Zhk
BREtd 2 Z LI Lo TEDOARFREMEER LT, T 2 TIINTFEMER tEAREZ HRREHE LTHW,
AFNTZATNVERTHA I R~EBN 1%, Hoye DIZ L o THE SN VT AT VAR 51N
TN R=NBORIEEITH Z Lo TR T 7 ¥ A& FAEEER L LTz, Zo{bAmIck LT
BIROKS CARBF A EAT L2 EICRD, AFAVZATLVERT D a, B-REAFNT 7 X L~E
HE LT, SOIKGEEI—RT 7 P ALRISZIERITS 28 Ten ) OV ) 7T 7 X Ml
Wzt BREEK LTeT Y BN & DT AR X Dk &2 T, AR EERL T
% (Scheme 1-1-6) >,
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Scheme 1-1-6

0 OTMS
P TMSO TBSOTH TMSO,
5 steps i-ProNEt ‘ CO,M
HO., ~V2 €
’ COH —— | N ~_COMe ———> =
CO,H TMSO" CH2Cl SEAND
o -78°Ctort OTBS

L-Tartaric acid 79%

2
4 steps f>\QOZMe LiOH f>\QOZH sat. NaHCOj aq.
[—— S R 0 -
_—
07 N THF-H,0 07 N Et,0, THF

OTBS OTBS

99% 84%
H
H
H
o~ N =0
\—Y0TBS BEtj3, toluene ::/
-78°C N
quant. \—"0H

(+)-UCS1025A

Z® X 512 Danishefsky 512 & » THESI SN2 v A~V x v hAZERIEE R U DU VHEOARKIER.
#%1Z Nicolaou 512 L 5T CJ-16,264 DARFREKDOBITISH &N 570 E 2 fRd TR O & WA RE
ThoHEBEALND, LIPLARLEDO—HT, ZORMIECENW TR Y YY) I T 74 ML
FHY YT T I A M EHIGHBON T IS TER LT DT, W7 77 A b Vn
SIS LM CART A 2 L A TH D, 7. DL R T OHARIEEFFF LTS = &
MH, ANVKRXUNVEEET D RUELEMNOT ) T— FeRESHET, THIV LTI A MED
MA UG ZAT ) Z LIZNEETH D 2 & bHENTE 5,

AU L TE L O 7L —7 Tk, A OGRSV AR E LA AR L TS, 22T
JEEE TR ) TR D S BEBEO UG EIT ) Z I K> TRMO BT 7 ¥ 55 VT AT LA~ —ii
BME LT/, ZOVAT LAY —IREMN OISR T THERT 20V A VED S ORI B
EZTIA I =0 LA FPRIKISH LT, H—h 7 v a— oY 7 A7 L ABER R OS2 #1738
HZLICkoT, TR ERE OV T AT LAY —& LTEE, 20O R EAWOR#ELE N
VA NVEEINS TBS FRICEW LT2t% BIE AR LT H ) 75 7 2 k& O Claisen BIOMEE S 24T
DZEITRY, THY BN AEA LT, £0%, VI NLVTZ—T VDN RB~OER, T 7 H
LBROAfAFL, LU oxy-Michael SUSIZ &2 ZBRIEE 0 U O ) AL OMEZIERITH Z &
2k, RE2EAHKZERL TS (Scheme 1-1-6) %,
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Scheme 1-1-6

. P

® [ORNe}

N \
COEL 17 steps OH OBz  poH, CcsSA \ H op OBz
K‘/COZEt — > ““/ —— \ e ‘\\\/

OH o0~ N toluene, 0°C "O o~ N
o~

L-Malic acid 82% \|/

2 steps op OTBS =N
— = W o
, ot
o LiIHMDS, THF

0°C
96%

1) DMDO, CH,Cl,, 0 °C

2) CaCOg, toluene, 70 °C
45% (2 steps)

(+)-UCS1025A

BOICL - THESL SN2 HIEF, TOMAMEEENb OO, FH—k7T V3 — L Ok, Bik#EZ#RY
B 7l TRERENELS, BRIEIERE L 725> TV LA THT LB EERM 2R HE L ITE W,

ZOEDRERDOT, FEEITIRARBREDIEEWE TH L =R n ) OV VHOER TR Z1T

HICHTD, AT LR ZRIEE R PV B ORI LA LT D LERH D LD LB L
72o WEITIZZDOFERIZ DWW TR B,
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HHT SERMEE R YUY B ORISR SE O ST

AT, CNETICWMESNTWLEZREE 0 Y Y ) VHEOARIEIZ O W THEEBL L 7245 5.
Danishefsky &2 K> THNL SN FIEILT VHNVISZRBT 2720, MND 2N TEHEENRS
NTWDR, BEDICE o T SN HEIR, R, BIRELZRY IRT D, TRENES 28I
REERFETHLZEBMERE LTHLMNIC o7, TDTd, EHITRRBREYTHEDETH
LR n ) UV VHORERMEEITIICHTZY, aT s S REY ) OV KO
TRERNE 22 B DUV NI R IR A FE LT DM ER B D b D LB T2,

ZITERIIZR/EY 0 ) DU OB REIE R LT N ZRIEY R D UV VEBA
T 5~ A% 7 I Michael acceptor & L COBBREVEEIZEHT5Z LI28-> T, ZOMWENLA
¥ ARA T STz Michel )G & retro Michel SIS 2 0 IRH 72 2 B RERIE 2 LR LT, 22 TIEES.
Hoye HIC Ko THE SN BT 7 2 2 O 257 VI 2 8RR T 5 Z &I L0 O FHIC
H—RT N A= VEFETLIREAMT 7 2 LRGN bDEEXT, it T, ZOEWITIEREEH
XHDHZEITEY, BT V3 — D51 oxy-Michael Mtz LT 7 X LB EIC= /) T — M A
YEAELSELZENTENE, T PN IEREZER S % Claisen O E SIS 21T 9 Z &2 &
D, THY) ERMMOBAZERLTEDLHDEEZT, TDH%, 77X L0 O 1 kL ALIZEE
ST Z % & FPHEIND retro oxy-Michael S IZ K> THE—ET /L a— L& FASE-5%, DVR R~
DI EATH T LN TEIUT, REAFIT 7 Z LEBRLI KT %45 F- P oxy-Michael S8 EITS 5 2 212 X
D, CREEB VUV VERPEERTE LD LB T, RBICAIT IV EML O PR #E ETT O
ZEICEAT, AR Y VY VEHOARMNERTE DS H D EE 272 (Scheme 1-2-1),
Scheme 1-2-1

HO P° e
- :C OzMe Reduction of ester = \: Base =\ oxy-Michael \:
O° N N\ = ~Ttrrrmmmmmeees > i Tt > I& """""""""" > O ’ 3
\—"oTBS 0~ "N 07N 0" "N

(B

\—"0TBS

Intramolecular Conjugate Addition of Hydroxyl Group

R

)\ (X = leaving group)
o~ X R R
Condensation with acyl donor o ‘\\O\ retro oxy-Michael o _
""""""""""""""""""""""""""" > B R kbbb N
T " TOH
[ox\ 0~ N
\—YoTBS \—"0TBS
R R
Oxidation of ) )
| primary aleohol 0PN QL ouMeneel L0 N Removal oI SWIGOb o © (o0
“ N ° ” N o” N
\—"0TBS \—"0TBS —"0H



ZOX DR AEEISICE S, SEREE R ) VY UEROBREERN TR, TR
SRHURAEMIEEME BT DT H ) BN Z V7 o~ VBRICHEK L L7 I RkoET vbds
W DE R B R A B AR LT,

F9°. Hoye HIZL > THE SN TWD BTN, = LA VBB 1 & v-7 3 FREE 2 % HI%
JEEE LTEBKMEE ORI E D~ LA I R 3 2B LTz, 2OF VA I RIDBATLIONVRF DNV IE
AFIVTEAT LT 5 2 & T 428 & TBSOTE, EtN ZEH SE A5 FTYUT AT LA HER

W78 F N7 v RV IDIEEATS 2 LIS Lo CRMET 7 2 L 5 &45372 (Scheme 1-2-2),
Scheme 1-2-2
? o)
1) AcOH, rt, 3 hr
| 0o 4+  HN__~_COOH g [ Ne_~_COOH
2) Et3N, toluene
0 reflux, 2 hr o)
1 2 82% 3
o)
SocCl, Et;N, TBSOTf =\ CO,Me
> [ N~ COOMe > B
CH,CI 0“ N
MeOH 2Ll
0°Ctort, 5 hr ¢ 0°Ctort, 2 hr \—"oTBS
7% 4 89% (£)-5

TOTBRMET I AL 5 DT AT IVHEEE R T LT — L~ E IR T TR, KB F LT
NI=TU b KFEMRUZ) FULEZLTNENERMSETL L 2A, EAORMT 7 2 5 T BMfEbive

. EONERITRERDOWS KIEIZITZE LR o Tc, ZTO—FHT, FAEBME LT AT VEALNERIREY

BILSNWTELLEE T Vaxy RO a, B-RET 72 LNEAICKTT 251N oxy-Michael ity
ETHNET L BRI E 6 B E 6D Z & & AL L7 (Scheme 1-2-3),

Scheme 1-2-3
(f WO
—\_ LO:Me Reductant =\ 3 © 3
; - : :
o) N (o) N -— (o) N
\—"0TBS THF, rt \—"0TBS \—"0TBS
(#)-5
) HO
sat. NH,Cl aq. \: = \:
- N N —+ N N
o) o)
\—"0TBS \—"0TBS
(£)-6 (£)-7

50% (Reductant = LiAlH,) trace (Reductant = LiAlH,)
52% (Reductant = LiBH;)  24% (Reductant = LiBH,)
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“RMEEEY 6 NHRREDNRETH LI —FH T, BHOREMT 7 2 LT PRI GLNRDS
FZBREHICOWT, ET B b UAERBER CORITG TIE, T AT IVELOE T TE U RO &V
—h TR RRT Ak ERZIT H 2 &7 < 43I oxy-Michael S & EFEAIICH | S Z L2 D
EBEx T, T2 CEHKIT, Brown HIZ Ko THA STV 5 EOH FEEH, kLo AL kFElAD
FF MU T LAEMABE DN D EMET T AT AN OBRTIIG#1T> T D RIFICEH Lz 220,
ZORIGERMEE AR, T AT VOB CTELLEE RO T /L2 KA EOH 2L » THESHIC T v
FAb It REMEZ RS T2OICEAROREENZ 7 2 5 T PEoibb0EeEZZ, 2T, 20X
TR PRGN R A TN, T LT, ZOHAICITE =R EEY 6 OHADBEICETH LA
LRI oTo, 2T, 2O =B bLEW 6 (T & LT LDA Z{EH & % 54 T T retro oxy-Michael
BOGZEAT -T2 8 2A, ARIR T TIEHTREDIE TELDO AN EMT 7 Z T 25535 2 &3 TE 72 (Scheme

1-2-4),
Scheme 1-2-4
oe o)
o
= CO;Me NaBH,, CaCl, - \ 3
: - :
[e) N o) N -— (o) N
\—"0TBS EtOH, 0°Ctort, 4 hr \—"0TBS \—"0TBS
(2)-5 96%
el HO.
sat. NH,4Cl aq. \: LDA - \:
© 0PN T 0PN
\—"0TBS THF, -78°C, 1 hr \—"0TBS
(£)-6 61% (*)-7

TOXICLTHELNIEARERT 7 X LT OaflT VIVEEEANT R vraadHh LRy
ATV 8 &ET NI L L THWT Claisen BLOFEE SNZ DWW THRFET L2, T OFER, ReafnZ 7 4
DT LT anFH NN EATF L8 L DEREWTH LT, ke L TLDA 2/ S 554 FT
LHOMEEIEDET L, ARDCER DN D b IST 57 VbR 9 &7 h-= 7 — VA BIERDRE Y
(keto:enol=1:1) & LTHSZ LN TE7 (Scheme 1-2-5),

-2



Scheme 1-2-5

, LDA
HO O~ "OMe
N 8
o~ N THF, -78 0 0°C, 1 hr

\—"0TBS : :

31%
+)-7
®) (65% 8 recovered) © \—"0TBS

(£)-9 (with enol-form)

il USSR BN TIZ S 7 a I ARV EEA TV 8 DN LNT-, D8, EE
PYEIXT7T O 5RLE LTRSS THY . ZOHMORE LA EIH
AR DERIZ

XA F I AT VAL ORE
%2 LN TEIUIBEDR BIZoR3 b D EEZ -, 2 TEHITE LN UCSI025A D4

1T % Claisen i DI'E & LT, benzotriazole Z il & L THT 57 P AGAREZ AN TS Z &1
#H L7z (Scheme 1-2-6)%, Z D k& 5 727 Y BRI TEVRETEEZA LTV HICHBED 5T,

HEEECTH D E W)Y FRHMEEZ/A LTV D

Scheme 1-2-6

Qi

LiIHMDS, THF

0°C
MeO
MeO Oﬁf

96%
benzotriazole = A7 5 7 VL 5K 10 2 W C A fn 7 7 X L 7 & @ Claisen ! DOffE &
IRINRCTELD T ALK 9

O

8})

(@]

>0
=0
—
W
n
z

1

z

Y

F T THERRIC
SO Z R ATz, T OREF, 7 UG 10 OFRB A LN/ e o T2 i3,
BonbdEE b, O-7 v AE 1 BHREDOIEE TR LA LFER L 72572 (Scheme 1-2-7),
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Scheme 1-2-7

i ,LDA
o7
HO. =
f>\\: 10 NN " + o)
S 2 _—— \
0~ N THF, -78 to 0°C, 1 hr ] :
o) N

Y

—"0TBS o
(#)-7 \—"0TBS \—"0TBS
- (+)-9 (with enol-form) (£)-11

32% 55%

HBDT 2 MEIR 9 & & BIZ O-7 A 11 ME OB HIZ OV TR, AEfZ 7 % A 712 LDA
EEHESEDZEICE > TAELEY FULT A axy KRBT VLER 10 LECITIE LRGSR, O-
TUMEE N BAMEERELTRONTEbDEBE X, — KT, UFULT Vaxy FITEENICY FU LT
J 7= MBS, TUVEER 10 L RO LTCRER, —HEAOT BRI RELhTcb D LB X

72 (Scheme 1-2-8),

Scheme 1-2-8

I TEZIIAEMT 74 5T OGKPRIETH D ZBRIE A 6 12k LT LDA Z{EHSE 5 Z L1
FoTRBETELDT ) T7— MM AL EHSLHITT VLR 10 & OFEEISICHND Z N TEh
X, BHOT VUK 9 OICEEZ M LS5 L L bic, TEREOEMIC RN b D LB, EBEICK
ISE AT, EORER, BIFEXLV L BURIGETELOT VLK 9 RELN LT L2 AL

(Scheme 1-2-9),
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Scheme 1-2-9

L5 o
\
o~ N THF, -78 t0 0°C, 1 hr

(%)-6 90% o

\—"0TBS
(¥)-9 (with enol-form)

BT, 2O XL THE LT T ABE 9 126 LT, A A /EH &8 5 &4 T T, retro oxy-Michael
BOSIZ X DR ZRABTz, LILRB L, WTFNORIGRFIZBNTH L badf i~ 7 Uk 12 245
HZ EITTE ) o7 (Scheme 1-2-10), 7 /LA E AT 2 LIRIIZIE retro oxy-Michael 23817 L T\
ZHEhD LT, L hrdFx o~ A TR 12 GO RDS T2 BRRIZ OV T, AR FIcknT
T U ABIR 9 D retro oxy-Michael S & oxy-Michael SUG 2N EEPREEIZH 203, TV RAEA L2 &
&0, a, B-REFIT 7 # DENLORBEENA B UTRER. 2 OF#EAHRE 9 ICHF b DIl H
STWVWHZEIZE DD EHEMI L7 (Scheme 1-2-11),

Scheme 1-2-10

conditions
______________________ p .
o
\—"0TBS
(+)-9 (¥)-12a (R=H)
(£)-12b (R = TMS)
entry conditions 12a or 12b
1 DBU, TMSCI, DMF, 0°C to rt
2 LDA, THF, -78 to 0°C Not obtained
3 Et;N, MeOH, rt
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Scheme 1-2-11

\—"0TBS

powerful
electrophile

COEVITHEEMSAETFTT UAMEI NS L bt~ SIUE 12 2155 Z L SNEETH H 2 L
HOENIRo Tl EF TGN Z ETHERH DB O & LT,

T ZCEFRIT, 2001 FITHAFNFEEE LHEIC K o THA STV D UCS1025A (2% L CHgkE M T ¢
FA—NVHERGFIEDL LI E - T, ANVT ¢ MEEZA T HHERE 13 28 L T D UGS HE
H L7 (Scheme 1-2-12) ¥, = Z TiZ 7 v ko MEEEMEh 5945400 T T F#A9124: U7z Michael
acceptor (ZXf LT, HIARF I L— A LD EREMEOFENF AT — b A F 12K D thio-Michael X
JEREITTHZ EICL o T, BRI 13 DBEL TV DH D EE X T,

Scheme 1-2-12

Hs/\/OH aq.

50 mM Tris-HCI pH 8.0 buffer
MeOH, 0°C

82%

NS OH N OH
I TEFL, ZOLIITEEICAET D EHERIS D L R v~ A LK 12 D Michael acceptor
RO NT AT — " A THRT 5 2 &2 L LBl e G RIE 2 2T 2720, KA v
NERDUTDOZRDOELR T,

Dretro oxy-Michael [t T4 U 7= Michael acceptor % iEC0MIHHHE T X B REM: D @\ F- A4 — /L DORIN
@Michael acceptor ZHHE L7=fE 5 & LCTA U5 A7 4 K26 Michael acceptor & FA: S5 J7ik
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F9. A HICBI LT, Scheme 1-2-12 (27~ L7261 Tl% UCS1025A 75 retro oxy-Michael SitaZ & - T
HIVRF L L= b FUDERRLTHDED, TR 9 Btk 0 REMERNENT Laxs A 4w
WAL D, Thbb, TR 9 OFE UCS1025A LR LT, X0 BRANCEE ST VEREE T IS
HHbOLEZI, 2Ol 71 N AT TS AT ) I & T retro oxy-Michael BUSIT k> T4 L
Trnaxy KA Frz7nm AL U OREM 2K T S8721%. 4 U7z Michael acceptor % [H 5 IZff$E T
X550 REOREME T 5T A — N BRT D BER DD, =2 CHBMEAN TR THTF A
T A AU RERECAERT 5y FA— A END 2 EIC Lo CINERRTE SO L E
Z.72 (Scheme 1-2-13),

Scheme 1-2-13

N
\—"0H
UCS1025A

higher
nucleophilicity

—H® Michael acceptor ZFH/ESELIIEICEL TR, Sl ODFIEEVE L, £T0LODIF,
WAL DTAE T . AT 4 Fiosh U CH % &% = L 12 L - C retro thio-Michael i /4 U 7- kK%
VEERT LT AT = bAA L DA T 1 FIZBET 5 2 LA TEAUL, AAERYIC remro. thio-Michael
IS AHEAT L. Michael acceptor BT 5 Z LM TX 5 HDEE %2 F L7 (Scheme 1-2-14), 5272 &
LCo A LIS b 3 — g AR BRI LT, A7 o REBILICR L CREAIE () S
HDILITEAT, AWERFY RLB X syn BEE 5 S 2 2 LIS Lo TRBMERAL 2 £ 2 51k
T®H D (Scheme 1-2-15), 72, AW DOEALANCEL T, FAT— FA AU NH VAT 4 RORAL
BLOALT 4 BB AAKRF Y R~Oft, 65 bIRMARE T CHEITT2 2 E MM b TV 5
SUEBF NI TLAERANSZ L L L,
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Scheme 1-2-14

\—"0TBS
14

Scheme 1-2-15

ZDOEHREBLEOT, EHIXFEHEHNAELT- L b A%~ A 7 /VIRO Michael acceptor %f L CRiZiE
DENWT AT — " A AU BMINS D2 B & T 28R GlEIE 2 TR Lz, 22 Cikkicds
Nz 7 2 ABIRIZ R LT, B EMESME T T D retro oxy-Michael & X2 ¥ > F 4 —/L®D thio-Michael i %
HHACEITSE D Z IRV AN T ¢ FEEZ AT 2HBERIHFGONLbDEEXT, ZOBRITAET
LF—RT N A= )V E INR R ETEE LR, Wa vRERBET N U LAZBREAE LTHWDS Z &I
EoT, ANVT 4 RN ORALSEH BSOS Z21T ) Z L2 kD, o, B-RERIT 7 ¥ L& AT
5 Z ENTE R, IIVR BTN D4y N oxy-Michael S it &~ 7 2 F— LI D B ERS 2 76T
HHOZBRMEE R ) OV ) UEEERBETE 5D LB X7 (Scheme 1-2-16),

Scheme 1-2-16

HS—Ph
thio-Michael

Base

oxidation of irreversible oxy-Michael &
primary alcohol retro thio-Michael removal of silyl group
------------- P . .




DX D IR BRI TSN TCHEEORG 21T o 72, £, RIELNTT D ABK 9 1Tk LT,
o b MR BERE L TRV = TFAT IVERAVDEE T TR B U TF AV EE S YL Z
A, THEIL72 & 51T retro oxy-Michael )i & thio-Michael &3 EBEANCHEIT L2 AV 7 ¢ RiEEZ BT
% BABRIR 14 2 @I THE S Z L I2Eh L7z (Scheme 1-2-17),

Scheme 1-2-17

e

96%

EtsN

MeOH, rt, 6 hr

BT, FHNTZBBRIK 14 OF T Va3 — N ENVRVEE 5 ISHEET 570 0RF 21To72, £
TR LB BT VR S R Jones BB, MR T =7 A P VTR
L, % 2OV AZADO gl P Ao ps, SUSR P L, LHO VR VR 15 2155 2 L1
T& 7N o72 (Scheme 1-2-18), = 2 C, LV IEMARKRMET CRILKIEEITO X, —ET LT K&
BEL7-t%, IARVEB~NES ZEEFE L, T2 CTET, 7T b REE L Dess-Martin b %
ATz, EOFER, BHOT AT E K16 BELNIZH DD, Z DI E DV KEEIZITE L 720>
7o £O—F T, IBX BbailHicl Z2A, BHBRINETELDOT VT v Nk 16 2155 Z &N TE T
(Scheme 1-2-19),

Scheme 1-2-18

conditions
~T0H ]
—"0TBS
(£)-14
Entry Conditions 15
1 CrO3, HySOy4, HyO/acetone, 0°C
2 RuCl3, NalQg4, CCly, CH3CN, H,0, rt Not obtained

3 AZADO, NaOCl, NaClO,, CH3CN, pH 6.8 buffer
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Scheme 1-2-19

DMP

CH,Cly, rt
23% (23% 14 recovered)

IBX

DMSO, rt
9% \—"oTBS

(#)-16

TOXHCLTEHELNET AT E R 16 2% L TiRbIERMRBILEBOOESE L THLNTWD
Pinnick B&{LIZ & > THIVR VR 15 ~DFEEZRATZN, ZOBEITITSOSR TR EME L L, BEEEY
DEREMERT D Z L1XTE 720 > 72 (Scheme 1-2-20),

Scheme 1-2-20

NaCIOZ, NaH2PO4, )\/

> complex mixture
J< , H,0,0°C
HO

Pinnick BA(LIS L OV — k7 /L 2 — Lin SEHE D LR U ERICE  BRLIUSIC K » TERAROILAWIED
NI TZB I OWTER L, fEERT Y U 25200 & T HILAIORIICL>TT VT R
HNLOBALTE T T <, AT ¢ REMLOBALEIS b RIRFICE 2 2 2 & AR R OBEMEIZ D708 -
b EEZI,

INODOEBRFEREZIT TEFIT, AVT ¢ NELICEEEZ G252 <, $TEHE /T Lva—n
Z A VIR VBRI IBAC T D RN RIF ORI MAETH D D EE X 72, T 27T 2002 12 Giannis HIZ L -
THEINE, HJT LV a— P BIEEZ ATV ERH L TY Ry N TULR VBRI RISIZE
Ebtmo::?ﬁ?me%Nyyw&%ﬁnéi@i&%—&?w:~»ﬁﬂbfmx%W%éﬁ
52 EIL ST, 7T RIZE W2, N-hydroxysuccinimide (NHS) 17 <X° 2-hydroxypyridine (HYP) 18 %
ERESEDZETALDLAI T X =LK LTI BIC IBX OBLEUGHEITT 5 Z LIC L - TiEME=
AT VEDND, BRI FEMKIEIRIC K D% Z1T 5 Z LItk o T, IR LS HAVRVBRED

NoHENIHEDOTHS (Scheme 1-2-22, Figure 1-2-1),
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Scheme 1-2-22

IBX
RTon —> . =
R™H

Figure 1-2-1

O
| N
N—OH or pZ
HO N 0 o
17 18 OH o)
O - IBX
ANy — M«
R O O
(e}
Entry Substrate Method Product yield
CH,OH " COOH
1 N, HYP ™, 91
Br CH,OH Br. COOH
2 ™. HYP ™. 91
Cl CH,OH Cl COOH
3 ™. HYP ™, 85
CH,OH * COOH
4 /\M; NHS /\M'? 67
OH O, OH
6 HYP 79
NHZ NHZ
OH (@) OH
7 NHZ HYP NHZ 85
CH,0H COOH
8 NHS @ 79
CH,OH COOH
OMe OMe
. CH,OH . COOH
10 O/\/ NHS ©/\/ 64

*HYP: N-hydroxypyridine
*NHS: N-hydroxysuccinimide
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FEHIIEOBRFHIBNT, IBX Z WL TIE AL T ¢ RN OBRGITE Z 5720 2 L 2R
LTWB, ZORISEEEZERTS ZEICE-> T, WREBLSFE T /L a—/LE B LR ERICEH
THZENTEDHDEB X, £ T, EBETEIHLNZHERE 14 1Cx L T2 O XL 2 RSN
BWHALEEZ A, BINREN L BELDO N IVR R 15 2155 Z & N TE 7= (Scheme 1-2-23),

Scheme 1-2-23

1) IBX (2.6 eq), DMSO
2) N-hydroxysuccinimide (5.0 eq.)

3) sat NaHCOs3 aq. (quenching)

rt

(2)-14

ANRARIS 2155 Z LIXTE b DD, TOIERITE DWW IKIEIZE L 2 oTc, TOJRKE L
TRIGHTRETH L7 VT R 16 ODEEBRO b, AL B89 5 L. TRKTHLT LT
t K 16 (Z%F9" % N-hydroxysuccinimide D/KEEFEDFINE K2~ % —L 19 DAL FHEEIETH Y |
HEUTEA~IT X =19 8 IBX IZ X B(LE 2T TEET ATV 20 BEU D AT v 7 HEHEETH
HHDEFEZ BHILSH (Scheme 1-2-24),

Scheme 1-2-24

rate-limiting step

(£)-20 (#)-15

FREMNBONT-T VT & K16 R EBIERY~E BT H7-01201%., IS TEL D 19 2T 20

WCEDLAT v T ORIEEZ A ESED LRB/MNETHLHLDEEZT-, TO=DIZiE IBX % iafEl&E A
_32_



WHZET, RAIWDORAT v T ORIGEEZB LS, NI T X =NV EAERT DD ORIEOK
BthZzm bS5 2 LT 16 L 19 OSSR E 19 MAME S EAUZEEO M B2 B3 5 b0 LBz 7z,
% Z T, N-hydroxysuccinimide (pKa = ca. 7.8) O & LT, FHEMETTCIT LD FEICT L aFx s
RA Ao PNAER L, KO E23#I# T & 5 N-hydroxyphthalimide (pKa = ca. 6.1) & FWiuUE, Ffgn
AR Y . BTCROM EABGTELbDEER T, TZTCERICISTZRRTZEZAH, ORIV
NS OO A XA BV (Scheme 1-2-25), S HIZ IBX I ETH S 10 YEH WL Z AT
WL L S ICUSHHETH LT VT R 16 IXZERICHEE S, BIFRINETHELDOUNVR RS &
55 Z &N TET (Scheme 1-2-26),

Scheme 1-2-25

1) IBX (2.6 eq), DMSO
2) N-hydroxyphthalimide (5.0 eq.)

3) sat NaHCO3; aq. (quenching)

S OH "t

(x)-14

Scheme 1-2-26

1) IBX (10 eq), DMSO
2) N-hydroxyphthalimide (5.0 eq.)

s 3) sat NaHCO3; aq. (quenching)

rt
86%

~0OH
\—"0TBS
(#)-14

WIZ, ZOX L TEONIZH VAR RS D AT ¢ RENL 2 R A W B S 2 SO 5540 % e
ST AREEREAT o7, ST TIHEICBR LIRS, BONT AR IS I3 L g v RHEET -
UWA%Wméﬁésziof\xw$%yFA&§%\%%WTgw%%%%%ﬁzﬁzkmiof
FREAFIENL A A TE D H DO LB 2 7= (Scheme 1-2-27), = Z CEERICHEREZIT-72L 2 A, THLEZ L
I, AT 4 REOBBL SN ANKRFT T R 21 MEONRD EEBIZ, ALEF Y R 21 Ot CcHE
A2 L 72 Michel acceptor (2475 1 )V AR LD 55 F-N oxy-Michael SR AN EREAICHEIT L7z, Ao =
REER YTV 2 BELNDHER L7257 (Scheme 1-2-28),
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Scheme 1-2-27

(#)-15

Scheme 1-2-28

NalO,

MeOH, H,0, rt

BEWNTHF BT /LR B8 15 7> 5 Michael acceptor & FET D72 OISR L2 Y 5 —HDOISSRMAED
BEta T o7, T TIEANRUEE 1SS0 L CHREMSRA T Clma vRB T M) U AZ M52 &I X
- 7C retro thio-Michael G THA UTeTF 4T — M U B3I E ST CREEMED /N AL 7 ¢ RIZAEH
SINHZEIZEoT, RAMFEMIZ o, B-NAFIT 7 Z LBHAETHH D EE X 72 (Scheme 1-2-29),

Scheme 1-2-29

(*)-15

ZZTET WVR RS OHREMIOKERITR T 2B 2P 60T 5720, MeOH B, fREAK
FT M) U LKERZIMA THE Lc, £ORR, BRI ZIMA THRWIZE 0D BT, D THES
M retro thio-Michael SO & 77 F-PY oxy-Michael SUS2MEAEAICHETT L, =BRMEE e U2 Y 0 22 35
BNDZ LR LN/ 72 (Scheme 1-2-30),
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Scheme 1-2-30

/ sat. NaHCOj aq.

0
Loy MeOH, rt 20 hr

S

b

EN
"‘O\?O + O/ s

o) N
\—"0TBS —"0TBS 23
(#)-15 (#)-22 82%

93% vyield

LA Z B ST RWIC 20 6T, BBEL7-T 47— b A OW ST 83 1
Er YUY URENETHE LN EBAZ LN T R KNEEY A FEMCMNT LI R. 20K
JETIEEVERD E LTY T 2= VAT 4 K23 2UDINRTHELNTND Z EBRbhote, 2D
& D30 | retro thio-Michael ST & o THEEE L 72 F4 7 — b A A BZERERIZ K o TREED 7200 o 2
NWT 4 RNEBBINDZ 2L, —HORIEN R IZHETL TNDH D EEL LT (Scheme
1-2-31) 9, EFIL. ZOEBRERIIE BT L3 — 14 ([T H AR 15 ~OREILIS., retro
thio-Michael SJits, %7 FW oxy-Michael SO —EHDia T R METE D AlREME 2 7R L 72 i sh C
HBERMATHD EFZ T,

Scheme 1-2-31

@ . .
2phs” + 20, —> 2phs’ + 20;°
) . )
2 PhS + 2 02@ —> 2pps + 2 Ozze

4PhS’ ——> 2 PhSSPh

2029 + 2H,0 —> 0, + 40H

Rz X 9l FEHFIZOLHIBRAENS, BT a3 —v 14 HOIEET ATV EE N1k,
WM T TR 24T 5 & L bic, SR EERBEE T Z itk - T, DRy b T8N
a Y UEREBETE D LD EE X TERICHRMNEITo 72,

T TIEE T N a— v a5 DR 14 126 L TUBX ZEH SETT LT b R 16 (2857214,
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N-hydroxyphthalimide Z /1% % Z &2 & o CTEMEIIZA Uie~ 7T X — AW, IBX OB E ST %
Ko TR ATV 24 AR LT Z & % TLC ETHER LT, ZORISIRAITKT U TREEKFE T
N U T AOKEEIR 2SI LT 20 BT 2 2 L 12 & o THRD TEERPDMT retro thio-Michael Kt & 51N
oxy-Michael SN HEIT L CEAD ZBRIEEY 0 Y 0 ) 222 2455 Z LIZEI L2 (Scheme 1-2-32),

Scheme 1-2-32

1) IBX (10 eq), DMSO

2) N-hydroxyphthalimide (5.0 eq.)
—_—

rt, 4 hr
1st step

3rd step

(£)-16

3) sat. NaHCO; aq., 20 hr

4th step 5th step
(%)-24
o H,O
R R ,
6th step 3 76%
N (one-pot six steps)
\—"0TBS

(#)-22

BBICZOX L TELN-=EEEra ) oY ) 2125 L TCTBAF Z2EH S8 A5 F T T
T VELLD TBS s DWRF#EZ A AT L T A, BINETEADONRHERKR 2 NGOl b, 22
R VoY) VO IR G RIE TSI D 2 L 3 TE 72 (Scheme 1-2-33),

Scheme 1-2-33

TBAF

THF, 0°C, 1 hr
quant.

(#)-22
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ZOXEDICLTERF=REY YUY VEMAT 5~ AF 7 7 Michael acceptor & LT O
BIZA VAL T ENTea, B-FEAFT 7 2 AEALIZxE LT Michael St & retro Michael SIS 2 8 0 3K
TR 2B AR DSV TRE AT o TR, BROKERIZT VAR Y b 6 Bl s 4 & T =B
vu O CEOFT ISR NI T D Z LS TE 72 (Scheme 1-2-34),

Scheme 1-2-34

L0

|
N=N

©
0. WO
- 9 O:Me reduction of ester =\ oxy-Michael AN condensation with acyl donor
N y )
o N —_— N —_— o
O N
\—YotBS N Noras \—YoTBS

retro oxy-Michael thio-Michael

reversible process irreversible process

retro thio-Michael &

oxy-Michael removal of silyl group

one-pot six-step cascade reaction

/.

