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Act acetyl

aqg.- aqueous

BINOL: 1,1-bi-2,2"-naphthol

Bn: benzyl

Boc: #-butyloxycarbonyl

Bs: benzenesulfonyl

BTF: benzotrifluoride

Bu: butyl

Bz: benzoyl

cat.: catalytic

CBS: Corey-Bakshi-Shibata

dba: dibenzylideneacetone

DBU: 1,8-diazabicyclo[5.4.0lundec-7-ene
DDQ: 2,3-dichloro-5,6-dicyano- p-benzoquinone
DMAP: 4-dimethylaminopyridine

DMF: dimethylformamide

DMDO: dimethyldioxirane

DMSO: dimethylsulfoxide

DMT-MM: 4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium Chloride
EDCI: 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride
ee: enantiomeric excess

Et: ethyl

h: hour(s)

KHMDS: potassium bis(trimethylsilyl)amide
LAH: lithium aluminum hydride

LTMP: lithium tetramethylpiperidide
mCPBA: mrchloroperbenzoic acid

Me: methyl

min: minute(s)

MS: molecular sieves

Ms: mesyl

NMO: M-methylmorpholine

NOE: nuclear Overhauser effect

Ph: phenyl

Piv: pivaloyl

PPTS: pyridinium p-toluenesulfonate

Pr: propyl

PTLC: preparative thin layer chromatography
py.: pyridine

RCM : ring closing metathesis

rt: room temperature

TBAI: tetrabutylammonium iodide

TBDPS: tbutyldiphenylsilyl

TBS: tbutyldimethylsilyl

temp: temperature

TES: triethylsilyl

Tf: trifluoromethanesulfonyl

TFA: trifluoroacetic acid

TFAA: trifluoroacetic anhydride

THEF: tetrahydrofuran

TIPS: triisopropylsilyl

TMS: trimethylsilyl

Tol: p-tolyl

TPAP: tetrapropylammonium perruthenate
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%—Hi Danishefsky %! ¥ = > O KIRY) & F~DF|
RIKAAED0Z OO AEFEIE S b DR RBEEO O L DI, REABRDFTOND, =
DX 7 EMIZB T, REASNBRIIZHOBEHRILZ D, FR3MEL, SOIKEAETSE L -
TNDZENZW, Tbb, REFENBEELANFTEKT 2 FIEDBRIITCFIENIER IR D 2B 726 1k
IZBWCIERICEETH D,

IRFNBER T D — ki 72 51 L LT, Diels-Alder Sz 55, Diels-Alder i, M
RFBINOIRD VT L IRFENORD YT ) T 4 VIFEA OB ZEAT DL LICk-> T, ZE#S
7 mosFt 0MEER LT A A LR - (CEDEIRICAE S 2 E N TE BT, REMERKIZB W TIAL A
WHNTE, BEEOEAINTZY D95, R 1974 AT Danishefsky & OHERIC K - T

X7z 1-methoxy-3-trimethylsilyloxy-1,3-butadiene (Danishefsky YT )1 (1a)Z XU H LT 5HE
FEIZFR b S iz v = > (Figure DIL, B 1R /&4 L7  Figure 1. Highly oxygenated dienes

4 > & ® Diels-Alder KBV TEW B % 7R TMSO TBSO TMSO
. BEERELEINTV 7 ot UBEKE S \q \q \Q(OMe
AT EMb, RIERIZBWTIFFICAMN TS 2 \Me, OTMS

%5 (Scheme 1), —fl& L T. YHF2E= /¥ |X Danishesky'sdiene Rawals diene Brassard's diene

Danishefsky v= > % % Diels-Alder )i~ iZ & > T Nakadomarin A D RFEEMEEMR L TWND

(Scheme 2), 2
Scheme 1

TMSO
7NN TMSO R4 Highly functionalized
EE— 2. Regioselective
i EWG .

OMe OMe 3. Stereoselective (normally endo selective)

Danishesky's diene

Scheme 2
H
| oTBS v °
BsN \\ 1) 180 °C BsN_ 2
+ —_— = —_—
o] NBs 7 2) TFA 5 N\=NBs
5 OMe 1b Z
© \
(-)-nakadomarin A
L7 L7235, Danishefsky 2 L 3E D ISMED & SHUZRIZH L TARELETHH Z &b,

A AR X BV ) 7 4 M OTEHALITEEL < I§W42M%ﬁ%%wk%ﬁ%IﬁDmkM®r
FOSORIHFIL, TATE RRA 2 KT 5T 1 Diels-Alder SUSDF & BROTIEIEFITD 7R,
34 ZHUSHKI L, HHFFEE T 2008 4FIC Danishefsky 2 &AL 7 ¢ DY ORRBER) Diels-Alder
[t %, 5a Rawal 513 2000 4212 Rawal ¥ Q) & A4 L7 o » OYOfkIEER) Diels-Alder Stz #H&E L
7oo B REITIE, T B —DDOAF Diels-Alder KGOV TR 5,



% _fi Danishefsky = % 5 il A5 Diels-Alder )i

FH 0 51% 2001 27 % /A R¥H  Scheme 3. Inokuchi's work

N R N - H Me
i aans i e it O
] - L 75 + 11,
Diels-Alder [ &DHZN7/2filgt & 72 5 BUOLC e x ooane, 0 %0 A
T EHE L7 (Scheme 3), 7 ZHh OMe o) 87%

WX, FTNVT K A RiEOBFIC iofzﬁﬁm@Tﬁfh% ERNTCE D 2 EDNRBE T,
IR S 1E YD(OTDs. BINOL K OVEE W=7 R v K0S A 7 v SR 2L, v 7
oAU H T NFT LA Scheme 4. Kobayashi's work chiral Yb complex

o . (20 mol%)
V) vk OAFH Diels-Alder X /jL @ with orW|thout addmve /7
JRIZBWTHRE 95% ee DARFULHE MS 4A, CH.Cl, 0 °C /A

B _ o 3a
TN ZEHEITSE D Z I LT 73%, 95%

W5, (Scheme 4), 8 chiral Yb complex = Yb(OTf)3 + (R)-BINOL + cis-1,2,6-trimethylpiperidine (1:1.2:2.4)

B EO P IX ELO/NKDL OIGICR 5V, Y(OTDs &M B o R FE A+
BINAMIDE1,1-(2,2-bisacylamino)binaphthalene], &' PraNEt 75 52151 Yb SERZ R L |
vraRvEg vzt k=AY Y v EOFENENOE TS T AR IR AR
Diels-Alder S DBAFEICHEEI LT 5 (Scheme 5), 9

Scheme 5

0 e} chiral Yb complex o O R
(25 mol%) j OO >_
/\)J\N)J\O + @ 5 > N )J\ NH
CH,Cl,, 0°C 07 °N" O
3a —/ \__/ endo (2R, 3S) \H
95%, >98% ee (endo) OO )/._R
endo:exo = 9.1:1 J
chiral Yb complex = Yb(OTf); + BINAMIDE (R = Ph) + jPr,NEt (1:1.2:2.4) ______BINAMIDE _|

UHFEE ORI FIROH 0 S OfERE S L1Z, AKEEA% Danishefsky = Z H]v % Diels-Alder
FOSIZiE A U, Danishefsky V= 1 EEFAREA LT 42 8 & OHOfEER)AF Diels-Alder & D
BHESICR I LTz, ZAUC &0 . ARRERTEIETH 2 5E MY 7 m~Ft  UFFERR m LA
ETHLND KD/ o7z (Table 1), 5 j&, Zo & X vz BINAMIDE i 3,5-difluoro 1A 5 73
WTHY ., LK, b ZH(Z BINAMIDE & FEFRT %5, & HI2, ¥YiF5E=E 0 HIX BINAMIDE #24 B L,
U L7 g% &> BINUREA Z A% L. AAFNERSEE —Mom LICpsh Lz,

Table 1 o o 1) chiral Yb complex
/\)OL ){ = (10 mol%) o R F
N CH,CI O
AN N eSS U0 s
e N«
3 1 ome 2 TFA . Y H F
vomvcing | IO F
chiral Yb complex = Yb(OTf)3+ 5+ DBU (1:1.2:2.4) or Yb(OTf)3+6+DBU(1:1:2) J
optimized data of optimized data of .
BINAMIDE BINUREA S:BINAMIDE _F
R 4 (%) %ee 4 (%) %ee
e Me quant. 92 __ quant. 98 o :
linear n-Pr 93 o7 9 99 OO NN
Jdkylchain o Bu 88 ___87T_ _____. 0 ___97_ . HoH
branched iPr 29 56 84 98 H H Ph
__alkylchain ____Ph ______ 26 ___80___.... 0 ___97__ O TY
___.ester_____PhO,C ___quant 90 ______ 88 .86 __ ©
non-substituted H 93 71 21 37 6:BINUREA




= Rawal =%\ AEEA AR Diels-Alder Kt

Rawal 5% 1997 4|2 1-amino-3-siloxybutadiene(2a, Rawal ¥ =) D& K& % @ Diels-Alder /<
i L=, 62 Rawal ¥ (2a)i Danishefsky ¥ = 2T 3300 %D it 2 779 1E Dy, 60 7
SR OEFEBATELZ ENOEEBRIEMOERIIH LAEATHD, 512000 E(Z Rawal HiE, 7
R HICEFWSIEEBEA LY 20 W, XTIV v LY L UK Ta AR & 3D AR AR
Diels-Alder S&DPHFEITKL LlE L7z(Table 2), 6 ARUSTIE, 7/ K& b o7 unFktE
721X 6-5 BERDES LIcALEW Z SRR - = 0 FARRBNCHE S Z L3 TE, Rawal 1T 2
NaEHWET Ve RORFEEHIERL TWVD, 10

Table 2

TBSO TBSO R' Q |
= R! 5mol % 7a ° ! N = !
X . ]\ 4AMS WRZ \C?’ :

N SbFe

Bn~ “CO,Me Bn/N\COzMe 7a  tBu tBu
! (R,R)-salen-Cr(ll1)-SbFg
enty R’ R? temp (°C) time yield (%)  %ee ~TTTTTTTTTTTTTTToTomoooToos '
1 H Me —40 2d 93 97
2 H Et —40 2d 91 97
3 H iPr —40 5d 92 >97
4 H TBSO(CH,), —40 2d 93 95
5 H TBSO —40 2d 86 >97
6 «(CHy)s- —40tort 5d 76 96

FZILU TR TRE 2TV, LT ORRER/HT,
(1) 475 T % X117 Danishefsky ¥ = v Ofilii ) R % Diels-Alder %8 TR L L,
()-platyphyllide (AR 4 Ak & Rk L, 2 el i & 8 L7z,
(2)  platyphyllide & BRIV THER- =B b 2 W ZBRICD BRSO A LT 4 o OALE N5
R BRIERPICONT, CNERIRIICHE BRI R, FUSHM A HEE LT,
(3) Rawal & DOAF Diels-Alder KinZ 8 TREE L, v I BOSESKRIFEEZITH- T,

N A ESY S O AR 15 HY (I

(—)-platyphyllide O fil A A 75 24k

Rk 72 BB & Ttk - R el BT 24 V7 4 D EVER
<~ Y B ORERATE

i ?“dT i
i W

[1]

LA

7

ZF DOWFFE DRI DN TEERNT R T 5,
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%% (O-platyphyllide Ot 175 424

¥ (©-platyphyllide {25 T

Ty

N

JIVvEAFT I ThH D platyphyllide(8) i3 1977 412 Bohlmann & (2 Figure 2
& T Senecio platyphylloides £ U Hpf < 4v, SCARRE 2 bR < i) O’
DB S U7z, 1A AL EE IZ DV THE 1979 212 Bohlmann & 73 platyphyllide ! [/
DY A« NI U AMBHAROEERZER L, RKRIED T ARE TH O
5 Z & aIE L= (Figure 2), 12 32 51X 1986 4, 7 L — U HIEAZE S The?roposed structure of
xR ONT a0 MOy W Diels-Alder SO A SEITREE L (-)-Platyphyllide
platyphyllide D4 & ik & 2K L7, 182 F 72368 51% 1995 42, Corey-Bakshi-Shibata i#5tiZ L 0 —#k
TV a— )LONAREFIE L, [FAED/L— k28T platyphyllide OHIORF A% K L 7= (Scheme
6 LIPLARG, YAERKRO T AR AEKT 22 L3 TETELT, 10 L 11D 1:1
DIREWZTEEL TV D, EFRR O, AR 14 ORT T a0 Y A VEFER 16 O X #ifs
EEFEIEFRATIC L D | platyphylhde OFKRIBCEIZORTR) TH D LB L TWVWD, 18 pk REHZHZILH

BESCERD b D 2 V2, 1

Scheme 6
(R)-Me-CBS ~ _\ _
BH3*THF
separation S
OH o OH OH ofeach X _O OH
rac-9 ca. 11 diastereomer 12
Br ¢
‘4, Op /
! <—
ﬁ OH —=—0
O o] ﬁ -
(e} 15 \/ OH
X-ray crystallographic analysis to (=)- Platyphylllde (8) 13

determine absolute configuration

Z D% 1999 H1Z Ho HIZ LV b T > A®RINH 72 platyphyllide DAL EHK SN2 H DD, T+
BRTHD G, BIEETIZ T F RO T v AR 2 2B k= E‘Zéﬂfb\iﬁb\
4 Z 2T, YiFE=EDARF Diels-Alder iz VY b7 > AERAY 7 platyphyllide OfifEr AR 74 4
Rz R T <L e R B L,

% _H1  (+)-platyphyllide DR H 2E

LRI A RRARHT % - (Figure 3), 32 5 OHREIA 10 1%, 9 O T /b3 — VlIEHA B30 & LT
RERAGETCICTHEOND E LT B-A FFI =/ 16 12x%f LT E =/L Grignard i3 % i S H
FRAVER3 5 = L TELNLD & LTz, 16 13 Diels-Alder fHINMAK 17 (2% Bk - kL 15 12 L 055

NHEEZT-, LLERG, TIUVAMICBEBEBEREEZ bSOV VT ) — Lo —T VT 500 - =
Flgure 3

Z oxidation S0 I\
Q S Q S I; My

OMe O 0]
17



e b7z & ORBALE OWEITBRNICEREIR T2 o7 VRIOEICR LA TR Y, 16 7L a¥x i
MEEOIMINTH TV B IEEOFNT 2, BETREOEBIIAHATHS, T2 THHEOMRGTE LT, £
Ik 17a & A5 o 2 — R - R bOFRMHFIfT L2 2A, WREISBEWOB-A FFxz /) v
K18 #4525 Z &R bh->7-(Scheme 7),

Scheme 7

SiO O /.

o ]

known NGe) TESO\Q /—\ Pd(OAc)2 © /\
— ", N__O
R M j{ MeCN i l(

Sio | / [0] 0 A OMe O r,3h OMe O
-------- -

X 17a 18

77%

B-A RXT It/ CFHEEE BRIRICRE SN 7 maF i 0-1,3- 0 4 M 4R (19)
EHRTENTE, HEARICBTA2HMBRENT 47T ay s L7225 (Scheme 8), 7z,
Diels-Alder KSDY =/ 7 4 Ve LTT X2 LICGE LY VY ) —VifEk@0) 352 &
MWTE D, HEK 19X 20 (FF5m TR L7z Brassard =2 17 2 (X U & T HMLEEOmWN = > % H
WTERK ST E 7223, Brassard = > 13 Danishefsky V= AR THBRICEEBERLETH 5,
AEBA%E L7z, A7 Diels-Alder SO ITHE < U - —A(kikiZ, AR B-A X m~Fdt )
B AT O FHNHIR 72T AR CEZ D LWARRIETH 5,

Scheme 8
R
© Chiral
alkene ., — , cyclohexan-
‘R "R 1,3-dione A TMSO
19 derivatives T~ =

OMe
lto-Saegusa X _OMe

\|; oxidation -
\ R HO R Rl OTMS

4
- Brassard's diene
alkyne \(;E Resorcinols
R 20 R
OMe

OMe

TR ORGSR Z G L2, OhE - =8t % v % platyphyllide D&% 4G L 7-(Scheme 9),
P ) 7 4 8b KT D M E D ARF Diels-Alder SUSIZ Y T DL UV VERNEEWNEE ee 28 1
AT DN & D53, 52 TIPS K TIT#E O L ORISHEME T 213 H D L& 2, TES K&
AR L7, TES ¥ 1c & 8b & DAF Diels-Alder KiE 7 T b A7 — /L TH ST L AHINEM®)-17a
Z2g, 60% ee |l THDZ LTI LT, WICHE)-1Ta DT A X3 Y 7 VALK L AT LY
F O LEMIMEEALZLICL > T =TV a—(+)-21 & L7~ (+)-21 1I2%F L Larock 5 23845 L7~ fil
BERIZRIE 1812 X D0 - BB 2 T o7& 2 A BAFRIERIZT R -A b¥ o ) UR()-22 2157,
IOl x, BN E LU TRERGE)-28 DGO, ($)-28 ERMICHE LN DR A T =X AT