Z 2T, I ZCHESL LT 5 1R IO T2 RN SRAEMTE M E O BB RICOW TR 2175 Z &

2L, WHTIET 7 A 7 —CHEFEENE UCS1025A DRFARE IOV T2,
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FTBE TrAS—EHEEEDE UCS1025A DARFL2ARK

=
I

EFIIRTE TS LT Z e a UV Uy ) U FR O IR EEE %2 RIKHE SRAEWTE Y E O G RIS A
TR ZBREE R ) UV VO Tl b AR trans-T 1 ) VB R A AT D UCS1025A % e fl) D A2 —
7w k& L7z (Figure 2-0-1),

UCS1025A 1% 2000 (2 sl T3St (Bl Hfmsgpesx ) U RAsth) omffise 7 v—7Ic kv =2
[ Acremonium sp. KY4917 #E20> 6 I SN TALEHTH D | BNAMBIORIEAICE D 2EEFE TH DT 1 A
Z — Pkt B BEEE & 2 U S < FUBSTE S s ShTn g 19,

FEIBRNT XIS ZREE e Y Y VRIT TV 7 =~ a T T O—E & HERI S 415 Michael acceptor
23431IN oxy-Michael SGIZ £V ~ A% v 7 ST BB I (L FAREE 2 L T D03, & OIS & AF R
FRIZBRICOW TR, ZOFEMITRIZEH O NI TE LT, TNEMIT 5 2 & i3 TEERRE
R T D,

ZD—J57T, UCSI025A AT % trans-TH V> 7T 7 A2 hOGRIEICEL Tk, TO2E%#E L
T, Danishefsky &, H HIZE > TEDOHENHEL I TS & & BT, Tetrodecamycin 33 L TY Solanapyrone
D OERHFBIAL LT, MR EDOR IR DT H Y 7T 7 A FOARA Paintner &, Hagiwara &
&> TERENHE ST D 2263738

ZOXIBREFNS BRI SN TE AT ESW AR LTz rans-T 1 ) 7 T T A
MExt UCTHRICHENL Lo =R Y R Y OV ) B OMEEZ AT IUE, s KRB SRAMIS Y
BOREMIGHATELNEEAA LTV D DOFMEIZEHSCHIIT)I ZENRTELI LD EEZ T,
UCS1025A DA RAFE 4 Bilhs L7,

Figure 2-0-1

trans-fused

UCS1025A
(Telomerase inhibitor)




L TR ]

EHITATEICB W TS LT =Rt U O ) VB OB - EEEZFIR+T 52 Lick-T, 7
1 AT —PIHEEEYE UCS1025A DARFREMNER TEXHbDEE X,

F\ZHESE LTeTEERI L CaE A EKT 256, UTIORT 3 SOERET b D,

DUCS1025A OIEEERZNWT- LT Y VB E AT 252 7 o Bt 580 &k
@Claisen B DR & ST I 1T D BROKEHN T b D ZEBRMEALE M O NG VER DGR

@U Ay b 6 B SOh & KIRH A DG E O 4 A R F L 72 BRI AR U 2 R A A iRk
% RS it

F— R EOMETHDNFHENEIRT AV T T 7 A FOERIEIZOWTIX, UCSI025A OARFLEE
Jif % 3 U C Danishefsky & >, & 5 >0 |2 X o TH#iE ST 5, £72., Tetrodecamycin 33 & UF Solanapyrone
D OARTHEIAE LT, MxABEDORR LT HY > 757 A FOAFA Paintner & *7, Hagiwara
LEWICkoTENRTRBEENTWD

Danishefsky & I3 MacMillan & *” 7% Solanapyrone D D4 & B DB ITHEST U 7= 4t SEARRLE D Rde 57 7
VT T TA0 MR L TWDHIEIZED, e-17aT 7 honb 2 O Wittig L EEEE TS 6
THECERACATERARI BN 4%, oy Pl 2 HV V72501 Diels-Alder SUSZAT 9 Z L1285 T, 90% ee D
WHMEIC L > T, BHDOT AU T IITE REENTW5S (Scheme 2-1-1),

Scheme 2-1-1
(o) M
DIBAL 7 SPPh, HO TPAP F
o > > >
toluene THF NN N-methyl morpholine NN

66% (2 steps)

Me O)]\/PPh3 J\/i:o DIBAL HO™ \F TPAP
toluene XX N-methyl morpholine

52% (2 steps) 91% 59%

I 5
FNF Ph H
SN
CH5CN H

o~ 'H
71% (90% ee)

SNV
IS
e )"1/ H
N
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—FHFTELITY 7 a2 HREFEEE L THW., Wittig SUGE X O Horner-Wadsworth-Emmons i
ENERITO) LWk o T REBHEMET DL L BIC, WU T 7 —ANE LRDORFMHIEEEAN LT,
Z UK LTV A ABRIFAE T T4 W Diels-Alder SGZEITH Z LIk, BAONKILFEEZET S
trans-7 7 U ANCEWE TR T AT VA BRECTHE LT, 0%, AEMBEOREL 7 o ikh
KA~OERREERZNERIT) Z LI X TERDOTHY 7T 7 X MaeAp LT (Scheme 2-1-2),

Scheme 2-1-2

o so2
® Br _OMe
AN pph, Tl/\.. “oMe

R LiIHMDS R
i
MeO . .
— > MeO |
o) 2) 1N HClI aq. 2) PhSSPh

42% (4 steps)

O
SO
‘Nz)J\/ EtAICI, \ o LiAIH,
> — >
CH,Cl, THF
/\) 80% 90%
H
H H :
T Jones reagent T 1) (COCI),, DMF
H acetone H 2) benzotriazole o E
OH 90% 0~ “OH Et3N |
N=N

85%

Z AUZxt LT Solanapyrone D OF) DR A F A 2R L 72 Hagiwara HIX7 EF /L7 maF& & H
FEIFREE U TRV, BEREZFIA LR E Y 2979 2 8T 99% ee &\ ) BRI LS A
EAFLE, TO%, HTROKSER T R V2 AZHWE, 7 a b B A TFIWTHT 5
)72 Michael SSIZ &> TRADNKLFEZ BT 5 trans-7 1 ) VB EHE LT, ZO®RIET La—L
AL DOWIRRACSOG, 7 IO e X Vb, ZEBEGEMOEBAZIERITS Z L2k > T, EHo R
FNTZRATNVERTLHTH) 7T 7 A FOBKICHEII LT % (Scheme 2-1-3),
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Scheme 2-1-3

OAc OAc
pig liver esterase Na,COj3
[EE—" - —_—
0 62% (99%ee) MeOH
o O 75%

= OMe
orss X . MeLi

OH
(0]
» Double Michael reaction _
—_— L
then MeONa, MeOH
(0]

OTMS 86%

MeO\?O MeO\?O
: H : H
~ L-selectride ~ t-BuOK
—> —_— R
B ——
A THF t-BUOH
o H 90% 78%
MeO. O MeO. (e}
H
CS,, Mel A H
—_—— L
t-BuOK < 1-methylnaphthalene \
91% H 90% u
° OCSSMe ° H

& 5T Tetrodecamycin DAKHEIRE LT, #ESLABBO R LT A 7T 7 AL b EAKLT
V% Paintner 513, Grignard #HE & 82 AWl o » 770 o RS & Wittig BUG % & T8 TR O B
EATH LI Lo TRFHEME L THEONZ N =102%f LT Evans BIOARFHBIEEZEALTZ, =
OEALRTBRAIZ % L CToA AFERTFAE R TO 41N Diels-Alder SS%1T 9 Z L l2 &k » T, BAHDNIR[LE
EETLTAV T TR VRO T AT LA ~—& L CE - (Scheme 2-1-4),
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Scheme 2-1-4
(@]

OEt
Li,CuCly, Eto)\/\/MgBr QEt oxalic acid
/W\OAC > EtO > H
THF N THF-H,0 N
69% 88%
o)
PhgP LiOH
P g Embf:fi:i:j i N Hooci:i:::j (COCI), DMF
- SR NN
CH,Cl, H,0/MeOH CH,Cl,
91%
91%

.

Z

=0
o
o
o
“@I

Me,AICI

T
\—
A
o
i

Bn
Cl i 4 >~ O N
THF —, X CH,Cl, o
Bn
o)
70% 92% (single diastereomer) Bn/k/
H [ ?H3 ] ) H
. /O\
PrsLi 2N NaOH aq. - HaC @ CHg) B4
THF YT MeOH CH,Cl, N a
NN
o s 90% (2 steps, p: o =4:1) 0~ "OMe

96%

Z DX HIT UCS1025A OAEEIERZT TS T Y 7T 7 A FSOBEFIEZ OV TIBEIZN D%
DOFEMIR DTN TE T, T CEFIIT I U EKE AT 57 L EG(RIX Paintner 12 X - T
NEE VTV D FIEIZEES W T, Bvans IO RE MBI AFIH L7243 7N Diels-Alder K ZE>TTH Y
VBRI A AR L2, B B3R L7 benzotriazole % BiEEEE & 45 7 L SR~ DL WTTIE 2O %

MAGHOEDZ L TEIFTHEHDEE X T (Scheme 2-1-5),
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Scheme 2-1-5

H
O o . Y
8 steps )L intramolecular
_______________ > o N = Diels-Alder reaction
.................... >
e Ve e Ve > H
NN OAc \—< X __{o
Bn O~ N
Bn““k/O
H
H B
reduction T conversion to acyl donor
---------- > B EEEEEEEEE TP PP, =
H
o ° Q
N=N

%R HOME T H 2 EER Z B LA OB RIZE N T, ST oD HETERTEL LD L
%2z 7-, £ Hoye 5 *” 35 L1 Danishefsky 5 ** 12K > THESL SNT=FIEICHE - T, S MEAe BRI
T ELEGR LR, ThERE—ETCRE LR T TCATFAZ AT VORI ELTE KT L2
— /L D4y oxy-Michael &% —FICHEITSHES Z LICE VAR TE S b D EE 27~ (Scheme 2-1-6),

Scheme 2-1-6
TBSOTf OTMS
AcO, OAC 4 steps TMSO, i-Pr,NEt TMSO,, CO,Me
IL\ IR N~ COMe ~-------------- > 3
0Ny 0 ™SO CH,Cl, SERND
-78 °Ctort OTBS

optically active

LG, MESN TV HIELRET 2 GARIE TREDNE S, £OICR bR TR &
M, S0 NiEE LT, K0T REMREE R LT, 22 TREICak LY A
I RICRE U CRFMBIIEZEA LT, D THNT N R—AMOKIEHEITH Z LIk o> T, AU 8k
TIBLDYT AT VA —%0HET 52 LN TENIL, 20%, REMBIEORES XONET, 41
W oxy-Michael SUSZNARIT 5 Z & IZ L o TRAEER ZBRIELEW R E LN D B D EE X7 (Scheme
2-1-7),
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Scheme 2-1-7

0O Introduction of O
chiral auxiliary Intramolecular aldol reaction
| N._~_COOMe  ----------------m-e- > | N _~_COOR*  ----------o-oomooooooooos >
(0] (0]
- .9 O2R - FOR Separation of diastereomers - COR*
+ 2 R e e T - S
o N\/' o7 N 7, 0~ N

O
Removal of \:
chiral auxiliary reduction & oxy-Michael S
-------------------- T k. O N

optically active

TOXIITLTEHEONDNEFRIERT T T 7 A N % Claisen B OMs & M2 L CERE L7-1%. &8
— BN LT-AREZEAT 52 12k - T, UCSI025A ODARFREAWMMNER TEHHDEEZT-
(Scheme 2-1-8),

Scheme 2-1-8

T

retro oxy-Michael

. &
m N thio-Michael
e R T T > QR e t
9 N condensation with acyl donor
\—"oTBS Y
optically active
'd N\

one-pot six-step

cascade reaction removal of silyl group

(+)-UCS1025A

-44 -



ZOX D BREMEHEIZESE UCS1025A DAFREMAERT HZ 2B U T, H—ETHRLLE
SRR OV R OMEIEN RN RAEMIEEBE ORGSR TE L EEFET LI L %
MRETHZ E R ARE LT, BEEOBRR AT, £ WRETTIOCHAENERT AV 7T 7 A bD
BRIZHONWTIRR S,
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O] FHY T FTT A NOHRL

AHITIE UCS1025A OREERIER 257- Li=T ) VB ER T 57 Ut ERE AT <<, B
BTk 7= S REHEIZ HS X | Paintner HIZ X o THA STV B FIEIZHEW 27, 4+ Diels-Alder <
ISR A SRR L%, B> THEINTWA T It Gk~ F1E 20 o Tiat Lz,

ZITIEHAFRSG R Y NVE VAR E LTHW, B FU FEGICE 2T b a—/1 26 ([ZE W
., ZZTHEUEKBEEZT BT LT D Z EICL - T27 257-, T D#IE Paintner & 23fENL L7 51k
eV, T X — A& E AT 5 Grignard 3R & O Z WD » 7Y U VRIS o TV
WA EET DT H =28 ~EFE LT, RICT & F—VEML 2 BRPESE F ChR#E L CAE LT LT
b R29 ELEAY RED Wittig SUSEFTH Z XD ERERAIC R Y =2 30 ~ LN, &5z
F VT AT IVERL DIK IR K > THVR B 31 ~EFHE Lok, Bk 32 oA M LT,
Evans T O R HB) I A8 A U 72 BRALATEIA 33 2157, 2D X 512 L THE b2 B LRTBEA 33 12Xt LT
A Al a AR S 2 50 F T4 FW Diels-Alder SUGZAT 9 Z &ICE 0 it 270 Y AbEW 34 =
FERIRTT AT UARRIE TS Z L AT E 72 (Scheme 2-2-1),

Scheme 2-2-1
LiAIH EtsN, DMAP, Ac,0
1 : - NN ? 2 NS Y Y
PPN OH OAc
OH  Et,0, reflux, 20 min 26 CH,Cl,, 0°Ctort, 1 hr o7
86% (2 steps)
OEt 0
Li,CuCly, Eto)\/\/MgBr QEt oxalic acid 0 PhSPVI\OEt
> EtO - H >
THF, -10 to 0°C, 4 hr N THF-H,0, rt, 10 hr N CH,Cly, 1t, 12 hr
83% 81% 90% (E: Z=>20:1)
28 29
EtOZCZ\/\/j LiOH HOOC._~ (COCl),, DMF o
> > A
NN /<\/©
H,O/MeOH, reflux, 30 min CH,Cl,, 0°C to rt, 10 min AT
30 31 32
91%
Ji§
LIN® O |:|

/ 0

\ o)
Br )L Me,AICI
> Q7 NTNF - !
o)
THF, -78t0 0°C, 1 hr ‘—( X CH,Cl,, -30°C, 5 hr o N_<
Bn
33 84% Bn\\\\k/o

34 (single isomer)

70%
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ZOXIICLTHELNTET Y ALEY 34 12355 LT, KERLY F 7 L LlER kKSR 2/ Aa G TH
WD KGR T Evans T RFMBI AR ET L2 LIC Ko TT A Y VERERT 50V A 35
(N2t i DB L A . H L C benzotriazole % MBSk & 2 YeRIRE AR T L b 5K 36 24
9% Z LN TET- (Scheme 2-2-2),

Scheme 2-2-2
H H
LiOH, H,0, aq. : socl,  N=N

H o > > H

o N_/< H,O/THF, 0°C to rt, 12 hr H CH,Cly, 1t, 4 hr PN

|
B NP 91% o o 90% NEN

34 3% 36

Z DX HIT LT UCSI025A OREERBER A= Li=T h ) 7T 7 A bOGRRICKR LiZ, £ZT
WENIERRLT=M 77 7 A FERWT, I L2 U O ) BB OSSR EE DW=,
UCS1025A O ARFEE RO AT 7oA DN TR D,
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FHoH SRMMESYOEFHEIER O AR

Bk ~7= X 912F 7, Hoye 35K TN Danishefsky 12 L » THE 7z FIEICHE > THRFENE
RIBWT 7 2 A8, BB TR LEMOSREZENT 52 LIk T, AF AL AT LD
ot & U B — oK A D 7 F N oxy-Michael JUin & — 2 ICHEIT S DL Z IRV AKTEL D LS

277

ZIZTET, HAEER TR/ T 7 X LORKICETF LI, T2 TIEET. Hoye HIZ Lo THESHL
TWBFELHEN | -V 7 v F VBRI K & AR S LCTHW, v -7 2 BElE A T /LR &
DORAMEESISZITI Z LIk, b A I F37T 25k, TeFAEONRE, BLOAELEZ2-50
KW F: A TMS S TR D Z £I2 &> T TMS PRaEK 39 24572, 2D K5I LTS BRALATEEA 39 (2
%f L C TBSOTf, DIPEA #{ET 550 FNT /v R—=ABIDORISIZ L - T ERMLEY 40 Z 7 TEIEA &
L CT#7= (Scheme 2-3-1),

Scheme 2-3-1
1) Et3N, CH2C|2,rt, 2 hr (e}
AcQ PAc O ® 2) AcCl, reflux, 10 hr 0 ~OAc
IL T N coome oo™ N
0= 0 OAc
80% o
37
0 0
AcCl 0 ~OH TMSCI, EtsN 0 WOTMS
5 N _— N

0 MeoJ\/\/ HoCly, t, 1 h 'V'eo)j\/\/

MeOH, 0°C, 3 hr OH CHyCly, rt, 1 hr OTMS
o} o
67% (2 steps)
38 39
OTMS
TBSOTY, DIPEA T™SO,,
‘\\COZMe
CH,Cl,, -78°C to t, 40 hr o~ N
2z \—"0TBS
74% 40

BT, 15 DL ZERMEES Y 40 (25T 2 TMS KO BifRE A A7, £3°. Danishfsky 512 K > T
HEEN TV FIEICHESE P THF P, BEieE KO0 IN HCl aq. 212 CEIR TR LZH%, K B
KO RIEKRFE T N U U LKEERZ W TR 21T > 7o, ZO/ER. T ORISGFRHFIZB O TITIEE
OFHMEIZZ LW ERBH S22 572 (Scheme 2-3-2), Z OJFIA A B & 223 < UG & FEMIZ 1B HE

L7, BeMERRME T, |IR TR LI2GG . TMS D BRGE sk, ~I7 I — e R L
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TWAB VI =T VA NTEH L SN T, —HBBEL 72 (bEW 42 DELN TSI ENphoTz
(Scheme 2-3-3), X 51T, SSOHRAEEORS, F5HEMESM T TIEE 7 v a— v L0 S EEE O W
AT IS KR A T DT, eI S W TBS DRI Z > TWD Z & BB 5N

72> 72 (Scheme 2-3-4),

Scheme 2-3-2
OTMS 1N HClI ag., AcOH OH
TMSO,, then sat. NaHCO; agq. HO,,
“\COZMe ‘\\COQMe
o N THF, rt o~ N
—"oTBS veibiit —"oTBS
40 poor reproducibility a1
Scheme 2-3-3
OH OH
OTMS HO,, HO,, P
™SO, @ CO,Me @ H come HO,,
“COMe — o N N R — o N ‘@ —_— \\\\C02Me
07N H,0 D A N
N S, OTBS ETBS o
40 42
Scheme 2-3-4
HO OH HO OTBS
J/\/S\‘\\COZMe sat. NaHCO3 aq. . .COsMe
o~ N o N
—"oTBS —"0H
41 43

O XD RIS AT R . ZBRMEAY 40 1% LT 0°C CEEMEAKIATE 2 /EH S 7-1%. pH A 4
WZRDFETARET D2 LICE T, BEBMERS TMS KEOBRELITH) Z LN TELH LIk oTz, 22
TRONIVA—/V 41 ITHEET 2 2 &< BEMERMF T T THO Z2/EHSE5 2Lk oTEA R
77— MEZE &% pyridine F CHPTHZ LICL - TE=V Y 7T — MR EEDL Z LR T2,
ZOBEOINET, MESNTHDHD LY E 3%[H E L7z (Scheme 2-3-4),
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Scheme 2-3-4

OTMS 1) 1N HCl aq. OH 2) Tf,0, pyridine, CH,Cl,
TMSO,, THF, 0°C, 5 hr HO, 78°Ctort, 4 hr
WCOMe — ' T o «CO,Me >
o~ N o N
\—YoTBS —YoTBS
40 4
OTf
TfO,, 3) pyridine, rt, 9 hr o —
\\COZMG ® \‘\Cone
1) N ‘ 0 o N\/‘
“otes 79% (3 steps) OTBS
44

ZOXSICLTHLNIEE =L N 7T — MR TR L TR T U0 AEAEAE N KBRS 217
) ZEIWZ Ko TGN BB T 7 X L5 2552 LN TE, ZOBRICHWSE R REE LT,
WA IZHEV, n-BusSnH & W 2356 Tl 52% & TR DI £ 727 (Scheme 2-3-5), FERIIXF L
TRIZFATIVEEAESETE RY RE2RAEIELEM T T 80%E BIUFRIETBRET 7 2 A

EHSZENTE, BN BRI 7 X L5 LT, bV T N EKFBIARTFET R T A
ZHBAEDE THWOLERME T TAFAVZ AT A OBRITC IS EAECTZE T Va—Lop+N
oxy-Michael )& —2BICHETSHEDH Z LI K- T, BAONFEER ZRIECEY 6 2155 Z LTk
L 72 (Scheme 2-3-6),

Scheme 2-3-5
TfO . =
r&COzM o n-BusSnH, LiCl, Pd(PPhs), mcone
N N - o” N
" N HNores THF, reflux, —"oTBS
44 52% 5
Scheme 2-3-6
TfO o)
INCOZMe HCO,H, Et;N, Pd(PPhs), mcozm NaBH,, CaCl, OO\
N - N s N
o” N SN 0N
“NotBs DMI, 70°C, 3 hr OTBS EtOH, 0°C, 4 hr \Notes
44 80% 5 93% (-)-6

optically active

AL DNERIEE A CERMEL A 6 RSN L OO, EHIIFO TEKOE SICHRENEL LD L E
ZTme FTT, F—ETHKLIEY LA I RICH L TAFMBELEA L%, 5 THNT LV R— Al
JGEITH) ZEICE T, AV BU T VX LDV T AT LA~—%2 0t 2 2L 2 &2, TDk,

A LTEAFMBEORRER LOWEIT, 777 oxy-Michael UL ZNERITH Z L2 X - T, =®RIUEALAD
DIFIEMEARE LTRLNLD D EE 272 (Scheme 2-3-7),
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Scheme 2-3-7

0O Introduction of o
chiral auxiliary Intramolecular aldol reaction
| N._~_COOMe  -------------moeooes > || N - ~_COOR*  ----smmmmcmomomoomoom oo >
(0] (0]
- :C O2R - FOR Separation of diastereomers =\ COR*
+ > (H eyt > =
0~ "N o~ N 7, 0~ "N
\—"0TBS 0TBS \—"0TBS
WO
Removal of \:
chiral auxiliary Reduction & oxy-Michael S
-------------------- e et O N
\—"0oTBS
optically active

ZITET, ZATAREEZN LTAFMBELZEA LY LA I REARK L7, TBSOTf, EsN %
AW NT v R= VIO G E R ATz, ZOFER, A b=, 72X F AT a—)b RILRA
—NEBEANLTEY LA I NE, BHOT NV R—ABIORIEHNETT LT DD, HELTEST AT LA~ —
DBERNEETH D Z &M BZ72 > 72 (Scheme 2-3-8),

Scheme 2-3-8
0
TBSOTf, EtsN — CO,R* == CO,R*
N COOR* 3
| ~ N 7N + o” >N 7,
$ CH,Cly, rt —"0TBS ‘0TBS

Non-separable

Entry OR* yield
ﬁg
1 82% (dr=1:1)
2 }—o“‘ 80% (dr=1:1.8)
3 80% (dr=1:1)
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ROV T AT LA~ —IREW O BN REETH - T2 FKIZ DWW T, FEFITEA L AEFmMEN
BPEEREEZA L TRV, TRENDOVT AT LA~ —0Da kR A— 3 VITRERENE L
Molel-®dlF BT, ALYV T AT VA~ —REMPED I BEERRETH D Z L 1T LTl %
ERAT 2 DICRAFIETH LD, EHIHON LD T IRO BT 7 % 5 5 125 L TARKH
EEZBEANTHZ TR T AT LAY =D OHAIE ChL b DEIRRT HNENH D L HE 2T,

FZTEP SRR T L R— LS T LIE LIZAV 545 Evans BLO R AL D 1250 T
FHl7 ZZTIHETE—ETERLET B IEO BT 5 DA F LT AT LEL A2 AR
HZEITE ST, BREFRIETHICT DI VAR T 45 2157, BT AIVAR R 45 & kb 2 B
b 46 DAEKZRH L CN-T LI AFTH VU ROV T AT LA~ —IREW 472,470 (ITE W= L 2 5
INSEFTV TN T I u~ NI TT7 4 —TCESICHBRETHL 2/l LT., £ 2T, ok
LTc—=FHDOPT AT LA —ICR LT, 7 IKROEMOEEHN T N T N ERFHR T FEF
MU U LAERABRDETCHWD BTG ERATZE Z A, ZOHARICHE KT VT — I ~DE TG
EAE T —RT V3 —/L D431 oxy-Michael SUSRS—Z8IZH#AIT L, LAOIEFIEM: —BREEY 6
BH—OBRMEARE LTHED Z L2 L7z (Scheme 2-3-9), Evans RO ARFMBIAEZ AW 5HE, 2k
PrET D TRIZBWTIE, 7T IR MONREEIZ L > TH— A= MUBETLINTLE D Z &3
LD ENLIELIEH DN Y, 20X D 2RI SIEIE Evans B O R AN FIT 6 L CALERIRIEDS
fRb T <. AMRETLSRMTH L Retktz L L7,

Scheme 2-3-9
—\ _ $OMe LiOHeH,0 N\ LOoH (COCl),, DMF —\__ fLocl
O N O N o ] 1e) N
\—"0TBS THF/HL0, rt, 2 hr \—"0TBS CH,Cl,, 0°C to rt, 1 min \—"0TBS
(*)-5 90% (¥)-45 (+)-46
'd )\
o)
o)
0 > w0
IoNghg N CeC 3
O 0~ N Bn EtOH, rt, 4 h o~ N
A \—oTBS bRl \—"oTBS
HN _ .
‘|\/O , n-BulLi 47a (36% yield) 88% (-)-6
Bn"
> +
THF, -78 t0 0°C, 1 hr o
0
68% (2 steps) 0
— N
o N 7, Bn
‘0TBS
47b (32% yield)
W

easily separable by silica gel
column chromatography
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DXL T, JEIKRO BRI 7 X2 L5102
HYT AT VA~ —dTa, 4T0 NV VATV T AT a~ NTT7 4 —REGIZHBETRETH D Z & & A
L7z, EEDZ DX D RWFEO—TF5T, 2017 4 10 H 1272 > TREROEIE I EAS WO AR IR O B pliis
2% Nicolaou & DRFFE 7 V—F 12 & o TG Sz *, 2 Z Tl Evans BlORFFBIF N2 T, 2 Z
NHATEM 2 T 77— ANV E N, Trl) )= BBRT I TH YT AT LAY —DORBERRETH
52 EEAH LTS (Scheme 2-3-10), I OIIMIEEREZ AT O RASMBETHLI DL, &
EEEBER LS/ u~ NI 7 4 —THEEV RS T AL T A~ —IdEnENDa R A— g v
RELEMSELLERH DL O LHERTE 5,

Scheme 2-3-10

CO,H

AN

N
\—"0TBS

(£)-45

%t LC Evans RO RFMBIIAFEANLIZSGE, EL

SOz ) i
NH PivCl, LiCl
EtsN
82% (dr = 1:1)

0
PivCl, LiCl
HN//< EtsN

“I\/O 87% (dr = 1:1)

Bn"

o

N i-Pr,NEt

OMe H

|//,,®)

H OH| EDCI, HOAt
68% (dr = 1:1)

OMe | EDCI, HOAt

i-Pr,NEt
42%

o]

MeO
f>\§ N5
N ) .
o) L)

oTBS —OMe

DX HIZ LT Evans HOARAFMNEAEA LT AT LA ~—4Ta, 4Tb 13/ a~ V57 4 —T
SDEERTRETH D E WD) T EBBH LMo T2lo®, v LA 2 RIZ Evans B ORFAMB LA EA L7214,

Hite
BFNT IV R—IV S %
A

AT, LR, Z
-7 (Scheme 2-3-11),
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Scheme 2-3-11

0 o)
o o TBSOTf, Et;N >\‘—0 >\‘—0
. o 0
QN\/\)J\NJ( ua > f>\\\~/ N\) + = N\)
@] s S i
" CH,Cl,, 1t Bn N % Bn
o) & 2Ll fo) n fe) "
Bn \—"0TBS OTBS
47a 47b

Not obtained (100% SM recovered)

SO EIT LR o T2 BRI DWW TR, A Afigl U CHERET D TBSOTE MM @mWA ST
Ry DI —R A — MEALICH L CBfMEZ b, =) T — FOERICELG TERMoT2T-0ThbH EE
ZTW5% (Scheme 2-3-12),

Scheme 2-3-12

TBS-OTf
[N = =
o) \ : o TBS
(s !
N W —_— N W
o H o
Et;N

TBS OoTf TBS

T

EtsN

DX IREREREEBERNOESH, I — A — NN AR LI EEEE L 72700 T 2 F— ki
EHTHAEW Y CRIBEOKRFI 21T TV Z 21Tk » T, X 0 EhERMZRICARIEMER DS BREE DHEST
N TX 5,

5= HIC B W TIOAEME 2 B LAY 6 OFT- 2B IEIC DWW TR LTeER, ARDORS 7
VRO TBRIET 7 X L5 BEDN DR 46 (2% LT Evans BIOARFMIIE A B AT D Z L TA
LTV T AT VA —% 0T 52 L1k T, BAHO =B LAY 6 2GR E LTHL Z &IC
R L7, 20 & D IR IS E DWW TR ME R DB a5 1E13 2 < &ATIZ 72 - T Nicolaou B DHFFEZ /1
—IhLbWEINED ZEb Y, MO THEREREWHFIETHL O LHRTX 5,

-54 -



INHORBFHIE D, RERRT IV 7T 7 A P B IORAEE R =B LA eSS Z &R
T&EIfesd, WEHITIEM 7 7 7 A MERAWT, SBICHENL L7 =Rk n ) 0 ) B OREEICEE
SU7e, UCS1025A DARF ZA D ERI BT T2 AN Tk 5,
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U UCS1025A DAF LA R

ATETE TIZAKT 2 2 &N CTEIEFHEER = RIEILEW 6 L NFIE R T W 7T 7 A F36 %
MWT TN LIZ =B8RI U U0 ) B OB E 2T % Z £1T X - T UCS1025A
DARFRE ORI NT T2 Gt 21T > 72,

FT. FIENER ZBRIEALA Y 6 & benzotriazole Z B L THT T WV 7T 7 A 36 & D
Claisen B OFFE SIS Z AT & 2 A, BRI TELOT AR 48 & Y EIE IR E LTHD Z &
T &7z (Scheme 2-4-1),

Scheme 2-4-1

T

/@ ) LDA
N

\ 36 NN X
(o) N

\—"0TBS THF, -78t0 0°C, 1 hr

6 7%

ZIT, /o7 K48 IR LT R Y mF AT IV DFE F TRUB U F A VA ER S E
A, BT NVIEE ORE L [RIERIZ retro oxy-Michael |2 X 5 [HER & thio-Michael SUG 23 H R T L, 22
DHG—ART /=)L HERBR R 50 Z @R TR 5 2 L A3 TE 72 (Scheme 2-4-2),

Scheme 2-4-2

EtsN

MeOH, rt, 20 hr 90%

ZDO XL TELNTBHERIA 50 (2% L C. N-hydroxyphthalimide % VN C, JEICfESL L2 T VR b
6 BtPEHR S iAo, Z ORI, PHICK LT, EAHAO=ZBRMEE e Y OV ) U a/{5 2 LI TE R0
ol ZORRZHSMNTT XL GONTSONEEW 2T L7z L 2 A, TBS =—7 VR
BEL7-7 L7 b R 51 MEIERZ2 3 5453 54TV /2 (Scheme 2-4-3), T VIEE OB E K& < B2 5 80%

THY BRI O®mESICH D, wm@mWT ) UL, AVT o REL, TBS =—7 AEBALAN TN T
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B AN AFAET D EREE FIZHB\W Tl N-hydroxyphthalimide 7234217 L C& 722 £ 7% TBS =—TF /LD
BiBEA SIS Z L7z b D LB 272 (Scheme 2-4-4),

Scheme 2-4-3

1) IBX, DMSO
2) N-hydroxyphthalimide
3) sat NaHCO; aq.

rt

Scheme 2-4-4

IBX

% Z T, Giannis HICE > THESH TS P EHEZ AT VEFBRT 2 REA TR LEDO/ SN
2-hydroxypyridine % AT 24T 2 1%, TBS =—TF VIEDOMBEEZ IG5 Z LN T&, BHho Bty
nY VT UnELND LD EE R, & Z T, 2-hydroxypyridine & W CTHEBICKIGNERATZE A,
TFTHL7Z XL DIZTBS =— T VEDORBEZ T RICHH TE 7z, L LRRL, EHO=ZREEr ) Y
ANI/ONT, FRUKTH D VAR U EE 52 DHDBAFRIRTH L DR & 72 572 (Scheme 2-4-5),

Scheme 2-4-5

1) IBX, DMSO, 2 hr
2) 2-hydroxypiridine, 24 hr
3) sat. NaHCO3 aq., 12 hr

rt
83%

EFITINDLDOERFERND, VoRy hTEZRMEEn ) U ) ERPEE TE R B AIZHS

WTCBLTFO LS ITELE LT, £, BBRK S0 225 VRl 52 % HEE L =B MARKY O 'TH-NMR %
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FEEREAMICARNT LT & 2 5, BUSHRIE T 2 ITET A7 L 85 IChKT 2 L BEX BN D E— 2 A bR
e LPLRBD AT 70~ 8777 4 —THEETEIALEMTOWTIIINVR RS2 DHTHY |
HRERDOTEET ATV 85 ZHEET 2 Z LIXTE R0 o, ZOZ NG, HARMICEEN TV EH
AONDIERT AT IVESIZA T L7 v~ N7 T 7 4 —IZ K DEREWRIC Lo TSI T Toinksy
A2, VAR R S I I NI b D EHERI LT, 725 2-hydroxypyridine 7 5 AR &AL HTE
P 27 v 85 [FHEFEMKISIRITITLETH D . FEVESE TITB W LI VAR VB 52 ITHIKR iR S 0
TUVEH D EE 272 (Scheme 2-4-6),

Scheme 2-4-6

1) IBX, DMSO
2) 2-hydroxypyridine

rt

acidic hydrolysis ®
(silica gel column HO

—_—

7
R&§;> AN

(6]
55 basic hydrolysis “Z

ZOREIE LT AUE, BTG NIV R iR 52 12% LT, FERAMKEREAENSEL 2 &1
J 5T retro thio-Michael 5 & 4> TP oxy-Michael SIS ANERANCHET L, =By m ) 22 ) o 56
BENDHOLBE LT (Scheme 2-4-7), T 2T, EBCRIEEMRATE 25, FH LI & 5 IChin THER
MM retro thio-Michael I & 45PN oxy-Michael Kt 23 5 A HEIT L CRAD =B m ) 23 ) L 56
DIEIEE T B AL7z (Scheme 2-4-8),
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Scheme 2-4-7

Scheme 2-4-8

sat. NaHCO3; aq.