DWTIEE EICTHINT 5, HON@-22 13/ EMTHY . BT 2 L 78 IhoiEm%s
5z FBHEICE £ 5()-22 OFEHMEEIT>99% ee (ICETER Lz, #0 T, Sonz@-22 12k LE
=/ Grignard RIEZ (IS 7%, BABEZITOIRR S OGP REIKRO-9 2425 Z Ligksh L,
platyphyllide DFEREGAE #EK L7z, Lo LaR S, /AT — VOIS TIEO-9 @7 I{kIFEH =
Nieho7=b DD, 100mg FLED 2 /7~zvfm;%ﬁotﬁm\ ()-91254% eelcETIEILLT
WD ZENHAL7Z(@OHDH)-12 ® HPLC JIEIZ L 5)y A7 —T v FIZL DT b~ L L
C. Grignard REDOH FRFFNMIERE L72Z EI2X 0 AR VA~OINNE Z 5N IEMESRET

8



TIEIMBET LI EEZDND, ZHICOVWTORFEEITE -Hick~5, &Iz, -9 2L
NaBH(OAc)319 % V5 Z &2 L 0 JIEHA D ORI X 2 SEAREHRADR T EIT L, BIIO R 7 Ak
10 78 3/1 OFRMETH LN,
Scheme 9
reso. - 0 ISTRISTN, ) 0
- mol %
\g \)J\ )k DBU (24 mol %) N \Q /—_\o MelLi
7 g W\W —

CHyClyp, —20 °C 00
1c OMe 3b 3h (#)-17a OMe O TR T8 (4321 OMe OH
(2 equiv.) 66%, 60% ee 48%
(8.6 mmol scale: 17a=2.04 g) Pd(OAC); (10 mol %)

0,, DMSO, 1t, 8 h

% 1) recrystallization O ®)
NaBH(OAc); (>99.5% ee)
k MeCN, t, 1 h k 2) vinylMgBr k ' k

(-9 O OH C;glsc TtHg s (22 OMe OH (+)-23 OMe OH
10 82% - -, Y. 9
79%, dr: 3/1 (partial racemization) ~ then TN HCI 62% <22%

See chapter 2

IZ 10 75 platyphyllide £ TOAF/L— k&5 L7=(Scheme 10), £7°, A5 DI IEIHENT
0oV VEE A AL NGRS T 1 Diels-Alder MG E1To72E 24, RIGITF R HEITL,
EDITER D D VIIMERL T TR 52 LT, HRLE THEITLIZO-24 DR LIS ELR
2o 24 DRUVNNLEFBOLT =T DR VEET D2 LT, ()-12006 2 AT v ST CEERWE
()26 BT HZ LITHIIL, FIRDLDN— a4 AT v T RfE LTz, wBICBEM O F1EI2TH)-26
DOT Na—%REEL. (+)-platyphyllide OfRBEFIAR T 24 % & 2=/ L7,

Scheme 10 Br
= — / ,TBAI = 0,, toluene
k 60% NaOH aq. k 100°C, 24 h k QEQ k
e, o ,
OH OH 05 h Xx_0 oH o OoH o OoH
10 (412 (54% ce) (-)-24 92% 25 8%

(c 0.14, CHCl3, 54% ee)
pyridine CCl4/MeCN/H,0
natural: [o]p2% -17.8 0 0°C, 10 min 0°C,3.5h

(c 3.1, CHCI3) o 80%
(+)-Platyphyllide

=4 (D-platyphyllide ORI F 4Bk K O BL i 0O 8 E

71%
cat. RuO,
[o]p22 +25.0 SoCl, %} NalO,
., -

(-)-26

ARk % 2R L 72 (+)-platyphyllide OFEXEIIRRK L W TH L Z EHP LT, £ T, 340
n%@K§ Diels-Alder ST & 0 45 641 2 (IR OAEIBELE IZ DWW TR ZIT O 2 & & Lz,
IRDOHMERIECE X YA TR ORI L 0 BEEWE ~E L FECE DHERIC LV RE STV D3, 5a 5
[ S SIS AR F AL 2 38 U X B el S AT 1T L 0 2 OB E A =5 b D & LT,

%9, (A-BINAMIDE % W CTHIAEO-17a % 60% ee ICTEHBK L, AFH U ¥ %R T
LT 7T rERY A VETHRE L7 (Scheme 11), 8 T DMDO IC &L W v U > ) — L= —TF L&
ftL, B Radx a8 AL, 20t ReX RICQR- T 77 —AVKR=VIEEZ BN, AV v —
VT AT LA~ —28 ZHEEL | X SRS AEE NI X 0 MEELE N E LW & AFE Lo, Bl EORER
IZ. A L7=(+)-platyphyllide O BN GR TR Th 5 = & %8R < 7318 L, ik @ Diels-Alder £
KO HEBEREEDELN 2T L2 BMFT 260 THD, ZNITKY, EFIRAREKD
(9)-platyphyllide D#fExfficE % (65,78 & RE L7,

9



Scheme 11 Yb(OTf)3 (10 mol %)
(R)-BINAMIDE (12mol %)  T1ESO

TESO\Q JI\ j)LO DBU (24 mol %) \Q‘/N?O o
\_/

CH,Cly, =20 °C :
3h OMe O O
()-17a 1) LiBHa4, 88%
2eqU|v _64%. 60% iBH4, o
y. B, BU0 €8 2) p-BrBzCl, 91%
1) DMDO
2) TBAF, 68% (2 steps) TESO
I)\/OR 3) (1R)-(—)-camphorsulfonyl \Q/OR o
chloride :
(X-ray analysis) then separation of major 27  OMe R = p-BrBz

diastereomer (13% isolated)

WA VIFRL 512 L DML E OWREEIZ DOV TS L7 (Scheme 12), % 51X CBSELIZ LD ¥
TN 10ZFF TN DD ee IZOWTTRHA 2 <, S DIZEENBREZIT 70 & TARABEITBIN S
niginotz, Elo, OLOT B/ LFARG)-12 OFEHE L, EENER LT 54% ee D(H)-12 & HL#k
15 L2 OMIHEIT NS oTe, Lo T, CBS BIEOAFIRITE LT 10~20% ee TIHARWNET
HEND, MEABLEIC OV TITEMEEDLEY 16 237 T a 'Y AL, O X i A
FRFTICE D BRTREREL TWND, LNLRBDL, ee BIFFITENZ EnD, v F—x2F U FA~

—OBRAY LA EETITBAR I TIRIS N, BRo TENZHEE LD TIERWNEEZBND,
Scheme 12 e

= (R-Me-CBS = =\ = .7 :
BH3°THF ca. 1:1 Br ! !
— 2 - _— ”< '
THF : K s \/0 OH

O OH OH OH X_0 OH

*ee not reported
rac-9 «not reproducible 10, 11' ()12 (+)2:2 54% ee
[olo -24.3 (¢ 0.7, CHCly) [0l +76.3 (¢ 1.3, CHCly)

_______________________

Br
the minor enantiomer v, O _ ‘ _ .
might be crystalized ﬁ (=)-Platyphyllide (7)

due to low ee of 15. @) O 15
(@]

%I, RIXMAD platyphyllide D&% %17 > 72(Scheme 13), KIXIA L Hxtfid & 23 —£9 5 (A
(D)-17a LRI O/L— MIHEV, - AL O LR (+)-22 % FASERIC L D L FHE % 94% ee E
TH LEH7, WIZ, Grignard D FTRHEIOR S 037 ¥ IEDJFR 725 & W ) G S & |
Grignard A3z —ZITMMA T L 24, T8 IMbiTR/DRICMAZ 5. 90% ee ICTH)-9 2155 Z LI
FiE L7z, i < SARERIRAVIEITITAR 7 »-THF 85K Z W5 2 LI o TO@IRMED 7/1 £ TlE LT,
VAR 10T S & T IRKofEmE 54, T a o UrE L RO)-12 © HPLC JIEI L 0 e
FEEIL 95% ee ICE T RA- L2 Z & 2R LTo, £ DORITIEITIRRTZ/L— MIEV, 95% ee |2 TRIXK
®(-)-platyphyllide(8) DFkERI A Ak 2 R L7z,

Scheme 13
TESO vinylMgBr =
\Qr / \ (one portion) m BHyTHF 7
THF, rt _78 °C, 39h z
OMe O (+)-22 OMe OH then INHCI O OH y 929 OH OH
(-)-17a allizati y. 63% (+)-9 dr: 71 10’
60r‘$cgyes i,lzgi :’?nee 90% ee (recrystallization)
° ° artial racemization —_—
Br
=

(-)-Platyphyllide (8)
[0]p?° ~54.8 (c 0.16, CHCl3)

\\\/0 OH

12 950, ce

10



B B EEE AW - ZERBRIbicB A A LT o D RMAL

Platyphyllide D& 2B W T TES = / —/L=—5 /L 21 ([CHE- R b2 V= & 2 A, il ofg
{bA 22 DT, AR D i A J1 = A LTI T & 22 W Bk 28 234 845 51172 (Scheme 9), Z =
T, ZOXD REVERIDPFON DR M. KA T = AL OWTHAE LT,

F9. 21 OIS A HHE L7 —# T L3 —1 29 1I2OW T, B O PA(OAC): 1 & % - = Akl
#{T-7=(Table 3), TES 2% Ff> 29a DA, EAERDILEE ORI 80a T, B LK 8la 13T
MU Z B> Tz(entry 1), > U VKA TIPS I L& 2 A, Apkbbibts L, BYE(LIK 31a 8
FAR & LT Bz (entry 2), T OHRITEEOSBEFIC B I, v AK29¢ # VD & &
AT FBPEAIR 810 DEIG S EF- Li-(entry 3), 7 /L2 — /L& A F NI TIRHE L= 29d V- & = AR
PEEEIE RGO T, KL LTORIGES KIFIZIK T Liz(entry 4), BLEX Y | BEEbED A
EHMEE LIS @V TIPS S & MIBHOWER O b Fr X U ERNETH D Z Enbnrolz,

Table 3

SiO 0) e)
Pd(OAc), (1.1 eq)
1 > 1] + 1]
OR" MeCN (0.4 M), rt OR OR

29 R 30 R 31 R
entry 29 time(h)  products (%)
TESO o) o)
1 Z;T:;jub/OH 6 Q[;:l\/OH (73) QT:;juD/OH @
2 OMe 303 5\1e 313 0ve
TIPSO
2 \I:;:] _OH 18 30a (25) 31a (45)
2
9b OMe
TIPSO o)
3 A, OH 18 30a (10) .ji:jm/OH 48)
29¢ OMe 31b 516
TIPSO o)
4 j::],,/onne 26 QI;:I\/OME (19)
29d - 30b
OMe OMe

Flo, WEHORA M UREITHMA A TFAIEICE S THRENRN Eboolclod, 32a & H
W TGS OREAR % 1T - 72(Table 4 entry 1), EEOREZ IM &< T2 & BUALEO AR ITIK
T L7z(entry 2), i12 0.1M & #< L7=E RIS I 72 < | SUGREE OIE R O Z 038152 S 7z (entry
3. BUGIRE % 60°CIZ EH-972 & RURITFEfE 3, AT AL R b /e s o Tz (entry 4), /3
TVYLE QHEEANDZ L TRICHMOEMEIIALONZ DD, LRAOFEI /R 2K E LT
FOMET Lizlentry 5), PA LY | FaliSMFII 0k, ALKV HRESNTWSEY Dentry 1 Db
DIZHRFE LT, . o35 2 AFE(PAS, PACLs, PACN)) % FV 5 & BT T8 3102 U Ak A
1TLT=4 AR BBES T, OEE(DMSO,DMF, THF,CH2Clo) 2 ST b g L7223, KOS A
ITLZ20 D BMALIROAEREEDOIR T2 DA TH -7z,
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Table 4

TIP
SO\@ Pd(OAC), = 0
7, ~OH MeCN OH 7 .., OH

y

32a -~ 33 34a
entry Pd(OAc), (eq) conc. (M) temp. (°C) time (h) 33 (%) 34a (%) recovery (%)
1 1.1 0.4 rt 36 12 41
2 1.1 1 rt 22 13 36
3 1.1 0.1 rt 7 days 11 42 -
4 1.1 0.1 60 36 trace 19 21
5 2 0.1 rt 48 trace 23

FeN T, BB PEIC DWW TRRE L 72(Table 5), k7 > A{K 82b & Hv 5 Ll R bk & B kiR
FEERITHI 1 TICETIR R L, 612 9 —BMBbIh 7 =/ — &7 57 35 35 b i (entry 1),
S 5T, BYELRIL 84b:84a=5:1 DB~ —REM Th o 7=, I 3 kT /v a— L&D H'E 36a
KON 86b TIHHF AN HHR L, b T 2 Ak 36a DA X EMEALIK 88a BELMIZE B L, ~ AK 36b D

AITAERITIK T L7229 %2 88b: 88a=1.4: 1 OIREW TH - 7=(entries 2-3), {HIEHE —RFW DO L
72 28T V2 —)v 40 W GE . B RIS ST 2RO G AK T Liz(entry 4),

Table 5
SiO
Pd(OAc), (1.1 eq)
R MeCN (0.4 M), rt
'normal’ ‘abnormal’ phenol
products (%)
entry SM time(h) 'normal’ '‘abnormal’ phenol
TIPSO 0]
1 ., OH 23 OH (25) ., OH (23) cho (7
32b 33

dr=5:1

TIPSO 0 0
2 ., OH 2 oH (13) ., oH 9)
36a /( 37 38a /<
TIPSO 0] HO
3 23 37 (26) ) )
.., OH ., OH OH
b I N 38b : | K 39

dr=14:1
TIPSO o
4 \O 24 ®)
w I OH 4p0H

E N TILOEE A b D RE Scheme 14
2720 Kiﬁb\‘/% F LK 42125V T TIPSO PA(OAC), (1.1 eq) @)
BEBEOEMICH LIm L 25, Bk OH  ‘MecN@Q4M) OH
bR 48 2 B—/Epi & LT 51% DI 42 rt,23 h 43
I TS 2 &S L 7= (Scheme 1%
14),

12



wEIC, BRI ENEZ D AT

) Scheme 15
ZABIZOWTHT LT=, F77, H OTES silica gel OTES
Danishefsky 512 X > CTHAMES -—
BFTY YT ) —L=—F )L CHyCly, rt, 1h
NEMAT D Z EnREINT O 1:11 O

W5 Z L &EEEE 2 (Scheme 15), 20 KEJSRIZBWTHRT V0 AFEOBE 72 < BN EE TWDEDT
7Bz, 82a 12 1 H&E Scheme 16

DOEERE % I 2 IR T 6 R TIPSO . TIPSO
AcOH (1
Lizé 2 A, &< B ik & \© OH cOH (1 eq) /7 - \© _oH

720> 72(Scheme 16), £ - T, - MeCN, rt, 6 h
BYEARIZIE N T U AR D 32a
STWNDHEBZbND, FTo, BHEBA 88 2 R USRI LT M LR 84a ~DEHITE -
I BlehoT,

PLEDORER I | RGO A T =X LZHOWTLLFD L ) ICHEE L7-(Figure 4, TMS F7-1% TES
R EDREEDIRN T Y VT —TF L& W56 18 O =R LD X T = X LW U VLT
BE L, TV LT )T — B LBt R FUBEAZ R T 46 24T 5., ZEMED S TIPS K%
AW, YU NVEEBEET A Y = AT F U ER L 4T L b éBxbb, TORE, iE
tor Fex I nFHNTRI VT ACENM L, FREOZEEZED TNDL EZEZ BN, TR
=)vafiO7 v N UBFHRET = X0 &I, v ) = —T L 48 Lir b b T
T VRGO TLGEETH DI, L7 4 ORMALZENASRT DT LARBEI L 49 L7225, 49
OBt RU REEE, U > — Lo —T VD3RR T, BIEE 52 BNEohbEEX 6D,
Fo, —EERMNTE X UL LIZHBIZOWTE, BT A MEFRRR 51 OB VR =vy i 7 a b
VIRBIERRIND ZE THAT LTI v E Bbn b,

Figure 4 Pd(OAC), O 0]
/—sioAe by OH _pgH(0AC) OH
Si =

|
SiO (TMS, TES) OAc R 45 R 46
"Normal" product
OH e
H OAc

No Reaction

SN Sio
44 Pd(OAc), G
—_—
o (Si = TIPS) —AcOH
H3Si0 AcO—Pd~\O\ Aco—Pd\O\
47 H 48 H
OH
R
®
51 H
(epimerization)
AcO.
Pd H
O Sio Sio g
B ———
j\:?\/OH OH  _pyH(0AC)
R R R
52 50 49

"Abnormal" product

13



B <Py BORAHKIE

B oY IVBEROEETALT LR A RIZHOWNT

~UYFI T EA R, 1986 It EHIC L o
CIPHBRPEVENS Haliclona sp. & 0 B, #EERE SN~
DI ALE I LD LT OEMRETH D, v
VA TEOEMERREES, M) bt~ T U TIEEE
Lo LB ARILFHE ORI EE X, HIEE TIC
Fx2a0EL DI NV—TRNEEMERE L TWD,
2226 — 35 < W B 1987 IS ICE V[
Ui L 0 BB S v, PUEBISHERRE ST D b
DD, 2 < W ATHARTEOHEEEITR 1/40,
IR EE O 0.0016% & IEFIT D=, BIfEET
IZHEE DO 1 FlABREIEMFHEST Ot TRy, £
= BERITRV, £Z T, YFREETIEY T I U BEEAK L FYEEMGT D2 LT, ZOTE
PEREBNCE IR~ <. 2T E THOBICREG MR Z1T> T& 7z, 27