THF, rt, 21 hr
93%

FiR L CTE BB EERERND, —HOLISIZB W CEE kT /v a—v & H7 HBHERIK 50 12 IBX
FEHEEL LI TAELDT AT E RS3BEMHETZ AT L S5 ~E BRI THAT HZ L% TLC
FCHERR L7ote, —BE, MK Z I L T, EMET ATV 55 & A1 VIR Uk 52 ~ & SERITIIK 1R
L7zt HIEMOKIERZ TINS5 Z L12 X - T, retro thio-Michael i & 43P oxy-Michael i % Hi5¢
INCHITSH D L 2B U T, BAO=RMEE O VY /) 56T Ry hTHRLNVLDLDEFE Z T,

ZDOXIRBRICESONTEBORGN21To7- L 2 A, THILZ X D ICBRERIE 50 25 BAFRINRTHE
HO=ZBMEE T ) OV ) 56 155 2 LRI Lz, TRb b, BBRIES0 05T VT e R 53 OARE
e U CA UTeiE T A 7 )L 85 [ I MK ISR DIINT K o TRSFZF T AV AR P8 52 (K3 fif S 4,
Z D% DI FNEKIFIR DTN X - T retro thio-Michael i & 431 oxy-Michael SOt 23 H# AN HEST L
TEBREER YUY 56 BELND I ENRHALIZ/ -7 (Scheme 2-4-9), Z DX HIZLTHL
SR n YUY 2 561Cx LT TBAF #ER SH DKM T T T I — LD TBS & FrET %
ZLITE D, UCSI025A OARFREMREERT HZ ENTE, ZOBIZH LN T L OR ik
T — A X R R L3I X D B - ISR EOBRICHE ST b0 P i TRV —FKERT L
% e C& 7= (Scheme 2-4-10),
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Scheme 2-4-9

1) IBX, DMSO, 2 hr
2) 2-hydroxypyridine, 18 hr

3) 1IN HCl aq., 1 min
/@ 4) sat. NaHCO3 aq., 20 hr
S >

rt
“SOH 79% (6 step, one pot)

Q=

1) IBX, DMSO, 2 hr
2) 2-hydroxypyridine, 18 hr
> >
rt 3rd step
1st step

H

3) 1 NHCl aq., 1 min 4) sat. NaHCO3 aq., 20 hr
_— >

4th step

. (g 5th step \ ©
SO
S\
- o™

H,O

79%

6th step
(one-pot six steps)

Scheme 2-4-10

TBAF
B ———

THF,0°C, 1 hr
quant.

(+)-UCS1025A
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LUERANTE L 9IS, 3B FIZR W IO 2 Z BRI E Y 245 2 8 12 7207 155w D BRFE I Al Eh

T 5L LEHIT, FBFEIZB UV THEN. L 7= Michael St & retro Michael SO 2 0 IR 3 HERS IC S < =88
MEEa U D)) B OF T EE T 1 A T — B IHEEEYE UCS1025A ORF2E/AICEH L

FER. TRy b6 BEEEGISOS OISR E R T A Z LA B LT, TORFTEAMEEKRT DD
L3 TX 72 (Scheme 2-4-11),

Scheme 2-4-11

¥ 39
=\ CO,Me \ N\) N\) Reductiog of Ester
5 > = + Y
o N - o N Bn o N Bn oxy-Michael N
OTBS

racemic

easily separable by silica gel column chromatography

Qe

retro oxy-Michael

&
thio-Michael

H
O
N
(¢} 5

OTBS

\J

condensation with acyl donor

optically active

Oxidation
retro thio-Michael
removal of
oxy-Michael silyl group

\

one-pot six-step
cascade reaction

(+)-UCS1025A

ZOZEND, WIEIZBWTHEN. LT =R ) U ) B OFBMEIEN . RRHRAEMIENE
WEOERAGHICHICH LY 2B Z b O LEPLNITHI LN TE L, LI TREIX, AEETO
R A E 2 TOREER SN TV RN 1T 7 Y — LALEEEYE Pyrrolizilactone D RF EE LT OV
TR LA RIC OV TR~ 5,
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E=F 7ur 7 V— AREEEYE Pyrrolizilactone DREF 24 S

Ve a—g
UEEN=i

ATEE TR ~_72 X D CHEICHESE L2 S8R e U 0 ) B OFT - eI, RERH SRAEWIHIEY
HOEEMIZHICH LY 2 TEEZ GO ENRPALNIRoT-, £2 T, EHIIREEEMPERINT
WRWT T T Y — ALERMEME Pyrrolizilactone (Z-OW T T H U U BASEML DA RIEE LT D Z &
N TEIULFRRROMIKIC S BEMNER TEX DL D LEEZ, KOEEMD X —47~ k& L7z (Figure
3-0-1),

Pyrrolizilactone 1%, 2013 FE(CHYL AR OER S D 7 NV —AI2 k) A&7 a7 7 v —AREY
BThs 7, TuTTV—AE, BEAEHOMBTICENTY Lo BESRT DB X 2 b ORERES
KTHY ., HIEHORIECRAEINE ., MIENY 7T RESICB W TEEREE Z2H > TW0DH 2 Lo
5. FLWEERROER ST & LTERZED TS P Fi2, KMeAWIE. MBI Mk E R
FEHTD cis-T ) ERBICEREY e Y UV AR L = — 7 IS AR L TR Y,
B RALF AN SO THIBRZRVE 31 T 5,

ZOEDRHERD T, FEHIL Pyrolizilactone DEFMA KT HZ LN TE UL, Tzl U CHEr
SNDAEMIER LN UCS1025A THENL L7-A Ak 2 FIH U7z sEl e TS MEAR B 78 O BRI D 72 3
HEEBIT, INOHOMREZBLUTERBEE 0 Y VY VEOEREFOMRIC RN D HLD L E X T,
ZDOX I EFERFEORBIZH KE L LD D ARENVEE FlD 7= Pyrrolizilactone DAL A FEMR T H 2 & &
Hiy & L CTrgE % s Lz,

Figure 3-0-1

cis-fused

Pyrrolizilactone
(Proteasome inhibitor)

-62 -



L TR ]

Pyrrolizilactone [ HIRALIZH VIR KBTS % D cis-7 B Y K EA LTS, 2O LD 72iiE
HIE R E ©OF 0 U ALAMOBRIT I N ETITIEE A SHE SR TVRVE OO, —MHEIC Nicolaou
5 OB 7 V— 712 X 5 T Pyrrolizilactone (ZFEEL L 7= cis-7 1 U U BHs A BT 5 CI-16,264 DR DR KA
ARAER ST P, 22T MRIRETH DY b kT — i b BRSO R TR KR
HATTA REfiBEfk s LTV RO 4 7L Diels-Alder SUSIZ & - TR 2 5 & RARO cis-
FHY) CERREREES D Z LTI LTV, EDkIE, JElCii 7= Danishefsky & 25N LT2T P H L
RiE 2 2RALCTER Y OV ) BRI A BAT 2 2 LIk Y | CI16264 DRARAEER L T2
(Scheme 3-1-1),

Scheme 3-1-1
(0]
MNBA
OHCJ\/\)\ _— N0
40% NG (0) A
(S)-Citronellal ° &
Intramolecular
Diels-Alder reaction
A LiOH SSteps
HO\\ _—
O~ "OH

I oo
(@) N R P
0TBS Separation of

(Racemic) Diastereomers

CJ-16,264

— 7 CER T, ISR AR R BT 2 b0 cis-7 7 U VB AR T D L ) B AR & iR
Ped % HAHEMS & LC, Feringa HIC K> THRESN TWAF I ARV ) 74P vk vz b
O Diels-Alder [ % Hellg &+ 2 BB MBI A IR Lz, TITHET, AL F LA ha RHH
BELELTHET LY 74 WK LT, vrF v VU RLRKIEDD Wl HH6 5 Z 212
£ o T, endo EIRN72 Diels-Alder LN HEITT 5 Z LIk 0| MEERIBICV Y VT ) — Lo —T WAk %

95 8L A A TRRINIICE S 2 E N TX B B0 L E 2 7= (Scheme 3-1-2),
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Scheme 3-1-2

OTMS Diastereoselective QOTMS

Diels-Alder reaction

MenthylO:,,_~O_,
ke

T, BB Ao ) LT ) — ) —TF LRI LT, SRR ZE 2 B A
BRI A FIAERISEIT 9 2 E D TE AU, MBEAALIC A D SEAR LT CH UL R B R - 2 89
HTEMTEHHDEH X7 (Scheme 3-1-3),

Scheme 3-1-3
Diastereoselective
- Methylation _
OTMS O
----- > EEEEES o
Menthle;i“ 7 Menthle;i\‘ )
o\ o\
’\O ’\O

Z DERIZIZ BN TT VAL DO N L FITEADO S DO LT O TEAINTLE I OO, T
TEA VIS E > TREETE 2 b D EEZX T, TbL, BIAMIZHENRAF RRIR T2 AT D cis-
TV VEBEBPBETCENIE, TOROZERA VKIS EECH TROBEREELWIZE - T
Pyrrolizilactone DG ER 272 T WV o 7T 7 A MIEBL ZENTEDH LD LB 2T, BHOT
NV T T T A NEHEL 2 ENTENL UCSI025A ORAMAEER LIZBEO ZBRikeye ) oY) g

HOWEEZ M3 5 Z £ 12 K o T Pyrrolizilactone D RH A EK TE S H D &E 272 (Scheme 3-1-4),
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Scheme 3-1-4

conversion to acyl donor

_______________________________ > A\
Menthlexi“ ------------------------------- > H
: A
N
4 N\
WO
RS
s Sequential
7N ] retro Michael -

—"oTBS | Michael reactions

____________________ >
_________________ >

Claisen-type
Condensation

Pyrrolizilactone

DX RERBIBICES X RETTTIIEAD cis-THh ) T T 7 A N OBRRICINT TIT - 2 fEtic
DNTIRR D,

- 65 -



O] FHY T T T A NOERICET - #E

AT TR _7= & 9 2 ARG IC 555 & | Pyrroliziletone DAEIEAIER Z5i7- L= A ) 7T 7 A K
AT D70, FTIETEIEROTuF T DGR DLRF A LT,

I TIEHERERICH LT ' N7 AT B RISk UCHEMESME T T 2 Y807 & M= F VA2 A
SHDHZ EIZE D, Knoevenagel #fi e & Michael (NG 2 HHEAIZAT o 7o %, WS T TOT AT
JVEL DK R, 36 KOS T COBRMEISZNARIT S 2 LI2k D fihT o7 a~dk s
> 59 BN, i T 59 (ST D Pd il A N2 B RS A B O KBRS TR o AT
WD Z IS Ko CRUSHEE ZHI L. 1ZIFeR2 AR THITS D Z L icishiLiz ¥, 2ok )
WL THEONTZTV AT LY 7 a~xH )2 60 IZ% LT, Seidel, Schreiner 52 L > THEENT=7 ho
A DT F = /ALEE . Rupe SEAEE, BLOELTZT v 62 DY VAT ) — Lt —T LRG %
ERATS Z ik, BAovaXx VT 63527 I(kE LTHDZ ENTET (Scheme 3-2-1),

Scheme 3-2-1
0 o o
CO,Et
)J\/C%Et, iperidine H,SO
CH5CHO PP 0 Gt
EtOH, 0°C to rt,24 hr AcOH, reflux, 1 hr
57 58
O O
NaOH H,S0, /ﬁj\ Pd/C (cat.) b\ CaC,, TBAF, H,O
B
H,O-EtOH benzene DMSO, rt, 1 hr
reflux, 3 hr rt, 48 hr 0
92%
46% (4 steps) 59 83% 60
H H
O OTMS
HOS%/ Ho, 7/ ~
.\ H,S0, (cat.) LDA, TMSCI
HCOOH, rt, 1 h THF
A -78°Cto rt, 1 hr
(¥)-61a 7:3 (+)-61b 50% (*)-62 97% (*)-63
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oLl THELREY XYy 63 1k LT, BIRARK LGy = 7 4V 64 &5
PHANAHERTH S BHT Z N, IEGRIE T TIEH S ¥ % Diels-Alder RS Z A 72 & 2 A FffdbIZ K
DIEMBELZ R T, BHONKITEGT 5 2B LEY 65 % 63%DHBFNETHLZ LN TE
(Scheme 3-2-2),

Scheme 3-2-2

OTMS -o&o OTMS

o , BHT
( )-64
toluene, reflux, 48 hr Menthyloﬂo‘ T
N

63% (after recrystallization) O
(*)-63 (-)-65 (single isomer)

OTMS

Menthlen\
'\

65 Menthyl

NOE correlations Simulated by Spartan '16 (MMFF then PM3)

vEF UL 63 ENEEER Y ) T 4V 64 & D Diels-Alder ST E T D NEARBIRMEIZ OV T,
UTOEICBELR L, T74bb, $uEo MR EFEHOFLER RS KE S D OMLKEE D7
WIEBERBIREEZID Z LI LY, BHOMMKIFEH T 5 Diels-Alder SUGHAERZ EARMM E L TH 2T
H D LB % 7= (Figure 3-2-1),
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Figure 3-2-1

endo
OTMS
MenthylO,
N -
OTMS
MenthylO,
& — Menthyio~y" Y §
Y (e} O—‘-\\
0
desired product
exo OTMS
Memhwo-K(fzg
O ™ Menthylomy Y%
: :O entny x\o :\ 0
V o
Lo OTMS
Menthylom N . »  MenthylO )
o o)
o o)

ZOXHITLTHRONI =BG 65 125t LT, MBEANICE A DOSIIRL S TH MR R B %
WMAT XL, FUEATFIVOFEF T TBAF ZEH ST E 2 A, BHONEITF TAF/VENEA X
NG 66 3G LT b DD, EDPERITGE DWW KIEITITZE LR D o7z, ZORISIZET 5 F4E
R L U CIERGEAN Y 7 1 R AL SN E Y 67 235 47 (Scheme 3-2-3),

Scheme 3-2-3

OTMS

TBAF, Mel
MenthylOm" ™ N
enthylo=" THF, rt, 30 min MenthylO="
SERN o\
o)
65 66 67

EFIXZOENEDOJFRIZ DWW TLLFD X I EZE LTz, —f%IZ TBAF (JIZfEMmAKNIBAL TS Z

EMIMBENTND Y KSR TICAKBFET D & 7 v ERE DOKRIC L > T HE BEKT S H 0 & HeH
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L7z, ZDHEED HF 28 —EBMALEW 65 DY U Lo —TF VI 2 TEMLT 5 Z L1tk » T, 7 vEND
DT U IVEDEE L TAE U ) — VRO BERMA 28T, BIEMLS T e oAb En-{bs
Y61 IZE-T-HbDEE X7 (Scheme 3-2-4), Z D X 5 7 BLLEFIL, B e IEKGFME T TAF L
BB EAT 9 BN D O &I LT,

Scheme 3-2-4

"BUN'F +H,0 ~ ———>  "BuN* OH +HF
(TBAF) o

OH O

oTMS HO=TMS M
_HF_ —
MenthyIO'—\O 5'\H Menthyloﬁc 1 MenthyIO>\O 5'\H Menthylo’\O 5'\H
oY 0, o o
. 67

T2 CEHIT. Gingras HIZ Lo THE SN TS 7 v EIFTH S ["BuN] [PhsSnF] 1B L=, =
ORFETAEE K ZZTe TBAF LIXRRD | BUKKRETHMO TLZETHDH Z LI T, Witz b7
RN END, RAEUSMZHWIUET 1 b Ak 67 DAERZ IR LT, ZEHD A F ALK 66 Z#IEE 5
LHIENTEDLLDEEZT,

Z T, BIHE LN BRI LAY 65 12K LT U b A FLOAF/E R, ["BusN] [PhsSnF,] 2/ =&
HEMET T NAT ) —Lm—F VEALD C-A F ARG ER BT Z A, FHILTEX D ICEAD cis-
T 710 AEEY 66 DA 62%F TREEMIZIA ESH5H Z &3 TE 72 (Scheme 3-2-5),

Scheme 3-2-5
OTMS 0
["BugNI [PhsSnF,]
Mel
MenthylOms" SN MenthylOms"
enthy \o { THF, 1t, 6 hr Menthym*\o % enty \o A
——\o ’\o ——\o
65 66 67
62% 32%

MenthylOa "
en yO~\ E H
o MenthylO

I
66 H3 Do N
Me
Me
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ZOXOIC LT, BERETH DBIANIC B LR F IRBIRTFE2HT D cis-7 71 V) B OREEITKY)
L7z, & 2 THEH L Pyrrolizilactone ORGERIELR A7 LT W) 07 T 7 A R a2 R, 6725
ERERAHOMF 21T 2L L LT BIN TV DB E LTILL T D 5 S8 5415 (Scheme 3-2-6),
713 b I OB TRER T R EDOIZ OV TOMRFT EAT 72,

Scheme 3-2-6
@)
-
B - W
MenthyIOﬁ‘ A @ H
04% 0 X

66
D7~ afi~DAFVEDEN
@7 NN E RSN & L HESOEA
@Pyrrolizilactone D NAR(LF: L X/ > TWD T VAL O T B A U4l
DA TFNFFVIEORREEE 77 b BROBHBR
®7 7 b ORI TE U D KBIEOBEEFEL

D7 R~ afi~D A F VDB A

I TEATAREST M afiDAFNVEOSFLFIL, FEINTCREDO —D>Th DT b AL & )
MY & LT ZEEGOBEANLEHRICERL TN D, ZOAFAELE—OMKREFETEATE RIFUT,
s AR AR T L T2 R O BKBRGIZ IV T D 572 2 anti BUBEFS 1 0% syn IBEA 4 0 IR LT 5 #0838
DELDAREMEN D, D7D, ZOHRDEREENZ FIRITIT O 12Dl AF VL BH—OS Kk
FCEANTAHZ EIIMAEAOHRETH S,

FIBHM DOV Y > ) — N —TF WL B — DN T A FVENEANTETZ L DT cis-TH
U oGl —BRMALAEY 66 1372 D o I EEIZEK SN TNDbDLEEZBND, £DD, H—0
SAREF T A F NV EANT D72 ORI R BOS RO TR 2T 5 BN ZORBELRILTE S
b D & HERI U7z b CHEBRI R & iR T2,

I TIERICEL NI A TF AR 66 1IZK LT LDA ZERSELZ LiIckY, VF VAT T— %
L7, AT LRI TH D 3 VI ATV EINZ T2, ZOFEER., T L7 X 2 ISLRAIIZZE0 - convex
TR & O BSOS HETT U CTH— DOSLIR LA T A F ALK 68 2155 Z L 1ZaZh L7= (Scheme 3-2-7),
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Scheme 3-2-7

o
LDA, Mel
Menthylo=" ¥~ THF Menthylo=" 3
o -781t0 0°C, 1.5 hr o
© 81% ©
66 68 (single isomer)

ZOEINCLTT brDafilZlH—DVARMEFTAFANEREZEANTHZ LI LT, 22 TSN
7=@Q~QDOMEERRT D701, BhedE 2 LT 2B IR L COFFMAREERNATH L B D
EERT, BFBENTREOT TSI BIZE A LR, RbRNETERLRTRLEEZONDIDIIT L
WO AV TH D, ZOLREMIT I L, EEPTRTHHARICB W TIThb
Ascosalipyrrolidinone $EDEA KM IEIZIBNT, TATE RO afiZz A VLT HZLI2L Y, EHO
VLR EAT DT AT E FERRLTWLOBINCER L, 22T e b MEgd . MRS T
TR VKIS ZEITD) ZEICL o T, BNFMICLERT VT E REEI ZLIZESH LTS
(Scheme 3-2-8),

Scheme 3-2-8
H
o K
\W:::I::] NaOMe (5.0 eq)
X YN - MeOH (0.01 M), reflux
P H : quant.
07 H

COXIREIIBINGET I FUBRERK LIZEE X ULORFEFT D) Z SR TR, T
T RANEENRICZOFFMARETEZIT O RETHDL LW LT, ZOX ) RBEEHRETH LA
VLRSS 2B L CTRard 2 2 L 2 AME LT, AF LR 68 L7 LT b RAEL R IFD L)
@éﬁﬁ%%ﬁ%bk(&meJ&%::T@if\?7%V@%%ﬁﬁ®%ﬁ%§k@@ié*%
D N ALK L TGRS EITo72%, T2 TAELLZZEXA ULOBRICEE L2 X 55 Mo
KEEIEDPKEEETH 2L & Lin, TO®RIIA L FAFTXVEDOBETKS. T2 b ORBRNKIG%E
WATH Z e BFE 2T, £, 77 b OBBRMGTE U D EMERIEE NS WE /T v a—id, 7
NT B RO EAVLDEFEL 2GRN ED 77 N OBR EFRFICREZITO L E LT, 0D
. TYNEALDOBRICSOSIZ L > T A VEHIBMATH L7 V7T RE2EL 2L & LT,
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Scheme 3-2-9

O OH
stereoserective
reduction anti-elimination
--------------- > R R EEE R R
MenthyIOﬁ Y MenthyIOﬁ v MenthyIO~\ A

0’\\ 0’\\ o}
removal of menthyloxy group ring-opening & protection
---------------------------------------- > SN L LT — PO
\O 5\ H I H
X
o Nu” Y0

&
:1:
' S
'O
TS
Y
T
o]
/
e
T
'8
V3
[N 0]
[~
"N
-
s
S
o
0]
/
T

H

ZOX D IRAMFEICIESE . EPIES N UEMLOBEITTSUG IOV TG LTz, 2 2 CIENL IR
IRIETCEAT O X< mEW L-selectride Z {FH S & TG AR T-RER, 5B 7 /L a—/L 69 & H—oD 5
PEIRE LTS Z &M TE T, HWT anti EEEZAT S <<, BV VU CHbT A=V AR S
72 A, RUSITMIBICHEIT L, —EESPEAIN 70 % BRI THES Z LN TE 72 (Scheme
3-2-10),

Scheme 3-2-10

o OH
L-selectride SOCl,
. > R — > MenthylOm" ™
Menthylo=—" Y THF Menthylo=\" Y} Pyridine YO TH
3 7810 0°C, 2.5 hr 3 0°Ctort, 0.5 hr o

o oN s o]
o 72% o 89%
68 69 70

FNTHLNZ 70K L TA Y FAAFVREOREEIT ) XRFTEIToT2, ZORAT v 7IZBITS
BERIT, AVTFAAXRVELRTT DBEIAECL2THE T IZBW T ZEEGBLOT LT Rafiic
FAET DEIMEEORVKER FICERN LT, 7 h-= /) — VO EERMALZ YIRS Z LICL DT R Y
EDEITLC L D AlREMER S D Z & TH D (Scheme 3-2-11), Z D K 9 ZREIFUSIC R E LR 681015
HALTZ 70 (2% LT LiAIH, Z B S8z, TORR, EBHOTVA =LK T4 B HoND L L bz, ik
AHLELTTHL OV LD ICEATARWENTE X UL LT 73 35 57 (Scheme 3-2-12),
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Scheme 3-2-11

- B\\d;)/ \\@/ ep,menzat:on Y\Cj?/ \m
entnyi s\ — > [
O’\‘\ =

O

S () 71 72 73 (undesired)

Scheme 3-2-12

LiAIH,
Menthy|o~§~“ Y > HOw~\o + HO .
b H THF, 0 to 50 °C I H :H
Ny “OH “OoH

70 74 (desired) 73 (undesired)
25 % 25 %

ZOX I REBRFERND, BERELBOYHOEE T EFEGLBEATLIZLIIA VTFALF VLS
BT HEICTRIARE LTERT A7 AT RO e A U bRGE 5 & gl E< ., P Ld
BRTRWZEDBHLNI o7, 2T, 7 b UEL 2 SCRRERITE T L TR B LD 69 DKEREED
KBS ZAT D BN A o F A F L IHDREZAT O IR AR 2L E LTz, T2 TiEicHEbh
69 DAL FNIEOBRHEEIT T2, E LTI T T —NENOETLGETT S Z & TRISPEDFEW
FNVRFINIEEFERT NV T—ADBELDHN, ZHUTEBIZT 7 FACHARIEDLZ EICL- T,
IHOMIGTEDOEWVEREREE —FICEETE b0 L E X, ZO%, BKISICE » T EEAT
MEEANLTH%, 77 FrORBRKIEBIOZZ CAELLHE R T LV a— L OIRi#, 7 I IVELDETE
FOSZENARAT O Z LI ko TEALOZE A VALHIBREA THL T LT e RGO bDEE X
(Scheme 3-2-13),

Scheme 3-2-13

Removal of
menthyl group reduction
MenthylO Y
0~\\
69
OH
lactonization anti-elimination ring-opening & protection
-------------------- » B R EEE TPy ) B e R e T T,
\O 5\ H \o :\ H
,\O
reduction epimerization
POLWNAAN”  crommemmmeeeees = POoNAfN s e = PO,
Al . 0
Nu™ ~0 H Yo H™ Yo



Z DX D BRI IE SO TEBORB 21T 72, £ 69 (2% LT, MEGME T2 W T TFA % 1E
AEEDZETAYTFNEOBURHEEITO 75 125N, X 5T NaBH, & W2~ 7 2 7 — VL D&
JCRS . BRMESRE T CTOT 7 b 76 ~DOHRKIE, B U VU THECTF A=V EAER S D568 T
TOH 7T N3 — VD anti BESOGZNERAT S Z L IC X0 “HEEEAHMAEA LT 7 b 71 ~LE
< Z L TET2 (Scheme 3-2-14),

Scheme 3-2-14

OH OH

TFA

>
>

Menthylo=—" Y} Acetone-H,O-THF (4:1:1)  HO=" ¥ A
o~\o 60°C, 3 hr 0’\\0

80%
69 75

1) NaBH,, EtOH, rt, 0.5 hr

2) HCl aq., 50°C, 0.5 hr SOCl,
ridine, rt, 0.5 hr \ i H
py 0\
83% (3 steps) (0]
76 77

N TT 7 77 OBIBRBIGIZ O W T OMETEZ1T > 72, T Z TiXE 7 PhSeSePh & tributylphosphine 7>
OREMORNT 2=t L ) T— "M AV ERIERTTRAESE T IWEICER L ¥, 22Tk
Tx=)B V) T—RAFINT T N TT DOINVRENVIRIRERBE L%, 77 b OBRBENEZN
X, ALEFE BT ARy RPRRAR= T A F A AGER LS L, EHNIC 7 2= L =LA F
NEZEBTELLDEEZ, ZOT7x= LB LA AF LT, BOTRICBITAT LT E RO
EA VLRI OREE L3R b, SLICEDET PHAIGITE > TAF VLW TE 5 iTREMER 5
HZENOBMBDTHHAR TR VED D EEZT- (Scheme 3-2-15), ZZ T, Z DX H7pELRICIES
WTC, ERRICHGZRATZN, PHICK L TEADKGITEL #IT L7 > 7= (Scheme 3-2-16),
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Scheme 3-2-15

o @ . SePh
PhSeSePh +"Busp — PhSe  "BuP—SePh === "BuP_

l LiCIO,

© @
PhSe Li® "BusP—SePh
o

clo,
[©)
) “
N N - O SAN oee- - BU3P—O\:®/ ______ > PhSe
Al W %o /v A [
BN PhSe” 0 td Pnse” 70 Phse” SO
®~ [
phe L@ 77 "BusP—SePh PhSe Li
S) LiCIO,
clo, + Lo,
+ "BusP=0
Scheme 3-2-16
PhSeSePh, "Bu,P, LiCIO, Zji)k\
h 0,
»  99% 77 recovered + o SePh
THF, rt, 4 hr
78
77 26% yield

(from PhSeSePh)

LHDRIEBNEST Lo TR 2T~ < USRS 2 36 It L7, I Ch 5 THF
N7 2= L= UL SNTALEY 18 BRI N LB LN TWDL I R LN ERoT, ZDX 97
BISOGRAERE L THEITL, BL ) T— MM AUBHBEINTLEI DI, Z==LtL /) T7— M &F)
HAL72Z7 27 o171 OBRBRRISIIRETH 56D EB 272, 18 D X5 AP G LD Z L1TaL TR
LMo T RTH DN, T DX 5 RIS L - T THF @ o -C(sp’)-H 2NEMAL SH, B 0,Se-7
YA APFHND E V) HEFITEL 2L, B THIREVWMA TH 72, T2 CTEHILZZTRH
L TR D B OO IZ D W T OFE R G 21T o 7o, £ DOFEIC OV TIIRE TR R 5,

77 b TTORBROGCEAT O < WD TOREA E LTN,O-UAFILE Fafxi )y I U a2@R LT,
NO-PAFILE FaxI 7 I v 2HW=T 7 b OBBRKGHET TS, AU 5E - Ho 7 1rax
VREREFH TR I v TEDLZLITMAT, ELDIA LT T I RiZF—EETT LT B RIZEL
ZEMTEDLEWVWI AV "D D, T72DHL, NO-VAFILE RaXxv T Iv%77 b 7T OHN
REVRBIMAINS D Z ENTE UL, RISRP CIENERPEETEE S, Z ZISRETH %
Mz HZEIZEST, 77 b TTORBRTAELUIEY RV ULT Vaxy ReU Ry b CRET D Z
ENTEDLLDEEBZT, TNVa— VERETLHODORETHE LT, VA LT 7 I ROBEILLE

DHBDTNVTE ROTE XA VOFMICIHZ S L 912 TBS EBLUIMOM 28R L, 2Dk H7iE
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LBIZESNT, EEORTEIToT2E A, FH T /L3 —/18 TBS &b 5\ L MOM 2 TR S /-
TA VT T I RERREDOIETH D Z LR TE /- (Scheme 3-2-17),

Scheme 3-2-17

Me(MeO)NH-HCI, i-PrMgCl o '\% g) . Electrophile PO
S ) > \‘\:)% — NN ) g
io {\H THF, 0 °C, 5 min O/-Z\O ® MeO\NA MeO\NAO
o Me™ - MaCt Me Me
I Me 79 (P = TBS)
80 (P = MOM)
Entry Electrophile Prduct yield
1 TBSCI TBSON ™ ) 56 %
MeO., A
eSS0
Me
79
2 MOMCI MOMO\W 43%
MeO. 3
eSS0
Me
80

BT, ZOXIILTHLNTETA LT T IR 79 BELO 80 IZx L TCEITAIZIERSEL Z &I
L0, ENENKIET D7 NVT B ROBRITLEA AT, £ ORGSR, BICKIITXT D ROGEII LR E
WCRESERL, @@ TBS a7 25 79 TIHAUSITETET, @Oy MOM 2477925 80 TIXR
HRNRTELDT LT b R 82 ~DETHKII L= (Scheme 3-2-18),

Scheme 3-2-18

conditions
PO . > PO«
MeO. A THF
“N"o
Me
79 (P = TBS) 81 (P =TBS)
80 (P = MOM) 82 (P = MOM)
Entry Substrate Conditions Result
1 79 DIBAL, -78 °C to rt No Reaction
2 79 LiAIH,, O to 40°C No Reaction
3 80 LiAlH,, 0°C to rt 82 (80% vyield)
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ZOEHILTHELNET VT E R 8IZK LT, MeOH H NaOMe Z#{FHIE L Z LItk =AY
LS % 3R T i e, BRIESRAE TS CRUSITARC TS T L, =" A U AKIK 83 ~DBIE(L &2 FILE (dr=
93:7) TEMT H I LN TE, S HIT, Pinnick FELAATV, B/LAR R 84 ~ & -, MOM HD
it & A F VT AT VA~OEWAENERIT ) Z LIk > TH—H T Va—/L 86 2155 2 LIk Lz,
ZOE BTN —% Appel KIETIUVRICER L%, HFohi-a—Y Rick LT, BB,
g 2 EH S8 5 50 F CIBICILZ1T 9 Z & 12 X » T, Pyrrolizilactone D9 T OAEENE R &4 723
cis-7 7 ) ACEMDERL A FERR T D Z &3 TETZ (Scheme 3-2-19),

NaCIOz, NaH2P04
NaOMe MOMO.__. 2-methyl-2-butene
MeOH, rt, 40 hr H BUOH-H,0, rt, 12 hr
H™ ~O
83

93 % 80 %

Scheme 3-2-19

MOMO.___. 6 N HCl aq. HO_ o TMSCH,N,
H THF, rt, 5 hr H MeOH-toluene, 0 °C, 15 min
HO (6] 90 % HO O 95 %
84 85
HO PPh3, I, imidazole | Zn dust
~uw N W
H CHJCl, rt, 6 hr H AcOH, 80 °C, 22 hr H
MeO™ ~O 89 % MeO~ ~O 64 % MeO™ ~O
86 87 88

Z DX 512 LT Pyrrolizilactone D F X TOREIEER AT =TT 0 U MW EERT HZ LN TE
720 MEABOSIZHE NS D IICERT 5 7o OI0 5% ST BREIT A F /L= 2T )V O ARG fif & BRsiAe i o &
Ji% % %% 9% benzotriazole D& AN T#H 5 (Scheme 3-2-20),

Scheme 3-2-20
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LI BT & 72 X 5 (251 Pyrrolizilactone D7 4 U U BREEAL DOA RIEE HENL TR F T MY
J T gk advam L Diels-Alder SUSMIHES o SEAERIRA 22 A F AR &2 Biflg & 28778
BRI IZ D W RET 21T > CT&E T2, ZORER, U7 A7 LA RIRAYL Diels-Alder fRIZ K » T
oD =B bEmo v I T ) — Nz —T )VEIZ KR LT, SEEREBHRA R C-A FIUALRISZIT D Z 21T
RV EERETH DBHNA B LWRAF RBIRTFE2HT D cis-7 1 ) ALEMERD Z LI LT,
SHOICHTREOERELBLOMRFNZITIZ LICL 2T, TV OZE X V(LG ZE L T,
Pyrrolizilactone DX T OREENER 237237 7V AMbEWEE L Z L3 TE 72 (Scheme 3-2-21),

Scheme 3-2-21

OTMS
MenthylO™ >~ =0
—_—T .
—_— > o
CHsCHO Diastereoselective Menthles\ H
Diels-Alder reaction o\

Stereoselective
methylation I D A -
> o _— SN e
Menthlexi‘ Y W H >
o MeO” SO
‘\\O\
N Sequential
fe} N retro Michael -
\—"otBS . Michael reactions
H Claisen-type ~ ° Y \ § = "TTTToooTooToooes >
o N—Q Condensation
1
N\\N
Pyrrolizilactone

7.