~ I B OBERREE LTIU T o0z onsd, £9, v IV ADCDERESR
CONREMPHAEL 11 BEZBAELTND 2 &, RIZ, BR EIZZRF AL LS BEREAMRT DR
ENETAFRBEIIR>TNDHZ L THD 1L BREZ DA TOMO~ o FI T rlinf RE LT,
TARFVEPHE Lo P I IR0, ZOEGAIEMATH 51 L —L B d 5 (Figure 5), /)
HHIZE D A F—u B b Pictet-Spengler KUtz HWA~ I J OPBEKR, K HFIv
B ORI T COZREFVEOBBRICE D2~ I v J OFAERITHMESNLTWE DD, 28
N F— I BRERY U HFI LI NS0 BOYEKRITHSE ST,

Manzamine A Manzamine B

Manzamine B

[Isolation]

Okinawan marine sponge Haliclona sp.
[Biological Activity]

antitumor activity

IC50 = 6 ug/mL (P388)

no report

A 1B DN K OVE BRI

BHFFEE TIXLL T O G RICHEWE 9 2 BB L C = 7= (Figure 6), ~ ¥ I BOTARF HK
OB VAR Y ¥ OSLARBIRA 72 AELEIZ OV TI A RO BRALEFETITH & L, A L —L B~ & WA
ENb, 13BETHLDBRITBED~ YT I U ADEAK LRI RCM I THESE T 5 & LTz, 232426
F 1 ERTHS CRLELL RCM THET A L L, 1ikFEL=y MIF bAxT 57V R
—NIRISTEAT D &L, Eo =T v a— V5 AL b ATxE T D RS IR 72 7 L b TR L

14



HHDE L ABEaITERD B4 & LT-, 54 1% Rawal IT X - THE & 7245 Diels-Alder )i~ 6¢ |Z
XV, Rawal V= 2 LBRIRY ™ ) 7 4 L BE B AF AT D L L,

Figure 6
aldol
o 9!
A PN
T 'Q OTBS o R
N WO j/ Diels-Alder
PINEY R = pNais oTBS
= P S Y
R "= AN
NP, ) WP
; 54 Pz
stereoselective
Ircinal B alkylation NP, 2

Manzamine B

WFEEE DOFKEE AN BT L 0 FET SN 7= A7 Diels-Alder St Ofs % DL T 123 (Table 6), 2™c 7
O ABARD T T B —T = F NN TIE, 7B DA ABMEREL A EDIEES T ) T 4 V%
TEMAL U RO 23 1h) Table 6

EF A H o7 Xxr OB (RR)salen-Cr(ill)-X . OTBS
B 1) |2 - (50 mol%) CO/
M. b AR g, * 4A MS, BTF, rt BsN
CHO

N >  OHC %
Dl entry 4 D~ 55a Z “PG PG
2 5 % /(

Y%7 A8m T F  Bs-=benzenesulfonyl €q &
TUgEkCIXEORR entry X PG time(h) yield (%) % ee
PEEOESHhS DT Q b Cl  COCH,Cl 87 65 75
. : > P2 BF, COCH,Cl 20 65 88
YOLRERE, N e ! 4 2

o . ! o roo3 N3 COCH,Cl 160 12 89
MRRAR S 787 | tBu o')u(r‘o tBu 4 SbFg COCH,CI -  decomp. -
oo Hebid LIgER Bu B . F.__.COCHOL_ 20 ____ 75___..9!
[Fentry 5 D7 vl | (RRysaenCriyx @) 3 ° T Mo e

7 F COMe 72 70 92
VIV Ry AV

A EHY S 8 F Boc 282 58 -

— 7 =AU ob
KThotz, —FH, VU OER EOHFEILIZOWTIL, B3 A — Mill(entries 7-8) L0 &7 I R
(entries 5-6)DIE ) DLUNFMINENZ ERNbhotz, ZHuE, 72 FRIDIE ) NEFRF MO ST
L0 BROREERIZ b, SEEOTLERA~OENLIZ L 5 SISO ERMFI S NI-NE EBE BN
5, bl identry 507 na T FLEELOLOTHY | K 5%, 95% ee L\ H B
ek RNE DI, F7o. UHFREOHFIL - ORI % A7 —1L T v 7 L, 68 mmol,19 g ® 55a
ERWTHIRZITW, AR E T L7 a~ N7 77 4= X0 ERE, BT ri~s32(14)
DR TEIET 22 LI KD I 67%. KM 99% ee DL EOFHINE 56a % 27 g 155 Z LITH
I L7-(Scheme 17), 27

Scheme 17 o -OTBS 1) (RR)-salen-Cr(lll)-F

; = OTBS!
(50 mol%) ' Q
| + = 4AMS, BTF,1t,20h :BsN_ _J : ~N_ N=
BeN CHO N 2) trituration with - OHC El tBu O'CI:F,"O Bu
55a ~ O 7 hexane/AcOEt (411) Yoo F
' 56a/ o '

68 mmol, 19g 2c2 )
eq

eV N TR AR & 1, AN 56a 7 U VA 04/ NT U0 AFEE T TolSO2H % M TRARGE L |
TNATE RE®ETE, ZuoakeEiigEniclvREL 78T L L 58 #157=(Scheme 18), &KIZ
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Iz ) —)x—7 VENIIR LT mCPBA Z{E SR F L REEL YL L, Ve X Aofgi
MHEDEFOMUHLICE Y 2R RBAEL, AUTEAX Y =T A DT A UK LG THO—KT
WA= NNOEEPE I D Z S Ko TR EKRAZTEAR LT 61 24572, k7 /v=a—/L% TPAP (2
V@Bt b 62 &L, UKL Grignard 3K 63 Z/EH S ¥ 5 L, 64 IR L2 L D127 I A
ZRET DL DICHENR D, 65BN IV T AT LA~ —& LTHE -, TBS % TBAF Tk

EFTBEANITEXADPHAEL, BT NVa—NE X ZihE TBDPS A THRELT66 & L7,

27b,d
Scheme 18
H OTBS H
= 1) TolSO,H 5 OTBS  Hy, Pd/C H
BsN Pd(PPha), q)/ Et,N : OTBS  mCPBA
S
——— BN —— & NaHCO,

1
1y

OHC S 2) NaBH,
- 4 steps, 58%

b =

cl HO™ HN HO” NHA

56 \ﬂ/\ cl c
a )/ o) 57 \HA 58

H
& H
< {%TBS = OTBS TPAP H OTBS
- - NMO
BsN S Bs o > Bs
5Y; " "OH  82% N0
HO™ NHAc NHAC NHAc
59 61 62
o)
BngV\(o RM/gBr\\ NHAc H OTBS H
) 3 1) TBAF S o
63 o OTBS OH ) OH
_— J<O _o> BsN W fe) E— BsN W fe}
92% s 2) TBDPSCI 3Y J
N NHAc O DMAP TBDPSO” NHAc O
64 imidazole
Bs 65 2 steps, 85% 66

WIZHHF I, 66 (2 LTV R—/VRIRIZ &Y 1 ijRFEx=y FEEALIZLOD, b Rt
SERICHEEL = ) U1K 6T DA% 457-(Scheme 19), £ Z TCZ D=L /) Tk L, BALEISDE03 020 & L

Scheme 19
H o HCHOagq 1)NaBH,
OH DBU 3 steps, 61%
BsN 0 2) Ac,0, DMAP

88%

"y

TBDPSO”  NHAc oJ

66 68
SPh
SOPh 1) TFAA, 2,6-lutidine
mCPBA 2) NaHCO3, MeOH
P (Pummerer reaction)
BsN o 8% BsN 4 0 > N
Y J - J 3)DBU, 81% /" N=
TBDPSO~  NHAc o) TBDPSO~ NHAc o) 3 steps. 81% TBDPSO ‘(
69 70 ps, J 71 KC':3
easy to hydrolyze
OPiv
1) NaBH4 KHMDS
CeClz+7H,0 1) TBAF, 79% TBSO™ """ PPhsBr
B —

B ————
O_  2)TFAA, DMSO

0 J then EtgN

2 steps, 75%

1) MsCl, py.
2) 0-NO,CgH,SeCN
NaBH,4

J 3) mCPBA
0 then iPr,NEt

3 steps, 63%

fey




CFAT7 =) =% 1L AMINCTEANL, 7 brOiET - R#EODL, —%ED mCPBA 12 X AR
SO — B R b 2 8¢ C TFAA | X % Pummerer 852 W7 L7 R T1L 2455 Z LIk Lz, £7=
:@k%\TﬂFTiF@%%k%ﬁ?éiﬁ?wﬂ~wﬁTMA%ﬁLT%ML T F VI

LT2- M7 FuarFotxd U o2k L= (Scheme 20), Z Lk, 185 30K iRl sRde H
%ﬁ:TﬁH?&@‘é : CE %‘/[Z‘g Scheme 20 (\OH
LF5TE RT I RE, R \rﬁka e
BG4 i T B 72 B B A OH/// AN rﬂb ST
NH TFAA ,‘ b( . N\

~NERERARETTHRE Y °

1) \ /}1\ / F3
SEHCTEZ LTy, \n/NHoj CF,
AR RSEMETH D, o

BENTA—F = BTIC LY TAT e FEBT LT L a—bk L, ENRALETREL 72 & Lictk,
TBDPS A2 Mifri# LAE U727 /a2 —/v% Swern FRLICTT VT B K73 & L7, 7312k L, MU=
DIFNBAR L7 TR, Wittig SORIC T 4 BEERIR L 74 & Lz, 29 WIC PPTS (2 & B4 iR
SMEITA L, TBS DB & 4% U o DMK IR X 2 BB % AR T S 7, S o
FVT 4 v KREFEHAR T TT X LAAMPEDO LR ZFANTETL 756 215 TWAN, EENBEREIT- 72
L 2 AEBMEAE P ERHEIUC &b 772, BERE RN T & BICAME A TR AT 5 = & TIGR &
K T5 H18A 2 LI LT, 4o RO 7 L 2 — L% P5iR-Grieco A FIVWTAL 7 4 L L 76 &
Bi-, 21

CERIZOWTIE, MFNETNVEE 77a LN 77Tb IZx LEE A O/LT = 7 MMl Z2 Fvy RCM 2470,
ZOMFUTRE LT B (Table 7), 27ob Bt OFESR, HH T7b 1<K LA —HE Grubbs & V7245
BT BVIGR, ZiRiR Table7

=

H H
MEME B 7= (entries 4-5), = X z X
55 AR Grubbs il i1 £ le\‘l/\:jcr Ru cat. (30 mol %) le\,l/;cr

—_—e S

IRASEIRI 15 5 f HN CH,Cl, (degassed) HNg°

(entries 2 and 6), F7=5 reflux \

14X Hoveyda-Grubbs 78

R G I RINME AN R IR L entry X Ru cat. conc. (mM) time (h) Z (%) E (%) dimer (%)

. 1 Grubbs | 05 4 39 11 -

2o f:(entrles 3 and 7)0 2 40 Grubbs Il 05 5 23 43 _

Flo.Ins CHEOEE (3 77a__Hoveyda-Grubbs Il __ 05 5 ___ 3228 .- ..
R e 4 Grubbs | 05 4 64 23 -

R LR SNz (entries 6 L Grubbs Il 05 7 9 2 40

6-7) 7 77b Hoveyda-Grubbs I 05 7 23 14 41

EHIILU EORBREEE X, v~ IV BOAKGETHEZKRO L S ICKEL 2L,
D76 5 CBE. DERAME LA N T BEEAKR L, ~ ¥ I B OERFEOEIEZ ML
@B%i@mﬁ%ygﬁwﬁwwﬁvy@ﬁ%@ﬂ%%ﬂ%@ﬁj

DOTA N T =N BEEKLIZRIZOEERT HT2D AR CTRHREOENE LD, =k
TNA—=)LINBF LT 4 AT DB & Z i _m< concave [ b DO NAKERA 7 & kb %
B LTI 53, EFICNEES B 2 55 Figure 7)., £ Z CTE 3. P HA 66(Scheme 18)%
FHPEIRICREL, ZhEHWTOIZ SN THRE L, OLIEoL— Ty F I BOGKRE BET
ZEbLT
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concave ©
H

convex

Ircinal B
Manzamine B

HEH v I BOTRF VERKOB- AR Y v OEFEEO i

WA RENT % 7”3 (Figure 8), iﬁ%“/ﬁ%&l’)%‘(ﬁ A=A bEL S5 ([Figure 8 BB, *
TelEA L7 4 K LIEE{E T 5 (Figure 8 TED) Z S IC K VSR RIRETE L B2 7o, LB 82D B-T1 /LAY
> 1E Pictet-Spengler S Z K VAT S & L, ﬁ&*ﬂﬁﬁxﬁ%’i’?)ﬁﬁ'ﬁ LT84 795 L. 1LRBIFTIAER
B2 Rk VEORBEZEDRNT IV F—VRISIC K> TEATE L LEZXbND, £, T
86 D B-TINAY NE LN AREREZ DO B-AARY 8T LT VAT L a—/LiFEk 88 L Dit
-hr A MO Stille 7 v 7Y U 7R D SREIRICEATE 5 B2 b s,

Figure 8 AN
| CH /OH
) N N Pictet- H = H: H
?poxy;(mg HH:Z Spengler : OH : O aldol z 0
ormation =
s OH —/>
OH —/>RN = RN O RN @ OH
\\ R S R
RN Y H R

NHR
HR 83 84 85

RN
Tsuiji-Trost type H OCOyMe
Stille Couphng AN (:5@\

82

Z
\
<Z /é
1
2
P
T
Py
Zin
T
Py

I
1T
1

Il

Z|||
\

H §
81 ox:datlon E N l _N + RN
of olefin RN H F\f z R
R: . R 87 SnBuj 88 NHR
86 NHR

9. T R—ILRRICOWT DRiET 21T - 7= (Table 8), Scheme 19127 L7 XL 912, 66125 L=
RICTHRALLT AT e RAKEIEE DBU 2125 &2 IR HEIT LT/ 1K 67 DABE LD

Table 8 OH
H
: 0 37% HCHOagq
OH DBU (0.5 e
BsN I S ( il > BsN < 0
TBDPSO”  NHAc OJ solvent TBDPSO”  NHAC O
66 89
entry solvent conc. (M) temp (°C) time (h) 89 (%) 67 (%)
1 THF 0.1 rt 0.5 0 80
2 THF 0.1 0 15 17 55
3 THF 0.1 -20 40.5 18 44
4 THF 0.1 -78to-40 8day no reaction
5 THF 0.3 0 6 16 46
6 MeCN 0.3 0 24 complex mixture
7 MeOH/CHCI; 0.1 Otort 36 no reaction

18



(entry 1), (KBS FTIZEMOE Rux v A F /R8I NV EHRLNH L DD, 0°CLL F Tkt DAERK
ez Z i R o9, BOSHEIME T L7-(entries 2-4), BE ., WIEAZZAH L CHWEILR LN -T2
(entries 5-7),

% Z T, Bischoff HiZ k> TSNz, & Fax U EOBBZMZ e Ry 2 FUREZBIRIIC
D50 ZEA LIZE 2 A, FUEHAEIIZ# 4 - 7= (Table 9 entry 1), UL =T /L a—LL7 2 R
R EOBMET R ALY RER TH D LTMP 23 E S Z ERK & 2, TFAA # W T 2- K
U7t a AF At )90 2K L(Scheme 21) b D70 b U A {Ri#ET D 2 L ARRT L
A, BUOSIEMEICHETT LR— DAY Z 5 2 MmO 70 o NMRICTHBOE Rr¥ U AF
MK 92a DY —7 BT HZ LN TE(lentry 2), LINLAERLY Y B FNVATAIa~ NI T 7 4
—DBRZfRL, = K98 52 7, 92a DHIEM A LD F E NaBHaIC K VETLLTZEZ A,
MEIRIRA W % 5 %2 7-(Scheme 22), HliEE LT, 76 12xF L MsCl Z/EH &2 L T2 FAENSFNT
BALL 2- A F A FH U K 91 & 5 % 72(Scheme 21), Z #uiZxf L Bischoff & D 5f:% iz & =
HLEREXRT AT AR ZH—AfME L THEX, BT L670~v N7 57 4 —TOREL 0T

N
@E\\ H
H NA[]L
/7
z 0} N

Table 9

5el
BsN o @ Lon (5ea BN | o * | o
5 I OR J n-BuLi (5 eq) o 5 I OR J s I ©OR \7
TBDPSO NR, e} THF (0.06 M) ~  TBDPSO NR, (o] TBDPSO NR, (o]
78°C,5h 92 93
entry substrate 92 (%) 93 (%) comments
H
= O
1 BsN WwOH 0 0 0 no reaction
TBDPSO”  NHAC oJ
66
H
B o
2 BsN__¢ > o ;
S-S J 0 52 92a only in crude product
TBDPSO” N :( (0] (converted into 93 during purification)
20 CF;
H
S 0}
3 BsN___< > (0]
) 37(92 0 -
TBDPSO~ N OJ (920)
91 Me