L. BENTRETH L7 VIV GEA~DOEI L ZREY R Y OV VIR OEA LR T, TV
K \Z Pyrrolizilactone D RHE AP EK TEXH LD EHFFL T D,

Fo. BAROBEEZIT P T, =—F LAY D o -C(sp’)-H ZTEMEL LT, E#E 0,Se-7 & % —/L %

ML ENTED LN, TRFETITIFEAERE SN TWARWEIRIZOR B D H iz R LT,
FZTCIREILZ Z TR L7 F MO B W SIRIZ DO W T OFEM e 21T o 2 i RIC >\ Tk 3,
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FIUE T—F UUEEMOET LT = = L= LRI D BI%

=
I

At LV ALEMOLFITIFESEIIHERE L TS, b E<NLHLN AT L ALEMORIE
TV /XY RO syn BBEC X > TAL 7 4 2ERTHRIETHY Y, 20k 5 RRISITRBAK
EMOEERIC BRI SN TE7= ", F7-. ArSeCN X PhSeSePh & tributylphosphine % #H7+& >t T
WA T CHE—RT L a— L2 T VX LT ) —Lt L= Rl FINEAaREFIc s Al TH 5
90 R 0,8e-T & X — Ui R T U ARAER E UCRIAT S FENER 2L TG O,
—HTiE, SEIERARE L ACEWRTIRLA, FURAR, FUEAlL 7R b= AFERF & LT
OHREZ AT D Z LN RMENTNDS 2 2O L5 T L ALEMITERIEFERIC b AW FRIC Y
FFICEBERMEDTEZEGLOObDLN, TNUOEAKT 28 HRKISOREIIHERETHD, FF
IZ C(sp’)-H ZIEMAL L CTEHBAH L L ALAMISEL FERD TN 1 fIE SN TWHI0HRTHS
(Scheme 4-0-1) 2

Scheme 4-0-1

iodosobenzene acetate
NaN3

O PhSeSePh O\
> SePh

O rt, 71% conversion o

ZOXIREENS, EHITT—T LD a-C(sp’)-H ZIEMAL L THEEE 0,8e-7 & & — /L &< K95 7fl
BOSDBFEIIED THER LD THLbDEE R,

FEHIFINETHRRTZL T vT 7 Y — LAEEIEEYE Pyrrolizilactone DA M8 2 HED 5 H1 T K
JERHPTT =L ) T— M AVERESE, ZhET 7 b 77 OBBRBIGIZAW S RS % A7
LA, THIICK LT, THF OD=—T )VENLD o Il 7 = =/ L= )LENE AN I T-LEaW 78 I35 5
N5z &z L7 (Scheme 4-0-2),

Scheme 4-0-2

PhSeSePh, "BusP, LiClO, O\
L [v)
> SePh + 99% SM recovered

THF ©
78

26% yield
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ZOXHIBICAMPELND Z LT TRLAS TR TH 5728, THF @ o-C(sp’)-H 23EMAL S
I, EHEE OSe-7T X —NABELND EWV IO CHBEWNVIR CTh o7z, 2O b, EFIIARKG
WCEA LU CEEARRRT 21T 2 LI L0, BRSO BRRBIZORN D LD EE X THIREZRGT 52 L
Iz L7,
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Ff USSR OMESL & B —fRIEDILR

FEHEDPAIRE TR U2, FiTe2SOBIZ 27’0 9 D8 257 ERRIIMmO TSR A — LT
ToTWe, 207D, ETAHEEEANVDLZ LICE o TR —VEER L, T DG OIEHEME % i
TOHOMERDDLLO LML, £22C, FTIERFTCT ==Lt L/ TIF— A L Tz= kL=
IWRAR= T DA FF L BFEIE BTNV a— %7 =)Lt L= )LIITEH L T35 Crich HD
[ S22 Y THF ¥, PhSeSePh & tributylphosphine Z#1A & THWA S F T = %
FAT N a— L DHE— WKL 2 7 ==Lt Lo VIR EMT AR AR -, FORE, |IESMHT
IZBW TS SN TV A RISITESEIT LR > 72 b D0 RIS 5 THF O —7 VELO o fif
(27 ==t L= VAR EANSIALEY) 78 735 H LTz (Scheme 4-1-1),

Scheme 4-1-1

PhSeSePh (1.0 eq.)

OH "BugP (1.0 eq.) // SePh
S A= 0
[ \ 89

(o) Not obtained
(used as solvent)

open air, rt, 2 hr

(0)
78
10% vyield
(based on the total consumed
amount of PhSe group)

ZOXHTLT, AUGZ AH LB BB FUSRMFIZB N T, = =T VMR 7 = =Lk L =)L
LEINTALEM 18 DN D Z L PR TE 220, ETIEIARKISOEITICHLE R Ky Z ST 5
ZEEREME LTEEREIT T,

FIDIZ Grieco B ™ DL 22512 LT, PhSeCl & TMSCN 7> 5%l L 72 PhSeCN Z T, 7
= X TFNNT VA —)LDKEEEL A PhSe FEIZEWT DU EIT o T0, £OFMER, TREDINETT ==Lk
L= LViE AR 89 215 DR & 72 572 (Scheme 4-1-2), =D —J5 T, S THF IZ7 = =/)b& L = L3
ANSNTALEW 18 135 D72 > 72 Z L 02 B (ARG DS PhSeSePh [ZHFA DS Toh 5 Z L 3R STz,
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Scheme 4-1-2

PhSeCN (1.0 eq.)

OH "BusP (1.0 eq.) SePh O\
©/\/ ©/\/ o) SePh
THF, open air, rt, 2 hr

(1.0 mmol) 89 78
58% Not obtained

Y

GNT, E1E & D PhSeSePh % I\ -S4 B 7 = % F LT b =t—/L L tributylphosphine % [\ M7=
LA T8 T BN WER Lo, RICT =R TFAT I —LDOLEBEWTEREITST-E 2
7. T E LAEOIERT I8 MELNT, HI T, KISk DHBOFEEMHI D D%, W L TR

BOGZRRA T3, T OBEIT b BOGIEHEIT L C 78 234K L 7= (Table 4-1-1),
Table 4-1-1
Reagent
PhSeSePh . - [;;&\Seph
1.0 mmol THF, open air, rt, 2 hr 78
(1.0 eq.)
Entry Reagent Light shielding 78 yield (%)
1 None (-) Not obtained
2 "BusP (1.0 eq.) () 9%
3 "BusP (1.0 eq.) (+) 9%

WIZET VB OKRFT OB, BBCRICTHIGERA TN Enh, BEOEEBEHIO DHLEND
o7z, THF Z BRI L2, Ar R0 T EMBEFRHR N ENEN TRIGEZRRTIZE 2 A, EHERRA
EIFDH LN TE, Thbb, Ar FIHR T OZMATIEEL RUSITETET, MBEFHK T ORI T
OGS DHELT A3 iRl T & 72 (Scheme 4-1-3),

72, Z OB tributylphosphine Z BRI EH 25 2 LI2 L - T, 78 DU IIMREEIZH T2 2 LS
WD & LB, MIS%E TLC I k- CREMICIBIR L7z & 2 A, BBREN 2 L IZSUSHIRICIE R LTz
PhSeSePh 23 SUSHEIICIZH ORI SN D Z LB bh o Tz, 20O Z LITEHERE & B2 5 - DI12iibh ¢
HBERFMRTHY . U OWTOFMIIREI CFELLEBRDZ L &5, IbicZnlEibh
72 18 DINEN D . ASi T PhSeSePh 1 mol 7> HAMM 2 mol S HNDFUGTH D Z LA BN >
oo TDZ LD, ZHLIKE PhSeSePh M 4 B D FKFLIL 0.5eq. & LT D,
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Scheme 4-1-3

"BusP (5.0 eq.)
PhSeSePh + Z S > O\SePh

© under O, light shielding, rt 4 hr o
1.0 mmol 50 eq. 78
(0.5€eq.) 90% yield
O "BusP (5.0 eq.) O\
PhSeSePh + o > o SePh
under Ar, light shielding, rt 4 hr
1.0 mmol 50eq. 78
(0.5eq.) Not obtained

UL EISR ST E 72 FEZBFEIR 25 THF O —7 VLD o (a7 = = /L b =)/t d D 7o DI ELR
fi% 57 1% PhSeSePh, tributylphosphine 33 L OV TH D Z E AL MM ST,

eV T, tributylphosphine @ X EEDRIC G 2 DB Z W NI L, 72 BE5E T~ 4
BEOBZEAL L TEREZIT o7, 2 2 TR B SOSHEIIT PhSeSePh 23432 & W 9 Fib s
5. ®ITHITH % tributylphosphine % 1 FEIIC 1 Y&EFOMZ 5 FIETEREIT -7, T OREE.
tributylphosphine % /il X % 72 TNZ PhSeSePh 235VHK L, £ DB AEZHRD RT3, IERBEITH L 725726
BEMNZ T2 & Z A TIZIE PhSeSePh DFFAENA LN/ 725 Z LR A o7 (Table 4-1-2), Z OfEFRIT,
BOSFEHRTHE LT E L2 G O FFE H SOG 28 Z L C PhSeSePh (2R 5% & THF & KUt
LT, BHEEMICED 2 DULD SR 2 A 3D Z L 2R L TV DRIRTH D,

Table 4-1-2

nBU3P
PhSeSePh + Z & > O\SePh

1.0 mmol © under Oy, Shading, rt O

(05 eq. 50 eq. 78

Entry "BusP (eq.) time (hr) yield (%)

1 2.0 2 23
2 3.0 3 52
3 4.0 4 75
4 5.0 5 90
5 6.0 6 95
6 7.0 7 93

INOOEBMEREZZIT T, HEH - BRMEEIERT 52 2 HBYE LT, tributylphosphine % 1 FFfEIIZ 1
HETO, AT 6 YR EHWDEM T TR 2= —T UEEMIT ONW TN Z AT, T DR,

BRko—T7 0, HIRZ—T LT HIZBWTH BHRINET a (ix 7 =Lt L =35 Z LIk
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L7co Fio, (ERMEROSAREIEENET 5 2= —T EEMIZOWNTITZINLD OIFIRMENZ L <,
O BMARPERT DRERE RS2 LB, REUSET P REEET 58 THEIT L TV 5 AThE
PERE WG D LB % 7= (Table 4-1-3),

Table 4-1-3
nBU3P
PhSeSePh + Ether Product
1.0 mmol under O,
(0.5 eq.) 50 eq. light shielding, rt
Entry Ether "BusP (eq.) time (hr) yield (%) Product
1 O 6.0 6 95 O\
SePh
O " (@)
2 6.0 6 88 78
S & @
O O~ “SePh
20
4 [Oj 6.0 6 68 [Oj\
5 (o) 10.0 10 92 0~ >SePh
91
S S S O o SO o W g
92a 92b 92c
(92a:92b: 92c =10:8:5)
S 5 R 0L
O O~ “SePh
93
SePh
9 o 6.0 6 81 -0
94
SePh
10 6.0 6 56
/\/\O/\/\ /\/\O
11 10.0 10 81
95
12 6.0 6 65 SePh
/O\/\O/ PhSe\/O\/\O/ /O O/
13 10.0 10 91
96a 96b
(96a :96b = 11 :5)
* under air

. CORISEERBRFORA My LTHbND 7 77y m—T /UK L CHEBIRARETH Y |
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BIFRINRTRIET D7 2= L= UBERE LN Z L2 AL, 22T, Zo7==1tlb =
AR LTI PNV T TIRFA-REREETERBIS AT L 2 A, EHORAFREEDEAS L

7770 =T NVEGDHZ LI LT (Scheme 4-1-4),

Scheme 4-1-4
O O "BusP (6.0 eq.) O O SePh
PhSeSePh [ j - [ j
0 O under O, light shielding, rt 6 hr 0 O
1.0 mmol
(0.5€eq.) 50 eq. 66% yield 97
Z CN (1.0 eq.), "BusSnH (1.2 eq.), AIBN (5 mol%) d B:rﬁ\/CN
Benzene, 80°C, 2 hr O\ O/
63% 98

ZOE D BRERFERS ., THE TIEZEREDDIRIGE TER SN TV AR FMEE LTy T
T—F N B RIGHEDIRNERBILD 7 5 7 L =T AN NRICAET A ENTE D L L biT, 7
=B L= UBIRE R E LT, kA R AREMBIEOEANTRRIZZR 570 L, LW FikeEx A
THHRA YT ZAIMT S ECHARERTIEORBICRS Lz bDEEZTWD,

L22L7eh3 B, ZdD—J5 T tributylphosphine % 6 & H 5 54 T CILEN W= —T LEW FAE
L. v-7 7 FAIRIGSOHEITR I 572> 7= (Table 4-1-4), 1,3-Dioxorane 35 X 8 1,3-dioxane (2 L T
X7 X — N7 == bk L= VR E A S {EA ) 2-(phenylselanyl)-1,3-dioxolane 99b 35 LK Y
2-(phenylselanyl)-1,3-dioxane 100b (ZH/EF D '"H-NMR Tl TR T 2 LIZTEX AN W T LY
R~ 777 4 —CORBIIIARLETHY HEET 2 2 LN TE R oD, IR T OJRK & 725
TW5, BHHEOET VG TH D Entry 4 BL OS5 OFEIZE L CIE THF &l L THZ O ARE
K, BAERITE L IFZE LR SRR SN D23, ROSHESE RO BB S50 DA T
bolc, TNOHISMEDIR TORKZEL L, S 6705 EE —IEOILR EIGRR L2 BIET 72901l
RIS D SEHERE DI L EADORETH L b D LB R T,
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Table 4-1-4

Ether "BusP
PhSeSePh + or - Product
1.0 mmol Lactone under O,
(0.5€q.) 50 eq. light shielding, rt
Entry Ether or Lactone "BusP (eq.) time (hr) yield (%) Product
; 5 (G-
© o unstable
99a 99b
j o (2
i O >0 ° > /(\) < O~ "SePh >
o Phse” MO
unstable
100a 100b
OMe O._-SePh
3 6.0 6 25
101
OTBS /O\/OTBS
¢ Q\/ 60 6 trace PhSe™ o
102
5 Q\/ 6.0 6 trace Phseg
103
° (0]
° O
° D o0 ° 0 USePh
104

PLERART X 72 X 5 1ICEH T —F bW S o-C(sp’)-H ZTEMEAL L T 0,8e-7 & & — /Wi < Hii-
mARAERHL, INERIGE LTI T2 Z 2 HME L TREEITo 72, £ DRER. PhSeSePh,
tributylphosphine 35 X OV & Je/7 X & 50 TR (M N TEA DS EITT 5 2 & ARk L,
Kz lp e —T LA B EINERT 0,8e-7 & Z — V& A KT D BT 2 FiEsm OB IR Lz, 22T
Fohd 0,8Se-7 v —/WTFHTORANCL I, V==V B Vo VEWRT D, ANRIF A 7
WRT =F | RFETOINTNTERENT DLV IWEICESWea=— 2 RIS ORPNY &
RBHTEDHBNTND Z LB AEIPSE LI KNI AEEROSIFICBW T AR LD TH L EH
ZTCTW% (Figure 4-1-1),
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Figure 4-1-1

\OJ_LO/ L :
‘\\o/

o RX . P
\ J\ - J - | J\

\\\ 0
}/é;TWG . ®
E

" J\/\ "\ J@ - "\ J<E
~o EWG 0~ SePh 0~ “sePh

LS, ROV FERICEL R o B LIFEE L, 2D OINRGECS AR, (&
BERMEOR EEBETEE IS, FIRICRELENEO I LR BHE BT 5 ETH, S Ofif
I3 CHERMBE TH D, & 2 CTRETCIEARSIEG O SOCERE O fRIIZ T 72 FHZ DWW Tk 5,
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B USRI OV T OB

ATEC BV TR —T LA W 5 a-C(sp’)-H 2L L T 0,8e-7 & & — /M SE L Fiiz e S DO F 1%
A BRI LTz, £ DO—FH T, IR ERRM:, SCARRFIEICRENER DR E R o T /bEW b
Ko, EZT, TNHOMEERRT L L & HIZ, SHBROBEBHOBEELITO N, ZORISOFEM
IREOCHEREZ B DT A Z L2 HIE LT, MgtziT-o7,

FT. BEICB W TRRISIFSLAREIRNME, ALERIRMEICZ Lo 72 2 &0 DEFIIARRIE O RS
WIXTZ U HINDBEETHHDOTHD LD ATREME E - EHERI L 72,

FATHRA T K 9 IZm—F LD a-C(sp’)-H ZiHMAL L CTHEdE 0,8e-7 & # — /L &8 FEITIE L A L#iE
BN DD, 0,8-T & Z — V%38 SONIRE TITHNHIFE S LT %, Wang, Li D 27 /L—7" & Xiang,
Yuan D7 N—TZTT V= NTANT 4 R =T )UULEMOFE T, AREB{tmE 7 2 VR &
LC—T VDol HNVET VAN ERESEDLZEICLST I TOTT U=V ALT 4 KNG
255FD 0-T V= VF AT =T tEMEIFD Z LI LTS (Scheme 4-2-1)°°Y, & 72187 4 & fi
BEPMIR L & AV 2 m—T LD 0-C(sp)-H % 7 VA NMNTTEMAL T 2 HIEIT 2 E TR R S h
Tn5 >,

Scheme 4-2-1
acridine red (2.0 mol%)
R H_©O TBHP (4 eq.), 4A MS SNGPY)
s + T 7 ~ R T W
R e 3 W green LED - e
rt, 12hr
. /[::E}R H DTBP (4 eq.) /[::j
S + R )\O/Rz > S
R 1 120 OC, 12hr )\ /Rz
R SO
metal-free

ZD—J7T, 1985 4F|Z Krief 1L 7 ==/ L/ —/L &k E L CHV, KOH f77E T EtOH JRIE+ T
RN AZNT Y 745 Z LI & T, PhSeSePh Z A LTV % (Scheme 4-2-2)°%, = Z TIEFHMZ2
FOBHERE IR SN TV RN DD, FEFIIFE B TELR LT 4T — b L OZEXWAL & Rk OB
TT7 2= /LB L =T =405 PhSeSePh NG HLNTWVH D EFZ X T, T7hbb, 7o2=1tL /) —
AREEMESET O h b SN 7 2=t LoV T =4 o B PIRIBEIC L > CT—E 1Bk s
ZTTELD 7= L=L T VIV %ERKHE LT PhSeSePh &L TW5H D EE X7 (Scheme
4-2-3), FEIDLI R T 2= B LT =AU RS TIRBRICL > T E TR 2Z T 2MEL RS

ncunag s,
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Scheme 4-2-2

SeH KOH
o -, K

EtOH, O, bubbling
99%

\
w
@

Scheme 4-2-3

2 0O, + 2 EtOH O, + 20Et + 2O0H

@ . .
oPhSe” + 20, — 2Phse + 20;°
o . )
ophse. + 20,9 —> ophse + 20,2°
4PhSe —>» 2 PhSeSePh

o
20,92 + 2poH —> 0, + 20t + 20H

Z D2 AL OFEHEIE PhSeSePh 73 tributylphosphine |2 X > TV ==/ L =)L 7 =4 @Sz
%, RHREE EBICHET DLV E—FHOERFEFELZ I EHHATETCNDLIHDEE R, Thb
H,ARSTIET O HINEE LT T 2= L= LT DA 107, A—3—FF 2 K7 =4 108 1354
LTCWD ARSI TrWbDEB T, LLRNL, ZO28EIE7 VA0 NTiIve THE O a
KRBT 5 KFEE T Ve LTHIEH K T snTesbd ¥ Ve LTZOM
D TEWISHERRE SN TVE= b aXU B U AR~ LT X T IOH LD DX 5 R EBITRE

EIRT CHNFEDHFAEEBET DMENHDH D LE X272 (Scheme 4-2-4),

Scheme 4-2-4
S
PhSeSePh + "BugP —_— PhSe + PhSe—P"Bug
105
Phse + 0, _ PhSe +
106 107 .
low reactivity

low reactivity

EFIZA—R—FFL RT7=F> 108 DT H)LE L TORIGHEOKSITEBEBFREIOREICHAHT-D
ThHLEEZT®, LiRnoT, A= —FF v FT7=A4 108 H:RE TR L CRIEK®ES 2 - &
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IZE o T, ADEMEZ T2 OEILMEDE WAV F 0T VR FEAET X, THF HKFEZ S &K
ELIRBIVINADPRETLOWEMEDLRH LD LB X T, 22 TEHRITKEFHEIZRY 2 5LEWOLF
HEEEBLET DD, O FEBRFERE TH 572 1 mol D PhSeSePh 725 2 mol D7 = =Lt L =L {LE
%ﬂ%%ﬂékwoﬂﬁuﬁﬁbto_ﬂiPMd&hﬂmwMWWMM BWITEINTELD N TTF
IWHRARZ AT 2=/ L=R 106 268 9 —0FD7 ==L =T Uh 107 BRFELELTNWD
ZEHRMITBLTWD, EHIX, A——FFT KT =42 108 PREFED MY T TFILHRAKR=1
L7 2=l L= K106 1IZ6 L TREXEL, 7==/1¥vL=L7 =42 105 2Tz, Znnz
R A Z T ICEoTh I =D FD T == LB L= LTI 107 2RAESELZENTES Y
DEEZT. FO—FTITELICERLELHCA——FFL N7 =4 108 DNEADEME L = &
FoT, RETIHINERAEL DALFME 109 NELDLZ EICbrd, MA T, 20RO 109 1%
U ANCIEEMPAFET D720, D TRIGHEDEVMEFH TH 2 Z LB HERIS N D, 109 D X 5 72k Fk
NI TICHRER RSN TRV, U EBBEOBWVFETANLF—EZHMMA L TIOL D RALZE
LRI IR L 9 Db O L5 % 7= (Scheme 4-2-5),

Scheme 4-2-5

o) ®
PhSeSePh  + "Bu,P _— PhSe + PhSe—P"Bug

105 106

. S

PhSee + Oz —_— PhSe + 0,

105 107 108
low reactivity low reactivity

® ‘O o . ®
Phie/—P”Bug, + 0, _— PhSe + 0-0—-P"Bu,

106\\\\\\~__—/////408 105 109

extremely

high reactivity

UECHEARTELZENOEFIIARKISOEEZIRD X 5125 2 7= (Scheme 4-2-6), £ 7
tﬂmﬂhw%wKiéPMﬁ&h@%ﬁﬁﬁKiU\71:W?V:w7:ﬁyﬂﬁkF97?w$X
LT z= L= R106 3EU D (Eq. 1), ftWVC, 7=/ L =T =42 105 BNy -IREgH#E
IR ILTHZLICL-sT, 7= BL=AT VI 107 EA—N—FF T K7 =42 108 % 5
ZT2t% (Bq.2), 22 CHELTEA—NR—FF TV RT7=A 108N R TFNRAR=T LT =L =
K106 LEIGTHZEIZRY, I TFARARZT LN AFTTIOHN109 &7 2= L=LT
=F 105 2ETDLDOLEEZTE (Bq.3). ZOTVANFERT—T LD affDOKFEEGI &H Z LIk
VIRFET I HNAL M0 Z4EL (BEq.4), ZNET 2= L= T PHN10T BFEETDHZ LY, sk
THT7 =L =K E 52 THhD b0 EHERI L 72 (Eq. 5),
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Scheme 4-2-6

Q ®
PhSeSePh +  "BuP @ ——— > PhSe + "BusP=SePh  (Eq. 1)
105 106
phs®  + 0, —_— PhSe’ + 0.2 (Eq. 2)
105 107 108
. @ ® . ©
0.2 + "BuP—SePh —— > "BuP=0-0 + PhSe (Eq. 3)
108 106 109 107
L, v oo S
N + "BuP=0-0 ——— > - + "BusP=0-OH  (Eq.4)
0" H 109 0
110 111
< J +  Phse ——— J\ (Eq. 5)
0 0~ >SePh
110 107

TN T, =—T LA D a fOKFEDOSIEHEIHEWVELT R TFIURAR=T A Raobt
& K 111 X b tributylphosphine IZ32TE S5 Z EIZL S T2 Y ED Y TFILHERAT 4 U AF T K112
E1Y¥EOTa FrEKETS (BEq.6), 2 ZETICAELTWE2TFHO 7 ==L =T =42 105
IS TR IEE S BB LT AL T o=l L =T 107 & A—"—FF L K7 =742 108
LD 2ndEq.2), ZOXIHICLTAEL -7 ==t L=/ TE RN T ==k L =T
CHNNTIEE S ST 7T L 5T PhSeSePh # AT HH D EE X T2 (Eq. 7). ZAVIAKE TLC
TR BB U72BS. —BEETHR L7 PhSeSePh 3 FAT 2 &\ ) EBRFERZFHATE TV H b0 LB X T2
(Scheme 4-2-7),

Scheme 4-2-7
® ®
"BusP—0O-OH + "BusP —> 2"BugP=0 + H (Eq. 6)
111 112
S : -0
PhSe + 0, —_— PhSe + 0, 2nd (Eq. 2)
105 107 108
2 PhSe EE— PhSeSePh (Eq. 7)
107

ZO—FHT, BICAELZ20FEDODA—R=FF T FT7 =42 108 (71 F b iuTk Rr~LA

XU TUHNMIICEBRSIND (Eq. 8), ZDLH7E Fa LA XT 7 VB N3 IZHONTH=—T )b
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D o fLDOKFEE TN E LT ERSBUMETA SRWAREREWb D EZE X T, T72bb, B R
BT XTI N3 FEALDORISIIEEGT 5 2 R TET AYRISPEIT T2 Lick»
TRtk 114 & FIRBBFEIZHHT 2 (Eq. 9), %I, £ U772 {k/K3% 114 7 tributylphosphine
IRITEENDHZEIZE ST, MIETDEIHRAT 4 o AFV K N2 LRELEZTRIEREAMET 2D LB 2
7= (Eq. 10) (Scheme 4-2-8), = O & 5 IS & #&HE S D 720121d, SOSRH T U D IEMHRE B R 4 20
T 57O DOIWBFEIE D tributylphosphine 23 THY | ZDZ & HIHFIED tributylphosphine Z V21T
ER BN EN ) ERFEELZLIIRLTNDIHEDEEZTND,

Scheme 4-2-8
¥e) ® .

5 + H —_— H-0-0 (Eq. 8)

108 113
2 H-0-0 ———> H,0, + 0, (Eq. 9)

113 114
H20, + "BusP —_— "BusP=0 + H,0 (Eq. 10)

114 112

UEDXHITRE LT —#HDOIG A E LD & 1 248D PhSeSePh 1E 5 &= D tributylphosphine 35 £ O}
3UEDNTIRBIFELZMETHZLICL -T2 YEBDELAD -T2 L =)L —T L E2ELDHD
&% 2 7= (Eq. 11) (Scheme 4-2-9),

Scheme 4-2-9

PhSeSePh + 57"™BusP + 30, + 2 J\
N
0~ °H
(Eq. 11)

—_— 2. J\ + 5"BuzsP=0 + H,0
07 sePh

BNT, ZOLIITHRE LTV INERTHD Z EERZ B L CTHIEE T D720, TV VAT
Ry V¥ —& LT TEMPO #HFIHTCKIGEIToT-, TDOFEE. 0,Se-7 & & — /L OARIT 22 Hi
SN2 e, TUANVEECRICDEITT 5 2 L R RIB S U7 (Scheme 4-2-10),
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Scheme 4-2-10

"BusP (1.0 eq.), TEMPO (2.0 eq.) O\
PhSeSePh + { y vy, - 5 sePh
(@)

under O,, light shielding, rt 2 hr 78
1.0 mmol 50eq.

0.5eq. Not obtained

SOIZTHFEEFIZ 7 2 =B L= 7 =4 105 2R84AESE, ESB itk TT7 =1k L =
TUHNNT EA—N—=F X RT =108 ZHAESET- L LTH Scheme 4-2-4 THELE L2 L 51T,
RFET T 10 ZHE U DRUSMEE A I 7202 L & FEERAVICSLGET << HESRFK T, THF #H T
PhSeSePh [Z%f LT 2 Y &®D NaH ZEM &7z, ZTOFER., THILTZ X 512 0,Se-7 & & — 32 ARk
Lo 7o 2 STz T, SO TIE2 L7z PhSeSePh M2 ICHA L2 Z &b, 7=l L =)L
FTIANNT EA—N—FF T RT =A 108 1FIKFET TV 110 Z5AESH D RICHENR 20T & D3
5 & 72572 (Scheme 4-2-11),

Scheme 4-2-11

NaH (2.0 eq.) O\
PhSeSePh + Z > 7 > SePh

(@)
o under O,, light shielding, reflux, 2 hr 78
1.0 mmol 50eq.
0.5 eq. Not obtained
(PhSeSePh recoverd)
©
PhSeSePh  + 2 NaH e 2 PhSe + H, (Eq. 12)
105

© . Ne)
2 PhSe + 20, —_— 2 PhSe + 20, (Eg. 13)

105 107 108

ZOEIT LT TRISHEDENT P MEFRETH D N TFIARAR=T LA F T IT
V109 DFEZRE SR T HREREGEL TE e, T2 CRAETITFHEO T VN EFEHS AT
VUXNVEEmDDHIEILL ST, BT L R o TR DR B X B D EE RO JER DS
TELbDEERT, ThbH, U AEWITETRSIELEAT DL LI TRAR=T LUV
XTIV INDTTINE L TORIMEE S HIZEH DL ENTENIL, HOWLEHADT VNV E 5
ESEDLIENTELTZVANMRICRY 556D EE 2T (Figure 4-2-1),
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Figure 4-2-1
EWG

0
'o-o-p@
Q

EWG

proposed powerful radical initiator

PLERART & 72 X 9 IR T —T MBI 6 0-C(sp)-H Z1EME LT 0,Se-7 & & — /T L Hilz
mERAER L, ZhEFTTRONE LT T 5 2 L2 RS U THRETZAT o 72R5 k. PhSeSePh,
tributylphosphine 33 J U35 % #5647 S & 2 D TIRFN7Z2 5040 F CERADO LG HEIT L, MIE T 0,5e-7 &
BNV EERT DI LN TE DRI HEROBRFICRE Lz, & 512, D TRIGHEDRN=—T L a
NAKFRET VN ELTHEHRLS ZENRTEDIHMEFHETHD N T FNARAR=T AL EF v
TN L LR LWRICHEE AT 5 2 LN T&E T,

ZO LD IR EM T CkA = —T b EME 7 2 =B L =L TE DU DWW TIE 2 E
TIZHE SN TV RN &b, GREFNIC BB TEERKRL THLI O LE X OND,
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oG

AimLlx, 77 —~a 737 O—fEHENIND o, B-FREAF1T 7 ¥ LEAL (Michael acceptor) 7357
W oxy-Michael S £ 0 = 2 % 0 7 ST R 2L EEE 2 4 LT D . RERHBSKAEMIE M E D
SRR YUV VHEICERL, T0aT R SRR ) UV VERIZOW T, EO TR
(ZA VAR T SNTH T 226 RIS I IS S W I B SUE R BB T2 L L b, ZoFEERALE
SRR Y UV VEHOSERE B E LISFRISINZ T, AREFZEO TR S A b
S 7B R R BT AR FEIC DWW C U B C b7 - T2 b D TH 5.

ZOMZEEBLU T, EHFaT ERDCBEY R Y UV L ORI IE S S MREAZ R TS
EBIT, ZHEFA L RRBSRAEYIEEWE DR FREM A ER T HZ LN TET, Fio, RICEMK
SN TOWRWRARERIEEMORERITORP LEBERRREZH[L LN TE L, I HIT, AIELTH
AR 06 % . BRMED @O EOGEEEOIEE 4 5 0 CTHEL T DICE o T,

FEREDMENL LT ZREE r U U9 ) B OB BEEIINUCHED @\ o, B-RNEAFNT 7 2 LEL
(2% LT Michael J)i&s & retro Michael i % #8t V) IR T & EIKIC LS < S D TH 5,

2.0

N=N

© o
W\
- :C O.Me Reduction of ester — O\ oxy-Michael \: Condensation with acyl donor
o N N e > R B » S e ] »
N N 0~ "N
OTBS 0" N Moras \—"0TBS
R R R
. L SPh
O retro oxy-Michael thio-Michael o
O \: ~mmmeemeSIIIIIIIL .. o) =\ 00| meeeeeeeeeeeaaaaao > ~
3 . “\\\OH i Y SOH
Reversible process Irreversible process N
O N o) N (¢]
\—"0TBS \—"0TBS \—"0TBS
R o R R
Oxidati SPh retro thio-Michael & o o
xiaation e} oxy-Michael Q Removal of silyl grou, \
_____________ » O L s O =0 Temovarorsiyigioup Lo =0
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Experimental Section

'H and "’C NMR spectra were recorded on a Bruker AVANCE600 and a JEOL JNM-LD400 spectrometer that was
operating at 400 or 600 MHz for tH NMR, 100 or 150 MHz for °*C NMR. Chemical shifts were reported in parts
per million (ppm) on the & scale relative to residual CHCl; (8 = 7.26 for 'H NMR and & = 77.0 for °C NMR) as an
internal references. The following abbreviations are used to explain the multiplicities: s = singlet, d = doublet, t =

triplet, q = quartet, m = multiplet, br = broad. Coupling constants (/) are reported in Herz (Hz).

Attenuated total reflectance (ATR)-FTIR spectra were recorded on a Perkin-Elmer 100 FTIR spectrometer.
Absorbance frequencies are recorded in reciprocal centimeters (cm™). Optical rotations were measured using a
JASCO P-1030 digital polarimeter using a 50 mm cell and the sodium D line (589 nm). The operated temperature,
solvent and concentration were indicated in each compound. High-resolution mass spectroscopy (HRMS) was
performed on a Varian 910-Fourier-transform mass spectrometer by using electrospray ionization (ESI) or on a

JEOL JMS-SX102A mass spectrometer by using fast atom bombardment (FAB) and electron ionization (EI).