Scheme 21

TFAA (10 eq) ';' o MsCI (10 eq)
2,6-utidine (20 eq) Y OH DMAP (cat.)
- BsN W 1) —_—

toluene (0.1 M) sz \) py./CH,Cl,

rt, 15 min TBDPSO~ NHAc O (1/3,0.075 M)

rt, 177 h
66
Scheme 22 OH Scheme 23

nT

H

O

) H
' = OH
o NaBH, (10 eq) : KoH@4ed o
———> complex ! BsN le)
BsN < > BsN >
R THF/MeOH — mixture | Y0 J Z%(COHS?W/HZO F T on OJ
TBDPSO/ N:< 0 (10/1,0.1 M) 1 TBDPSO N:Q O 150’00- 3h HO NH, (6]
-78°Ctort, 2h : 94 then 180 °C. 3 h 95
92a (crude) CF3 ' ' 8%
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(entry 3), LMMLANRH, 2-AFAAXH YV ALT7E N7 I REFFEORENE S 6. SRS
OB L 22 T HEMUK GRS 2 Z E N TE T BT VIE 94 & MWW 72851 Tk KOH % v T 180°C
ICETMAT L2 LPNETHY . ETOIEL 8% & RIEITH £ - 72(Scheme 23), LI EO#ER A F
A TN R= N ROGSOSEZWrE LT,

Wiz, Stille 77V 7D  scheme24
KHMDS (1 eq)

ET R EITo T, BEAWE n-BuLi (3.2 eq)

To D7 vk 95 % Bracher N BuzSnCl (1.05 eq) | = | A
. N 2N N _N

WA L. 31 S 512 T B 78°Cton, 13h g7 S"BU %

1.6 : 1 mixture

£h ?&%éﬂf:i/ﬁ%%%ﬁl Scheme 25
VFAbL, 2Er) TFL 0CO,Me

N Pd,(dba)s (20 mol %) O I\

AREROESEL LT AH AKX \ | N PPhs@omol%) AN
+ = >
N > S, H
1LEi 87 & i 7 v 14k 96 DR 87 H SnBu,  THF (01 M), 65 °C
EMnHERY E L THE LN 97 impure (ca. 2 eq) 98 ‘
72o LDL723 5 87 IIARLE <14% (impure)

Th DB T CTORLNIOHT 2 2 Lo Tc, 8T 2 G0 E v 7 m~F =L —R*x
— b 97 &% OffiNT vy AL TG S & BRIO B-IARY UPNEASHT- 98 2155 Z &
T I ARMRDD X XTI & DBEDNEEL < & BITARBURIFHERMEICZ LT L A L DTE 98
BN T, 38 U EORERND, ABBREKOMERIIAISEZIT O OIS bICHEEZ & LTHR
At L, B TRLIEA VYT —0 B OER/V— ORISR ARG LT,

HIUET  C BRSO

Scheme 18 TH H 4172 76 725 C BRAEFL O 2 PR L 72 (Scheme 26), FFHIHHEDZD, 76 O
NU A a T FARONKG R E AT, Ak, MY T7AaFde T 7 I RiE NaOH f#/E F=iE
THIKGHETE, ATFNAVTZ AT ALY B RISHRVIE ENMUKGIRNPES IRERETH L, 3¢ LL72R
D5 T6IZBWTIET I REFEOSAREE D b SIS EME < \LiOH # W T 70°C £ TIEV T 5 Z & T,
e m A VIS FIRFICKR i S —R T 2 257, Honlc—Hh7 I AL, 7 I IZmVOER
% b OfE A A DMT-MM3 2 fV, ~Ft /) A Ve kT I COREANT L Z LIk Lz, =

Scheme 26
OPiv 1) LiOH (25 eq) OH 1) Grubbs I (30 mol %)
MeOH/H,O CH,Cl,
(2/1, 0.067M) (degassed, 0.5 mM) Z 0
reflux, 24 h

OH 70°C,25h
O,

> BsN \ (o)

z J 2) 5-hexenoic acid d 2) Ac,0 (excess) 100

)/ N ©Fe © (12 eq) /( o b/ DMAP ° 7
Z 16 0 DMT-MM (45eq) =~ g9 \E/\% py.rt, 3 h

MeOH (0.05 M)

m,2h 2 steps, 65%

NBs

+ mixture of
AcO 2 dimers

major product
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% 5 — AR Grubbs Al A2 V72 RCM A& | fed TR DS B WA R DG B, ~F 3 o -
TF R TIE PTLC IC KBRS CX 7o Toiod MMM Z 7 2 F b L7z 6 PTLC THlEL 3
O EM Z 5T, MS HIEDRER, 3FOMEMITNT 22 BREZL D ®IKTHD LB LT,
Flo, OO LHEEL - EAERMIEIT 2 2 NMR JEIZTHHD T CThDH Z EBbhole, L7 4
YOBMBIEIN TV T JER 144Hz THHZ L XD NI U RAEIZEHWI LT, N T o AF LT
A YDMFEL, ORI T THDHZ LG, EOMEILSEXFMEAEY 100 ThH D &HIET L7,

Hio 11 BERILEME 155 729D RCM O 547} 21T - 7= (Table 10), 7233, Table 10 OfF}iX entry
8 ZfrE Z<MEQ mg UL F)TITV, PTLC X O'MS % AW T L T\ 5, 55— A Grubbs fillif %
MW GE, RE Table 10 o
(entries 1-2), TAME
(entries 3-)ZEHL  geN o
THHY 101 13- /( HN. O OJ 2) A0 (excess)

7

DMAP
7L< &7, 99 \K/\/ py.rt, 3h

% X Grubbs fifii

1) Ru catalyst (30 mol %)
solvent (degassed)
reflux, 24 h

. entry Ru cat. solvent conc. (mM) 101 (%) dimers (%)
ZH\WZ 56,101 280 1 Grubbs | CH,Ch, 01 0 major
PTNAERT B Z N 2 Grubbs | CH,Cl, 0.02 0 major
- . 3 Grubbs | toluene 0.1 0 major
ERINZHLOD, & 4 Grubbs | THE 0.1 no reaction
IR IS LC WET 5 Grubbs Il CH,Cl, 0.1 trace major
6 Grubbs Il toluene 0.1 trace major
RSy (WAt 7 Grubbs 11 THF 0.1 no reaction
(entries 5_7)O FoamR A 8 Hoveyda-Grubbs |l CH,CI, 0.1 15 59

Hoveyda-Grubbs filiffz AN 25 & 101 DY A- T ARBEHHBICER 15% THLNAT-H DD, LTy
BILOEIENEL, Fix O BEEOEGFIEIX 59% T - 7= (entry 8),

Z 2T, BT OET RGOSR L L, ARICEWT EbMERT 52 L0
MZE8 Lz, AL RCM &l 102 O NOE HIEDFER, £Dar 74 A—a 31020 K 512
T2 RRT 2 ¥ MLITHEAE
THREZ EH LN LT
(Figure 9), 2 —%, H0 NG
103 ® NOE JIEDKR, £ D BsN 5

(6]
a T A— 3 0% 108D HN
LHOETIRNBR NI TV \
102

AAZE L, 102 & bl L C ke
= O A INZ: e - YN T
LTV Z xR L, 108
IZBWTIE, g 2-(1,3-v
Fx T2 A N)TTF LK BsN_ _J o
2 L3 VT F S AMEEA  1mopse” N o 5.)
WET = N T AAALIALE 103 ®
TAHEDICZ DL D REEE

LB EEZBID, Table 10 ® RCM RiBR{A 99 IZBAL TH 108 EFkD > 74 A—var il o T
WA EHEE L, BHELFEE A WT o0 L7 4 AUSH O BEEE 2 B H L 7= (Figure 10), Figure 10 Fi
(R L2 99 PGS Y =R L F =Ml b LEETH Y . 722 OISR Lo 10.8A L i biEn

Figure 9 BsN
S \ ] (arrows; NOE)

TBDPSO COCF;
equatrial 103’
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ZENbholt, BMNOEEICEWaYy Ty A= a3 ThDh 997E, MISHOHEEN 8.6A ik b <
RCM (2 L TWAH Z EDRRBINTZH DD, ZRVFXF—MZIIARLETH -T2, I HIT, BER 99
WO T T 2NV EERR LT ) A VA LEST2 997 TIE, 7 R7'a b b OSRRENZ %
TEDREENT, FlAX ) ANEE T T VAN LTSI 997 TR, AR EOT e FE DT
BECREPEZ D52 ENmBINTc, LEDOBEREIY | ZERa Ly 7+ A—ay 99060 RCM (4
SHIR L O FEEE T TR AR E OB L ZITHEIT LI Wiz, —BPEEL RIS EE X,

Figure 10
o_ O
BsN
Bs-N (0]
OoH = H 'T"JX\/\E\
O NH W Q& H OH \
4A 99" ) H
8.60 V 10.826 A .
99
-1008.05 kJ/mol
Stable conformation
| -990.99 ki/mol

Using Spartan 03
Semi-Empirical AM1

IOBREIFFTHMAE LT, ZHhT A a— A3 A LT 4 k72572 104 125 L RCM %17
o722 A, PTLC & MS I L BT ofER, AR 105 NEAMRM E LTHELN, “ERIENEL
PR BN &30y o 72 (Scheme 27), 104 13X NOE JIEEDOFER, 99" L RO a7+ A — 3 v
loTWbHI ENbholzlz, RCM BFBICHEIT LB 2 b5,

Scheme 27

OTBDPS

Grubbs | (30 mol %)
» BsN

CH,Cl, J
(degassed, 0.5 mM) HN 0
reflux, 24 h
105 \\ + dimers
(trace)

| major product
PLEDEL LY RCM ZMIFICHEITSE5720121F, 10481 E T 530 74 A—2 a > OF1EER
Fra LHIEL0, EFLIIMER LORRAE 752 R0 ELELEEZI LD, £2T, BREO®E
IO — B2 DL Lz,
FT. BEEOSHTVa— 02 TBS EEEAL, ZTONEEEIZLY a7 4 A —v a3 VBRKEE
3% Z L &> 72(Scheme 28), PTLC KU MS T ofER, HAYD 107 & “EEOFEAK 1 172
FEIZETHEEINTNDZ ERDNoT2b OO, RIRORISHEBERIIRT U, ARITEN & LG

Scheme 28

TBSOTY (10 eq)
OH EtsN (20 eq) (30 mol %)

0
0\7 CH,Cl, (0.03 M) J CH,Cl,

HN o mi HNE o O
)/ \E/\/ ft, 30 min /‘/ (degassed, 0.1 mM)
/
_ 106 _ reflux, 24 h

99

Grubbs |
BsN

ca. 1 : 1
(trace) (trace)
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HAVTIZIFFEHEI I Ao o 7z,

WIZ, 7675 3 TRICTA XYY U Rk L 108 & L7=(Scheme 29), 108 IXEtHEALFORE R,
TOOMBEMOBEEEN 9.615A LRI S T EN oI, LnLARR S, 108 Z RCM IZfLiz &
A BB BT LT,

Scheme 29 ) OTBDPS
OPiv 1) LiOH
2) 6-bromo-1-hexene

K,CO3, TBAI Grubbs |

BsN w1 5 DMF, 80 °C, 6 h BsN - O_ (30 mol %)

< J > lfl O O\) > dimers only
HN_ _CF; O 3) Boc,0, triphosgene /( ﬂ CH,Cl,
_ \[]/ Et;N, DMAP = @) 108 (degassed, 0.1mM)
76 O CH,Cly, t, 4 h V 40°C, overnight

3 steps, 9% 9.615A

KBS BRICE Y A XY T IR MUK L FRBRIICE Y 727 b= 2B S S 72 HE 110
ZHWTRCM #17o72& 2 A, HO 11 BRZIEAK LT 111 28 34%., —EARDEEIDS 24%, JFEHA]
WS 24% &, ZTNETTHROBBWERZE 272000, KK E LT BEOELNDERITE N -T2
(Scheme 30), =2 T, _EKDIREMETT L UFHA T, BRA X B AN LIZEZ AL L
RIS 10 ~EEHTHZ LIZE Lz, ZHUCE v, 111 OICRITFEREI Z B BT 5 & 58%ICE T
EH L,

Scheme 30 OH

TBDPSCI (5 eq)

imid. (5 eq)
DMAP (cat) PPTS (1.5 eq)
° BeN acetone/H,0
= 2
b/ DuFOSM .02
' reflux, 2.5 h
99 \/I;/\% (104; 12%)
2 cycles

Grubbs | ethylene (1 atm)

30 mol % Grubbs | (30 mol %

( ) - / v dimers —robs!( ) Totalyield of 111;
CH,Cl, 24% CH,Cl, 58% brsm
(degassed, 0.1 mM (degassed, 0.1 mM)

reflux, 24 h rt, 24 h, 60%

24% recovery 24% recovery

FHE D RO

D BAEEITLIFREOEAMICEL D~ I A BB —F 24 12D-> L V1TH Z L2 L7=(Scheme
3D, FT., Wittig ’URNZE->TTF7 7 h—nEE=/tL, ZORATCRDOV A « 8T A RMEEKRE
SEELT-, AR 112 Z VB FETSRE T TRV B U AR VAR #E LD L, ~Ft /A
NIEEREAIZ L > TEA L RCM RiBEA 114 & L7z, 114 (2xF LIEI & RO TRCM #1772 &
ZAH, RIUAERNS BE—ERME LTRLI, BRO Y AEKIIEIGLNARN-T, 725, 1156 D
DREDODAVIZ 4 VNIV ATHDHZ T2 Y NMRIIEIZTA VT 4> OF 7Y 7 JERN
152 Hz ThHh2HZ L. BELWYNOE WEDFRERA LV T 4 7 u b &7 VLT v b AT EAER D8
WENTZZ EDDRE LT,
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Scheme 31

OTBDPS
1) Na/naphthalene
KHMDS (10 eq) in THF (9 eq)
MePPhsBr (10 eq) BsN u —78°C, 15 min
H > Tz OH _—
HN. o THF (0.02 M) HN. O 2) 5-hexenoic acid
0°C, 10 min (120 eq)
1M \ (trans isomer 113; 10%) \ 112 EDCI (53 eq) 114 \
rt, 30 min

39%

OTBDPS (CeDs, 55 °C)
Cring 8 5.33 (1H, m),

Grubbs | 5.52 (1H, dd, J = 10.4, 11.2 Hz)
(30 mol %) Dring 5 5.01 (1H, dddd, J = 2.8, 3.2, 9.6, 15.2 Hz),
CH,Cly > 0 5.36 (1H, m)
(degassed, 1 mM) H‘—\
o . VN
40°C, overnight  trans only \ NOE: ___H H H
H >
115 56% AN =
o, H
(33% recovery) D ring C ring

ZIVE TOYHIFEE 2436 N Martin b 28 (2 X B5~ 0 A DEEMAFZEIZEB WV TIL, Scheme 32
R LT WDWTNROREZHWTRCM 217 T Y ARNE—ESWE -3 FE8 e LTELN.,
TURMENRTFAERME L TIELIND Z Eid ot

Scheme 32
Dr.Tokumaru (our group)

i Dr.Uchida (our group)
x MeO_ _OMe

1) Grubbs | L CHO I MeO._OMe
(20 mol %) i :
CH,Cl, (1 mM) 7
reflux, 24 h o)

Grubbs |
(20 mol %)

//OH CH,Cl, (1 mM)
oLlo
© N0 2Ha o : reflux, 2.5 h
2 steps, 84%
116 \ cis only 68%
Grubbs |
(20 mol %)
Grubbs |
CH,Cl, (1 mM)
cis; 67% reflux, 2.5 h
cis; 60%
trans; 8%
118 \ SM; 8% cis/trans = 7.5/1

cis/trans = 8/1

FZT, AEINT U AEDBNE SN RRICOWT, v oI A Lv I B OEEDEN
Zhig LB L (Figure 11, £3°, 1156 O NOEJIEIC LD, ABEBRO I 7+ A — 3 VIXE N
THRLELDERUL T I RERERZ D N TINLINETDHHDTHDHI L, CEROA LT ¢ T
HFRMNALE L TS ZE DROA LT 4 VI BROT XV ¥ LKED BITEONSE DOLEICTT
ETHZERLNY, ZOFERE TICHEMF 2O TRLEEMEZ RO ZANBPDL I a7
F A= arEloTnsd I ENHERI Sz, RCM milR{A 114 HIAERIC 114D X 5 7B % & > T
LHEEbID, v oI AXATORCMAIEEE 124 £, v I A O X #RiE b EMET O R
RNa MBHEE L, 114 LFEDO ABERO I 74 A—TarkbloTW0hEE T, 114L 124 % Lk
5L, 124 O 5 BER-8 BERMBRIICHFEAET D C-NEAN 1141IIFE Lnizn, 11 BREAKEL
IR . T X ROANR=VER ZOOMBHOMINE ST D Z LM ninole, ZO72H, 114 TIE >
ORNBEN TNV AR = NVHZRET 5 L OIS0 bani-H, 124 L1387 5EBRIET RCM
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WITTHLEZOND, LLERL, 2NV AT ABIRMEIZED L 9 B2 KT LTS
NITRED L ZARHTH S,