Reactions were monitored by thin-layer chromatography (TLC) analysis on a silica gel 60 F,sq4 (Merck
1.105715.0009) plates. TLC plates were visualized by exposure to ultraviolet (UV) light (254 nm), and/or by
staining with an acidic ethanol solution of p-anisaldehyde or basic aqueous potassium permanganate (KMnO,) and
then heating. Silica gel 60N (KANTO CHEMICAL CO., INC., spherical, neutral, 63—210 pm) was used for Flash

column chromatography.

Yields refer to chromatographically and spectroscopically pure compounds, unless otherwise noted. All reagents
and solvents were purchased from Wako Pure Chemical Industries Ltd. (Japan) or Tokyo Chemical Industry Co.,
Ltd. (Japan). All ethers were distilled from sodium/benzophenone. Tri-n-butylphosphine was distilled under Ar
atmosphere before use. Dichloromethane (CH,Cl,) was distilled from CaH, immediately before use. Triethylamine

(EtsN), diisopropylamine (i-Pr,NH), N,N-diisopropylethylamine (i-Pr,NEt) was distilled from CaH, and stored over
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KOH. N,N-dimethylformamide (DMF) and dimethyl sulfoxide (DMSO) were distilled from CaH;and stored over
activated 4 A MS. Methyl alcohol (MeOH) and ethyl alcohol (EtOH) was distilled from Mg(OMe)2 and stored over
activated 3 A MS. All moisture-sensitive reactions were performed under a static argon atmosphere in oven-dried

or flame-dried glassware with magnetic stirring, unless otherwise indicated.
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4-Maleimidobutyric acid (3) *”

1) AcOH, rt

| o 4+  HN__~_ COOH

Y
?
Q
o
o
T

2) Et3N, toluene, reflux
1 2 3

A mixture of maleic anhydride 1 (5.00 g, 50.9 mmol) and 4-aminobutanoic acid 2 (5.25 g, 50.9 mmol) in AcOH
(50.9 mL) was stirred at ambient temperature for 3 hr. The white precipitate was filtered, washed with Et,O, and
dried to provide the white solid. The solid was used in the next step without further purification.

The white solid was suspended in toluene (509 mL) and treated with Et;N (14.2 mL, 102 mmol). This solution
was refluxed with vigorous stirring for 2 hr with concomitant removal of formed H,O via a Dean-Stark apparatus.
The solid was acidified to pH 2 with 1 N aqueous hydrochloric acid solution, extracted with AcOEt, and dried over
Na,SO,. The solvent was removed in vacuo to give the title compound 3 as a white solid (7.63 g, 41.7 mmol, 82%

yield).

"H NMR (600 MHz, CDCl3) 6 = 6.71 (s, 2H), 3.61 (t, J= 6.6 Hz, 2H), 2.38 (t, /= 7.2 Hz, 2H), 1.94 (qu, /= 7.2 Hz,
2H);

C NMR (150 MHz, CDCl;) & = 178.25, 170.77, 170.75, 134.05, 134.03, 36.86, 31.05, 23.45.

Methyl 4-maleimidobutyrate (4) =)
O O
Socl,
| N._-~_COOH > || N._~_COOMe
MeOH, 0°C to rt
o O
3 4

To a solution of 4-maleimidobutyric acid 3 (6.15 g, 33.6 mmol) in MeOH (33.6 mL) at 0 °C was added dropwise

SOCI, (2.56 mL, 35.8 mmol). After stirring for 5 hr at ambient temperature, the solvent was removed in vacuo. The
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crude residue was purified by silica gel flash chromatography (Hexane/AcOEt = 67:33 to 50:50) to provide the title

compound 4 as a pale orange solid (5.10 g, 25.9 mmol, 77% yield).

'H NMR (600 MHz, CDCls) & = 6.69 (s, 2H), 3.67 (s, 3H), 3.58 (t, J = 7.2 Hz, 2H), 2.32 (t, J = 7.2 Hz, 2H), 1.94

(qu, J="7.2 Hz, 2H);

C NMR (150 MHz, CDCl3) & = 173.03, 170.83, 134.24, 51.75, 38.00, 31.21, 24.77.

(£)-Methyl (1R,7aS)-7a-((tert-butyldimethylsilyl)oxy)-5-0x0-2,3,5,7a-tetrahydro-1H-pyrrolizine-1-carboxylate

O
0
EtsN, TBSOTf =\ CO,Me
| N._-~_COOMe > :
CH2C|2, O°Ctort (@] N
O —"0T1BS

4 5

To a solution of methyl 4-maleimidobutyrate 4 (3.00 g, 15.2 mmol) in CH,Cl, (40 mL) at -78 °C was added Et;N
(5.26 mL, 38.0 mmol) followed by TBSOTT (6.98 mL, 22.3 mmol). The flask was allowed to warm to ambient
temperature. After 2 hr, the reaction mixture was diluted with CH,Cl,, washed with saturated sodium bicarbonate
solution (10 mL) and brine, dried over Na,SO,, and concentrated. The crude residue was purified by silica gel flash
chromatography (hexane/AcOEt = 83:17 to 75:25) to provide the title compound 5 as an orange solid (4.22 g, 13.5

mmol, 89% yield) as a single diastereomer.

"H NMR (600 MHz, CDCL3) § = 6.94 (d, J = 6.6 Hz, 1H), 5.96 (d, J= 6.0 Hz, 1H), 3.77 (dd, J= 8.4, 19.2 Hz, 1H),
3.57 (s, 3H), 3.27 (ddd, J= 2.4, 9.0, 13.2 Hz, 1H), 3.11 (d, J = 5.4 Hz, 1H), 2.55-2.62 (m, 1H), 2.46-2.50 (m, 1H),
0.86 (s, 9H), 0.07 (s, 3H), 0.02 (s, 3H);

3C NMR (150 MHz, CDCls) § = 173.28, 171.29, 147.71, 127.81, 100.75, 52.89, 51.86, 41.86, 30.95, 25.41, 17.80,

-3.53, -4.13.
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(:I:)-(ZaS,ZalR,7 aS)-2al-((tert-Butyldimethylsilyl)oxy)hexahydrofuro[2,3,4-gh] pyrrolizin-6(2H)-one (6)

"0
=\__ LOzMe NaBH,, CaCl, N
0~ N 0 N -

\—"0TBS EtOH, 0°C to rt \—Y0TBS
5 6

To solution of CaCl, (19.5 mg, 0.176 mmol) in EtOH (1.0 mL) at 0 °C was added NaBH, (13.3 mg, 0.352 mmol)
followed by a solution of 5 (50.0 mg, 0.160 mmol) in EtOH (0.60 mL). The flask was allowed to warm to ambient
temperature. After 4 hr, the reaction mixture was acidified with saturated aqueous ammonium chloride solution,
extracted with AcOEt, washed with water and brine, dried over Na,SO,, and concentrated. The crude residue was
purified by silica gel flash chromatography (hexane/AcOEt = 75:25) to provide the title compound 6 as a white

solid (43.5 mg, 0.153 mmol, 96% yield).

IR (ATR) Vyax - 2957, 2891, 2858, 1709, 1129, 1061, 833, 776 em’™;

'"H NMR (600 MHz, CDCls) = 4.10 (d, J = 4.8 Hz, 1H), 4.06 (dd, J = 6.6, 9.6 Hz, 1H), 4.01 (ddd, J = 3.0, 8.4,
14.4 Hz, 1H), 3.55 (dd, J = 3.6, 9.6 Hz, 1H), 3.12-3.17 (m, 1H), 2.90 (ddd, J = 1.2, 4.2, 17.4, 1H), 2.68-2.71 (m,
1H), 2.43 (d, J= 17.4 Hz, 1H), 2.30-2.36 (m, 1H), 1.68-1.73 (m, 1H), 0.88 (s, 9H), 0.11 (s, 6H);

13C NMR (150 MHz, CDCl;) § = 176.62, 81.68, 73.20, 50.31, 45.19, 39.29, 32.78, 25.49, 17.75, -3.32, -3.49;

HRMS (FAB+) m/z caled for C1sHxNO;Si (M+H)' 284.1682, found 284.1680.

(H)-(7S,7a8)-7a-((tert-Butyldimethylsilyl)oxy)-7-(hydroxymethyl)-5,6,7,7a-tetrahydro-3 H-pyrrolizin-3-one (7)

0 HO
Y LDA =\ }
0N © 0PN
—"0oTBS THF, -78 to 0°C —oTBS
6 7

To a solution of diisopropylamine (0.18 mL, 1.28 mmol) in THF (3.2 mL) was added dropwise n-BuLi (1.37 M

in hexane, 0.93 mL, 1.28 mmol) at 0 °C, and then the mixture was stirred at the same temperature for 10 min. To
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the mixture was added dropwise a solution of 6 (182 mg, 0.642 mmol) in THF (3.2 mL) at -78 °C. After stirring for
1 hr at the same temperature, the reaction was quenched with saturated aqueous ammonium chloride solution,
extracted with AcOEt, washed with water and brine, dried over Na,SO, and concentrated. The crude residue was
purified by silica gel flash chromatography (hexane/AcOEt = 95:5 to 67:33) to provide the title compound 7 as a

white solid (111 mg, 0.392 mmol, 61% yield).

IR (ATR) Vpax = 3424, 2953, 2930, 2896, 2857, 1693, 1099, 837, 778 cm’’;

'"H NMR (600 MHz, CDCls) 8 = 7.04 (d, J = 5.4 Hz, 1H), 5.98 (d, J = 5.4 Hz, 1H), 3.45 (ddd, J=9.0, 9.0, 11.4 Hz,
1H), 3.25 (ddd, J= 6.0, 6.0, 10.8 Hz, 1H), 3.21 (dddd, J= 3.6, 3.6, 11.4, 11.4, 1H), 2.53-2.60 (m, 1H), 2.43 (dddd,
J=1.2,13.8,13.8, 13.8 Hz, 1H), 2.00-2.05 (m, 1H), 0.87 (s, 9H), 0.06 (s, 3H), 0.02 (s, 3H);

PC NMR (150 MHz, CDCl;) & = 173.75, 149.63, 127.10, 101.13, 61.52, 49.66, 40.68, 29.99, 25.47, 17.83, -3.37,
-4.05;

HRMS (FAB+) m/z caled for C1,H,NO5Si (M+H)' 284.1682, found 284.1682.

(1H-Benzo|d][1,2,3]triazol-1-yl)(cyclohexyl)methanone (10) 62)

soci,, M\ Q
Ny .

<

CH,Cl,, rt oi N/@
0”7 ~OH '
N=N

10

To a solution of cyclohexanecarboxylic acid (1.00 g, 7.80 mmol) in CH,Cl, (15 mL) was added dropwise a
solution of SOCI, (0.62 mL, 8.58 mmol) and 1,2,3-benzotriazole (2.79 g, 23.4 mmol) in CH,Cl, 16 mL, and then
the mixture was stirred at the ambient temperature for 1 hr. The mixture was filtered and the filtered white solid
was washed with CH,Cl,. The filtrate was concentrated in vacuo. And the crude residue was purified by silica gel
flash chromatography (hexane/AcOEt = 95:5 to 50:50) to provide the title compound 10 as a white solid (1.60 g,

6.97 mmol, 89% yield).
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'"H NMR (600 MHz, CDCls) § = 8.29 (d, J = 8.4 Hz, 1H), 8.11 (d, J= 8.4 Hz, 1H), 7.62-7.65 (m, 1H), 7.48-7.50 (m,
1H), 3.90 (ddd, J = 3.0, 6.6, 11.4 Hz, 1H), 2.12 (d, J = 12.6 Hz, 2H), 1.88 (d, J = 13.2 Hz, 2H), 1.78 (d, /= 13.2 Hz,
1H), 1.68 (ddd, J = 3.6, 6.6, 24.6, 2H), 1.45-1.52 (m, 2H);

3C NMR (150 MHz, CDCLy) & = 175.63, 146.11, 131.23, 130.24, 125.98, 120.02, 114.57, 43.22, 29.16, 25.66,

25.35.

-2 aS,ZalR,7R,7 aS)-Zal-((tert-Butyldimethylsilyl)oxy)-7-(cyclohexanecarbonyl)hexahydrofuro[2,3,4-gh] pyr

rolizin-6(2H)-one (9)

0~ N THF, -78 to 0°C

\—"0TBS
9

To a solution of diisopropylamine (0.025 mL, 0.18 mmol) in THF (0.90 mL) was added dropwise n-BuLi (1.37
M in hexane, 0.13 mL, 0.18 mmol) at 0 °C, and then the mixture was stirred at the same temperature for 30 min. To
the mixture was added dropwise a mixture of 10 (40 mg, 0.18 mmol) and (£)-6 (50 mg, 0.18 mmol) in THF (0.90
mL) for 10 min at -78 °C. After stirring for 30 min at the same temperature and another 30 min at 0 °C, the reaction
was quenched with saturated aqueous ammonium chloride solution, extracted with CH,Cl,, washed with brine,
dried over Na,SO, and concentrated. The crude residue was purified by silica gel flash chromatography
(hexane/AcOEt = 95:5 to 90:10) to give the title compound as a pale yellow oil (62 mg, 0.163 mmol, 90% yield) as

a mixture of keto-enol tautomers (keto-form : enol-form = 1 : 1, determined by IH—NMR).

IR (ATR) Vi = 2929, 2855, 1703, 1666, 1139, 1128, 836, 777 cm’';

'H NMR (600 MHz, CDCl;) 6 = 11.96 (brs, 1H, enol), 4.61, (s, 1H, keto), 4.54 (s, 1H, enol), 4.08 (dd, /= 7.2, 9.6
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Hz, 1H, keto), 4.03 (ddd, J=3.6, 6.6, 12.6 Hz, 1H, keto), 4.01 (dd, J=7.2, 9.6 Hz, 1H, enol), 4.01 (dd, J=7.2,9.6
Hz, 1H, enol), 3.91 (ddd, J = 4.2, 9.0, 12.6 Hz, 1H, enol), 3.71 (s, 1H, keto), 3.47 (dd, J = 4.8, 9.6 Hz, 1H, keto),
3.30 (ddd, J=17.2, 8.4, 12.0 Hz, 1H ,enol), 3.27 (dd, J = 7.2, 9.6 Hz, 1H, enol), 3.21 (ddd, J = 7.2, 12.0, 16.2 Hz,
1H, keto), 2.87 (dddd, J = 3.0, 6.6, 11.4, 14.4 Hz, 1H, enol), 2.74 (ddd, /= 4.8, 7.2, 12.0 Hz, 1H, keto), 2.71 (dddd,
J=1.8,4.8,7.8,9.6 Hz, 1H, enol), 2.33 (dddd, J= 3.6, 6.6, 7.8, 10.2 Hz, 1H, keto), 2.31 (ddd, J=3.0, 7.8, 11.4 Hz,
1H, enol), 2.21-2.26 (m, 1H, keto), 1.65-1.81 (m, 8H), 1.54-1.63 (m, 2H), 1.19-1.42 (m, 10H), 0.89 (s, 9H), 0.88 (s,
9H), 0.12 (s, 3H), 0.10 (s, 3H), 0.07 (s, 3H), 0.03 (s, 3H);

C NMR (150 MHz, CDCls) & = 204.44, 177.56, 176.59, 172.01, 108.88, 101.20, 82.55, 81.33, 73.03, 70.61, 63.72,
50.59, 49.60, 48.67, 45.66, 45.21,41.51, 31.37, 29.35, 29.18, 29.14, 27.69, 25.81, 25.71, 25.67, 25.62, 25.51, 25.54,
25.43,17.83, -3.40, -3.58, -3.65, -3.73;

HRMS (FAB+) m/z Caled for CyH3gNO,Si (M+H)™ 394.2414, found 394.2412.

(H)-(1R,2R,7S,7aR)-Ta-((tert-Butyldimethylsilyl)oxy)-2-(cyclohexanecarbonyl)-7-(hydroxymethyl)-1-(phenylt

hio)- hexahydro-3H-pyrrolizin-3-one (14)

N
\—"0TBS \—"0TBS
9 14

To a solution of 9 (350 mg, 0.89 mmol) in MeOH (1.8 mL) was added benzenethiol (0.18 mL, 1.78 mmol)
followed by Et;N (0.12 mL, 0.89 mmol). After stirring at ambient temperature for 6 hr, the reaction mixture was
concentrated in vacuo. The crude residue was purified by silica gel flash chromatography (hexane/AcOEt = 83:17

to 75:25) to provide the title compound 14 as a white solid (430 mg, 0.85 mmol, 96% yield).

IR (ATR) Vi = 3458, 2929, 2855, 1719, 1701, 1252, 1082, 837, 776 cm’™;

'H NMR (600 MHz, CDCl;) & = 7.45 (ddd, J= 1.8, 1.8, 4.8, 2H), 7.24-7.28 (m, 3H), 4.46 (d, J= 9.6 Hz, 1H), 4.29
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(d, J=9.6 Hz, 1H), 3.81 (dd, J= 7.8, 14.4 Hz, 1H), 3.69 (ddd, J= 6.0, 12.0, 16.8, 1H), 3.62 (ddd, J = 4.8, 8.4, 12.0
Hz, 1H), 3.15 (ddd, J = 7.2, 12.0, 15.0 Hz, 1H), 2.60 (s, 1H), 2.51 (dddd, J = 4.8, 7.8, 12.6, 19.8 Hz, 1H), 2.47
(dddd, J = 3.0, 6.0, 11.4, 14.4, 1H), 2.17-2.22 (m, 1H), 1.83-1.86 (m, 1H), 1.66-1.75 (m, 3H), 1.60-1.66 (m, 1H),
1.20-1.29 (m, 3H), 1.10-1.19 (m, 1H), 0.99 (s, 9H), 0.91-0.95 (m, 1H), 0.23 (s, 3H), 0.18 (s, 3H);

13C NMR (150 MHz, CDCl;) & = 207.96, 170.91, 132.93, 132.66, 129.04, 127.93, 98.98, 62.41, 62.06, 53.10, 51.92,
51.35,42.78,29.37, 27.71, 26.90, 25.85, 25.79, 25.66, 25.21, 18.34, -2.85, -3.40;

HRMS (FAB+) m/z Calcd for C,;H4,NO4Si 504.2604, found 504.2603.

(#)-(1R,6R,7R,7aR)-Ta-((tert-Butyldimethylsilyl)oxy)-6-(cyclohexanecarbonyl)-5-oxo-7-(phenylthio)hexahydr

o-1H-pyrrolizine-1-carbaldehyde (16)

\—"0TBS
16

IR (ATR) Vpae = 2929, 2855, 1722, 1702, 1240, 1079, 836, 776 cm’;

"H NMR (600 MHz, CDCl;) § = 9.89 (d, J = 1.2 Hz, 1H), 7.38-7.39 (m, 2H), 7.24-7.28 (m, 3H), 4.22 (d, /= 10.2
Hz,1H), 4.19 (d, J= 10.2 Hz, 1H), 3.73 (dddd, J = 4.2, 12.0, 12.0, 12.0 Hz, 1H), 3.20 (dddd, J = 4.2, 4.2, 10.8, 10.8
Hz, 1H), 3.18 (dd, J = 6.6, 12.0 Hz, 1H), 2.48 (dddd, J= 5.4, 5.4, 10.8, 10.8 Hz, 1H), 2.29 (dddd, J = 5.4, 15.6, 15.6,
15.6 Hz, 1H), 2.17 (dddd, J = 4.2, 13.2, 13.2, 13.2 Hz, 1H), 1.81-1.83 (m, 1H), 1.68-1.74 (m, 3H), 1.61-1.64 (m,
1H), 1.27 (s, 9H), 1.24-1.30 (m, 3H), 1.12-1.14 (m,1H), 0.96-1.00 (m, 1H), 0.24 (s, 3H), 0.20 (s, 3H);

13C NMR (150 MHz, CDCly) § = 206.45, 198.35, 170.65, 132.82, 132.58, 129.07, 128.08, 97.94, 61.40, 61.37,

54.52,51.73,42.59, 27.79, 26.87, 26.72, 25.77, 25.65, 25.17, 18.32, -2.91, -3.41.

(£)-2,5-Dioxopyrrolidin-1-yl (1R,6R,7R,7aR)-Ta-((tert-butyldimethylsilyl)oxy)-6-(cyclohexanecarbonyl)
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-5-0x0-7-(phenylthio)hexahydro-1H-pyrrolizine-1-carboxylate (20)

—"0TBS
20

'"H NMR (600 MHz, CDCls) § = 7.53 (dd, J = 0.6, 8.4 Hz, 2H), 7.20-7.27 (m, 3H), 4.86 (d, J = 9.6 Hz, 1H), 4.23 (d,
J=9.6 Hz, 1H), 3.65 (ddd, J = 7.8, 10.2, 10.2 Hz, 1H), 3.34 (dd, J= 1.8, 7.2 Hz, 1H), 3.32 (dddd, J = 0.6, 7.8, 7.8,
7.8 Hz, 1H), 2.83 (s, 2H), 2.82 (s, 2H), 2.72 (ddddd, J= 7.8, 7.8, 9.0, 9.0, 9.0 Hz, 1H), 2.51 (ddddd, J=4.2, 4.2, 7.2,
7.2,7.2 Hz, 1H), 2.41 (dddd, J= 7.8, 7.8, 11.4, 11.4 Hz, 1H), 1.77 (dd J = 1.8, 12.6, 1H), 1.68 (dddd, J = 7.2, 7.2,
12.6, 12.6 Hz, 3H), 1.18-1.28 (m, 4H), 1.10 (dddd, J = 1.8, 1.8, 16.2, 16.2 Hz, 1H), 1.00 (s, 9H), 0.87 (dddd, J = 1.5,

9.0, 9.0, 9.0 Hz, 1H), 0.34 (s, 3H), 0.16 (s, 3H).

H)-(1R,6R,7R,TaR)-Ta-((tert-butyldimethylsilyl)oxy)-6-(cyclohexanecarbonyl)-5-oxo-7-(phenylthio)hexahydr

o-1H-pyrrolizine-1-carboxylic acid (15)

N
—"0TBS
15

IR (ATR) Vo - 2930, 2856, 1724, 1661, 1416, 1208, 1171, 1072, 837, 747 cm’’;

"H NMR (600 MHz, CDCls) & = 7.53 (dd, J = 1.2, 8.4 Hz, 2H), 7.18-7.23 (m, 3H), 4.63 (d, J = 9.6 Hz, 1H), 4.26 (d,
J=9.6 Hz, 1H), 3.67 (dddd, J = 7.8, 15.6, 15.6 Hz, 1H), 3.25 (dddd, J=4.2, 11.4, 11.4, 11.4 Hz, 1H), 3.14 (dd, J =
4.2,7.2 Hz, 1H), 2.50 (dddd, J = 6.6, 6.6, 11.4, 11.4 Hz, 1H), 2.44 (ddd, J = 7.2, 7.8, 7.8 Hz, 1H), 2.41 (dddd, J =
8.4,8.4,13.2,13.2 Hz, 1H), 1.80 (dd J= 1.8, 12.0, 1H), 1.72 (dddd, J = 7.2, 7.2, 12.6, 12.6 Hz, 3H), 1.61 (ddd, J=
1.8, 12.0, 12.0, 1H), 1.21-1.31 (m, 3H), 1.10 (dddd, J = 1.8, 1.8, 16.2, 16.2 Hz, 1H), 1.00 (s, 9H), 0.88 (dddd, J =

1.5,9.0, 9.0, 9.0 Hz, 1H), 0.28 (s, 3H), 0.17 (s, 3H);
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C NMR (150 MHz, CDCl;) 8 = 206.49, 175.15, 169.80, 133.36, 132.69, 128.90, 127.64, 98.39, 62.64, 53.51,

52.73,51.47, 42.66, 29.90, 27.98, 26.90, 25.88, 25.80, 25.72, 25.16, -2.66, -3.72.

*)-(1R,6R,7R,7aR)-Ta-((tert-Butyldimethylsilyl)oxy)-6-(cyclohexanecarbonyl)-5-oxo-7-((S)-phenylsulfinyl) he

xahydro-1H-pyrrolizine-1-carboxylic acid (21)

\—"0TBS
21

'"H NMR (600 MHz, CDCls) § = 7.70 (dd, J = 1.2, 7.2 Hz, 2H), 7.61 (dddd, J = 1.8, 2.4, 7.2, 7.2 Hz, 1H), 7.54
(dddd, J=2.4,2.4,7.2,7.2 Hz, 2H), 4.71 (d, J= 10.2 Hz, 1H), 4.18 (d, J = 10.2 Hz, 1H), 3.61 (ddd, J= 10.8, 18.6,
18.6 Hz, 1H), 3.42 (dd, J = 9.6, 9.6 Hz, 1H), 3.38 (dd, J = 0.6, 7.2 Hz, 1H), 2.85-2.88 (m, 1H), 2.49-2.56 (m, 1H),
2.36 (dddd, J = 6.0, 6.0, 11.4, 11.4 Hz, 1H), 1.57-1.70 (m, 3H), 1.42-1.48 (m, 2H), 1.12-1.24 (m, 2H), 0.99- 1.07 (m,
2H), 1.05 (s, 9H), 0.61 (dddd, J = 3.6, 24.6, 24.6, 24.6 Hz, 1H), 0.14 (s, 3H), 0.10 (s, 3H);

3C NMR (150 MHz, CDCl3) § = 201.92, 169.60, 165.76, 137.65, 133.50, 129.77, 126.80, 97.17, 76.21, 67.54,

55.23, 54.40, 50.57, 41.89, 28.94, 26.81, 25.81, 25.72, 25.60, 24.98, 19.80, -2.89, -3.80.

-2 aR,ZalR,7R,7 aS)-2 al-((tert-Butyldimethylsilyl)oxy)-7-(cyclohexanecarbonyl)hexahydrofuro [2,3,4-gh]|pyr

rolizine-2,6-dione (22)

1) IBX, DMSO
2) N-hydroxyphthalimide
3) sat. NaHCO; aq.

\

6 steps, one pot

\—"0TBS N—"0T1BS
14 22

To a solution of IBX (90 mg, 0.32 mmol) in DMSO (0.35 mL) was added 14 (20 mg, 0.040 mmol). After stirring
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at ambient temperature for 3 hr, 4-hydroxyphthalimide (33 mg, 0.20 mmol) in DMSO (0.25 mL) was added and the
reaction mixture was stirred for an additional 1 hr. sat. NaHCOj; aq. (1.0 mL) and DMSO (1.0 mL) were added to
the reaction mixture. After stirring for 20 hr, the mixture was filtered and the filtered solid was washed with CH,Cl,
(5.0 mL). The filtrate was extracted with CH,Cl, (5.0 mL) and AcOEt (5.0 mL), washed with brine, dried over
Na,SO,, and concentrated in vacuo. The crude residue was purified by silica gel flash chromatography
(hexane/AcOEt = 100:0 to 90:10) to provide the title compound 22 as a pale yellow oil (12 mg, 0.030 mmol, 76%

yield) as mixture of keto-enol tautomer.

IR (ATR) Vpay = 2930, 2857, 1782, 1706, 1667, 1639, 1129, 1118, 837, 778, 752 cm’';

"H NMR (600 MHz, CDCl3) 6 = 11.91 (br, 1H, enol), 5.21, (s, 1H, keto), 5.19 (s, 1H, enol), 3.88-3.92 (m, 2H, keto),
3.88-3.92 (m, 2H, enol), 3.89 (s, 1H, keto), 3.31-3.36 (m, 2H, enol), 3.28-3.33 (m, 1H, keto), 3.21 (dd, /=4.2, 10.2
Hz, 1H, enol), 3.12 (dd, J = 2.4, 9.0 Hz, 1H, keto), 2.90 (dddd, J=3.0, 6.6, 11.4, 14.4 Hz, 1H, keto), 2.60-2.66 (m,
1H, enol), 2.59-2.65 (m, 1H, keto), 2.54-2.60 (m, 1H, keto), 2.39-2.44 (m, 1H, enol), 2.30-2.35 (m, 1H, keto),
2.02-2.04 (m, 1H, enol), 1.93-1.95 (m, 1H), 1.71-1.83 (m, 6H), 1.53-1.64 (m, 6H), 1.24-1.32 (m, 6H), 0.89 (s, 9H,
keto), 0.88 (s, 9H, enol), 0.14 (s, 3H, keto), 0.10 (s, 3H, keto),0.10 (s, 3H, enol), 0.07 (s, 3H, enol);

C NMR (150 MHz, CDCls) & = 203.03, 180.07, 175.85, 175.19, 175.03, 169.48, 102.07, 102.00, 99.63, 81.85,
81.67, 81.34, 62.78, 50.68, 49.34, 48.31, 44.54, 43.14, 42.66, 42.00, 31.08, 29.99, 29.37, 29.32, 29.03, 28.78, 27.49,
25.70, 25.66, 25.64, 25.57, 25.49, 25.42, 25.34, 25.29, 24.94, 17.87, 17.60, -3.60, -3.62, -3.70, -3.73;

HRMS (FAB+) m/z Caled for C,,H34NOsSi (M+H)" 408.2206, found 408.2206.

(£)-(2aR,2a'R,7R,7aS)-7-(Cyclohexanecarbonyl)-2a'-hydroxyhexahydrofuro[2,3,4-gh|pyrrolizine-2,6-dione

(25)
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TBAF

Y

THF, 0°C

\—"0TBS
22

To a solution of 22 (33 mg, 0.082 mmol) in THF (0.82 mL) was added tetrabutylammonium fluoride (1.0 M in
THEF, 0.090 mL, 0.090 mmol) at 0 °C. After stirring for 1 hr, the reaction mixture was diluted with CH,Cl,, washed
with saturated aqueous ammonium chloride solution and brine. The organic layer was dried over Na,SO4 and
concentrated. The crude residue was purified by silica gel flash chromatography (hexane/AcOEt = 100:0 to 50:50)

to provide the title compound 25 as a yellow solid (25 mg, 0.085 mmol, quantitatively).

IR (ATR) vy = 3421, 2933, 2856, 1789, 1701, 1691, 1374, 1331, 1310, 1162, 1025, 967, 731 cm’’;

"H NMR (600 MHz, CDCls) § = 4.76 (s, 1H), 4.20 (s, 1H), 3.80-3.85 (m, 1H), 3.35 (ddd, J= 5.4, 9.6, 12.0, 15.0 Hz,
1H), 3.26 (dd, J = 2.4, 9.6 Hz, 1H), 2.77 (dddd, J = 3.6, 6.6, 11.4, 14.4 Hz, 1H), 2.73 (ddd, J = 5.4, 9.6, 13.8, 15.0
Hz, 1H), 2.38-2.59 (m, 1H), 2.00-2.03 (m, 1H), 1.93-1.98 (m, 1H), 1.78-1.86 (m, 1H), 1.69-1.72 (m, 1H), 1.27-1.44
(m, 5H), 1.18-1.26 (m, 1H);

13C NMR (150 MHz, CDCl3) & = 209.57, 174.72, 167.12, 100.90, 80.53, 62.74, 51.23, 47.68, 41.68, 29.98, 28.28,
26.89, 25.54, 25.51, 24.90;

HRMS (EI+) m/z Calcd for C;sH;oNOs 293.1263, found 293.1263.
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(2E 4E)-Hexa-2,4-dien-1-yl acetate (27) **

o LiAIH, EtsN, DMAP, Ac,O
- e Ve VN -~
/\/\)’\OH OH OAc
Et,0, reflux 26 pyridine, 0°C to rt 27

To a suspension of LiAlH, (10.4 g, 275 mmol) in Et,O (250 mL) at 0 °C was added 2,4-hexadienoic acid (14.0 g,
125 mmol) slowly. The reaction mixture was refluxed for 20 min. The flask was cooled to 0 °C and diluted with
Et,0O. The reaction was quenched with saturated aqueous sodium bicarbonate solution, filtered, and washed with
Et,0, and the filtrate was concentrated. The residue was used in the next step without further purification.

To a solution of crude 26 in CH,Cl, (180 mL) was added Et;N (22.6 mL, 162 mmol), Ac,0O (13.0 mL, 137 mmol),
DMAP (153 mg, 1.25 mmol) at 0 °C. After stirring for 1 hr at the same temperature, the reaction mixture was dilute
with H,O, extracted with CH,Cl,, washed brine, dried over Na,SO, and concentrated. The crude residue was
purified by silica gel flash chromatography (hexane/AcOEt = 90:10) to provide the title compound 27 as a colorless

oil (15.0 g, 108 mmol, 86% yield, over two steps).

26: IR (ATR) Vinax = 3350,3020, 2910, 2850, 1660, 1090, 980, 920 cm’';
"H NMR (600 MHz, CDCl3) § = 6.19-6.21 (m, 1H), 6.05-6.07 (m, 1H), 5.75-5.69 (m, 2H), 4.16 (+, J = 6.0 Hz, 2H),
1.21 (¢, J = 6.6 Hz, 3H);

C NMR (150 MHz, CDCl;) 8 = 130. 74, 129.20, 128.70, 125.70, 66.10, 17.10

27: 'H NMR (600 MHz, CDCL;) § = 6.25 (dd, J = 10.6, 14.8 Hz, 1H), 6.05 (dd, J = 10.2, 14.8 Hz, 1H), 5.76 (dq, J

=72, 14.8 Hz, 1H), 5.63 (dt, J= 6.6, 14.8 Hz, 1H), 4.57 (d, J = 6.6 Hz, 2H), 2.08 (s, 3H) 1.77 (d, J = 6.6 Hz, 3H).

C NMR (150 MHz, CDCl;) 8 = 170.68, 134.89, 131.11, 130.59, 123.85, 64.93, 20.91, 18.11.
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(2E,4E)-10,10-Diethoxydeca-2,4-diene (28) **¢”

OEt
LiZCUC|4, Eto)\/\,MgBr OEt
/WOAC > EtO
THF, -10 to 0°C A

27
28

Synthesis of 4,4-diethoxybutyl)magnesium bromide: To a suspension of Mg (646 mg, 26.5 mmol) in THF (20
mL) was added 1,2-dichloroethane (1 drop). To the reaction mixture was added dropwise
4-bromo-1,1-diethoxybutane (2.60 g, 11.5 mmol) in THF (44 mL) over 2 hr under reflux. After stirring further 30
min, the flask was cooled to 0 °C and used in the next step immediately.

To a solution of 27 (1.00 g, 7.13 mmol) in THF (100 mL) was added Li,CuCl, (1.0 M in THF, 2.85 mL, 2.85
mmol), and cooled to -10 °C. To the reaction mixture was added dropwise the solution of
(4,4-diethoxybutyl)magnesium bromide in THF over 1 hr. The flask was allowed to warm to 0 °C. After stirring for
3 hr at the same temperature, the reaction was quenched with saturated aqueous ammonium chloride solution,
extracted with Et,O, washed with brine, dried over Na,SO,4 and concentrated. The crude residue was purified by
silica gel flash chromatography (hexane/AcOEt = 97:3 to 94:6) to provide the title compound 28 as a colorless oil

(1.61 g, 5.92 mmol, 83% yield).

"H NMR (600 MHz, CDCL3) § = 5.96-6.03 (m, 2H), 5.50-5.60 (m, 2H), 4.47 (t, J = 5.4 Hz, 1H), 3.61-3.63 (m, 2H),
3.46-3.48 (m, 2H), 2.05 (dt, J = 7.2, 7.2 Hz, 2H), 1.72 (d, J = 6.0 Hz, 3H), 1.58-1.61 (m, 2H), 1.34-1.42 (m, 4H),
1.20 (t, J= 7.2 Hz, 6H);

13C NMR (150 MHz, CDCls) § = 131.79, 131.65, 130.40, 126.79, 102.88, 60.84, 33.44, 32.43, 31.58, 29.26, 24.29,

17.97, 15.34.

(6E,8E)-Deca-6,8-dienal (29) *¥
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OEt , . @)
oxalic acid

EtO
A THF-H,0, rt A

Y
I

28 29
To a solution of 28 (1.34 g, 5.92 mmol) in THF (8.9 mL) was added 5% aqueous oxalic acid at ambient
temperature. After stirring 10 hr, the reaction mixture was diluted with CH,Cl,, and extract with CH,Cl,. The
combined organic extracts were washed with 5% aqueous sodium bicarbonate solution and brine, dried over
Na,SO4 and concentrated. The crude residue was purified by silica gel flash chromatography (hexane/AcOEt =

94:6) to provide the title compound 29 as a colorless oil (730 mg, 4.80 mmol, 81% yield).

'"H NMR (600 MHz, CDCls) 8 = 9.78 (t, J = 1.8 Hz, 1H), 5.92-6.07 (m, 2H), 5.44-5.64 (m, 2H), 2.42 (dt, J = 1.8,

7.2 Hz, 2H), 2.07 (dt, J= 7.2, 14.4 Hz, 2H), 1.72 (d, J = 6.6 Hz, 3H), 1.64(qu, J= 7.2 Hz, 2H), 1.36-1.48 (m, 2H);

PC NMR (150 MHz, CDCl;) 8 = 202.64, 131.47, 130.99, 130.84, 127.18, 43.74, 32.18, 28.85, 21.57, 17.99.

Ethyl 2E,8E,10E)-dodeca-2,8,10-trienoate (30)

o
0 Ph3P§)J\OEt £0,C._-
NN NN CH2C|2, rt X X
29 30

To a solution of 29 (587 mg, 3.86 mmol) in CH,Cl, (7.7 mL) was added (carbethoxymethylene)triphenyl-
phosphorane (1.55 g, 4.44 mmol) slowly. After stirring 12 hr, the reaction mixture was concentrated, and then
diluted with hexane, filtered, and the filtrate was concentrated. The crude residue was purified by silica gel flash
chromatography (hexane/AcOEt = 95:5) to provide the title compound 30 as a colorless oil (760 mg, 3.42 mmol,

90% yield, E/Z =>20:1).

'"H NMR (600 MHz, CDCl;) § = 6.95 (dt, J = 7.2, 15.6 Hz, 1H), 5.96-6.03 (m, 2H), 5.80 (dt, J= 1.2, 16.2 Hz, 1H),

5.55-5.58 (m, 1H), 5.50-5.52 (m, 1H), 4.18 (q, J = 7.2 Hz, 2H), 2.19 (dt, J = 7.2, 1.2 Hz, 2H), 2.06 (dt, J = 7.2, 7.2
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Hz, 2H), 1.73 (d, J = 6.6 Hz, 3H), 1.43-1.46 (m, 2H), 1.38-1.41 (m, 2H), 1.28 (t, /= 7.2 Hz, 3H);
13C NMR (150 MHz, CDCl3) § = 166.16, 131.55, 131.36, 130.65, 127.03, 121.37, 60.12, 32.23, 32.02, 28.85, 27.49,

17.99, 14.27.

(2E,8E,10E)-dodeca-2,8,10-trienoic acid (31)

X X
H,O/MeOH, reflux

30 31

Y

To a solution of 30 (610 mg, 2.74 mmol) in MeOH (27.4 mL) was added 1.5 N aqueous lithium hydroxide
solution. The resulting solution was then heated to reflux for 30 min, and then the flask was cooled to 0°C. The
reaction was quenched with 6 N aqueous hydrochloric acid solution, and extracted with AcOEt, washed with brine,
dried over Na,SO,4, and concentrated. The crude residue was purified by silica gel flash chromatography

(hexane/AcOEt = 67:33) to provide the title compound 31 as a white solid (484 mg, 2.49 mmol, 91% yield).

'"H NMR (600 MHz, CDCl;) § = 7.06 (dt, J = 6.0, 15.6 Hz, 1H), 5.97-6.04 (m, 2H), 5.82 (dt, J = 2.4, 15.6 Hz, 1H),
5.55-5.58 (m, 1H), 5.48-5.52 (m, 1H), 2.23 (dt, J = 2.4, 7.2 Hz, 2H), 2.07 (dt, J = 6.6, 7.2 Hz, 2H), 1.73 (d, J = 6.6
Hz, 3H), 1.43-1.48 (m, 2H), 1.38-1.42 (m, 2H).

13C NMR (150 MHz, CDCLy) § = 172.42, 133.52, 131.76, 131.44, 130.68, 125.87, 120.87, 32.65, 32.23, 29.42,

27.44, 18.05.

(+)-(S)-4-Benzyl-3-((2E,8E,10E)-dodeca-2,8,10-trienoyl)oxazolidin-2-one (33) *
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LiN)J\O
o / O o
HoOC._- (COCI),, DMF B N
- > =
Cl = O N
SN . \_4
CH,Cl,, 0°C to rt N THF, -78 to 0°C . X
n
31 32 33

To a solution of 31 (754 mg, 3.88 mmol) in CH,Cl, (3.9 mL) at 0 °C was added (COCl), (0.37 mL, 4.27 mmol)
followed by DMF (1 drop). After stirring 10 min, the reaction mixture was allowed to ambient temperature, and
concentrated in vacuo. The residue was used in the next step without further purification.

To a solution of (5)-4-benzyloxazolidin-2-one (675 mg, 3.53 mmol) in THF (12 mL) was added dropwise n-BuLi
(1.40 M in hexane, 2.50 mL, 3.53 mmol) at -78 °C, and then the mixture was stirred at the same temperature for 20
min. To the mixture was added a solution of crude acyl chloride 32 in THF (5.6 mL) at -78 °C. After stirring for 30
min at the same temperature, the reaction was quenched with saturated aqueous ammonium chloride solution,
extracted with AcOEt, washed with water and brine, dried over Na,SO,4 and concentrated. The crude residue was
purified by silica gel flash chromatography (hexane/AcOEt = 88:12 to 75:25) to provide the title compound 33 as a

white solid (873 mg, 2.47 mmol, 70% yield, over two steps).

'H NMR (600 MHz, CDCls) & = 7.30-7.33 (m, 2H), 7.26-7.27 (m, 1H), 7.17-7.24 (m, 4H), 6.98-7.04 (m, 2H),
5.58-5.59 (m, 1H), 5.52-5.54 (m, 1H), 4.73 (ddt, J= 3.6, 7.2, 9.6 Hz, 1H), 4.21 (t, J= 7.8 Hz, 1H), 4.17 (dd, J = 3.0,
9.6 Hz, 1H), 3.34 (dd, J= 3.6, 13.8 Hz, 1H), 2.79 (dd, J = 9.6, 13.8 Hz, 1H), 2.31 (dt, J= 6.6, 9.6 Hz, 2H), 2.08 (d,
J=17.2,9.6 Hz, 2H), 1.73 (d, J = 6.0 Hz, 3H), 1.46-1.52 (m, 2H), 1.38-1.44 (m, 2H);

3C NMR (150 MHz, CDCl3) § = 161.10, 153.43, 151.72, 135.42, 131.58, 131.39, 130.66, 129.45, 127.31, 127.01,
120.46, 66.10, 55.33, 37.93, 32.56, 32.25, 28.93, 27.60, 22.64, 17.99, 14.10.

[a]*p +49.1 ° (¢ = 1.79, CHCL).

(+)-(S)-4-Benzyl-3-((15,25,4aR,8a5)-2-methyl-1,2,4a,5,6,7,8,8a-octahydronaphthalene-1-carbonyl)oxazolidin-

2-one (34)°"
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O o0
L Me,AlCI
O N 2 > H o o
\—( X CH,Cl,, -30°C 07 N
Bn o
33 Bn
34

To a solution of 33 (117 mg, 0.331 mmol) in CH,Cl, (9.4 mL) was added Me,AICI (1.04 M in hexane, 0.429 mL,
0.463 mmol) at -78 °C. The mixture was allowed to warm to — 30 °C, and stirred for 5 hr. The reaction was
quenched with 1 N aqueous hydrochloric acid solution, extracted with CH,Cl,, washed with water and brine, dried
over Na,SO, and concentrated. The crude residue was purified by silica gel flash chromatography (hexane/AcOEt =

87:13 to 83:17) to provide the title compound 34 as a colorless amorphous (98.3 mg, 2.78 mmol, 84% yield).

'"H NMR (600 MHz, CDCls) § = 7.32-7.34 (m, 2H), 7.24-7.29 (m, 4H), 5.58 (ddd, J= 2.4, 2.4, 9.6 Hz, 1H), 5.41 (d,
J=9.6 Hz, 1H), 4.72 (dddd, J= 3.0, 3.0, 7.8, 10.8 Hz, 1H), 4.16 (dd, J= 7.2, 7.2 Hz, 1H), 4.14 (dd, J = 3.0, 9.0 Hz,
1H), 3.82 (dd, J = 6.0, 11.4 Hz, 1H), 3.42 (dd, J= 3.6 13.2 Hz, 1H), 2.78-2.81 (m, 1H), 2.63 (dd, J= 10.2, 12.6 Hz,
1H), 1.91 (dd, J = 2.4, 12.6 Hz, 1H), 1.74-1.80 (m, 4H), 1.59-1.62 (m, 1H), 1.25-1.41 (m, 2H), 1.11-1.16 (m, 1H),
0.96 (d, J= 7.2 Hz, 3H), 0.86-0.89 (m, 1H);

13C NMR (150 MHz, CDCL3) & = 173.63, 153.06, 135.52, 130.83, 130.71, 129.34, 128.99, 127.32, 66.03, 55.36,

47.67,41.89, 38.28, 36.58, 33.16, 30.91, 30.08, 26.69, 26.59, 17.75.

(H)-(18,25,4aR,8aS)-2-Methyl-1,2,4a,5,6,7,8,8a-octahydronaphthalene-1-carboxylic acid (35) >

H
3 H
LiOH, H,0, aq. |

H o >
o N./( H,O/THF, 0°C to rt H

Lo 0~ “OH
Bn\‘K/

35
34

To a solution of N-acyl-oxazolidinone 34 (475 mg, 1.34 mmol) in THF/H,O (33.5 mL) was added LiOH-H,O

(131 mg, 2.68 mmol) followed by 30% H,0, aq. (0.42 mL, 5.36 mmol) at 0 °C. After stirring at 0 °C for 30 min and
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ambient temperature for 12 hr, the reaction was quenched with saturated sodium sulfite solution. The mixture was
extracted with CH,Cl,, washed with 1 N aqueous hydrochloric acid solution and brine, dried over Na,SOy,
concentrated in vacuo. The crude residue was purified by silica gel flash chromatography (hexane/AcOEt = 10:1 to

1:1) to provide the title compound 35 as a white solid (236 mg, 1.22 mmol, 91% yield).

IR (ATR) Vinax = 2930, 2884, 2853, 2818, 1698, 1445, 1441, 1310, 1292, 1223, 1193, 1184, 1142, 949, 743 cm’’;

'"H NMR (600 MHz, CDCL;) § = 11.29 (br, 1H), 5.53 (ddd, J = 1.2, 4.2, 10.2 Hz, 1H), 5.39 (d, J = 10.2 Hz, 1H),
2.60 (dd, J= 6.0, 13.2 Hz, 2H), 2.02 (d, J = 13.2 Hz, 1H), 1.67-1.77 (m, 4H), 1.30-1.43 (m, 3H), 1.06-1.12 (m, 1H),
0.99 (d, J= 7.2 Hz, 3H), 0.89-0.96 (m, 1H);

3C NMR (150 MHz, CDCls) § 180.31, 130.97, 130.55, 49.41, 42.02, 36.26, 33.03, 32.15, 30.05, 26.65, 26.49,
17.61;

[a]?p +143.3 ° (¢ = 0.10, CHCL,).

(+)-(1H-Benzo[d][1,2,3]triazol-1-yl)((15,2S,4aR,8aS5)-2-methyl-1,2,4a,5,6,7,8,8a-octahydronaphthalen-1-yl)me

H
H HN d

soCl,  N=N

> H
H CH,Cly, rt o N/Q
O OH |

To a solution of carboxylic acid 35 (389 mg, 2.00 mmol) in CH,Cl, (10 mL) was added dropwise a solution of

thanone (36) 26)

SOCI, (0.580 mL, 8.00 mmol) and 1,2,3-benzotriazole (715 mg, 6.00 mmol) in CH,CI, (15 mL), and then the
mixture was stirred at the ambient temperature for 4 hr. The mixture was filtered and the filtered white solid was
washed with CH,Cl,. The filtrate was concentrated in vacuo. And the crude residue was purified by silica gel flash
chromatography (hexane/AcOEt = 90:10) to provide the title compound 36 as a white solid (532 mg, 1.80 mmol,

90% yield).
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'"H NMR (600 MHz, CDCLy): 8 = 8.33 (d, J = 7.8 Hz, 1H), 8.12 (d, J = 7.8 Hz, 1H), 7.65 (dd, J= 7.2, 7.2 Hz, 1H),
7.51(dd, J= 7.2, 7.2 Hz, 1H), 5.59 (ddd, J = 3.0, 4.2, 9.6 Hz, 1H), 5.49 (d, J = 8.4 Hz, 1H), 4.24, (dd, 6.0, 11.4 Hz,
1H), 2.85-2.90 (m, 1H), 2.03-2.07 (m, 1H), 1.88-1.92 (m, 1H), 1.76-1.83 (m, 4H), 1.34-1.46 (m, 2H), 1.17-1.21 (m,
1H), 0.96-1.01 (m, 1H), 0.93 (d, J = 7.2 Hz, 3H);

13C NMR (150 MHz, CDCls) § 173.02, 146.17, 131.06, 130.39, 130.29, 126.07, 120.08, 114.56, 49.23, 41.85, 36.40),

33.08, 32.60, 29.90, 26.60, 26.49, 17.68.

(-)-Methyl 4-((3R,4R)-3,4-diacetoxy-2,5-dioxopyrrolidin-1-yl)butanoate (37) >

1) Et;N, CH,Cl, o)
AcO,  OAc S 2) AcCl o wOAc
Lo e e
HsN" >"CoOMe MeO
0= g7 0 reflux OAc
(6]
37

To a vigorously stirred suspension of methyl 4-aminobutyrate hydrochloride (24.7 g, 161 mmol) in THF (530
mL) was added Et,NH (15.9 mL, 153 mmol). After 1 hr, the mixture was filtered and the filtered solid was washed
with additional THF (210 mL). The filtrate and wash were combined and treated with (+)-diacetyl-L-tartaric
anhydride (30.0 g, 139 mmol). After stirring for 1 hr, the solvent was removed in vacuo. The residue was used in
the next step without further purification.

The crude residue was dissolved in acetyl chloride (139 mL) and heated to reflux for 10 hr. After cooling to
ambient temperature, the reaction mixture was concentrated and the crude residue was purified by silica gel
chromatography (hexane/AcOEt = 66:33) to provide the title compound 37 as a yellow oil (35.1 g, 111 mmol, 80%

yield).

"H NMR (600 MHz, CDCly) 8 = 5.53 (s, 2H), 3.71 (s, 3H), 3.65-3.74 (m, 2H), 2.41 (t, J = 7.2 Hz, 2H), 2.22 (s, 6H,),
1.95-2.05 (m, 2H);

C NMR (150 MHz, CDCl;) 8 = 173.41, 170.23, 169.81, 73.10, 52.06, 39.08, 31.40, 22.86, 20.68;
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(-)-Methyl 4-((3R,4R)-2,5-dioxo0-3,4-bis(trimethylsilyloxy)pyrrolidin-1-yl)butanoate (39) >’

Q o)
~OAc AcCl TMSCI, Et3N o) WOTMS
—_— N
)]\/\/ )]\/\/ Meo)l\/\/
0

OAc MeOH, 0°C CH2C|2 OTMS
o

37 39

Acetyl chloride (20 mL) was dropped to diacetate 37 (19.0 g, 60.0 mmol) in MeOH (400 mL) at 0 °C. After 3 hr
the reaction mixture was concentrated. The crude residue was washed with hexane, and was used in the next step
without further purification.

To a solution of crude diol 38 in CH,Cl, (250 mL) was added Et;N (12.4 mL, 91.8 mmol) followed by TMSCI
(8.68 mL, 68.2 mmol). After stirring at ambient temperature for 1 hr, the reaction mixture was diluted with CH,Cl,
(300 mL) and washed with saturated sodium bicarbonate solution and H,O. The layers were separated and the
aqueous layer was back extracted with CH,Cl, (200 mL). The combined organic extracts were dried over Na,SO,
and concentrated. The crude residue was purified by silica gel chromatography (hexane/AcOEt = 90:10) to provide

the tile compound 39 as a colorless oil (15.9 g, 40.2 mmol, 67% yield, over two steps).

"H NMR (600 MHz, CDCls) & = 4.48 (s, 2H), 3.72 (s, 3H), 3.54-3.72 (m, 2H), 2.38 (t, J = 7.2 Hz, 2H), 1.93-2.03
(m, 2H), 0.23 (s, 9H), 0.21 (s, 9H);

C NMR (150 MHz, CDCl3) & = 173.91, 173.51, 77.00, 52.30, 38.56, 31.93, 23.42, 0.61, 0.51.

(H)-(1R,6R,7R,7aR)-Methyl 7a-(tert-butyldimethylsilyloxy)-5-0x0-6,7-bis(trimethylsilyloxy)-hexahydro-

1H-pyrrolizine-1-carboxylate (40) **’

o) OTMS
o) ~OTMS TBSOTf, DIPEA TMSO,,
eOJ\/\/ N > wCOMe
oTMS CH,Cl,, -78°C to rt o7 N
ol 0TBS
39 40
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To the ester 39 (11.7 g, 31.0 mmol) in CH,Cl, (250 mL) at -78 °C were added i-Pr,NEt (16.0 mL, 93.0 mmol)
and TBSOTT (14.0 mL, 62.0 mmol). The cold bath was removed and the reaction mixture was allowed to stir at
ambient temperature. After 40 hr, CH,Cl, (300 mL) was added and the solution was washed with H,O (200 mL).
The layers were separated and the aqueous layer was extracted with CH,Cl, (200 mL). The combined organic
extracts were dried over Na,SO, and concentrated. The crude residue was purified by silica gel chromatography
(hexane/AcOEt = 95:5 to 90:10) to provide the title compound 40 as a colorless oil (11.2 g, 22.9 mmol, 74% yield)

as a single diastereomer.

"H NMR (600 MHz, CDCls) 8 = 4.45 (d, J = 7.8 Hz, 1H), 3.93 (d, J = 7.8 Hz), 3.79 (dd, J = 8.4, 19.2 Hz, 1H), 3.70
(s, 3H), 3.25-3.30 (m, 1H), 3.04 (dd, J = 2.4, 7.2 Hz, 1H), 2.40-2.50 (m, 1H), 2.23-2.29 (m, 1H), 0.86 (s, 9H), 0.18
(s, 9H), 0.136 (s, 9H), 0.133 (s, 3H), 0.10 (s, 3H);

3C NMR (150 MHz, CDCL) & = 172.13, 170.23, 95.78, 78.58, 77.78, 53.85, 52.22, 41.11, 28.75, 25.95, 18.63,
0.67, 0.49, -2.90, -2.97;

[a]”p +47.7 ° (c = 0.42, CHCL).

(-)-(1R,7aS)-Methyl 7a-(tert-butyldimethylsilyloxy)-5-0x0-6-(trifluoromethylsulfonyloxy)-2,3,5,7a-tetrahydro-

1H-pyrrolizine-1-carboxylate (44) **)

1) 1N HCl ag., THF, 0°C

OTMS 2) Tf,0, pyridine, CH,Cl,, -78 °C to rt 10
TMSO,, 3) pyridine, rt —
CO,Me o INCOZMe
N e} N
9" N Nores —"YoTBS
40 44

A solution of bistrimethylsilyl ether 40 (1.00 g, 2.04 mmol) in THF (40 mL) at 0 °C was treated with 1 N HCI
(2.0 mL). After 5 hr, the reaction mixture was diluted with AcOEt (40 mL) and washed with H,O (until the pH to ca.
4). The organic layer was dried over Na,SO,4 and concentrated. The residue was used in the next step without

further purification.
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The crude residue was dissolved in CH,Cl, (68 mL), cooled to -78 °C, and treated with pyridine (0.99 mL, 12.2
mmol) and triflic anhydride (1.03 mL, 6.12 mmol). After 15 min, the flask was allowed to warm to ambient
temperature over 4 hr. After a further 11 hr at ambient temperature, the reaction mixture was diluted with Et,O (100
mL), filtered, and the filtrate was concentrated. The residue was used in the next step without further purification.
The residue was dissolved in pyridine and stirred for 9 hr at ambient temperature, and then concentrated in vacuo.
The crude residue was purified by silica gel chromatography (hexane/AcOEt = 90:10 to 80:20) to provide the title

compound 44 as a white solid (743 mg, 1.62 mmol, 79% yield, over three steps).

'"H NMR (600 MHz, CDCls) & = 6.72 (s, 1H), 3.78-3.83 (m, 1H), 3.62 (s, 3H), 3.36 (m, 1H), 3.19 (d, J = 6.6 Hz,
1H), 2.56-2.63 (m, 1H), 2.49-2.53 (m, 1H), 0.87 (s, 9H), 0.09 (s, 3H), 0.06 (s, 3H);

3C NMR (150 MHz, CDCls) & = 170.91, 164.54, 141.53, 129.85, 117.08, 95.93, 53.30, 52.45, 43.01, 30.59, 25.59,
18.03, -3.39, -4.03.

[a]*p -19.5 ° (¢ = 0.51, CHCl);

(-)-(1R,7aS8)-Methyl 7a-(tert-butyldimethylsilyloxy)-5-0xo0-2,3,5,7a-tetrahydro-1H-pyrrolizine-1-carboxylate

O

Y

TfO

=\ come HCO,H, Et;N, Pd(PPhs), A\ .CoMe

o~ N o o N\/

DNoras DMI, 70°C 0TBS
44 5

To vinyl triflate 44 (714 mg, 1.55 mmol) in DMI (15 mL) was added Pd(PPh;), (179 mg, 0.155 mmol) and
HCO,H (0.234 mL, 6.20 mmol), Et;N (0.859 mL, 6.20 mmol) . The resulting solution was then heated to 70 °C for
3 hr before cooling to ambient temperature. The solution was diluted with Et,O (30 mL), washed with H,O (20 mL),
dried, and concentrated. The crude residue was purified by silica gel chromatography (hexane/AcOEt = 90:10) to
provide the title compound 5 as a white solid (386 mg, 1.24 mmol, 80% yield). The spectroscopic characteristics of

this compound were identical to those given above.
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(-)-(2aS,2alR,7aS)-2a1-((tert-Butyldimethylsilyl)oxy)hexahydrofuro[2,3,4-gh] pyrrolizin-6(2H)-one (6)

‘\\O\

\—"0TBS

The synthetic procedure and spectroscopic characteristics of this compound were identical to those given above.

[a]?p -25.2 ° (¢ = 0.40, CHCl5).

(®)-(1R,7aS)-7a-((tert-Butyldimethylsilyl)oxy)-5-0x0-2,3,5,7a-tetrahydro-1 H-pyrrolizine-1-carboxylic acid

—\_ LOMe LiOH+H,0 —\__ LOH
0~ N 0° "N
5 45

45>

Y

To the ester 5 (311 mg, 1.00 mmol) in 2:1 THF:H,O (4.0 mL) was added LiOH-H,0 (208 mg, 5.00 mmol). After
2 hr, the reaction mixture was acidified with 1 N HCI, extracted with AcOEt, dried over Na,SO,, and concentrated
followed by recrystallization from AcOEt and hexane to provide the title compound 45 as a white solid (268 mg,

0.90 mmol, 90% yield).

"H NMR (600 MHz, CDCL3) 8 = 6.99 (d, J = 6.0 Hz, 1H), 5.99 (d, J= 5.4 Hz, 1H), 3.76 (dd, J= 8.4, 19.8 Hz, 1H),
3.28 (ddd, J=2.4, 9.0, 11.4 Hz, 1H), 3.11 (d, J = 6.6 Hz, 1H), 2.58-2.65 (m, 1H), 2.50-2.54 (m, 1H), 0.87 (s, 9H),
0.07 (s, 3H), 0.03 (s, 3H);

3C NMR (150 MHz, CDCLy) § = 174.91, 173.93, 148.05, 127.82, 100.79, 52.76, 41.70, 30.96, 25.39, 17.80, -3.50,

-4.12.
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(+)-(S)-4-Benzyl-3-((1R,7aS)-7a-((tert-butyldimethylsilyl)oxy)-5-0x0-2,3,5,7a-tetrahydro-1H-pyrrolizine-1-car
bonyl)oxazolidin-2-one (47a) and (+)-(5)-4-Benzyl-3-((1R,7aR)-7a-((fert-butyldimethylsilyl)oxy)-5-oxo-

2,3,5,7a-tetrahydro-1H-pyrrolizine-1-carbonyl)oxazolidin-2-one (47b)

0

HN//< , n-BuLi o o
|\/o >\._
=\_ CO:H(cocl, bMF [F\_ £oCl pn" 0 ,\?_ ] O\ <
o” N\ = 0PN N\, - ALY \) tF \)
\—otBs  CHzCl \—"oTBS THF AN\ i AN e
(2)-45 (2)-46 \—"0TBS oTBS

47a 47b

To a solution of (+)-45 (50.0 mg, 0.168 mmol) in CH,Cl, (1.7 mL) at 0 °C was added (COCl), (0.019 mL, 0.219
mmol) followed by DMF (1 drop). After 1 min, the reaction mixture was concentrated in vacuo. The residue was
used in the next step without further purification.

To a solution of (S)-4-benzyloxazolidin-2-one (30.0 mg, 0.168 mmol) in THF (1.0 mL) was added dropwise
n-BuLi (1.60 M in hexane, 0.11 mL, 0.177 mmol) at -78 °C, and then the mixture was stirred at the same
temperature for 20 min. To the mixture was added a solution of crude (+)-46 (55.8 mg, 0.168 mmol) in THF (0.7
mL) at -78 °C. After stirring for 1 hr at the same temperature, the reaction was quenched with saturated aqueous
ammonium chloride solution, extracted with AcOEt, washed with water and brine, dried over Na,SO, and
concentrated. The crude residue was purified by silica gel flash chromatography (hexane/AcOEt = 90:10 to 0:100)
to provide 47a as a colorless oil (24.8 mg, 0.0543 mmol, 36% yield, two steps) and 47b as a colorless oil (22.0 mg,

0.0483 mmol, 32% yield, over two steps).

47a: IR (ATR) vy = 2955, 2929, 2857, 1780, 1713, 1383, 1249, 1093, 1076, 833, 779 cm™’;

'"H NMR (600 MHz, CDCl3) § = 7.30-7.33 (m, 2H), 7.25-7.28 (m, 1H), 7.17 (d, J = 8.4 Hz, 2H), 7.02 (d, J = 5.4 Hz,
1H), 5.99 (d, J = 6.0 Hz, 1H), 4.50- 4.54 (m, 1H), 4.33 (d, J = 6.6 Hz, 1H), 4.13-4.14 (m, 2H), 3.91 (dd, J = 9.0,
19.8 Hz, 1H), 3.27 (ddd, J=2.4, 9.6, 11.4 Hz, 1H), 3.20 (dd, J = 3.0, 13.2 Hz, 1H), 2.66-2.70 (m, 1H), 2.57 (ddd, J
=1.8, 8.4, 12.6 Hz, 1H), 2.42 (dd, J = 10.8, 13.2 Hz, 1H), 0.90 (s, 9H), 0.09 (s, 3H), 0.05 (s, 3H);

13C NMR (150 MHz, CDCl;) & 172.49, 170.84, 153.34, 147.15, 135.11, 129.32, 129.00, 128.87, 127.40, 101.15,
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66.24, 55.67, 51.26, 41.95, 37.58, 31.43, 25.44, 17.89, -3.43, -4.00;
HRMS (FAB+) m/z Caled for Co4H33N,05Si (M+H)™ 457.2159, found 457.2158;

[a]*p +38.7 ° (¢ = 0.34, CHCl3);

47b: IR (ATR) vimex = 2955, 2929, 2857, 1779, 1714, 1382, 1249, 1093, 1075, 833, 780 cm’';

'"H NMR (600 MHz, CDCls) 8 = 7.30-7.33 (m, 2H), 7.25-7.28 (m, 1H), 7.15 (d, J = 8.4 Hz, 2H), 6.88 (d, /= 6.0 Hz,
1H), 5.99 (d, J = 5.4 Hz, 1H), 4.51- 4.55 (m, 1H), 4.45 (d, J = 6.6 Hz, 1H), 4.15 (d, J = 5.4 Hz, 1H), 3.87 (dd, J =
9.0, 19.8 Hz, 1H), 3.32 (ddd, J = 2.4, 9.6, 11.4 Hz, 1H), 3.23 (dd, J = 2.4, 13.8 Hz, 1H), 2.69-2.75 (m, 1H), 2.70 (dd,
J=9.6, 13.8 Hz, 1H), 2.5 (ddd, J = 1.2, 8.4, 13.8 Hz, 1H), 0.88 (s, 9H), 0.08 (s, 3H), 0.03 (s, 3H);

3C NMR (150 MHz, CDCLy) 8§ 172.63, 171.16, 153.37, 146.61, 134.82, 129.36, 128.97, 127.44, 100.96, 66.21,
55.03, 51.51, 41.95, 37.76, 31.90, 25.43, 17.86, -3.46, -4.03;

HRMS (FAB+) m/z Caled for C4Hs3N,05Si (M+H)" 457.2159, found 457.2158;

[a]*p +22.7 ° (¢ = 0.54, CHCL).

(+)-(2aS,2a' R 3R, 7aS)-2a"-((ter+-Butyldimethylsilyl)oxy)-3-((15,2S,4aR,8aS)-2-methyl-1,2,4a,5,6,7,8,8a-octahy

dronaphthalene-1-carbonyl)hexahydrofuro[2,3,4-gh]pyrrolizin-4(1H)-one (48)

1T

36

"ll/

Y

\—"0TBS THF, -78 to 0°C

To a solution of diisopropylamine (0.36 mL, 2.64 mmol) in THF (4.4 mL) was added dropwise n-BuLi (1.37 M
in hexane, 1.92 mL, 2.64 mmol) at 0 °C, and then the mixture was stirred at the same temperature for 30 min. To

the mixture was added dropwise a mixture of 36 (260 mg, 0.88 mmol) and 6 (249 mg, 0.88 mmol) in THF (4.4 mL)
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for 10 min at -78 °C. After stirring for 30 min at the same temperature and another 30 min at 0 °C, the reaction was
quenched with saturated aqueous ammonium chloride solution, extracted with AcOEt, washed with water and brine,
dried over Na,SO4 and concentrated. The crude residue was purified by silica gel flash chromatography
(hexane/AcOEt = 95:5 to 50:50) to afford the title compound 48 as a pale yellow amorphous (310 mg, 0.67 mmol,
77% yield). The title compound 7 was obtained as a mixture of keto-enol tautomers (keto-form : enol-form =1 : 2,

determined by 'H-NMR).