(arrows; NOE) AN )/\/\

Figure 11

Using ChemBio3D
Manzamine B type MM2 Manzamine A type

__________________________________________________________________________________________

ZOBLEEL LI, CREDT I ROWNR=NVEEZRTCICEIVRET L ZLICED v A-F TR
HRENRETEXLOTIERWNEEZ, TR K1 E2ET NAEE L LTT I FOBEILOMGEIT
- 72(Scheme 33), 115 (Z%fL Red-Al #/Mx7-& 2 A, HIRTD B LEOI VA= VTRETHICkRES
125 ERMICHETZ, 2D L & CR EDO D IVER = WIEL BT SN - 72,125 2% L Red-Al, LAH,
Z—_—t FU RZHWER~ ML CINBERIREI £ THRET L2, CEBR EDOI AR =V OETIIE
BRI ENT, FEE BT 20 EDODPEZ D DR TH ST, IO~V I A SRRk 24 (2
D> &Y DIBAH % OCTHW T HRINMIET Lo 723, B0CE T L =& Z A=K T Va—
DBEZ > THIVR=IL OB Z Y 127 BBIHIS Nz, £Z T, 7/ba—/L%x TBS EThRi#EL
T=DBIRBRD MBI Liz& 24, HIIE T2 126 2SHUFR O MS JIEIC L v Bl S hiz,

Scheme 33 OTBDPS OTBDPS
H
WOH  Red-Al \OH 1) TBSOTf
o e N \ —_—
uant.
Y q 2) DIBAH
0 50 °C
\ 125 \ 126 \ 127 \

115

IEDRERELY . 4%IZD RO Y ZAERRIERE D1 DIZ LU N OBE21T 9 TETH %,

1.RCM EilfA 114 D CEBR EOT X RAONVKR= L EZETT D,

2. VAR A LT 0 A X Al E WS,

3. HEMUDY AN LT 4 L EAHNLTRE#ANR BN D~ 70T 7 8 2MEELT D,
4. TR AZEZAODOLH ) o RT—ETa(TI,
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e

T, UHFIEE K O Rawal B 23BA%E L7= R 7 Diels-Alder SOt 4 FIV Y, KIRMIOR A A HIZ ST
DWFFEAAT. BT ORI 1,

1. % WF% % @ Danishefsky ¥ = > % H 5 filt B /9 R 7 Diels-Alder &S I1Z L0 KRB D
(—)-platyphyllide ORI R AR Z R LTz, £7o. TOMIIEEZRE SN T eb oL i
WD6S79 L RTE LT,

2. HFWNIC TIPS =/ —Ax—F L EHIBICE FRF S A FAKE SOV Bt U REKICH L
T R b 24T ) AV 7 4 VDO BRMALE P AR D ERICE SN D Z LB A LT,

3. Rawal 512 X - TRH%E I 7z Rawal ¥'= % ) 2 i) R 7 Diels-Alder b #8E TR E L, <
YHFIVBDOABCERERNFEHK LI, DEREFICOVTIIAE B AT TETH D,
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Experimental Section

General Methods: All reactions involving air- or moisture-sensitive reagents or intermediates were
performed under an inert atmosphere of argon in glassware. Unless otherwise noted, solvents and
reagents were reagent grade and used without further purification. DBU, EtsN and pyridine were
distilled from CaHs. Anhydrous THF, CH2Cl: and toluene were used as received from Kanto,
Chemical CO., INC. Analytical and preparative TLC was carried on E. Merck 0.25 mm silica gel 60
F254 plates. Silica gel column chromatography was performed using Fuji Silysia Chemical Ltd. silica
gel PSQ 60B. Celite® was used with Celite® 545. Optical rotations were measured on a JASCO
P-1000 polarimeter at 589 nm. Data are reported as follows: [al] ;temp, concentration (¢ g/100 mL),
and solvent. 1H NMR and 13C NMR spectra were taken on 400 MHz, 600 MHz, 100 MHz and 150
MHz instruments (JEOL LNM-GSX 400a, JEOL JMN-ECP 400, JEOL JMN-ECP 600) in the
indicated solvent at rt. 1TH NMR spectra was recorded with (CH3)4Si (TMS) as internal reference,
and 133C NMR spectra was recorded with CDCls as internal reference. Coupling constants are
reported in hertz (Hz). Spectral splitting patterns are designated as follows: s, singlet; d, doublet; t,
triplet; q, quartet; m, multiplet; br, broad. Infrared (IR) spectra were recorded on JASCO FT/IR-230
spectrometer. MS spectrometry was carried out at the Chemical Analysis Center of Chiba
University (JEOL BU-20 for LR- and HR-EIMS, JEOL JMS-AX500 for LR-FABMS, JEOL
JMS-AX505 for LR-FABMS, JEOL JMS-HX110 for HR-FABMS, Thermo Scientific Exactive or
JEOL AccuTOF LC-plus JMS-T100LP for LR- and HR-ESIMS). High performance liquid
chromatography (HPLC) analyses were performed on a Shimadzu LC-2010C (Shimadzu Ind., Ltd.),
with detection at 254 nm, and on a Daicel chiral column (Chiralcel OJ-H, Chiralpak AD-H, or
Chiralpak IA, Daicel Chemical Ind., Ltd.).

Chapter 1.
Section 2.
Dienophile 3b% and BINAMIDE 552 were prepared according to the reported procedure.
TESO.__~ (B)-triethyl(4-methoxybuta-1,3-dien-2-yloxy)silane (lc). To a stirred solution of
N (B)-4-methoxybut-3-en-2-one (1.6 mL, 15.8 mmol) and EtsN (6 mL, 43.0 mmol) in
1¢ OMe anhydrous Et20 (30 mL) at —20 °C was added dropwise TESOTf (4 mL, 17.7 mmol).
The mixture was then warmed to 0 °C and stirred for 2 h at the same temperature. The mixture was
then diluted with hexane (20 mL) and washed with ice cold NaHCOs, and brine. After the volatile
material was removed under reduced pressure, bulb-to-bulb distillation of the resulting residue (0.1
mmHg, heating at 90 °C) gave 1lc (2.8 mL, yield 74%) as a colorless liquid. 'H NMR (CDCls, 400
MHz) §: 0.72 (6H, q, J= 8.0 Hz), 0.99 (9H, t, J= 8.0 Hz), 3.59 (3H, s), 4.08 (1H, s), 4.09 (1H, s), 5.35
(1H, d, J=12.0 H2), 6.89 (1H, d, /= 12.0 Hz), 13C NMR (CDCls, 100 MHz) & 4.8, 6.6, 56.3, 90.4,
103.1, 150.2, 154.1, IR(neat) 1651 cm-1, HRMS(FAB) caled for C11H2302S1 215.1467, found 215.1467

TESO 3-((1.5,29-2-methoxy-4-(triethylsilyloxy)cyclohex-3-enecarbonyl)oxazolidin-2-
7, N O one ((+)-17a). A mixture of Yb(OTf)s (535.4 mg, 0.863 mmol) and
(#)17a OMe O 0 (9-BINAMIDE (584.3 mg, 1.035 mmol) in a flask with a stirring bar was dried

at 90 °C under reduced pressure (<0.1 mmHg) for 0.5 h with stirring. After the mixture was allowed
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to cool to room temperature, the flask was charged with argon. CHz2Clz (28.8 mL) and DBU (316 pL,
2.07 mmol) were successively added and the mixture was stirred for 2 h at room temperature.
Dienophile 8b (1.22 g, 8.64 mmol) in CH:2Clz (14.4 mL) was added at 0 °C. The mixture was
immediately cooled to —20 °C and diene 1c¢ (4.15 mL, 17.2 mmol) was added dropwise, and stirred for
3 h at the same temperature. Water (10 mL) was then added to quench the reaction, and the
insoluble materials were filtered through a pad of Celite. The water layer was extracted three times
with CH:2Clg, and the combined organic layers were washed with brine and dried over Na2SO4. After
the volatile material was removed under reduced pressure, the resulting residue was purified by
column chromatography (SiO2, hexane/AcOEt = 5/1) to give (+)-17a (2.04 g, yield 66%) as a colorless
oil. The enantiomeric excess was determined to be 60% ee by HPLC analysis after conversion to
enone by TFA (Daicel Chiralcel OJ-H, flow rate: 0.75 mL/min, hexane:/PrOH=60:40, retention time:
37.4 min (major) and 39.0 min (minor)). 'H NMR (CDCls, 400 MHz) § 0.69 (6H, q, J= 8.0 Hz), 0.98
(9H, t, /= 8.0 Hz), 1.65-1.74 (1H, m), 2.00-2.04 (2H, m), 2.29-2.37 (1H, m), 3.30 (3H, s), 3.81 (1H,
ddd, J= 3.0, 8.8 11.6 Hz), 3.98-4.12 (2H, m), 4.37-4.44 (2H, m), 4.70 (1H, d, J= 8.8 Hz), 5.00 (1H, s),
13C NMR (CDCls, 100 MHz) & 5.3, 7.0, 24.9, 29.5, 43.1, 44.0, 55.6, 62.2, 76.6, 103.2, 153.3, 153.4,
174.9; IR(neat) 1775, 1696, 1660 cm!, HRMS(FAB) calcd for C17H30NOsSi 356.1893, found 356.1879,
[a]p25 +45.8 (¢ 1.0, CHCls, 60% ee).
For the enantiomer (-)-17a in Scheme 11, [a]p2¢ —61.9 (¢ 0.24, CHCls, 60% ee).

TESO 2-((1.5,29-2-methoxy-4-(triethylsilyloxy)cyclohex-3-enyl)propan-2-ol ~ ((+)-21). A
, 1.09 M solution of methyllithium in diethyl ether (13.2 mL, 14.4 mmol) was added
#)21 OMe OH dropwise to a solution of (+)-17a (2.0 g, 5.70 mmol) in THF (58 mL) at —78 °C. The
mixture was stirred for 15 min at the same temperature. Saturated aqueous ammonium chloride
(20 mL) was added to quench the reaction. The water layer was extracted three times with AcOEt,
and the combined organic layers were washed with brine and dried over Na2SO4. After the volatile
material was removed under reduced pressure, the resulting residue was purified by column
chromatography (SiOz, hexane/AcOEt = 9/1) to give (+)-21 (838 mg, yield 48%) as a colorless oil. 'H
NMR (CDCls, 400 MHz) § 0.69 (6H, q, /= 8.0 Hz), 0.98 (9H, t, J= 8.0 Hz), 1.17 (3H, s), 1.23 (3H, s),
1.25-1.35 (1H, m), 1.65-1.71 (1H, m), 1.72-1.78 (1H, m), 1.96-2.02 (1H, m), 2.13-2.25 (1H, m), 3.33
(3H, s), 4.21 (1H, d, J= 11.2 Hz), 4.74 (1H, s), 4.95 (1H, s); 13C NMR (CDCls, 100 MHz) § 5.0, 6.6,
23.7, 24.8, 29.5, 30.3, 48.0, 53.8, 72.9, 78.6, 102.5, 154.0; IR(neat) 3464, 1666 cm; HRMS(FAB)
caled for C16H3205SiNa 323.2018, found 323.2006; [alp?> +4.47 (¢ 1.0, CHCls, 60% ee).
For the enantiomer (-)-21 in Scheme 13, [a]p23 —8.28 (¢ 0.28, CHCls, 60% ee).

o (R)-4-(2-hydroxypropan-2-yl)-3-methoxycyclohex-2-enone ((-)-22). A solution of (+)-21

(248 mg, 0.83 mmol) and Pd(OAc): (18.5 mg, 0.083 mmol) in DMSO (16.5 mL) was
(9-22 OMe OH  stirred under Oz for 8 h. The solvent was distilled under reduced pressure (0.1 mmHg)
at 55 °C. The resulting residue was purified by column chromatography (SiO2, AcOEt) to give (-)-22
(94 mg, yield 62%) as a colorless solid, and (+)-23 (34 mg, containing trace inseparable compound,
yield <22%) as a colorless oil.

(-)-22 (149 mg) was recrystallized from hexane/AcOEt to give racemic 22 (53 mg, yield 36%) as
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a colorless crystal, and chiral (-)-22 (94 mg, yield 63%) from mother liquid as a colorless oil. The ee
was determined to be >99.5% ee by HPLC analysis (Daicel Chiralpak IA, hexane/;PrOH = 97/3, f:
1.0 mL/min, tr: 48.7 min ((+)-22) and 50.5 min ((-)-22)). 'H NMR (CDCls, 400 MHz) § 1.25 (3H, s),
1.28 (3H, s), 1.79-1.88 (1H, m), 2.09-2.17 (1H, m), 2.26-2.39 (1H, m), 2.50-2.57 (1H, m), 2.64 (1H, dd,
J=5.8,8.6 Hz), 3.08 (1H, s), 3.77 (3H, s), 5.50 (1H, s); 13C NMR (CDCls, 100 MHz) § 24.1, 26.1, 28.8,
35.4, 48.7, 55.8, 73.2, 104.6, 178.3, 199.2; IR(neat) 3391, 1590 cm''; HRMS(FAB) calcd for C10H1703
185.1178, found 185.1170; [a]p23 —1.17 (¢ 1.0, CHCls, >99.5% ee).

For the enantiomer (+)-22 in Scheme 13, the enantiomeric excess was determined to be 94% ee
by HPLC analysis (Daicel Chiralpak AD-H, hexane/iPrOH = 97/3, f: 1.0 mL/min, tr' 46.2 min
((9-22)) and 48.3 min ((+)-22)). [a]p20 +1.67 (¢ 0.95, CHCls, 94% ee); mp 92.5-93.0 °C

o (45,5.9-4-(2-hydroxypropan-2-yl)-5-methoxy- cyclohex-2-enone ((+)-23). '"H NMR

v, (CDCls, 400 MHz) & 1.24 (3H, s), 1.38 (3H, s), 2.44 (1H, dd, J= 10.4, 16.0 Hz), 2.68

#)-23 oMe oH  (1H, dt, J=2.8, 8.4 Hz), 3.00 (1H, dd, /= 4.0, 16.0 Hz), 3.41 (3H, s), 3.89 (1H, ddd, J

=4.0,8.4,10.4 Hz), 3.99 (1H, s), 6.09 (1H, ddd, /= 0.6, 2.8, 10.4 Hz), 6.83 (1H, dd, J= 2.8, 10.4 Hz);

13C NMR (CDCls, 100 MHz) & 26.7, 28.6, 42.2, 52.5, 55.6, 72.5, 78.1, 130.4, 148.3, 197.4; IR(neat)

3420, 1670 cm'l; HRMS(FAB) caled for C10H1703 185.1178, found 185.1178; [a]p2* +74.0 (¢ 0.2,
CHCls, 60% ee).

(R)-6-(2-hydroxypropan-2-yl)-3-vinylcyclohex-2-enone ((-)-9). CeCls* 7Hz20 (6.6 mg,
n, 0.018 mmol) in a flask was dried at 150 °C under reduced pressure (<0.1 mmHg) for
(-9 O OH 3h with stirring. After cooling to room temperature, the flask was charged with dry
argon. A solution of (-)-22 (11.2 mg, 0.061 mmol) in THF (2.6 mL) was added to this flask. A 1.0 M
solution of vinylmagnesium bromide in THF (597 uL, 0.61 mmol) was added dropwise to this
mixture at —78 °C. The mixture was then warmed to room temperature, and stirred for 30 min. 1N
HCI (2 mL) was slowly added at 0 °C, and then neutralized with saturated aqueous NaHCOs (3 mL).
The water layer was extracted three times with AcOEt, and the combined organic layers were
washed with brine and dried over Naz2SO4. After the volatile material was removed under reduced
pressure, the resulting residue was purified by column chromatography (SiO2, hexane/AcOEt = 3/1)
to give ()-9 (9.0 mg, yield 82%) as a colorless oil, and starting material (-)-22 (1.1 mg, y. 10%). 'H
NMR (CDCls, 400 MHz) & 1.22 (3H, s), 1.25 (3H, s), 1.73 (1H, ddd, J= 4.8, 13.0, 26.4 Hz), 2.16-2.21
(1H, m), 2.35-2.45 (2H, m), 2.70 (1H, ddd, J/= 2.6, 4.6, 17.8 Hz), 5.14 (1H, s), 5.52 (1H, d, J= 10.8 Hz),
5.73 (1H, d, J= 14.8 Hz), 5.95 (1H, s), 6.50 (1H, dd, J= 10.8, 14.8 Hz); 13C NMR (CDCls, 100 MHz) §
24.1, 26.1, 28.8, 35.4, 48.7, 55.8, 73.2, 104.6, 178.3, 199.2; IR(neat) 3438, 1637 cm'l; HRMS(FAB)
caled for C11H1702 181.1229, found 181.1232; [a]p22 —163.6 (¢ 1.0, CHCls).

(+)-9 in Scheme 21 was obtained by following procedure. To a stirred solution of (+)-22 (70 mg,
0.39 mmol) in THF (19 mL) at —78 °C was added a 1.0 M solution of vinylmagnesium bromide in
THF (3.8 mL, 3.5 mmol) in one portion. The mixture was then warmed to room temperature, and
stirred for 15 min. 1N HCI (5 mL) was slowly added at 0 °C, and then neutralized with saturated
aqueous NaHCOs (7 mL). The water layer was extracted three times with AcOEt, and the combined

organic layers were washed with brine and dried over Na2SO4. After the volatile material was
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removed under reduced pressure, the resulting residue was purified by column chromatography
(Si02, hexane/AcOEt = 3/1) to give (+)-9 (50 mg, yield 63%) as a colorless oil, and starting material
(+)-22 (9.4 mg, yield 13%). [alp18 +202.5 (¢ 1.0, CHCls, 90% ee). Ee value for (+)-9 can be measured as
follows: Daicel Chiralpak AD-H, hexane/iPrOH = 95/5, f: 1.0mL/min, 254 nm, tg: 12.6 min ((-)-9)
and 21.1 min ((+)-9).

(15,6.9-6-(2-hydroxypropan-2-yl)-3-vinylcyclo- hex-2-enol (10). To a solution of
(-9 (53 mg, 0.29 mmol) in acetonitrile (2.7 mL) at rt was added NaBH(OAc)s (623
% on o mg, 2.9 mmol). After 1 h. Saturated aqueous NaHCOs (1 mL) was added to quench
the reaction. The water layer was extracted three times with AcOEt, and the combined organic
layers were washed with brine and dried over Na2SO4. After the volatile material was removed
under reduced pressure, the resulting residue was purified by column chromatography (SiOs,
hexane/AcOEt = 3/1) to give the mixture of 10 and 11’ (42 mg, yield 79%, 10/11’ = 3/1) as a colorless
oil. Diastereomeric ratio was determined by 'H NMR spectra of the mixture. !H NMR (CDCls, 400
MHz) § 1.23 (3H, s), 1.25-1.30 (1H, m), 1.33 (3H, s), 1.64 (1H, ddd, J= 2.6, 9.4, 12.8 Hz), 1.74-1.79
(2H, m), 2.10-2.18 (1H, m), 2.28 (1H, dd, J= 5.6, 17.2 Hz), 3.07 (1H, s), 4.01 (1H, s), 4.52 (1H, d, J=
8.8 Hz), 5.03 (1H, d, J=10.8 Hz), 5.15 (1H, d, J= 17.6 Hz), 5.64 (1H, s), 6.38 (1H, dd, J=10.8, 17.6
Hz); 13C NMR (CDCls, 100 MHz) § 23.8, 24.0, 24.4, 30.3, 51.4, 69.8, 74.9, 112.6, 131.6, 136.8, 138.6;
[R(neat) 3193 cm'’; HRMS(ESI) caled for C11H1802Na 205.1199, found 205.1199; mp 97.5-98.0 °C.

10’ in Scheme 21 was obtained by following procedure. To a solution of (+)-9 (11.9 mg, 0.067
mmol) in THF (1.3 mL) at —78 °C was added BH3*THF (526 pL, 0.533 mmol). After 39 h, 1IN NaOH
(1 mL) was added to quench the reaction. The water layer was extracted three times with AcOEt,
and the combined organic layers were washed with brine and dried over Na2SO4. After the volatile
material was removed under reduced pressure, the resulting residue was purified by column
chromatography (SiO2, hexane/AcOEt = 3/1) to give the mixture of 10’ and 11 (10.9 mg, yield 92%,
10°/11 = 7/1) as a colorless oil. Diastereomeric ratio was determined by 'H NMR spectra of the
mixture.

The enantiopurity of 10’ can be raised here by recrystallization. Mixture of 10’ and 11 (84.4 mg)
was recrystallized from hexane/AcOEt to give racemic 10 (5.2 mg, yield 6%) as a colorless crystal,

and mixture of chiral 10’ and 11 (77.9 mg, yield 92%) from mother liquid as a colorless oil.

\

2-((1R,2R)-2-(prop-2-ynyloxy)-4-vinylcyclohex-3- enyl)propan-2-ol ((-)-12). To a
mixture of 10’ and 11 (77.9 mg, 0.43 mmol, 10’/11 = 7/1) were successively added 60%

O

\/

propargyl bromide (45.9 uL, 0.60 mmol). The mixture was stirred for 30 min and then quenched

(-)-12H aqueous NaOH (2.2 mL), tetrabutylammonium iodide (15.3 mg, 0.04 mmol), and

with saturated aqueous NH4Cl (5 mL). The water layer was extracted three times with AcOEt, and
the combined organic layers were washed with brine and dried over Na2SO04. After the volatile
materials were removed under reduced pressure, the resulting residue was purified by column
chromatography (SiOz, hexane/AcOEt = 10/1) to give (-)-12 (70.4 mg, yield 71%) as colorless oil, cis
isomer (9.0 mg, yield 9%) as colorless oil, and starting material 10’ (6.7 mg, yield 9%). The
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enantiomeric excess was determined to be 54% ee by HPLC analysis (Daicel Chiralpak AD-H,
hexane/;PrOH = 97/3, f: 1.0 mL/min, 254 nm, tr: 14.7 min ((-)-12) and 17.5 min ((+)-12))..H NMR
(CDCls, 400 MHz) 6 1.24 (3H, s), 1.25 (3H, s), 1.26-1.36 (1H, m), 1.79 (1H, ddd, J/= 2.8, 9.6, 12.8 Hz),
1.88-1.92 (1H, m), 2.13-2.20 (1H, m), 2.26-2.31 (1H, m), 2.49 (1H, t, J= 2.4 Hz), 4.08 (1H, s), 4.21
(1H, dd, J= 2.4, 12.0 Hz), 4.30 (1H, dd, J= 2.4, 12.0 Hz), 4.51 (1H, d, J= 9.2 Hz), 5.07 (1H, d, J=
10.8 Hz), 5.20 (1H, d, J= 17.6 Hz), 5.77 (1H, s), 6.36 (1H, dd, J= 10.8, 17.6 Hz); 13C NMR (CDCls,
100 MHz) & 23.7, 24.4, 24.8, 29.2, 49.1, 54.3, 73.0, 75.2, 76.9, 79.1, 113.3, 126.3, 138.2, 138.9;
IR(neat) 3487, 1732 cm'l; HRMS(ES]) caled for C14H2002Na 243.1356, found 243.1352; [a]p20 -132.0
(c0.94, CHCIs, 95% ee).
For the enantiomer (+)-12 in Scheme 10, [a]p24 +76.3 (¢ 1.3, CHCls, 54% ee).

2-((85,8a R)-6,7,8,8a-tetrahydro-2 H-naphthol1,8- bdfuran-8-yl)propan-2-ol  ((-)-24).
A solution of (+)-12 (10.8 mg, 0.049 mmol) in toluene (1 mL) was stirred at 100 °C for

OH " 94 h under Os. After toluene was removed under reduced pressure, the resulting

)24
residue was purified by column chromatography (SiOz, hexane/ AcOEt = 10/1) to give the mixture of
(-)-24 and 25 (10.8 mg, quant., (-)-24/25 = 92/8) as a colorless oil. This mixture can be utilized for
next step without further purification. After SiO2 column chromatography, (-)-24 can be isolated as
a pure form. 'H NMR (CDCls, 400 MHz) § 1.27 (3H, s), 1.32 (3H, s), 1.42-1.56 (1H, m), 1.74 (1H, ddd,
J=2.8,10.4,12.8 Hz), 1.96-2.02 (1H, m), 2.75 (1H, ddd, /= 6.8, 10.8, 17.6 Hz), 2.96 (1H, dd, J= 6.8,
17.6 Hz), 4.95 (2H, dd, J= 8.0, 10.8 Hz), 5.08 (1H, dd, J/= 2.4, 12.4 Hz), 7.02 (1H, d, J= 7.6 Hz), 7.07
(1H, d, J=17.6 Hz), 7.20 (1H, t, J= 7.6 Hz); 13C NMR (CDCls, 100 MHz) § 23.8, 24.8, 26.8, 28.1, 51.1,
72.9, 73.0, 81.4, 118.3, 125.6, 127.9, 128.5, 132.8, 138.4; IR(neat) 3404 cm';; HRMS(FAB) calcd for
C14H1802Na 241.1204, found 241.1199; [a]p23 —11.1 (¢ 0.55, CHCls, 54% ee).

For the enantiomer (+)-24 in Scheme 13, [a]p!® +30.2 (¢ 0.55, CHCls, 95% ee).

(85,8aR)-8-(2-hydroxypropan-2-yl)-6,7,8,8a- tetrahydro-2 A-naphtho[1,8- bclfura

n-2-one ((-)-26). A mixture of (-)-24 and 25 (4.7 mg, (-)-24/25 = 10/1, 0.022 mmol as
& oz " (-24) was dissolved in CCL/MeCN/H:0 (2.2 mL, 2/2/1 ratio). RuOz*xH0 (0.1 mg)
and NalOs (16.7 mg, 0.080 mmol) were added successively to the mixture at 0 °C. After 3.5 h,
saturated aqueous sodium thiosulfate (2 mL) was added to quench the reaction. The water layer
was extracted three times with CH2Clz and the combined organic layers were washed with brine
and dried over Na2SO4. After the volatile material was removed under reduced pressure, the
resulting residue was purified by column chromatography (SiO2, CH2Cls/ AcOEt = 5/1) to give (-)-26
(2.6 mg, yield 58%) as a colorless solid. '1H NMR (CDCls, 400 MHz) & 1.36 (3H, s), 1.42 (3H, s),
1.72-1.83 (1H, m), 2.16 (1H, s), 2.23 (1H, ddd, J= 2.4, 7.2, 9.6 Hz), 2.79-2.88 (1H, m), 3.13 (1H, dd, J
=3.6,20.4 Hz), 5.28 (1H, d, J=12.4 Hz), 7.40 (1H, d, J= 7.6 Hz), 7.46 (1H, t, J= 7.6 Hz), 7.69 (1H, d,
J="17.6 Hz); 3C NMR (CDCls, 100 MHz) § 22.8, 26.0, 27.4, 27.4, 49.6, 72.1, 79.7, 122.9, 124.0, 129.8,
132.1, 133.9, 148.9, 170.0; IR(neat) 3422, 1742 cm'l; HRMS(FAB) calcd for Ci14H1603Na 255.0997,
found 255.0987; [alp24 —2.8 (¢ 0.31, CHCls, 54% ee).

For the enantiomer (+)-26 in Scheme 13, [a]p20 +6.2 (¢ 0.25, CHCls, 95% ee).
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(8R,8aR)-8-(prop-1-en-2-y1)-6,7,8,8a-tetrahydro-2 A-naphthol1,8- bclfuran-2-one
[/ (()-8). To a solution of (-)-26 (2.7 mg, 0.012 mmol) in pyridine (483 pL) at 0 °C was
5 0 added thionyl chloride (6 pL, 0.082 mmol). After 10 min, saturated aqueous
(+)-Platyphylide ~ NaHCOs (1 mL) was added to quench the reaction. The water layer was extracted
three times with AcOEt, and the combined organic layers were washed with brine and dried over
Na2S04. After the volatile material (except pyridine) was removed under reduced pressure, the
resulting residue was purified by column chromatography (SiO2, hexane/AcOEt = 8/1) to give (+)-8
(2.0 mg, yield 80%) as a colorless solid. 'H NMR (CDCls, 400 MHz) & 1.89 (3H, s), 1.94 (1H, ddt, J=
2.0, 4.0, 10.0 Hz), 2.16 (1H, ddt, J= 1.6, 3.6, 8.0 Hz), 2.21-2.27 (1H, m), 2.81-2.89 (1H, m), 3.16 (1H,
dd, J=8.0, 18.0 Hz), 4.98-4.99 (2H, m), 5.23 (1H, d, J=10.8 Hz), 7.39 (1H, d, /= 7.6 Hz), 7.45 (1H, t,
J=1.6 Hz), 7.68 (1H, d, J= 7.6 Hz); 13C NMR (CDCls, 100 MHz) § 20.6, 25.9, 26.7, 46.3, 80.4, 112.4,
122.9, 124.7, 129.8, 132.1, 133.7, 144.1, 148.7, 170.4; IR(neat) 1760 cm'’; HRMS(ESI) caled for
C14H1402Na 237.0886, found 237.0876; [alp22 +25.0 (¢ 0.14, CHCls, 54% ee).
For the enantiomer ()-8 (platyphyllide) in Scheme 13, [a]p20 —54.8 (¢ 0.16, CHCls, 95% ee).

Section 3.
TESO ((1.5,29-2-Methoxy-4-(triethylsilyloxy)cyclohex-3-enyl)methanol. To a solution
\Q/OH of (-)-17a (385 mg, 1.1 mmol, 60% ee) in THF (10 mL), at 0 °C were added MeOH
éMe (65 uL, 1.6 mmol) and LiBH4 in THF (2.0 M in THF, 0.81 mL, 1.6 mmol). After

45 min at rt, water (5 mL) was added at 0 °C to quench the reaction. The mixture was extracted
three times with AcOEt, and combined organic layers were washed with brine and dried over
NazS04. After volatile material was removed under reduced pressure, resulting residue was
purified by column chromatography (SiOs, hexane/ AcOEt = 2/1) to give the title compound (258 mg,
yield 88%) as a colorless oil. 1H NMR (CDCls, 400 MHz) &: 0.68 (6H, q, J= 8.0 Hz), 0.98 (9H, t, J=
8.0 Hz), 1.35-1.45 (1H, m), 1.71-1.76 (1H, m), 1.79-1.86 (1H, m), 1.99 (1H, dt, J = 4.0, 15.2 Hz),
2.13-2.21 (1H, m), 2.64 (1H, dd, J= 3.2, 6.8 Hz), 3.33 (3H, s), 3.58-3.70 (2H, m), 3.91-3.93 (1H, m),
4.98 (1H, s), 13C NMR (CDCls, 100 MHz) &: 5.0, 6.6, 22.7, 28.8, 40.1, 54.4, 66.3, 79.6, 102.6, 154.1,
IR(neat) 3413, 1660 cm!, HRMS(ESI) calcd for Ci4H2s03NaSi 295.1700, found 295.1689, [alp!7
~12.6 (¢ 1.0, CHCl3,60% ee)

TESO Br ((1.5,2.9-2-Methoxy-4-(triethylsilyloxy)cyclohex-3-enyl)methyl
U/o \’(@ 4-bromobenzoate (27). To a solution of the above compound (233 mg,

ove 27 O 0.85 mmol) in CHzCly (8.2 ml) were added pyridine (4.1 mL) and
pbromobenzoyl chloride (750 mg, 3.4 mmol) at 0 °C. After 10 min, saturated aqueous NaHCOs (5
mL) was added to quench the reaction. The mixture was extracted three times with CH2Clg, and
combined organic layers were washed with brine and dried over Na2SO4. After volatile material was
removed under reduced pressure, resulting residue was purified by column chromatography (SiOs,
hexane/ AcOEt = 10/1) to give 27 (358 mg, yield 91%) as a colorless oil. 'TH NMR (CDCls, 400 MHz) §
0.69 (6H, q, J= 8.0 Hz), 0.99 (9H, t, J = 8.0 Hz), 1.59-1.65 (1H, m), 1.90-2.21 (4H, m), 3.33 (3H, s),
3.83 (1H, brs), 4.29 (1H, dd, J=6.8, 11.2 Hz), 4.41 (1H, dd, /= 5.2, 11.2 Hz), 5.01 (1H, s), 7.58 (2H, d,
J=8.4 Hz), 7.90 (2H, d, J= 8.4 Hz), 13C NMR (CDCls, 100 MHz) & 4.9, 6.6, 22.7, 28.2, 37.5, 55.0,
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65.9, 76.1, 102.4, 127.9, 129.1, 131.0, 131.6, 154.2, 165.8, IR(neat) 1718, 1590 cm1, HRMS(ESI)
caled for C21Hs104NaSiBr 477.1073, found 477.1057, [a]p16 —13.3 (¢ 1.0, CHCls, 60% ee)

o Br ((1.5,2.5,3 R)-3-Hydroxy-2-methoxy-4-oxocyclohexyl)methyl
Hojv\_j\/o\'(@/ 4-bromobenzoate. To a solution of 27 (103 mg, 0.22 mmol) in acetone (1

OMe o) mL) at rt was added DMDO in acetone (9 mL, estimated to be 0.07-0.09
M, 0.63-0.81 mmol). After 1 h, volatile material was removed under reduced pressure and resulting
residue was used in the next step without purification.