IR (ATR) Vpay = 2955, 2926, 2853, 1703, 1664, 1635, 1375, 1311, 1259, 1251, 1128, 1025, 866, 837, 777 cm™;

'H NMR (600 MHz, CDCl3) & 11.96 (br, 1H, enol), 5.53 (ddd, J = 3.0, 4.8, 10.2, 1H, enol), 5.51 (ddd, J = 3.0, 4.8,
10.8 Hz, 1H, keto), 5.38 (d, J = 9.6 Hz, 1H, enol), 5.36 (d, J =9.6 Hz, 1H, keto), 4.59 (s, 1H, enol), 4.46 (s, 1H,
keto), 4.06 (dd, J= 6.6, 9.6 Hz, 1H, enol), 4.03-4.06 (m, 1H, keto), 3.98 (dd, J= 7.2, 9.6 Hz, 1H, enol), 3.91 (ddd, J
=3.6, 8.4, 15.6 Hz, 1H, enol), 3.53 (s, 1H, keto), 3.49 (dd, J=4.2, 9.6, 1H, keto), 3.30 (ddd, J=7.2, 8.4, 12.0 Hz,
1H, enol), 3.25 (dd, J = 7.2, 9.6 Hz, 1H, enol), 3.18-3.24 (m, 2H, keto), 2.72 (dd, J = 4.2, 7.8 Hz, 1H, enol), 2.72
(dd, J=4.2,7.8 Hz, 1H, keto), 2.58-2.62 (m, 1H, keto), 2.56 (dd, /= 6.0, 11.4 Hz, 1H, enol), 2.55 (dd, /= 6.0, 11.4
Hz, 1H, keto), 2.48-2.52 (m, 1H, enol), 2.28-2.30 (m, 1H, keto), 2.20-2.26 (m, 1H, enol), 1.92 (d, J= 14.4 Hz, enol),
1.69-1.76 (m, SH, enol), 1.69-1.76 (m, SH, keto), 1.50-1.59 (m, 1H, enol), 1.50-1.59 (m, 1H, keto), 1.27-1.39 (m,
2H, enol), 1.27-1.39 (m, 2H, keto), 1.19-1.23 (m, 1H, enol), 1.19-1.23 (m, 1H, keto), 1.08-1.12 (m, 1H, enol),
1.08-1.12 (m, 1H, keto), 1.08 (d, J= 7.2 Hz, 3H, keto), 1.00 (d /= 7.2 Hz, 3H, enol), 0.89 (s, 9H, keto), 0.88 (s, 9H,
enol), 0.18 (s, 3H, keto), 0.17 (s, 3H, keto), 0.07 (s, 3H, enol), 0.04 (s, 3H, enol);

C NMR (150 MHz, CDCl) & 203.24, 176.12, 175.66, 171.71, 131.80, 130.95, 130.55, 130.25, 108.91, 108.72,
104.58, 82.36, 81.72, 73.08, 70.50, 66.93, 54.83, 50.55, 49.35, 46.97, 45.64, 45.26, 42.62, 42.03, 36.75, 36.14,
34.94, 33.13, 32.98, 31.71, 31.26, 30.49, 29.76, 29.40, 26.66, 26.58, 26.33, 25.49, 18.01, 17.87, 17.62, -3.23, -3.44,
-3.66, -3.74;

HRMS (FAB+) m/z Calcd for Cy6H4,NO,Si (M+H)" 460.2883, found 460.2881;

[a]*p +35.6 ° (¢ = 0.16, CHCL5).
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(H)-(1R,2R,78,7aR)-Ta-((tert-Butyldimethylsilyl)oxy)-7-(hydroxymethyl)-2-((15,25,4aR,8a5)-2-methyl-1,2,4a,5

,6,7,8,8a-octahydronaphthalene-1-carbonyl)-1-(phenylthio)hexahydro-3 H-pyrrolizin-3-one (50)

SH
e O

MeOH, rt

N
\—Y0TBS \—"0TBS
48 50

H H

To a solution of 48 (84 mg, 0.183 mmol) in MeOH (0.37 mL) was added Et;N (0.025 mL, 0.183 mmol) followed
by thiophenol (0.0935 mL, 0.917 mmol). After stirring at ambient temperature for 20 hr, the reaction mixture was
concentrated in vacuo. The crude residue was purified by silica gel flash chromatography (hexane/AcOEt = 95:5 to
80:20) to give the title compound 50 as a white solid (94 mg, 0.165 mmol, 90% yield). The obtained compound 50

was assigned as a single stereoisomer by 'H- and ?C-NMR spectroscopy.

IR (ATR) vy, = 3448, 2951, 2927, 2854, 1693, 1375, 1253, 1090, 1071, 836, 728 cm™;

'H NMR (600 MHz, CDCl3) & 7.58-7.60 (m, 2H), 7.29-7.31 (m, 2H), 7.21-7.24 (m, 1H), 5.58 (ddd, J = 3.0, 4.8, 7.2
Hz, 1H), 5.42 (d, J=9.6 Hz, 1H), 4.49 (d, J=10.8 Hz, 1H), 4.16 (d, /= 10.2 Hz, 1H), 3.61 (ddd, /=4.8, 7.8, 11.4
Hz, 1H), 3.43 (ddd, J=4.8, 7.2, 12.6, 1H), 3.12 (dd, J = 5.4, 10.8 Hz, 1H), 3.14 (ddd, J = 7.2, 11.4, 13.8 Hz, 1H),
2.59-2.62 (m, 1H), 2.39 (dd, J= 5.4, 7.2 Hz, 1H), 2.17-2.22 (m, 1H), 2.00 (dd, J = 3.6, 7.8 Hz, 1H), 1.71-1.85 (m,
6H), 1.50-1.53 (m, 1H), 1.25-1.32 (m, 2H), 1.04-1.10 (m, 1H), 1.00 (s, 9H), 0.69 (d, J = 7.2 Hz, 3H), 0.20 (s, 3H),
0.18 (s, 3H);

C NMR (150 MHz, CDCl3) § 205.67, 169.57, 134.33, 131.52, 131.10, 130.63, 129.09, 127.33, 98.43, 62.43,
61.80, 56.62, 51.11, 50.65, 42.33, 42.18, 35.98, 33.20, 31.18, 29.22, 29.14, 26.68, 26.57, 25.88, 18.39, 17.75, -2.77,
-3.36;

HRMS (FAB+) m/z Calcd for C3,HygNO,SSi (M+H)™ 570.3073, found 570.3076;

[a]*p +44.9 ° (¢ = 0.38, CHCL).
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(H)-(AR,6R,7R,7aR)-Ta-((tert-Butyldimethylsilyl)oxy)-6-((1S5,25,4aR,8a8)-2-methyl-1,2,4a,5,6,7,8,8a-octahydro

naphthalene-1-carbonyl)-5-0x0-7-(phenylthio)hexahydro-1H-pyrrolizine-1-carboxylic acid (52)
p y pheny y Py y

1) IBX, DMSO =
2) 2-hydroxypiridine
3) NaHCO3 aq.
S o s \
=
N

52 (single isomer)

Proceeded on silica gel

To a solution of IBX (73.7 mg, 0.263 mmol) in DMSO (0.33 mL) was added 50 (15.0 mg, 0.0263 mmol). After
stirring at ambient temperature for 2 hr, 2-hydroxypyridine (25.0 mg, 0.263 mmol) was added and the reaction
mixture was stirred for an additional 24 hr. sat. NaHCO; aq. (3.0 mL) was added into the reaction mixture. After
stirring for 12 hr, the mixture was filtered and the filtered solid was washed with CH,Cl,. The filtrate was extracted
with CH,Cl,, washed with brine, dried over Na,SO,, and concentrated in vacuo. By measuring the NMR spectrum
of the crude residue, a peak considered to originate from the active ester 55, which was not isolable, can be
confirmed. The crude residue was purified by silica gel flash chromatography (hexane/AcOEt = 90:10 to 80:20) to
give the title compound 52 as a pale yellow oil (12.7 mg, 0.0218 mmol, 83% yield). The obtained title compound

52 was assigned as a single stereoisomer by 'H- and ?C-NMR spectroscopy.

IR (ATR) Vyax - 3230, 2955, 2927, 2855, 1729, 1710, 1668, 1409, 1387, 1090, 1068, 837, 776 cm’;
"H NMR (600 MHz, CDCls) § = 7.49-7.51 (m, 2H), 7.24-7.27 (m, 2H), 7.18-7.21 (m, 1H), 5.56 (ddd, J = 2.4, 4.8,
9.6 Hz, 1H), 5.41 (d, J= 9.6 Hz, 1H), 4.68 (d, J= 10.2 Hz, 1H), 4.06 (d, J = 10.2 Hz, 1H), 3.70 (ddd, J= 7.8, 8.4,

11.4 Hz, 1H), 3.37 (dd, J = 5.4, 11.4, 1H), 3.23 (ddd, J = 2.4, 8.4, 11.4 Hz, 1H), 2.97 (dd, J = 3.6, 7.2 Hz, 1H),
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2.54-2.57 (m, 1H), 2.46 (ddd, J= 8.4, 13.2, 15.6 Hz, 1H), 2.26-2.31 (m, 1H), 1.75-1.81 (m, 2H), 1.70-1.75 (m, 3H),
1.47 (dd, J=11.4, 21.6 Hz, 1H), 1.24-1.32 (m, 2H), 0.96-1.07 (m, 2H), 1.00 (s, 9H), 0.69 (d, J= 9.0 Hz, 3H), 0.25
(s, 3H), 0.16 (s, 3H);

C NMR (150 MHz, CDCl3) & = 203.58, 175.21, 168.14, 134.53, 131.60, 131.55, 130.61, 128.95, 127.32, 97.94,
62.68, 56.15, 53.19, 50.50, 42.18, 42.13, 36.05, 33.20, 31.19, 29.80, 29.09, 26.68, 26.62, 25.96, 18.46, 17.72, -2.48,
-3.72;

HRMS (FAB+) m/z calcd for C3,HygNOsSSi (M+H)" 584.2866, found 584.2865;

[a]?p =+37.8 ° (¢ =0.12, CHCL,).

-2 aS,ZalR,3R,7 aR)-2 a1-((tert-Butyldimethylsilyl)oxy)-3-((1S,2S,4aR,8aS)-2-methyl-1 ,2,4a,5,6,7,8,8a-octahy

dronaphthalene-1-carbonyl)hexahydrofuro[2,3,4-gh]pyrrolizine-1,4-dione (56)

1) IBX, DMSO
2) 2-hydroxypiridine

/© 4) NaHCOg; aq.
S —_—

HO

=

To a solution of IBX (98 mg, 0.351 mmol) in DMSO (0.44 mL) was added 48 (20 mg, 0.0351 mmol). After
stirring at ambient temperature for 2 hr (53 was generated and detected by TLC), 2-hydroxypyridine (33 mg, 0.351
mmol) was added and the reaction mixture was stirred for an additional 18 hr (55 was generated and detected by
TLC). 1 N HCl aq. (0.44 mL) (52 was generated and detected by TLC) and sat. NaHCO; aq. (4.4 mL) were added

to the reaction mixture successively. After stirring for 1 day (56 was generated and detected by TLC), the mixture
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was filtered and the filtered solid was washed with CH,Cl,. The filtrate was extracted with CH,Cl,, washed with
brine, dried over Na,SO,, and concentrated in vacuo. The crude residue was purified by silica gel flash
chromatography (hexane/AcOEt = 100:0 to 90:10) to give the title compound 56 as a pale yellow oil (13 mg, 0.277
mmol, 79% yield). The obtained compound 56 was a mixture of keto-enol tautomers (keto-form : enol-form =1 :

10, determined by '"H-NMR), as similar to that reported by other researchers.

IR (ATR) vinax = 2951, 2927, 2854, 1783, 1707, 1667, 1637, 1314, 1251, 1121, 972, 838, 779 cm™';

"H NMR (600 MHz, CDCl3) & 11.90 (br, 1H), 5.55 (ddd, J = 3.0, 4.8, 10.2 Hz, 1H), 5.39 (d, J = 10.2 Hz, 1H) 5.16
(s, 1H), 3.90, (ddd, J = 4.2 9.0, 12.0, 1H), 3.35 (ddd, J = 7.2, 9.0, 12.0 Hz, 1H), 3.20 (dd, J = 4.2, 10.2 Hz, 1H),
2.61-2.67 (m, 1H), 2.57 (dd, J = 6.0, 10.8 Hz, 1H), 2.51-2.55 (m, 1H), 2.42-2.48 (m, 1H), 1.88-1.91 (m, 1H),
1.73-1.78 (m, 3H), 1.56-1.62 (m, 1H), 1.28-1.38 (m, 2H), 1.10-1.15 (m, 1H), 1.00 (d, J = 7.2 Hz, 1H), 0.89 (s, 9H),
0.10 (s, 3H), 0.08 (s, 3H);

13C NMR (150 MHz, CDCl3) § 178.31, 175.79, 174.64, 131.59, 130.26, 102.97, 101.90, 81.98, 50.62, 47.45, 44.40),
42.68,36.09, 34.77, 33.08, 31.15, 30.58, 26.66, 26.57, 25.54, 25.42, 17.95, 17.63, -3.54, -3.66;

HRMS (FAB+) m/z Caled for CogHuoNOsSi (M+H)' 474.2676, found 474.2674;

[a]*p +5.3 ° (¢ = 0.34, CHCl,).

(+H)-UCS1025A

TBAF
_—

THF, 0°C to rt

(+)-UCS1025A

To a solution of 56 (10 mg, 0.0211 mmol) in THF (0.42 mL) was added tetrabutylammonium fluoride (1.0 M in
THEF, 0.025 mL, 0.0253 mmol) at 0 °C. After stirring for 1 hr at ambient temperature, the reaction mixture was

diluted with CH,Cl,, washed with saturated aqueous ammonium chloride solution and brine. The organic layer was
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dried over Na,SO, and concentrated. The crude residue was purified by silica gel flash chromatography
(hexane/AcOEt = 90:10 to 67:33) to provide UCS1025A as a colorless amorphous (7.6 mg, 0.0211 mmol,
quantitative yield). The title compound UCS1025A (1) was obtained as a mixture of keto-enol tautomers (keto :

enol = 95 : 5, determined by "H-NMR), as similar to that reported by Agatsuma ez al.'*®

IR (ATR) vinax = 3336, 2964, 2922, 2852, 1783, 1704, 1666, 1447, 1375, 1312, 1230, 1157, 1108, 1018, 965, 914,
730 cm'l;

'H NMR (600 MHz, CDCl3) & 5.58 (ddd, J = 2.4, 4.8, 9.6 Hz, 1H), 5.40 (d, J = 9.6 Hz, 1H) 4.74 (s, 1H), 4.20 (s,
1H), 4.06 (s, 3H), 3.84 (ddd, J=5.4, 9.0, 12.0, 1H), 3.36 (ddd, /= 4.8, 9.6, 12.0 Hz, 1H), 3.25 (dd, /= 1.8, 9.6 Hz,
1H), 3.17 (dd, J = 5.4, 11.4 Hz, 1H), 2.90-2.93 (m, 1H), 2.70-2.76 (m, 1H), 2.54-2.59 (m, 1H), 1.73-1.80 (m, 5H),
1.50-1.52 (m, 1H), 1.29-1.36 (m, 2H), 1.08-1.12 (m, 1H), 0.86-0.92 (m, 1H), 0.79 (d, J= 6.6 Hz, 1H);

C NMR (150 MHz, CDCl3) & 208.96, 174.58, 167.07, 130.66, 130.37, 101.00, 80.26, 66.36, 58.75, 47.67, 42.18,
41.78, 36.76, 32.87, 30.13, 29.96, 29.89, 26.51, 26.45, 17.59;

HRMS (EI+) m/z Calcd for Cy0H,5NOs5 359.1733, found 359.1725;

[a]®p +49.2 ° (¢ = 0.12, CHCL), [a]*p +16.1 ° (¢ = 0.10, MeOH).
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3,5-Dimethylcyclohex-2-en-1-one (59) 70

O o O
CO,Et
)K/COzEt, iperidine H,SO
CH5CHO il o 274
EtOH, 0°C to rt AcOH, reflux
CO,Et CO,Et
57 58
(0]
NaOH HZSO4 /Ej\
H,O-EtOH, reflux
59

In 1 L egg-plant shaped flask is placed ethyl acetoacetate (243 mL, 1.91 mol) and acetoaldehyde (53.3 mL, 953
mmol). The flask was cooled to 0°C. To the mixture was a solution of piperidine (2.4 mL) in EtOH (6.0 mL). The
flasks was become cloudy in a short time, are kept in the ice bath for 6 hr. To the reaction mixture was added a
solution of piperidine (1.2 mL) in EtOH (2.0 mL), and stirred further 15 hr. The addition of piperidine (2.4 mL) in
EtOH (4.0 mL) is repeated once more, and the mixture was stirred for 3 hr. The mixture was allowed to warm to
ambient temperature. After 2 hr, to the reaction mixture was added acetic acid (191 mL) and conc. sulfuric acid
(18.5 mL). The mixture is heated under reflux for 1 hr. The precipitated yellow solid 57 was dissolved. The mixture
was poured into ice water (250 mL). To the mixture was added H,O (300 mL) and neutralized with Na,CO; (70 g),
and extracted with hexane/AcOEt = 4:1 (200 mL, three times), washed with brine, dried over Na,SO4 and
concentrated. The residue 58 was used in the next step without further purification.

In 1 L egg-plant shaped flask is placed crude ester 58, 6 N aqueous sodium hydroxide solution (200 mL), and
EtOH (20.0 mL). The flask was heated to reflux for 3 hr, and allowed to cool to 0°C. To the mixture was added
30% aqueous sulfuric acid (210 mL) slowly, and heated to reflux for 30 min. The reaction mixture was extracted
with hexane/AcOEt = 4:1 (150 mL, three times), washed with 5% aqueous sodium bicarbonate solution (150 mL)
and brine dried over Na,SO, and distilled under reduced pressure (bp. 70-74 °C, 1000 Pa) to provide the title

compound 59 as a colorless oil (79.3 g, 639 mmol, 67% yield).
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'"H NMR (600 MHz, CDCls) 8 5.86 (brs, 1H), 2.41 (dd, J = 3.6, 16.8 Hz, 1H) 2.30 (dd, J = 3.6, 16.8 Hz, 1H),
2.16-2.23 (m, 1H), 1.99-2.05 (m, 2H), 1.94 (s, 3H), 1.05 (d, J =6.6 Hz, 3H);

C NMR (150 MHz, CDCl) & 198.80, 161.14, 125.63, 45.06, 39.26, 29.98, 24.28, 21.02.

(3R,5S)-3,5-Dimethylcyclohexan-1-one (60) **’
benzene

To a solution of 3,5-dimethyl-2-cyclohexeneone 59 (36.8 g, 296 mmol) in benzenel (300 mL) was added 5%
palladium on carbon (0.63 g, 2.96 mmol) and the resulting mixture was stirred under an atmosphere of hydrogen
for 48 h. The mixture was filtered through Celite and washed with further hexane and the solvent was removed in
vacuo. The crude residue was distilled under reduced pressure (bp. 48 °C, 1000 Pa) to provide the title compound

60 as a colorless oil (31.0 g, 246 mmol, 83% yield).
"H NMR (600 MHz, CDCl;) § 2.33 (d, J = 11.4 Hz, 4H), 1.78-1.97 (m, 4H), 1.02 (6H, d, J = 6.0 Hz);

PC NMR (150 MHz, CDCly) § 212.11, 49.26, 42.85, 33.22, 22.31.

(#)-(1s,3R,55)-1-ethynyl-3,5-dimethylcyclohexan-1-o0l (61a) and ®)-(1r,3R,55)-1-ethynyl-3,5-

dimethylcyclohexan-1-ol (61b)

H H
o HO, // HO, 7
/ij\ CaC,, TBAF, H,0 /@\
> +
DMSO, rt
60 61a 7:3 61b
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To a flask was added calcium carbide (151 g, 2.36 mol), 60 (46.6 g, 369 mmol) in DMSO (370 mL), TBAF (1.0
M in THF, 55.4 mL, 55.4 mmol) and water (45.2 mL, 2.51 mol). The mixture was stirred at room temperature for 1
hr. The reaction mixture was filtered and washed with AcOEt and the solvent was removed in vacuo. The residue
was neutralized with 5% aqueous ammonium chloride solution, extracted with hexane/AcOEt = 4:1 and washed
with water and brine. The organic layer was dried over Na,SO,, concentrated in vacuo, and the crude product was
purified by column chromatography (hexane/AcOEt = 95:5 to 90:10) to give the desired product 61a as a white

solid (36.2 g, 237 mmol, 64% yield) and 61b as a colorless oil (15.5 g, 102 mmol ,28% yield).

61a: IR (ATR) vimax = 3312, 3296, 2949, 2912, 2895, 2870, 2847, 2835, 1457, 1276, 1118, 1032, 1000, 651, 618
cm'l;

'H NMR (600 MHz, CDCl5) & 2.46 (s, 1H), 2.09 (s, 1H) 1.94-1.97 (m, 2H), 1.73-1.80 (m, 2H), 1.62-1.66 (m, 1H),
1.10 (t, J=12.0, 2H), 0.93 (d, /= 6.6 Hz, 6H), 0.53 (q, /= 12.0 Hz, 1H);

C NMR (150 MHz, CDCL3) § 87.70, 72.45, 69.49, 47.98, 42.98, 29.94, 21.81.

61b: IR (ATR) vy = 3375, 3311, 2951, 2925, 2870, 2837, 1456, 1377, 1260, 1166, 1029, 999, 928, 629 cm’';
'"H NMR (600 MHz, CDCly) & 2.42 (s, 1H), 1.92-1.96 (m, 2H), 1.76-1.85 (m, 2H), 1.69 (s, 1H), 1.63-1.67 (m, 1H),
1.26 (t, J=12.6, 2H), 0.89 (d, J = 6.6 Hz, 6H), 0.56 (q, J= 12.6 Hz, 1H);

C NMR (150 MHz, CDCl;) 8 89.39, 69.96, 67.25, 46.73, 42.95, 26.99, 21.94.

#)-1-((3R,55)-3,5-Dimethylcyclohex-1-en-1-yl)ethan-1-one (62)

H H
o
HO, // HO, 4
H,SO t.
/@\ . S0, (cat)
HCOOH, rt
61a 7:3 61b 62

To a flask was added 61a and 61b (43.3 g, 285 mmol), formic acid (285 mL), followed by conc. sulfuric acid
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(7.57 mL, 142 mmol) slowly at 0 °C. The flask was allowed to warm to ambient temperature. After stirring 1 hr, the
flask was cooled to 0 °C, diluted with 800 mL water, extracted with hexane/AcOEt = 4:1 (150 mL, four times). The
organic layer is washed with 5% aqueous sodium bicarbonate solution (200 mL) and brine, dried over Na,SO,, and
concentrated in vacuo. The crude product was purified by column chromatography (hexane/AcOEt = 95:5 to 90:10)
and distilled under reduced pressure (bp. 64-67 °C, 1200 Pa) to give the desired product 62 a as a colorless oil (21.7

g, 143 mmol, 50% yield).

IR (ATR) vynax = 2953, 2925, 2905, 2871, 2837, 1665, 1633, 1456, 1361, 1256, 1238, 1132, 1045 cm’;

"H NMR (600 MHz, CDCls) § 6.65 (s, 1H), 2.40-2.50 (m, 2H), 2.28 (s, 3H), 1.76-1.80 (m, 1H), 1.57-1.62 (m, 2H),
1.07 (d, J= 7.2 Hz, 3H), 1.00 (d, J = 6.6 Hz, 3H), 0.79 (d, J = 6.0 Hz, 1H);

3C NMR (150 MHz, CDCls) & 199.62, 146.02, 138.77, 39.71, 32.59, 31.66, 28.84, 25.32, 22.05, 20.94;

HRMS (EI+) m/z Calcd for C;H;60 152.1201, found 152.1203.

H)-((1-((3R,595)-3,5-Dimethylcyclohex-1-en-1-yl)vinyl)oxy)trimethylsilane (63)

(0] X -O0TMS
LDA, TMSCI

THF, -78°C to rt
62 63

To a solution of diisopropylamine (22.4 mL, 159 mmol) in THF (40 mL) was added n-BuLi (1.41 M in hexane,
113 mL, 159 mmol) at -10 °C. The mixture stirred for 20 min., and then cooled to -78 °C, a solution of 62 (20.2 g,
133 mmol) in THF (27 mL) was added. After stirring for 20 min, to the reaction mixture was added TMSCI (21.8
mL, 172 mmol), and stirred 10 min, allowed to warm to ambient temperature. After 30 min, the mixture was diluted
with hexane (100 mL) and the reaction was quenched saturated aqueous sodium bicarbonate solution, extracted
with hexane (50 mL, three times). The organic layer is washed with 5% aqueous sodium bicarbonate solution (100
mL) and brine, dried over Na,SO,, and concentrated in vacuo. The crude product was purified by distilled under

reduced pressure (bp. 80-84 °C, 1000 Pa) to give the desired product 63 a as a colorless oil (28.9 g, 129 mmol, 97%
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yield).

IR (ATR) vynax = 2954, 2905, 2870, 2841, 1592, 1455, 1310, 1276, 1250, 1012, 860, 838 cm’';

'"H NMR (600 MHz, CDCL3) & 5.97 (brs, 1H), 4.38 (s, 1H), 4.22 (s, 1H), 2.28-2.35 (m, 1H), 2.16-2.22 (m, 1H),
1.70-1.74 (m, 1H), 1.64-1.68 (m, 2H), 1.00 (d, J = 7.2 Hz, 3H), 0.99 (d, J = 6.6 Hz, 3H), 0.75 (q, J = 12.0 Hz, 1H)
0.22 (s, 9H);

13C NMR (150 MHz, CDCLy) § 156.42, 132.38, 131.29, 90.55, 40.37, 33.78, 31.80, 29.40, 22.38, 21.79, 0.05;

HRMS (EI+) m/z Calcd for C;3H,408i 224.1596, found 224.1598.

(-)-BR,3aR,75,9R,9aR,9bS)-3-(((1R,2R,5R)-2-Isopropyl-5-methylcyclohexyl)oxy)-7,9-dimethyl-5-((trimethylsi
lyl)oxy)-3a,4,6,7,8,9,9a,9b-octahydronaphtho[1,2-c]furan-1(3 H)-one (65)
OTMS MQ'QA\O BHT QTMS

= (-)-64

toluene, reflux

63

To a solution of 63 (7.06 g, 31.5 mmol) in toluene (10.5 mL) was added BHT (116 mg, 0.525 mmol) and (-)-64
(2.50 g, 10.5 mmol). The mixture was heated to reflux for 48 hr, and cooled to ambient temperature. The solvent
was removed in vacuo. The crude residue was purified by column chromatography (hexane/AcOEt = 100:0 to
90:10) and recrystallization from EtOH to provide the title compound 65 as a white solid (3.06 g, 6.62 mmol, 63%

yield).

IR (ATR) vynax = 2953, 2923, 2867, 1780, 1775, 1682, 1456, 1246, 1114, 931, 916, 904, 844, 684 cm™';
"H NMR (600 MHz, CDCl3) & 5.21 (s, 1H), 3.53 (dt, J=4.2, 9.0, 1H), 3.25 (t, J = 6.6 Hz, 1H), 2.78 (d, J = 6.6 Hz,
1H), 2.41-2.49 (m, 2H), 2.22 (dd, J = 12.0, 18.0 Hz, 1H), 2.11 (d, J = 15.0 Hz, 1H), 2.02-2.28 (m, 2H), 1.92-1.98

(m, 1H), 1.62-1.72 (m, 3H), 1.36-1.42 (m, 2H), 1.21-1.27 (m, 2H), 1.14-1.19 (m, 1H), 1.01 (d, J = 7.2 Hz, 3H),
- 136 -



0.97-1.02 (m, 1H), 0.83-0.94 (m, 10H), 0.77 (d, J= 7.2 Hz, 3H), 0.68 (q, J = 12.6 Hz, 1H), 0.15 (s, 9H);
13C NMR (150 MHz, CDCls) § 174.61, 137.67, 116.75, 100.55, 75.64, 47.41, 43.72, 41.19, 39.50, 39.26, 36.30,
33.86, 31.46, 30.88, 30.44, 28.67, 25.37, 22.65, 22.05, 21.73, 20.38, 20.13, 15.09, 0.05;

HRMS (FAB+) m/z Caled for C,7H,70,Si (M+H)' 463.3238, found 463.3242;

[a]®p -186.4 ° (c = 0.50, CHCLy).

(-)-3R,3aR,5aR,7S,9R,9aR ,9bS)-3-(((1R,2S,5R)-2-Isopropyl-5-methylcyclohexyl)oxy)-5a,7,9-trimethyloctahyd

ronaphtho[1,2-c]furan-1,5(3H,4H)-dione (66)

OTMS
[nBugNI*[Ph3SnF,]
Mel
MenthylOm" ™ S
en yOx\ TH THF, 1t MenthyIO~\ E
o, o,
65 66

To a suspension of ["BuyN] [Ph3SnF,] (16.4 g, 26.0 mmol) in THF (35 mL) was added a solution of 65 (8.00 g,
17.3 mmol) and Mel (21.5 mL, 346 mmol) in THF (35 mL). After stirring 6 hr, the reaction was quenched with 5%
aqueous sodium bicarbonate solution (150 mL) and 5% aqueous sodium thiosulfate solution, filtered and washed
with hexane:AcOEt = 4:1. The filterate was extracted with hexane:AcOEt = 4:1 (100 mL, three times), washed with
brine, dried over Na,SO,, and concentrated in vacuo. The crude residue was purified by column chromatography
(hexane/AcOEt = 95:5 to 90:10) and recrystallization from hexane/AcOEt to provide the title compound 66 as a

white solid (4.69 g, 11.6 mmol, 67% yield).

IR (ATR) Vpa = 2946, 2916, 2866, 2844, 1774, 1703, 1454, 1371, 1251, 1163, 1114, 963, 950, 918, 849, 663 cm’’;

"H NMR (600 MHz, CDCls) § 5.26 (s, 1H), 3.53 (dt, J=4.2, 9.0, 1H), 3.25 (t, J = 6.6 Hz, 1H), 2.68-2.72 (m, 1H),
2.59-2.63 (m, 1H), 2.50-2.56 (m, 1H), 2.48 (dd, J = 6.6, 9.6 Hz, 1H), 2.06 (d, J = 12.0 Hz, 1H), 1.98-2.03 (m, 1H),
1.75-1.78 (m, 1H), 1.63-1.69 (m, 3H), 1.50 (dd, J = 5.4, 11.4, 1H), 1.35-1.39 (m, 1H), 1.19-1.23 (m, 1H), 1.14 (s,

3H), 0.99-1.09 (m, 5H), 0.91 (d, /= 7.2 Hz, 3H), 0.83-0.92 (m, 9H), 0.78 (d, /= 7.2 Hz, 3H), 0.58 (q, /= 12.0 Hz,
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1H);

C NMR (150 MHz, CDCls) & 213.31, 175.86, 102.16, 76.30, 49.49, 49.07, 47.76, 44.90, 43.25, 42.52, 39.69,
36.30, 36.09, 34.28, 31.36, 28.20, 26.76, 25.81, 23.18, 22.54, 22.19, 20.83, 20.37, 18.80, 15.68;

HRMS (FAB+) m/z Caled for CosHy O4 (M+H)" 405.3005, found 405.3005;

[a]®p -192.7 ° (c = 0.46, CHCL,).

(-)-BR,3aR,4R,5aR,1S,9R,9aR,9bS)-3-(((1R,2S,5R)-2-Isopropyl-5-methylcyclohexyl)oxy)-4,5a,7,9-tetramethyl

octahydronaphtho[1,2-c|furan-1,5(3H,4H)-dione (68)

o)
LDA, Mel
Menthylo=—" THF, 7810 0°C Menthylo=—"
0\ o,
68

To a solution of diisopropylamine (1.81 mL, 12.9 mmol) in THF (45 mL) was added dropwise n-BuLi (1.41 M in
hexane, 9.15 mL, 12.9 mmol) at 0 °C, and then the mixture was stirred at the same temperature for 30 min. To the
mixture was added dropwise a solution of 66 (2.61 g, 6.46 mmol) in THF (50 mL) at -78 °C. After stirring for 10
min, Mel (8.04 mL, 129 mmol) was added into the mixture in one portion, and was stirred for 1 hr at 0 °C. The
reaction was quenched with saturated aqueous ammonium chloride solution (50 mL), extracted with hexane/AcOEt
=4:1 (50 mL, three times), washed with brine, dried over Na,SO,4 and concentrated. The crude residue was purified
by silica gel flash chromatography (hexane/AcOEt = 95:5 to 75:25) and recrystallization from hexane/AcOEt to

provide the title compound 68 as a white solid (2.19 g, 5.23 mmol, 81% yield).

IR (ATR) vynax = 2949, 2923, 2869, 1778, 1707, 1454, 1366, 1151, 1112, 1090, 1008, 929, 913, 712 cm™';
"H NMR (600 MHz, CDCl3) § 5.42 (s, 1H), 3.55 (dt, J = 3.6, 9.0, 1H), 3.20 (t, J = 6.0 Hz, 1H), 2.70 (dq, J = 6.0,
12.0 Hz, 1H), 2.58-2.64 (m, 1H), 2.19 (dd, J = 7.2, 11.4 Hz, 1H), 2.10-2.12 (m, 1H), 1.98-2.00 (m, 1H), 1.73-1.76

(m, 1H), 1.64-1.70 (m, 3H), 1.58-1.60 (m, 1H), 1.38-1.42 (m, 2H), 1.20-1.24 (m, 1H), 1.16 (s, 3H), 1.12 (d, J = 6.6
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Hz, 3H), 0.98-1.03 (m, 5H), 0.95 (d, J= 7.2 Hz, 3H), 0.84-0.91 (m, 8H), 0.78 (d, /= 7.2 Hz, 3H), 0.55 (q, /= 12.0
Hz, 1H);

C NMR (150 MHz, CDCls) & 214.21, 175.92, 101.52, 76.30, 52.06, 49.90, 48.87, 47.74, 44.87, 42.37, 39.70,
37.87,36.32,34.31, 31.39, 28.26, 26.80, 25.90, 23.21, 22.65, 22.23, 20.82, 20.31, 19.26, 15.68, 13.30;

HRMS (FAB+) m/z Caled for CogHy304 (M+H)" 419.3164, found 419.3162;

[a]®p -169.6 ° (c = 0.54, CHCLy).

(BR,3aR4R,5R,5aR,7S,9R,9aR,9bS)-5-Hydroxy-3-(((1R,2S,5R)-2-isopropyl-5-methylcyclohexyl)oxy)-4,5a,7,9-t

etramethyldecahydronaphtho[1,2-c]furan-1(3H)-one (69)

OH
L-selectride
THF, 7810-30°C Menthylo=—" E
0,
69

To a solution of 68 (200 mg, 0.478 mmol) in THF (4.8 mL) was added dropwise L-selectride (1.0 M in THF,
0.67 mL, 0.67 mmol) at -78 °C. After 5 min, the mixture was allowed to warm to -30 °C. The mixture was stirred
further 2.5 hr. The mixture was quenched with saturated aqueous ammonium chloride solution, extracted with
hexane/AcOEt = 4:1, washed with water and brine, dried over Na,SO, and concentrated. The crude residue was
purified by silica gel flash chromatography (hexane/AcOEt = 97:3) to provide the title compound 69 as a colorless

amorphous (110 mg, 0.262 mmol, 60% yield).

'H NMR (600 MHz, CDCls) & 5.34 (s, 1H), 3.51 (dt, J = 4.2, 10.8, 1H), 3.10 (brs, 1H), 3.06 (t, J = 7.2 Hz, 1H),
2.37-2.44 (m, 1H), 2.16 (dd, J = 7.2, 12.0 Hz, 1H), 2.07-2.11 (m, 1H), 1.98-2.03 (m, 1H), 1.78-1.84 (m, 2H),
1.72-1.75 (m, 1H), 1.61.-1.68 (m, 2H), 1.56 (dd, J = 6.0, 11.4 Hz, 1H), 1.49 (d, J = 4.2, 1H), 1.35-1.40 (m, 1H),
1.20-1.30 (m, 4H), 1.06-1.11 (m, 4H), 0.93-1.02 (m, 7H), 0.85-0.90 (m, 11H), 0.76 (d, J=7.2 Hz, 3H), 0.61 (q, J =

12.0 Hz, 1H);
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C NMR (150 MHz, CDCl3) & 177.23, 101.01, 78.69, 76.18, 47.76, 45.79, 45.54, 44.70, 40.85, 39.72, 39.37, 36.53,
34.37, 31.56, 31.37, 29.97, 27.63, 27.09, 25.81, 23.24, 22.82, 22.63, 22.25, 20.80, 20.27, 18.81, 16.69, 15.70,

14.10.