To a solution of the crude product in THF (2.2 mL) at 0 °C was added TBAF (1.0 M in THF, 290
ul, 290 mmol). After 15 min, saturated aqueous NH4C1 (1 mL) was added to quench the reaction.
The mixture was extracted three times with CH2Clg, and combined organic layers were washed with
brine and dried over Na2SO4. After volatile material was removed under reduced pressure,
resulting residue was purified by column chromatography (SiO2, hexane/ AcOEt = 2/1) to give the
title compound (54 mg, yield 68%, 2 steps) as a colorless oil. 'H NMR (CDCls, 400 MHz) § 1.54 (1H,
dddd, J= 4.0, 14.0, 14.0, 14.0 Hz), 2.12-2.19 (1H, m), 2.23-2.31 (1H, m), 2.47 (1H, ddd, J= 6.4, 14.0,
14.0 Hz), 2.62 (1H, ddd, J= 2.4, 4.0, 14.0 Hz), 3.14 (1H, dd, J= 9.2, 10.4 Hz), 3.62 (3H, s), 3.74 (1H,
brs), 4.24 (1H, d, /= 9.2 Hz), 4.46 (1H, dd, J= 5.6, 10.8 Hz), 4.57 (1H, dd, /= 3.2, 10.8 Hz), 7.60 (2H,
d, J=8.8 Hz), 7.87 (2H, d, J= 8.8 Hz), 13C NMR (CDCls, 100 MHz)  24.6, 37.4, 40.7, 60.5, 64.8, 81.2,
85.2, 128.3, 128.7, 131.0, 131.8, 165.6, 207.6, IR(neat) 3460, 1713, 1589 cm'l, HRMS(ESI) calcd for
C15H1705NaBr 379.0157, found 379.0147, [alp16 —29.2 (¢ 0.25, CHCls, 60% ee)

(18283R)-3-(1LR,49-7,7-Dimethyl-2-oxobicyclo[2.2.1]hepta

o B n-1-yDmethylsulfonyloxy)-2-methoxy-4-oxocyclohexyl)methyl

0
o Sioji_)yo\'(@/ 4-bromobenzoate (28). To a solution of the above compound (53
28 OMe © mg, 0.15 mmol) in CH2Clz (1.5 mL) at 0 °C were successively

added EtsN (250 pL), DMAP (7.5 mg, 0.061 mmol), and (-)-canphorsulfonyl chloride (74 mg, 0.30
mmol) in CH2Clz (1.5 mL). After 10 min, saturated aqueous NaHCOs (1 mL) was added to quench
the reaction. The mixture was extracted three times with AcOEt. Combined organic layers were
washed with brine and dried over NasSO4. After volatile material was removed under reduced
pressure, diastereomeric ratio was determined to be ca. 4/1 (corresponding to the ee of 17a’) by 'H
NMR of the crude product. The crude product was purified by column chromatography (SiOs,
hexane/ AcOEt = 3.5/1) to give pure 28 (11.5 mg, yield 13%) as a colorless amorphous and
diastereomixture of 28 (47 mg, dr: 3/1, yield 55%). Recrystallization of 28 from ether/hexane gave
colorless crystal. 'TH NMR (CDCls, 400 MHz) § 0.92 (3H, s), 1.13 (3H, s), 1.45 (1H, ddd, J= 4.0, 9.2,
12.8 Hz), 1.52-1.63 (1H, m), 1.75 (1H, ddd, /= 4.8, 9.2, 14.0 Hz), 1.98 (1H, d, /= 18.4 Hz), 2.03-2.14
(3H, m), 2.28-2.35 (1H, m), 2.36-2.52 (3H, m), 2.59 (1H, ddd, J= 2.4, 4.0, 14.0 Hz), 3.40-3.47 (2H, m),
3.60 (3H, s), 3.93 (1H, d, J=15.2 Hz), 4.50 (1H, dd, J= 4.8, 11.2 Hz), 4.57 (1H, dd, J= 3.2, 11.2 Hz),
5.16 (1H, d, J=9.6 Hz), 7.61 (2H, d, /= 8.8 Hz), 7.88 (2H, d, J= 8.8 Hz), 13C NMR (CDCls, 100 MHz)
519.7,19.8, 23.8, 25.1, 26.8, 38.5, 41.8, 42.5, 42.8, 47.8, 49.2, 58.0, 61.1, 64.3, 81.9, 87.1, 128.5, 128.5,
131.0, 131.9, 165.5, 200.6, 214.0, IR(neat) 1719, 1660, 1590 cm'l, HRMS(ESD) calcd for
C25H310sNaBr 593.0821, found 593.0775, [alp20 —41.9 (¢ 0.58, CHCls), mp 171.5-172.0 °C.
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Chapter 2.
General Procedure for the Ito-Saegusa Oxidation. (29¢c to 30a and 31b)

To a solution of 29¢ (94 mg, 0.3 mmol) in MeCN (750 uL) at rt was added Pd(OAc)z (72 mg, 0.33
mmol). After 18 h, the mixture was diluted with CH2Cl: (3 mL) and filtered through a Celite® pad.
After volatile material was removed under reduced pressure, the resulting residue was purified by
column chromatography (SiO2, hexane/ AcOEt = 1/1) to give 30a (4.5 mg, yield 10%) as a colorless
solid and 31b (22.5 mg, yield 48%) as a colorless solid.

o 4-(Hydroxymethyl)-3-methoxycyclohex-2-enone (30a). 'H NMR (CDCls, 400 MHz) &
on 1.84 (1H, brs), 1.95-2.12 (2H, m), 2.34 (1H, ddd, J= 5.2, 9.6, 14.8 Hz), 2.51 (1H, ddd,
308 OMe J=5.2,5.8,12.0 Hz), 2.67-2.73 (1H, m), 3.73 (3H, s), 3.84 (2H, brs), 5.43 (1H, s); 13C

NMR (CDCls, 100 MHz) § 23.8, 34.6, 41.1, 55.8, 62.8, 103.1, 178.4, 199.7; IR(neat) 3384, 1631, 1583
cm'l; HRMS(ES]) caled for Ci6H2406Na 335.1471, found 335.1477.
o cis-4-(Hydroxymethyl)-5-methoxycyclohex-2-enone (31b). 1H NMR (CDCls, 400 MHz)
\I\:j"/,/OH 8 2.62 (1H, dd, J = 3.6, 16.8 Hz), 2.86 (1H, brs), 2.88 (1H, dd, J = 6.4, 16.8 Ha),
31b OMe 2.88-2.93 (1H, m), 3.42 (3H, s), 3.88 (1H, dd, /= 3.6, 11.2 Hz), 3.94 (1H, dd, J= 6.8,
11.2 Hz), 4.09 (1H, ddd, J= 3.6, 3.6, 6.4 Hz), 6.13 (1H, dd, J= 2.4, 10.4 Hz), 6.85 (1H, dd, J = 3.6,
10.4 Hz); 13C NMR (CDCls, 100 MHz) &§40.4, 42.3, 56.6, 62.8, 79.1, 130.5, 147.6, 197.0; IR(neat) 3420,
1663 cm''; HRMS(FAB) calcd for Ci16H2406Na 335.1471, found 335.1483.

ol trans-4-(hydroxymethyl)-5-methoxycyclohex-2-enone (31a). 'H NMR (CDCls, 400
v, OH MHz) & : 2.22 (1H, brs), 2.41 (1H, dd, J= 10.8, 16.0 Hz), 2.72 (1H, dddt, J= 2.8, 2.8,
312 OMe 2.6, 8.4 Hz), 2.98 (1H, dd, J= 4.0, 16.0 Hz), 3.40 (3H, s), 3.73 (1H, ddd, J= 4.0, 8.4,

10.8 Hz), 3.89 (2H, d, /= 5.6 Hz), 6.10 (1H, dd, J= 2.8, 6.0 Hz), 6.79 (1H, dd, J= 2.8, 10.0 Hz), 13C
NMR (CDCls, 100 MHz) & : 42.1, 45.0, 56.2, 63.3, 78.0, 130.5, 148.8, 197.8, IR(neat) 3421, 1669 cm%;
o 3-methoxy-4-(methoxymethyl)cyclohex-2-enone (30b). 'H NMR (CDCls, 400 MHz)
omMe &:2.00-2.11 (2H, m), 2.32 (1H, ddd, /= 5.6, 7.2, 16.8 Hz), 2.50 (1H, ddd, /= 5.6, 8.8,

30bOMe 16.8 Hz), 2.69-2.74 (1H, m), 3.36 (3H, s), 3.57-3.59 (2H, m), 3.70 (3H, s), 5.40 (1H, s),
13C NMR (CDCls, 100 MHz) & 24.1, 34.3, 39.0, 55.8, 59.0, 72.1, 103.2, 177.7, 199.4, IR(neat) 1648

cm’!

oH 1.48 (1H, brs), 2.02 (3H, s), 2.09-2.14 (2H, m), 2.34 (1H, ddd, J = 6.0, 6.0, 17.2 Hz),

OIP\/ 4-(hydroxymethyl)-3-methylcyclohex-2-enone (83). 'H NMR (CDCls, 400 MHz) & :
33 2.47-2.57 (1H, m), 3.80-3.84 (2H, m), 5.94 (1H, s), 13C NMR (CDCls, 150 MHz) § : 23.0,
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25.0, 34.3, 42.2, 63.1, 128.5, 162.0, 199.3, IR(neat) 3393, 1652 cm'; HRMS(ESI) calcd for
C16H2404Na 303.1572, found 303.1565.
cis-4-(hydroxymethyl)-5-methylcyclohex-2-enone (84a). 'H NMR (CDCls, 400 MHz)

., OH §:1.01 (8H, d, J= 6.8 Hz), 1.62 (1H, brs), 2.40-2.53 (3H, m), 2.69-2.72 (1H, m), 3.81
34a - (2H, d, J=6.4 Hz), 6.10 (1H, dd, J= 2.4, 10.0 Hz), 6.87 (1H, dd, J= 3.2, 10.0 Hz), 13C

NMR (CDCls, 100 MHz) & 15.2, 30.7, 42.4, 44.7, 62.4, 130.1, 149.5, 199.6, IR(neat) 3395, 1660 cm'%;

HRMS(ESI) calcd for C16H2404Na 303.1572, found 303.1569.

o 4-(2-hydroxypropan-2-yl)-3-methylcyclohex-2-enone (37). 'H NMR (CDCls, 400 MHz)
I;WOH §1.31 (8H, s), 1.37 (3H, ), 1.63 (1H, s), 2.01-2.11 (1H, m), 2.14 (3H, s), 2.14-2.18 (1H,
37 m), 2.22-2.29 (1H, m), 2.29-2.35 (1H, m), 2.55-2.65 (1H, m), 6.01 (1H, s), 13C NMR

(CDCls, 100 MHz) & 22.6, 29.1, 35.8, 48.9, 52.2, 61.7, 129.2, 149.8, 199.7, IR(neat) 3393, 1653 cm'%;

HRMS(ESI) calced for C20H3204Na 359.2198, found 359.2185.

o trans-4-(2-hydroxypropan-2-yl)-5-methylcyclohex-2-enone (38a). 'H NMR (CDCls,
7\:? on 400 MHz) § 1.11 (8H, d, /= 6.8 Hz), 1.35 (3H, s), 1.36 (3H, s), 1.46 (1H, s), 2.15-2.21
38a /( (2H, m), 2.50-2.56 (1H, m), 2.83 (1H, dd, J= 5.6, 16.8 Hz), 6.13 (1H, d, J= 10.8 Hz),

6.93 (1H, ddd, /= 1.6, 5.2, 10.8 Hz), 13C NMR (CDCls, 100 MHz) & 22.7, 28.6, 28.8, 28.9, 42.9, 53.0,

73.9, 130.3, 148.4, 199.2, IR(neat) 3411, 1663 cm; HRMS(ESI) caled for C20Hs2:0sNa 359.2198,

found 359.2187.

o 4-hydroxy-3-methylcyclohex-2-enone (41). 'H NMR (CDCls, 400 MHz) § 1.71 (1H, d, J=
IFLOH 6.4 Hz), 1.97-2.13 (1H, m), 2.06 (3H, s), 2.26-2.41 (2H, m), 2.55-2.62 (1H, m), 4.35-4.42
M (1H, m), 5.86 (1H, s), IR(neat) 3393, 1670 cm'l; HRMS(ESI) calcd for C14H2004Na

275.1259, found 275.1253.

b

oH 0.95 (3H, s), 1.14 (3H, s), 1.51 (1H, brs), 2.33 (2H, d, J = 3.6 Hz), 2.40-2.45 (1H, m),

3.64-3.70 (1H, m), 3.94-3.97 (1H, m), 6.11 (1H, dd, J= 2.0, 10.0 Hz), 6.96 (1H, dd, J/=

2.8, 10.0 Hz); 13C NMR (CDCls, 100 MHz) § 22.6, 29.1, 35.8, 48.9, 52.2, 61.6, 129.2, 149.9, 199.7;
IR(neat) 3412, 1666 cm'l; HRMS(ESI) caled for Ci1sH2s04Na 331.1885, found 331.1876.

Oj\;?\/ 4-(hydroxymethyl)-5,5-dimethylcyclohex-2-enone (43). 'H NMR (CDCls, 400 MHz) §
43

Chapter 3.

Section 2.

Compounds shown in Scheme 17, 18 and compounds 67, 68, 69, 70 and 71 were prepared by

reported procedure.27

OH ((8aS,5a.5,9a.5,9b R)3a-(2-(1,3-dioxolan-2-yl)ethyl)-9a-(((fert-butyldiphenylsil

yDoxy)methyl)-8-(phenylsulfonyl)-2-(trifluoromethyl)-3a,5a,6,7,8,9,9a,9b-oct

X% of) ahydrooxazolo[5,4- Alisoquinolin-5-yl)methanol. To a solution of 71 (193 mg,

TBDPSO \<CF3 0.247 mmol) and CeCls+7H20 (202 mg, 0.542 mmol) in MeOH (2.5 mL) at

—78 °C was added NaBH4 (19 mg, 0.494 mmol). After being stirred for 10 min, the reaction mixture

BsN

was warmed to —40 °C and stirred for 16 h. The reaction was quenched with water (3 mL). The
water layer was extracted three times with AcOEt, and the combined organic layers were washed
with brine and dried over NazSOu. After the volatile material was removed under reduced pressure,

the resulting residue was purified by column chromatography (SiO2, hexane/AcOEt = 1/4) to give
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the title compound (195 mg, quant.) as a colorless amorphous. 'H NMR (CDCls, 600 MHz) § 0.91
(9H, s), 1.41 (1H, dddd, /= 3.6, 12.0, 12.0, 12.0 Hz), 1.56 (1H, brs), 1.68-1.82 (4H, m), 1.87 (1H, d, J/
=10.2 Hz), 2.20 (1H, dd, /= 10.8, 10.8 Hz), 2.38 (1H, dd, /= 4.2, 13.2 Hz), 2.54 (1H, d, /= 10.8 Hz),
3.17 (1H, d, /= 10.2 Hz), 3.40 (1H, d, /= 10.2 Hz), 3.82-3.86 (4H, m), 3.91 (1H, d, J = 15.0 Hz),
3.94-3.68 (2H, m), 4.03 (1H, d, J = 15.0 Hz), 4.61 (1H, s), 4.86 (1H, t, J = 4.2 Hz), 5.88 (1H, s),
7.31-7.43 (10H, m), 7.54 (2H, t, J= 7.2 Hz), 7.61 (1H, t, J = 7.2 Hz), 7.78 (2H, d, J = 7.2 Hz), 13C
NMR (CDCls, 150 MHz) & 19.3, 26.8, 27.3, 35.0, 35.1, 40.4, 46.5, 49.0, 62.8, 64.4, 64.9, 65.0, 68.4,
87.3,103.4, 116.0 (q, J= 273 Hz), 119.0, 127.6, 127.7, 127.7, 129.0, 129.9, 130.0, 132.4, 132.8, 132.9,
135.3, 135.4, 143.9, 153.6 (q, J= 40 Hz), IR(neat) ; 3452, 1684 cm?, [alp24: +6.6 (c 1.00, CHCls, >99%
ee), HRMS(FAB) calcd for C40H4sFsN207SSiK 785.2904, found 785.2884.

OPiv ((8a.5,5a.5,9a.5,9b R)-3a-(2-(1,3-dioxolan-2-yl)ethyl)-9a-(((tert-butyldiphenylsil
yDoxy)methyl)-8-(phenylsulfonyl)-2-(trifluoromethyl)-3a,5a,6,7,8,9,9a,9b-octa
> 0\07 hydrooxazolo[5,4- Alisoquinolin-5-yl)methyl pivalate (72). To a solution of the
CFs above compound (195 mg, 0.247 mmol) and DMAP (15 mg, 0.124 mmol) in
pyridine (2.5 mL) at 0 °C was added PivCl (0.15 mL, 1.24 mmol). The mixture was stirred 18 h at rt.