(B3R, 3aR4R,S5R,5aR,7S,9R 9aR,9bS)-3,5-Dihydroxy-4,5a,7,9-tetramethyldecahydronaphtho[1,2-c|furan-1(3H
)-one (75)

OH OH

TFA

L

MenthylO=—\" ¥ || Acetone-H,O-THF ~ HO="
o, 60°C O”\\O
80%
69 75

A solution of 69 (840 mg, 2.00 mmol) in acetone (16.5 mL), THF (4.2 mL), H,O (8.3 mL), TFA (16.5 mL) were
added into sealed tube. The mixture was heated to 60 °C, stirred for 3 hr, cooled to ambient temperature. The
mixture was diluted ice water (50 mL), saturated aqueous sodium bicarbonate solution, extracted with
i-PrOH/CHCI; = 1:4 (30 mL, three times), washed with brine, dried over Na,SO, and concentrated. The crude
residue was purified by silica gel flash chromatography (hexane/AcOEt = 90:10 to 67:33) to provide the title

compound 75 as a white solid (452 mg, 1.60 mmol, 80% yield).

'"H NMR (600 MHz, CDCls) § 5.56 (d, J = 3.0 Hz, 1H), 3.37 (d, J = 3.0, 1H), 3.16 (t, J = 6.6 Hz, 1H), 3.13 (s, 1H),
2.38-2.44 (m, 1H), 2.25 (dd, J = 7.2, 12.0 Hz, 1H), 1.79-1.86 (m, 2H), 1.74-1.79 (m, 1H), 1.61 (t, J = 6.0 Hz, 2H),
1.31 (t,J=12.0 Hz, 1H), 1.14 (d, J = 6.6, 3H), 1.09-1.12 (m, 1H), 1.00 (d, J = 6.6 Hz, 3H), 0.89 (d, J = 6.6 Hz, 3H),
0.86 (s, 3H), 0.63 (q, J = 12.0 Hz, 1H);

3C NMR (150 MHz, CDCl3) § 177.22, 99.34, 78.67, 45.82, 45.54, 44.66, 40.79, 39.37, 35.87, 29.89, 27.66, 27.10,

22.80,20.37, 18.77, 16.69.
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(3aS,5aR,7S,9R,9aR,9bS)-4,5a,7,9-Tetramethyl-3a,5a,6,7,8,9,9a,9b-octahydronaphtho[1,2-c|furan-1(3H)-one

amn

1) NaBH,, EtOH, rt

2) HCl aq., 50 °C socCl,

\J

Y

pyridine, rt

77

To a solution of 75 (460 mg, 1.63 mmol) in EtOH (16 mL) was added NaBH,4 (123 mg, 3.26 mmol) slowly. After
stirring for 30 min, 1 N hydrochloric acid EtOH solution (8.0 mL) was added into the reaction mixture. The mixture
was heated to 50 °C, and stirred for 30 min. The reaction was quenched with saturated aqueous sodium bicarbonate
solution (8.0 mL), extracted with AcOEt (30 mL, four times), washed with brine, dried over Na,SO, and
concentrated. The crude residue 76 was used in the next step without further purification.

To a solution of crude residue 76 in pyridine (8.1 mL) was added SOCI, (0.709 mL, 9.78 mmol) at 0 °C. The
reaction mixture was allowed to warm to ambient temperature, and stirred for 30 min. After the mixture was cooled
to 0°C, the reaction was quenched with saturated aqueous sodium bicarbonate solution (5.0 mL), extracted with
hexane/AcOEt = 4:1 (10 mL, three times), washed with 5% aqueous ammonium chloride solution (10 mL) and 5%
aqueous sodium bicarbonate solution (10 mL), and brine, dried over Na,SO,4 and concentrated. The crude residue
was purified by silica gel flash chromatography (hexane/AcOEt = 90:10 to 75:25) to provide the title compound 77

as a white solid (336 mg, 1.35 mmol, 83% yield).

'H NMR (600 MHz, CDCl;) & 5.42 (s, 1H), 4.36 (t, J = 3.6, 1H), 4.20 (dd, J = 2.4, 9.6 Hz, 1H), 3.10 (dd, J = 5.4,
9.0 Hz, 1H), 3.00 (t, J = 9.0 Hz, 1H), 2.33-2,42 (m, 1H), 1.77-1.80 (m, 2H), 1.71-1.76 (m, 1H), 1.67 (s, 3H),
1.36-1.40 (m, 1H), 1.20 (dd, J = 5.4, 11.4, 3H), 1.02 (d, J = 6.6 Hz, 3H), 0.82-0.86 (m, 4H), 0.61 (q, J = 12.6 Hz,
1H);

C NMR (150 MHz, CDCls) & 178.33, 138.04, 128.40, 69.98, 50.21, 48.49, 45.87, 40.33, 37.14, 35.47, 27.79,

27.28,22.57,22.17,21.17, 20.17.
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(15,25,4aR,6S,8R,8aR)-N-Methoxy-2-((methoxymethoxy)methyl)-V,3,4a,6,8-pentamethyl-1,2,4a,5,6,7,8,8a-0c

tahydronaphthalene-1-carboxamide (80)

Me(MeO)NH-HCI, i-PrMgCl
then MOMCI

THF,0°Ctort

To a flask was added Me(MeO)NH hydrochloride (259 mg, 2.66 mmol) and dried in vacuo for 30 min. A
solution of 77 (220 mg, 0.887 mmol) in THF (8.90 mL) was added into the flask at 0 °C and dropwise i-PrMgCl
(1.05 M in THF, 4.98 mL, 5.23 mmol). After stirred 5 min at the same temperature, MOMCI (0.54 ml, 7.09 mmol)
was added into the reaction mixture. The mixture was stirred for 30 min at 0 °C and for 4 hr at ambient temperature.
The mixture was diluted with hexane, and wash with saturated aqueous sodium bicarbonate solution, extracted with
hexane/AcOEt = 3:1. The organic layer was washed with water and brine, dried over Na,SO,, and concentrated in
vacuo. The crude product was purified by column chromatography (hexane/AcOEt = 97:3 to 90:10) to give the

desired product 80 (133 mg, 0.425 mmol, 43% yield).

"H NMR (600 MHz, CDCl3) & 5.20 (s, 1H), 4.57 (dd, J = 6.6, 9.0 Hz, 2H), 3.80 (dd, J = 5.4, 9.0 Hz, 1H), 3.67 (s,
3H), 3.65 (t, J = 9.6 Hz, 1H), 3.42 (dd, J = 3.6, 11.4 Hz, 1H), 3.33 (s, 3H), 3.14 (s, 3H), 2.68-2.70 (m, 1H),
1.68-1.78 (m, 6H), 1.32-1.37 (m, 1H), 1.30 (dd, J = 3.6, 11.6 Hz, 1H), 1.00 (d, J = 6.0 Hz, 3H), 0.93 (s, 3H), 0.81

(d, J=6.6 Hz, 3H), 0.77 (t, J= 12.0 Hz, 1H), 0.54 (q, /= 10.8 Hz, 1H).

(18,25,4aR,6S,8R,8aR)-2-((Methoxymethoxy)methyl)-3,4a,6,8-tetramethyl-1,2,4a,5,6,7,8,8a-

octahydronaphthalene-1-carbaldehyde (82)
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LiAIH,

THF, 0 °Cto rt

To a solution of 80 (21 mg, 0.059 mmol) in THF (0.25 mL) was added LiAlH, (4.5 mg, 0.117 mmol) at 0 °C. The
reaction mixture was stirred for 15 min, and allowed to warm to ambient temperature. After stirred 45 min, the
reaction was quenched with saturated aqueous potassium sodium tartrate solution at 0 °C, and extracted with
hexane/AcOEt =4 : 1, washed with brine, dried over Na,SO, and concentrated. The crude residue was purified by
silica gel flash chromatography (hexane/AcOEt = 97:3) to provide the title compound 82 (14 mg, 0.047 mmol, 80%

yield).

"H NMR (600 MHz, CDCls) § 9.95 (d, J = 4.2 Hz, 1H), 5.34 (brs, 1H), 4.56 (s, 2H), 3.80 (dd, J= 7.8, 10.2 Hz, 1H),
3.75 (dd, J = 4.8, 9.6 Hz, 1H), 3.32 (s, 3H), 3.01 (dd, J = 4.2, 9.6 Hz, 1H), 2.63-2.65 (m, 1H), 1.73-1.80 (m, 2H),
1.72 (s, 3H), 1.39 (dd, J = 2.4, 11.6 Hz, 1H), 1.35 (dd, J = 4.2, 11.6 Hz, 1H), 1.04 (d, J = 6.0 Hz, 3H), 0.94 (s, 3H),

0.82-0.90 (m, 5H), 0.62 (q, /= 10.8 Hz, 1H).

(1R,25,4aR,6S,8R,8aR)-2-((Methoxymethoxy)methyl)-3,4a,6,8-tetramethyl-1,2,4a,5,6,7,8,8a-octahydronaphth

alene-1-carbaldehyde (83)

NaOMe (5.0 eq)

MOMO

N
E\H MeOH, reflux H
H Y0 H™ Y0
82 83

To a solution of 82 (79 mg, 0.27 mmol) in MeOH (27 mL) was added NaOMe (0.5 M in MeOH, 0.27 mL, 1.3
mmol). The mixture was heated to reflux. After stirring for 40 hr, the mixture was cooled to 0 °C, and saturated
aqueous ammonium chloride solution, extracted with hexane/AcOEt = 1 : 1, washed with water and brine, dried

over Na,SO, and concentrated. The crude residue 83 was used in the next step without further purification.
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'"H NMR (600 MHz, CDCls) 8 9.65 (d, J = 5.4 Hz, 1H), 5.40 (brs, 1H), 4.56 (dd, J = 6.6, 10.8 Hz, 2H), 3.59 (dd, J
=42, 9.6 Hz, 1H), 3.47 (dd, J = 3.6, 10.2 Hz, 1H), 3.35 (s, 3H), 2.60-2.63 (m, 1H), 2.21-2.23 (m, 1H), 1.68-1.72

(m, 5H), 0.96 (s, 3H), 0.80-0.90 (m, 10H), 0.69 (q, J = 12.0 Hz, 1H).

(1R,25,4aR,6S5,8R,8aR)-2-(Methoxymethoxy)methyl)-3,4a,6,8-tetramethyl-1,2,4a,5,6,7,8,8a-octahydronaphth

alene-1-carboxylic acid (84)

NaClO,, NaH,PO,, 2-methyl-2-butene

MOMO » MOMO

N - N
H t-BuOH/H,O=1/1,rt H
H™ O HO™ ~O
83 84

To a solution of crude 83 (20 mg, 0.068 mmol) in ~-BuOH/H,0 (0.6 mL, 1 : 1) was added 2-methyl-2-butene
(0.30 mL, 2.7 mmol). The mixture was cooled to 0 °C, NaClO, (50 mg, 0.54 mol) and NaH,PO,4 (65 mg, 0.54
mmol) were added into the solution successively. After stirring for 12 hr at ambient temperature, the mixture was
diluted with 5% aqueous sodium bicarbonate solution, and extracted with hexane/AcOEt =1 : 1, washed with water
and brine, dried over Na,SO, and concentrated. The crude residue was purified by silica gel flash chromatography

(hexane/AcOEt = 90:10) to provide the title compound 84 (16 mg, 0.052 mmol, 76% yield, over two steps).

'"H NMR (600 MHz, CDCLy) & 5.34 (s, 1H), 3.60 (d, J = 3.0 Hz, 2H), 3.67 (dd, J = 4.2, 10.2 Hz, 1H), 3.58 (dd, J =
3.0, 8.4 Hz, 1H), 3.36 (s, 3H), 2.71 (dd, J = 9.6, 12.0 Hz, 1H), 2.48 (d, J = 4.8 Hz, 1H), 1.60-1.70 (m, 6H),

1.40-1.44 (m, 2H), 0.94 (s, 3H), 0.90-0.93 (m, 4H), 0.83 (d, J= 6.6 Hz, 3H), 0.72 (q, /= 12.6 Hz, 1H).

(1R,25,4aR,6S,8R,8aR)-2-((Methoxymethoxy)methyl)-3,4a,6,8-tetramethyl-1,2,4a,5,6,7,8,8a-octahydronaphth

alene-1-carboxylic acid (85)
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6 N HCI aq.

MOMO__. > HO_.»
N N
H THF, rt o
HO” ~o HO™ ~O
84 85

To a solution of 84 (16 mg, 0.052 mmol) in THF (1.3 mL) was added 6 N hydrochloric acid (1.3 mL). After
stirring for 5 hr, the mixture was back-extracted with saturated aqueous sodium bicarbonate solution, and acidified
with 3 N hydrochloric acid, extracted with AcOEt, washed with brine, dried over Na,SO, and concentrated. The
crude residue was purified by silica gel flash chromatography (hexane/AcOEt = 90:10 to 75:25) to provide the title

compound 85 (13 mg, 0.047 mmol, 97% yield).

'"H NMR (600 MHz, CDCls) § 5.43 (s, 1H), 3.79 (dd, J = 4.2, 11.6 Hz, 1H), 3.68-3.72 (m, 1H), 2.68 (t, J = 9.0 Hz,
1H), 2.44 (brs, 1H), 1.60-1.70 (m, 7H), 1.40-1.44 (m, 2H), 0.93 (s, 3H), 0.86-0.91 (m, 5H), 0.83 (d, J = 6.6 Hz, 3H),
0.72 (q, J = 12.6 Hz, 1H);

3C NMR (150 MHz, CDCls) § 184.43, 139.04, 127.68, 62.39, 49.23, 48.93, 48.05, 46.63, 44.98, 35.54, 31.99,

26.96, 22.50, 21.48, 20.97, 20.20.

(1R,25.,4aR,6S,8R,8aR)-2-(hydroxymethyl)-3,4a,6,8-tetramethyl-1,2,4a,5,6,7,8,8a-octahydronaphthalene-1-ca

rboxylate (86)

TMSCHN,
HO_. = HO .«
H MeOH-toluene, 0 °C H
HO™ ~O MeO™ ~O

85 86

To a solution of 85 (26 mg, 0.10 mmol) in MeOH-Toluene (2.0 mL) was added 0.6 M
trimethylsilyldiazomethane (2.0 mL, 0.118 mmol) at 0 °C. After stirring for 15 min, the mixture was concentrated.
The crude residue was purified by silica gel flash chromatography (hexane/AcOEt = 97:3 to 83:17) to provide the

title compound 86 (24 mg, 0.087 mmol, 95% yield) as a colorless oil.
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IR (ATR) vynax = 3463, 2948, 2905, 2838, 1733, 1454, 1434, 1379, 1250, 1193, 1162, 1049, 907, 842"

'"H NMR (600 MHz, CDCls) § 5.42 (s, 1H), 3.77 (dd, J= 4.2, 11.4 Hz, 1H), 3.67 (s, 1H), 3.58 (dd, J= 3.0, 11.4 Hz,
1H), 2.72 (dd, J = 7.8, 12.0 Hz, 1H), 2.39-2.43 (brs, 1H), 1.68-1.74 (m, 1H), 1.67 (s, 3H), 1.58-1.64 (m, 2H),
1.37-1.43 (m, 2H), 0.89-094 (m, 1H), 0.93 (s, 3H);

3C NMR (150 MHz, CDCLy) § 178.73, 139.09, 127.80, 62.22, 51.62, 49.40, 48.93, 48.19, 46.69, 44.80, 35.69,
31.70, 26.96, 22.51, 21.50, 20.84, 20.11.

[a]”p -15.9 ° (¢ = 0.246, CHCl,).

(1R,25,4aR,6S,8R,8aR)-2-(iodomethyl)-3,4a,6,8-tetramethyl-1,2,4a,5,6,7,8,8a-octahydronaphthalene-1-carbo

xylate (87)

PPhs, 15, imidazole

HO\\\\‘ ’ o \\\\‘
H CH,Cl,, rt H
MeO™ ~O MeO™ ~O
86 87

To a solution of PPh; (16 mg, 0.061 mmol) and iodine (14 mg, 0.055 mmol) in CH,Cl, (1.5 mL) was added 86
(8.6 mg, 0.031 mmol) and imidazole (3.8 mg, 0.055 mmol). After stirring for 6 hr, the reaction was quenched with
5% aqueous ammonium chloride, and extracted with CH,Cl,, washed with 5% aqueous sodium thiosulfate solution,
water, and brine, dried over Na,SO, and concentrated. The crude residue was purified by silica gel flash
chromatography (hexane/AcOEt = 97:3) to provide the title compound 87 (11 mg, 0.027 mmol, 89% yield) as a

colorless oil.

IR (ATR) vy = 2948, 2909, 1734, 1456, 1379, 1297, 1226, 1151°';

'"H NMR (600 MHz, CDCl3) & 5.38 (s, 1H), 3.69 (s, 3H), 3.43 (dd, J = 3.0, 10.2 Hz, 1H), 3.11 (dd, J= 2.4, 10.8 Hz,
1H), 2.61 (dd, J = 12.0, 12.0 Hz, 1H), 2.28-2.31 (m, 1H), 1.67-1.77 (m, 1H), 1.63 (s, 3H), 1.61-1.65 (m, 1H),
1.51-1.44 (m, 2H), 1.43-1.39 (m, 1H), 1.06 (s, 3H), 0.89 (t, J = 12.6 Hz, 1H), 0.83 (d, J = 6.0 Hz), 0.76 (d, J= 6.6

Hz), 0.71 (m, 1H),;
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C NMR (150 MHz, CDCl;) & 177.65, 138.17, 128.64, 51.77, 49.37, 48.71, 47.50, 46.82, 45.69, 36.39, 31.11,
26.85,22.51,21.93,20.18, 19.96, 12.42.

[a]®p -113.2 ° (¢ = 0.050, CHCly).

(1S,25,4aR,6S,8R,8aR)-2,3,4a,6,8-pentamethyl-1,2,4a,5,6,7,8,8a-octahydronaphthalene-1-carboxylate (88)

Zn dust
NGRS > o
H AcOH, 80 °C H
MeO (@] MeO (e}
87 88

To a solution of 87 (7.7 mg, 0.020 mmol) in AcOH (1.0 mL) was added Zn dust (25.8 mg, 0.395 mmol). The
mixture was heated to 80 °C. After stirring for 22 hr, the mixture was cooled to ambient temperature, and filtered
through Celite and rinsed with AcOEt. The filtrate was wash with saturated aqueous sodium bicarbonate solution
and saturated aqueous sodium thiosulfate solution and water, and brine, dried over Na,SO, and concentrated. The
crude residue was purified by silica gel flash chromatography (hexane) to provide the title compound 88 (3.4 mg,

0.0128 mmol, 64% yield).

IR (ATR) Vi = 2949, 2911, 1738, 1457, 1433, 1378, 1249, 1190, 1162, 1036, 8417;

'"H NMR (600 MHz, CDCl3) § 5.18 (brs, 1H), 2.32-2.22 (m, 2H), 1.73-1.65 (m, 1H), 1.62-1.56 (m, 2H), 1.61 (s,
3H), 1.43-1.38 (m, 1H), 1.34-1.38 (t, J = 10.8 Hz, 1H), 1.01 (d, J = 7.2 Hz, 3H), 0.88-0.93 (m, 1H), 0.89 (s, 3H),
0.82 (d, J = 6.0 Hz, 3H), 0.77 (d, J = 6.0 Hz, 3H), 0.74-0.68 (m, 1H);

3C NMR (150 MHz, CDCly) & 178.54, 134.72, 132.64, 51.44, 49.82, 48.95, 46.81, 40.21, 36.01, 31.60, 29.69,
27.02,22.56,21.90, 20.97, 20.17, 18.54.

HRMS (FAB+) m/z Caled for Cj7Ha50, (M+H)' 265.2169, found 265.2167;

[a]”p -18.3 ° (c = 0.070, CHCl,).
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General procedure for phenylselenylation of ethers using diphenyl diselenide-tributylphosphine-molecular
oxygen system

Under shielding the light and Ar atmosphere, diphenyl diselenide (312 mg, 1.00 mmol, 0.50 eq.), ether (100 mmol,
50 eq.), and tributylphosphine (0.493 mL, 2.00 mmol, 1.0 eq.) were added to oven-dried reaction flask with
magnetic stirring bar, and the reaction flask was made under oxygen atmosphere. After that, tributylphosphine
(0.493 mL, 2.00 mmol, 1.0 eq.) was added every 1 hr to the solution, until the complete consumption of diphenyl
diselenide. The reaction was quenched with 5% aqueous sodium thiosulfate solution (8.0 mL) and extracted with
hexane/ethyl acetate = 4:1 (5.0 mL, three times), washed with water (10 mL, two times) and brine, dried over
Na,SO4 and concentrated. The crude residue was purified by silica gel flash chromatography (hexane/ethyl acetate)

to provide the desired phenylselenylated ethers.

(2)- 2-(Phenylselanyl)tetrahydrofuran (78) ***

Colorless oil; 432 mg, 1.90 mmol, 95% yield;

'H NMR (600 MHz, CDCl3) & = 7.61-7.63 (m, 2H), 7.25-7.28 (m, 3H), 5.95 (dd, J = 3.6, 7.2 Hz, 1H), 4.04 (dt, J =
7.8,7.8 Hz, 1H), 3.94 (dt,J=17.8, 7.8 Hz, 1H), 2.35-2.42 (m, 1H), 2.08-2.13 (m, 1H), 1.97-2.04 (m, 1H), 1.84-1.91
(m, 1H);

C NMR (150 MHz, CDCl3) & = 133.73, 130.53, 128.86, 127.15, 84.44, 67.45,33.57, 24.49.

(£)-2-(Phenylselanyl)tetrahydro-2H-pyran (90) 222)
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(A

90

Colorless oil; 391 mg, 1.62 mmol, 81% yield;
"H NMR (600 MHz, CDCl3) § = 7.57-7.60 (m, 2H), 7.24-7.27 (m, 3H), 5.69 (t, J = 4.2 Hz, 1H), 4.14-4.18 (m, 1H),
3.65-3.69 (m, 1H), 2.09-2.14 (m, 1H), 1.97-2.02 (m, 1H), 1.75-1.82 (m, 1H), 1.63-1.71 (m, 3H);

C NMR (150 MHz, CDCl3) 6 = 133.52, 130.43, 128.91, 127.07, 84.73, 67.30, 32.75, 25.68, 21.45.

(2)-2-(Phenylselanyl)-1,4-dioxane (91) ***

Sve

91

Colorless oil; 446 mg, 1.83 mmol, 92% yield;
'H NMR (600 MHz, CDCl3) 6 = 7.60-7.62 (m, 2H), 7.25-7.29 (m, 3H), 5.48 (dd, J=2.4, 4.2 Hz, 1H), 4.28-4.32 (m,
1H), 4.03 (dd, /= 3.0, 12.0 Hz, 1H), 3.88 (dd, J= 3.6, 11.4 Hz, 1H) 3.72-3.79 (m, 2H), 3.66-3.69 (m, 1H);

C NMR (150 MHz, CDCl;) & = 133.86, 129.25, 129.04, 127.53, 81.74, 71.08, 66.73, 63.67.

(1)-(2S,55)-2-Methyl-5-(phenylselanyl)tetrahydrofuran (92a) &

QL 0-

Se
92a

Pale yellow oil; 188 mg, 0.800 mmol, 39% yield;
'H NMR (600 MHz, CDCl;) & = 7.61-7.63 (m, 2H), 7.24-7.28 (m, 3H), 5.99 (dd, J = 3.6, 7.2 Hz, 1H), 4.31-4.36 (m,

1H), 2.45-2.52 (m, 1H), 2.06-2.12 (m, 2H), 1.41-1.47 (m, 1H), 1.30 (d, J = 6.6 Hz, 3H);
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C NMR (150 MHz, CDCl3) & = 133.52, 130.98, 128.88, 127.05, 84.51, 74.82, 33.97, 32.09, 19.96.

(£)-(2S,5R)-2-Methyl-5-(phenylselanyl)tetrahydrofuran (92b) "

Qo

Se O
92b

Colorless oil; 149 mg, 0.620 mmol, 31% yield;
'H NMR (600 MHz, CDCl3) 6 = 7.62-7.64 (m, 2H), 7.25-7.28 (m, 3H), 5.78 (dd, J=2.4, 6.6 Hz, 1H), 4.20-4.24 (m,
1H), 2.35-2.42 (m, 1H), 2.22-2.27 (m, 1H), 2.03-2.08 (m, 1H), 1.66-1.73 (m, 1H), 1.35 (d, J = 6.6 Hz, 3H);

PC NMR (150 MHz, CDCl;) & = 134.34, 130.24, 128.88, 127.31, 83.66, 78.22, 35.00, 32.48, 21.89.

(£)-2-Methyl-2-(phenylselanyl)tetrahydrofuran (92c) ">

O«Se©
(@)
92c
Pale yellow oil; 96 mg, 0.400 mmol, 20% yield;
'H NMR (600 MHz, CDCl3) 6 = 7.60-7.64 (m, 2H), 7.25-7.28 (m, 3H), 4.11 (dt, /= 6.6, 7.8 Hz, 1H), 3.99-.4.03 (m,

1H), 2.25-2.29 (m, 1H), 2.09-2.12 (m, 1H), 1.96-2.01 (m, 1H), 1.90-1.95 (m, 1H), 1.73 (s, 3H);

C NMR (150 MHz, CDCl;) & = 132.34, 129.68, 128.63, 127.3, 90.43, 68.30, 30.39, 29.85, 18.84.

(£)-2-(Phenylselanyl)-3,4-dihydro-2H-pyran (93)

(AL

e
93
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Colorless oil; 108 mg, 0.900 mmol, 45% yield;

IR (ATR) Vpax 2955, 2923, 2853, 1724, 1053, 734, 689 cm™';

'H NMR (600 MHz, CDCls) 8 = 7.62-7.64 (m, 2H), 7.27-7.29 (m, 3H), 6.28 (dt, J = 1.2, 6.6 Hz, 1H), 3.92 (dt, J =
1.2,9.6 Hz, 1H), 4.91-4.93 (m, 1H), 2.22-2.32 (m, 2H), 2.17-2.22 (m, 1H), 2.06-2.10 (m, 1H);

C NMR (150 MHz, CDCl3) & = 141.25, 134.16, 129.47, 129.03, 127.56, 101.97, 80.23, 28.85, 18.04.

HRMS (EI+) m/z caled for C; H;,0Se (M) 240.0053, found 240.0055.

(2)-(1-Ethoxyethyl)(phenyl)selane (94) '

L

o

94
Pale yellow oil; 371 mg, 1.62 mmol, 81% yield,;
'H NMR (600 MHz, CDCl3) 8 = 7.56-7.58 (m, 2H), 7.24-7.28 (m, 3H), 5.13 (q, J = 6.6 Hz, 1H), 3.92 (dq, J = 6.6,
9.0 Hz, 1H), 3.43 (dq, /= 7.2, 9.6 Hz, 1H), 1.69 (d, J = 6.0 Hz, 3H), 1.22 (t, J= 7.2 Hz, 3H);

C NMR (150 MHz, CDCl3) 6 = 135.65, 128.79, 128.37, 127.55, 82.85, 64.88, 24.43, 14.68.

(¥)-(1-Butoxybutyl)(phenyl)selane (95)

Se©
/\/\o)\/\
95

Pale yellow oil; 462 mg, 1.62 mmol, 81% yield;
IR (ATR) Vpax = 2958, 2932, 1115, 1083, 1071, 736, 691 cm’;
'H NMR (600 MHz, CDCl3) & = 7.56-7.58 (m, 2H), 7.24-7.28 (m, 3H), 4.98 (dd, J = 5.4, 7.2 Hz, 1H), 3.88 (dt, J =

6.6, 9.6 Hz, 1H), 3.34 (dt, J= 6.6, 9.0 Hz, 1H), 1.81-1.92 (m, 2H), 1.54-1.59 (m, 2H), 1.44-1.51 (m, 2H), 1.34-1.41
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(m, 2H), 0.91 (t, J= 7.2 Hz, 3H), 0.89 (t J= 7.2 Hz, 3H);
13C NMR (150 MHz, CDCls) = 133.46, 128.93, 128.80, 127.42, 88.50, 69.38, 39.84, 31.29, 20.03, 19.45, 13.86,
13.52;

HRMS (EI+) m/z caled for C14H,,0Se (M)' 286.0836, found 286.0840.

((2-Methoxyethoxy)methyl)(phenyl)selane (96a)
O~ O
@) Se
96a

White solid; 305 mg, 1.25 mmol, 62% yield;

IR (ATR) Vinax = 2923, 1478, 1067, 802, 691, 591 cm’™';

'H NMR (600 MHz, CDCl3) & = 7.53-7.60 (m, 2H), 7.25-7.27 (m, 3H), 5.33 (s, 2H), 3.74 (dt, J = 3.6, 4.8 Hz, 2H),
3.57 (dt, J = 3.6, 4.8 Hz, 2H), 3.38 (s, 3H);

C NMR (150 MHz, CDCl;) & = 132.89, 130.67, 129.06, 127.11, 73.12, 71.31, 68.46, 59.02;

HRMS (EI+) m/z caled for C1oH;40,Se (M)* 246.0159, found 246.0167.

()-(1,2-Dimethoxyethyl)(phenyl)selane (96b)

L

/O\)\o/

96b

White solid; 139 mg, 0.566 mmol, 28% yield;
IR (ATR) Vinax = 2927, 1057, 861, 799, 739, 692 cm’;
"H NMR (600 MHz, CDCl3) 6 = 7.58-7.60 (m, 2H), 7.26-7.31 (m, 3H), 5.00 (dd, J = 3.6, 8.4 Hz, 1H), 3.75 (dd, J =

3.0, 7.8 Hz, 1H), 3.64 (dd, J= 7.8, 10.2 Hz, 1H), 3.53 (s, 3H), 3.37 (s, 3H);
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C NMR (150 MHz, CDCl3) 8 = 135.53, 129.01, 127.88, 127.82, 87.76, 75.96, 59.04, 57.67;

HRMS (EI+) m/z caled for C1oH140,Se (M) 246.0159, found 246.0167.

(£)- 2-(Phenylselanyl)-1,4,7,10-tetraoxacyclododecane (97)
se®
O O
/

Colorless oil; 437 mg, 1.32 mmol, 66% yield;

IR (ATR) Vpax - 2909, 2858, 1122, 1087, 1059, 1021, 741, 693 cm™;

"H NMR (600 MHz, CDCl3) & = 7.59 (d, J = 7.2 Hz, 2H), 7.24-7.31 (m, 3H), 5.36 (dd, J = 2.4, 8.4 Hz, 1H),
3.77-3.92 (m, 5H), 3.59-3.72 (m, 9H);

C NMR (150 MHz, CDCl;) & = 135.70, 128.95, 127.86, 127.29, 85.93, 74.75, 70.91, 70.38, 70.37. 70.28, 70.02,

69.77.

(£)-4-(phenylselanyl)-1,3-dioxolane (99a)

Colorless oil; 137 mg, 0.600 mmol, 30% yield;
'H NMR (600 MHz, CDCls) 6 = 7.64-7.66 (m, 2H), 7.28-7.33 (m, 3H), 5.85 (dd, /=4.8, 6.0 Hz, 1H), 5.11 (s, 1H),
5.03 (s, 1H), 4.32 (dd, /= 6.6, 9.0 Hz, 1H), 3.88 (dd, J=4.8, 9.0 Hz, 1H);

C NMR (150 MHz, CDCl;) & = 134.28, 129.18, 128.91, 127.95, 94.14, 79.51, 70.65.
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(£)-4-(phenylselanyl)-1,3-dioxane (1002a)

SWe

100a

Colorless oil; 165 mg, 0.680 mmol, 34% yield;
"H NMR (600 MHz, CDCls) & = 7.58-7.60 (m, 2H), 7.27-7.29 (m, 3H), 5.72 (t, J = 4.8 Hz, 1H), 5.32 (d, J= 6.6 Hz,
1H), 4.81 (d, J= 6.6 Hz, 1H), 4.00-4.05 (m, 1H), 3.88-3.92 (m, 1H), 2.35-2.39 (m, 1H), 1.98-2.03 (m, 1H);

PC NMR (150 MHz, CDCly) & = 134.02, 129.61, 129.11, 127.71, 90.33, 81.02, 65.10, 32.48.

(phenoxymethyl)(phenyl)selane (101)
©/O\/Se ©
101
Colorless oil; 132 mg, 0.500 mmol, 25% yield;
'H NMR (600 MHz, CDCls) & = 7.60-7.62 (m, 2H), 7.30-7.33 (m, 2H), 7.28-7.30 (m, 3H), 6.90-7.05 (m, 3H), 5.70

(s, 2H).

Reaction mechanism study with TEMPO

nBU3P
TEMPO
PhSeSePh + [ } .8 - O\
O 77 O SePh

Light shielding

under O,, rt, 2 hr 8

Under shielding the light and Ar atmosphere, diphenyl diselenide (312 mg, 1.00 mmol, 0.50 eq.), tetrahydrofuran
(8.10 mL, 100 mmol, 50 eq.), TEMPO (313 mg, 2.0 mmol, 1.0 eq.) and tributylphosphine (0.247 mL, 1.00 mmol,

0.5 eq.) were added to oven-dried reaction flask with magnetic stirring bar, and the reaction flask was made under
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oxygen atmosphere. After stirring for 2 hr at ambient temperature, no desired product 78 was detected by TLC and

'H- and *C-NMR spectroscopy.

Reaction mechanism study using diphenyl diselenide-NaH system

NaH O\
1/
PhSeSePh + [ > # SePh

S Light shielding o
under O,, reflux, 2 hr

Y

78

Under shielding the light and Ar atmosphere, diphenyl diselenide (156 mg, 0.50 mmol, 0.50 eq.), tetrahydrofuran
(8.10 mL, 100 mmol, 100 eq.), and NaH (24.0 mg, 1.0 mmol, 1.0 eq.) were added to oven-dried reaction flask with
magnetic stirring bar, and the reaction flask was made under oxygen atmosphere. After stirring for 2 hr under reflux,

no desired product 78 was detected by TLC and 'H- and "C-NMR spectroscopy
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