The reaction was quenched with saturated aqueous NaHCOs (3 mL). The water layer was extracted
three times with AcOEt, and the combined organic layers were washed with brine and dried over
NazSO0s. After the volatile material was removed under reduced pressure, the resulting residue was
purified by column chromatography (SiOz, hexane/AcOEt = 4/1) to give 72 (174 mg, yield 81%) as a
colorless amorphous. 'H NMR (CDCls, 400 MHz, 55 °C) § 0.93 (9H, s), 1.21 (9H, s), 1.43 (1H, dddd, J
=3.9,12.9,12.9,12.9 Hz), 1.62-1.81 (4H, m), 1.92-1.95 (1H, m), 2.25 (1H, dd, /= 11.0, 11.0 Hz), 2.39
(1H, dd, J= 4.4, 12.7 Hz), 2.61 (1H, d, J=10.7 Hz), 3.18 (1H, d, J= 10.3 Hz), 3.40 (1H, d, J=10.3
Hz), 3.81-3.99 (6H, m), 4.33 (1H, d, J= 14.6 Hz), 4.52 (1H, d, J= 14.4 Hz), 4.59 (1H, s), 4.86 (1H, t, J
= 3.7 Hz), 5.85 (1H, s), 7.29-7.44 (10 H, m), 7.51-7.16 (3H, m), 7.77-7.79 (2H, m), 13C NMR (CDCls,
150 MHz) & 19.2, 26.8, 27.0, 27.2, 27.2, 35.0, 35.7, 38.8, 40.5, 46.4, 49.0, 62.7, 64.9, 65.0, 68.3, 86.9,
103.3, 115.1 (q, J= 273 Hz), 120.3, 127.6, 127.7, 127.7, 129.0, 129.9, 130.0, 132.4, 132.7, 132.9, 135.2,
135.3, 139.3, 149.4, 153.5 (q, /= 40 Hz), 177.6, IR(neat) ; 1685 cm'!, [a]p24: +12.1 (¢ 1.00, CHCls,
>99% ee), HRMS(FAB) calcd for CasHs5F3N20sSSiNa 891.3298, found 891.3337.

((4a.8,75,8R,8a.9-7-(2-(1,3-dioxolan-2-ylethyl)-8a-(((tert-butyldiphenylsilyl)o
xy)methyl)-7-hydroxy-2-(phenylsulfonyl)-8-(2,2,2-trifluoroacetamido)-1,2,3,4,
©OH o 4a,7,8,8a-octahydroisoquinolin-5-yl)methyl pivalate (103). This compound

\"/CF3 OJ was obtained as a byproduct when the crude substrate was used in the above
0 reaction. 'TH NMR (CDCls, 600 MHz) § 0.97 (9H, s), 1.09 (9H, s), 1.41 (1H, dd,
J=4.2,12.0 Hz), 1.55 (1H, dddd, /= 4.2, 12.0, 12.0, 12.0 Hz), 1.63-1.70 (3H, m), 1.79-1.89 (2H, m),
2.01-2.05 (2H, m), 2.88 (1H, d, /= 10.2 Hz), 3.06 (1H, s), 3.76 (1H, d, /= 11.4 Hz), 3.86-3.91 (2H, m),
3.97-4.00 (2H, m), 4.25 (1H, d, J= 12.6 Hz), 4.32 (1H, d, /= 10.2 Hz), 4.38 (1H, d, J= 12.6 Hz), 4.49
(1H, d, J=10.8 Hz), 4.75 (1H, d, J= 9.6 Hz), 4.92 (1H, t, J= 3.6 Hz), 5.65 (1H, s), 7.32 (2H, t, J= 7.8
Hz), 7.36 2H, t, J= 7.8 Hz), 7.42 (1H, t, J= 7.8 Hz), 7.53 (2H, t, J= 7.8 Hz), 7.56 (2H, t, J= 7.8 Hz),
7.63-7.65 (3H, m), 7.74-7.79 (3H, m), 13C NMR (CDCls, 150 MHz) § 19.2, 26.7, 27.0, 27.6, 27.6, 34.1,
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38.6, 38.9, 40.1, 46.2, 50.5, 50.8, 64.8, 64.9, 65.0, 69.5, 71.5, 103.7, 116.2 (q, J= 287 Hz), 127.8, 127.9,
129.0, 129.3, 129.9, 130.0, 131.9, 132.2, 132.7, 135.5, 135.6, 135.8, 157.6 (q, J= 37 Hz), 177.8

((8a5,5a.5,9a.5,9b R)-3a-(2-(1,3-dioxolan-2-yl)ethyl)-9a-(hydroxymethyl)-8-(phen
ylsulfonyl)-2-(trifluoromethyl)-3a,5a,6,7,8,9,9a,9b-octahydrooxazolo[5,4- Alisoq
uinolin-5-yl)methyl pivalate. To a solution of 72 (304 mg, 0.350 mmol) in THF
(1.8 mL) at 0 °C was added TBAF (1.0 M solution in THF, 3.5 mL, 3.5 mmol).

After 30 min, the reaction was quenched with saturated aqueous NH4Cl (5 mL). The water layer

was extracted three times with AcOEt, and the combined organic layers were washed with brine
and dried over Na2SO4. After the volatile material was removed under reduced pressure, the
resulting residue was purified by column chromatography (SiO2, AcOEt) to give the title compound
(154 mg, yield 70%) as a colorless amorphous and recovered 72 (80 mg, 26%). This compound was
slowly converted into unknown compound (the alcohol group might attacked the oxazoline) at rt for
several days, or at —15 °C for 1 month. 'H NMR (CsDs, 600 MHz, 55 °C) § 1.07 (9H, s), 1.20-1.46 (3H,
m), 1.61-1.83 (5H, m), 1.89 (1H, dd, J= 4.4, 12.4 Hz), 2.38 (1H, d, J= 12.2 Hz), 3.14 (2H, s), 3.44-3.50
(2H, m), 3.29-3.35 (2H, m), 3.67 (1H, d, /= 11.0 Hz), 4.15-4.29 (3H, m), 4.62 (1H, t, J= 4.3 Hz), 4.78
(1H, s), 5.74 (1H, s), 6.93-6.97 (3H, m), 7.68-7.71 (2H, m), IR(neat) ; 3522, 1728, 1685 cm’!, [a]p24:
—2.9 (¢ 1.00, CHCls, >99% ee), HRMS(FAB) calcd for C2oH37FsN20sSNa 653.2120, found 653.2081.

((38aS,5a.R,9aR,9b R)-3a-(2-(1,3-dioxolan-2-yl)ethyl)-9a-((£)-4-((tert-butyldimet
hylsilyl)oxy)but-1-en-1-yD)-8-(phenylsulfonyl)-2-(trifluoromethyl)-3a,5a,6,7,8,9,
9a,9b-octahydrooxazolo[5,4- Alisoquinolin-5-yl)methyl pivalate (74). To a
solution of TFAA (0.27 mL, 1.93 mmol) in CH2Cl: (1.6 mL) at —78 °C was added
ores dropwise a solution of DMSO (0.27 mL, 3.86 mmol) in CH2Clz (0.8 mL) over 5

min. After 30 min, to this mixture, was added a solution of the above compound (243 mg, 0.386
mmol) in CHz2Cls (1.6 mL), and the resulting mixture was warmed to —60 °C and stirred for 1 h.
EtsN (0.8 mL) was added to the reaction mixture and then warmed to rt. The reaction was
quenched with saturated aqueous NaHCOs (5 mL). The water layer was extracted three times with
AcOEt, and the combined organic layers were washed with brine and dried over Naz2SO4. After the
volatile material was removed under reduced pressure, the resulting residue (73) was used for next
reaction without further purification.

To a suspension of bromo(3-((tert-butyldimethylsilyl)oxy)propyltriphenylphosphorane (995 mg,
1.93 mmol) in THF (20 mL) at 0 °C was added KHMDS (0.5 M solution in THF; 3.86 mL, 1.93 mmol)
in THF. To this mixture, a solution of crude aldehyde (73) in THF (5 mL) was added. After 1 h,
saturated aqueous NH4Cl (20 mL) was added to quench the reaction. The water layer was extracted
three times with AcOEt, and the combined organic layers were washed with brine and dried over
NazSO0a. After the volatile material was removed under reduced pressure, the resulting residue was
purified by column chromatography (SiO2, hexane/AcOEt = 4/1) to give 74 (226 mg, yield 75% from
the above compound) as a colorless amorphous. 'H NMR (CDCls, 600 MHz, 55 °C) & 0.03 (6H, s),
0.88 (9H, s), 1.19 (9H, s), 1.50 (1H, dddd, J = 3.6, 12.0, 12.0, 12.0 Hz), 1.70-1.87 (6H, m), 1.95-2.00
(2H, m), 2.27-2.35 (2H, m), 2.41-2.49 (2H, m), 3.52-3.57 (1H, m), 3.65 (1H, td, J = 6.0, 9.6 Hz),
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3.85-3.91 (2H, m), 3.97-4.03 (3H, m), 4.50-4.53 (2H, m), 4.56 (1H, d, J= 12.6 Hz), 4.63 (1H, s), 4.90
(1H, t, J=3.6 Hz), 4.99 (1H, d, J=13.2 Hz), 5.43 (1H, td, /= 6.6, 13.2 Hz), 6.01 (1H, s), 7.57 (2H, t, J
=7.8Hz),7.63 (1H, t, J= 7.8 Hz), 7.84 (2H, d, J= 7.8 Hz), 13C NMR (CDCls, 150 MHz, 55 °C) § 15.0,
19.2, 26.8, 28.1, 28.5, 28.9, 34.0, 35.3, 39.8, 43.0, 44.5, 46.8, 52.4, 63.4, 65.9, 65.9, 66.0, 69.8, 88.0,
104.4,117.5 (q, J= 272 Hz), 124.5, 128.4, 128.5, 128.5, 129.9, 130.0, 132.7, 133.7, 138.0, 141.3, 155.0
(q, J= 40 Hz), 178.6, IR(neat) ; 1725 cm™, [a]p24: +24.9 (c 2.27, CHCls, >99% ee), HRMS(ESI) calcd
for C3sHs6F3N20sSS1 785.3479, found 785.3452.

OPiv ((4aR,7S,8R,8aR)-7-(2-(1,3-dioxolan-2-yl)ethyl)-7-hydroxy-8a-((£)-4-hydroxybu

t-1-en-1-y1)-2-(phenylsulfonyl)-8-(2,2,2-trifluoroacetamido)-1,2,3,4,4a,7,8,8a-oc
f} tahydroisoquinolin-5-yl)methyl pivalate. To a solution of 74 (226 mg, 0.228
0

BsN

mmol) in acetone/water (9/1, 5.0 mL) at room temperature was added PPTS

OH (217 mg, 0.864 mmol). After 2 days, saturated aqueous NaHCOs (5 mL) was
added to quench the reaction. The water layer was extracted three times with AcOEt, and the
combined organic layers were washed with brine and dried over Naz2SO4. After the volatile material
was removed under reduced pressure, the resulting residue was purified by column
chromatography (SiO2, hexane/AcOEt = 1/2) to give the title compound (129 mg, yield 65%) as a
colorless amorphous. 'H NMR (CDCls, 400 MHz, 55 °C) § 1.19 (9H, s), 1.53-1.71 (4H, m), 1.83-2.00
(3H, m), 2.18-2.30 (3H, m), 2.39 (1H, brs), 2.61-2.71 (1H, m), 2.79 (1H, s), 3.63-3.71 (2H, m),
3.78-3.94 (5H, m), 4.41-4.47 (2H, m), 4.57 (1H, d, J= 13.2 Hz), 4.83-4.87 (2H, m), 5.42-5.53 (2H, m),
5.75 (1H, s), 7.18 (1H, d, /= 10.3 Hz), 7.50-7.60 (3H, m), 7.82-7.84 (2H, m), 13C NMR (CDCls, 100
MHz, 55 °C) § 27.2, 27.7, 27.9, 32.9, 33.2, 39.9, 42.4, 43.8, 45.9, 50.4, 50.8, 61.6, 64.9, 64.9, 65.2, 71.9,
77.2,104.0, 116.4 (q, J= 289 Hz), 128.1, 129.0, 130.7, 132.2, 132.8, 133.7, 136.5, 158.0 (q, /= 37 Hz),
177.9, IR(neat) ; 1721 cm?, [alp2: —65.7 (¢ 1.66, CHCls, >99% ee), HRMS(ESI) caled for
Cs32H43FsN209SNa 711.2539, found 711.2531.

OPiv ((4aR,7S5,8R,8aR)-7-(2-(1,3-dioxolan-2-yl)ethyl)-7-hydroxy-8a-(4-hydroxybutyl)-
2-(phenylsulfonyl)-8-(2,2,2-trifluoroacetamido)-1,2,3,4,4a,7,8,8a-octahydroisoq

f} uinolin-5-yl)methyl pivalate (75). A solution of the above compound (28 mg,
© 0.041 mmol) and PtOs (7 mg) and acetic acid (ca. 5 pL) in THF (3.0 mL) was

OH 75 stirred under hydrogen atmosphere at room temperature. After 5 h, the
reaction mixture was filtered through a Celite pad and the pad was washed with EtOAc. The
combined filtrates were concentrated in vacuo. The residue was purified by column chromatography
(SiO2, hexane/AcOEt = 1/4) to give 75 (19 mg, yield 70%) as a colorless amorphous. 'H NMR (CDCls,
400 MHz, 55 °C) 5 1.19 (9H, s), 1.22-1.35 (2H, m), 1.46-1.77 (9H, m), 1.87-1.91 (2H, m), 1.97-2.01
(1H, m), 2.17-2.23 (2H, m), 3.33 (1H, brs), 3.58-3.61 (3H, m), 3.74 (1H, d, /= 12.2 Hz), 3.83-3.97 (4H,
m), 4.41 (1H, d, J= 13.4 Hz), 4.70 (1H, d, /= 10.3 Hz), 4.86 (1H, t, J= 3.7 Hz), 5.69 (1H, s), 6.67 (1H,
d, J=10.3 Hz), 7.50-7.60 (83H, m), 7.84 (2H, d, = 7.3 Hz), 13C NMR (CDCls, 100 MHz, 55 °C) § 20.0,
27.2,27.5, 27.7, 32.5, 33.2, 33.2, 34.6, 38.8, 39.3, 40.2, 46.3, 49.5, 51.1, 61.9, 65.0, 71.0, 77.2, 103.7,
116.2 (q, J= 289 Hz), 128.2, 128.3, 128.9, 132.8, 136.2, 136.5, 157.4 (q, /= 37 Hz), 178.0, IR(neat) ;
1717 em?, [alp24: —24.4 (¢ 1.17, CHCl3, >99% ee), HRMS(ESI) caled for C32HasF3N209SNa 713.2696,
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found 713.2677.

((4aR,7S,8R,8aR)-7-(2-(1,3-dioxolan-2-yl)ethyl)-8a-(but-3-en-1-yl)-7-hydroxy-2-
O (phenylsulfonyl)-8-(2,2,2-trifluoroacetamido)-1,2,3,4,4a,7,8,8a-octahydroisoqui

)/' HE‘TCFa oJ nolin-5-yl)methyl pivalate (76). To a solution of 75 (89 mg, 0.129 mmol) and

o 76 pyridine (0.4 mL) in CH2Clz (1.2 mL) at 0 °C was added MsCl (44 mg, 0.387
mmol). After 15 h at rt, saturated aqueous NaHCOs (1 mL) was added to quench the reaction. The
water layer was extracted three times with CH2Clz, and the combined organic layers were washed
with brine and dried over NazSOu. After the volatile material was removed under reduced pressure,
the resulting residue was used for next reaction without further purification.

To a solution of 0-NO2CsH4SeCN (146 mg, 0.645 mmol) in DMF (1.0 mL) at 0 °C was added
NaBH4 (24 mg, 0.645 mmol). After 15 h at the same temperature, a solution of the crude product in
DMF (1.5 mL) was added and stirred at 0 °C. After 18 h, water (2 mL) was added to quench the
reaction. The water layer was extracted three times with AcOEt, and the combined organic layers
were washed with brine and dried over Na2SOai. After the volatile material was removed under
reduced pressure, the resulting residue was used for next reaction without further purification.

To a solution of crude product in CH2Clz (3 mL) at —78 °C was added 69% mCPBA (323 mg, 1.29
mmol) portionwise. After 15 h at room temperature, 7PrNEt (1 mL, excess) was added. After 19 h,
saturated aqueous Na2S203 (5 mL) was added to quench the reaction. The water layer was extracted
three times with CH2Clz, and the combined organic layers were washed with brine and dried over
NazSO0s. After the volatile material was removed under reduced pressure, the resulting residue was
purified by column chromatography (SiOs, hexane/AcOEt = 3/1) to give 76 (74 mg, yield 85% from
75) as a yellow amorphous. 'H NMR (C¢Ds, 600 MHz, 55 °C) § 1.19 (9H, s), 1.24 (1H, dddd, J= 4.7,
12.7, 12.7, 12.7 Hz), 1.39 (1H, d, J = 14.6 Hz), 1.50-1.92 (9H, m), 1.99 (1H, dd, J = 12.0, 12.0 Hz),
2.11 (1H, d, J= 12.2 Hz), 3.26-3.31 (2H, m), 3.42 (1H, d, J= 12.7 Hz), 3.47-3.52 (2H, m), 3.95 (1H, d,
J=12.2 Hz), 4.22 (1H, d, J=13.2 Hz), 4.33 (1H, d, J= 13.3 Hz), 4.65 (1H, t, J= 4.3 Hz), 4.86 (1H, d,
J=10.2 Hz), 4.90 (1H, d, J= 17.2 Hz), 5.50 (1H, s), 5.58-5.65 (1H, m), 6.29 (1H, s), 6.71 (1H, d, J=
10.2 Hz), 6.99-7.05 (3H, m), 7.89 (1H, d, J= 7.3 Hz), 13C NMR (CDCls, 100 MHz, 55 °C) § 27.3, 27.4,
27.8, 31.9, 34.6, 38.9, 39.3, 39.8, 46.4, 49.4, 51.2, 53.6, 65.0, 65.4, 70.9, 77.2, 103.7, 115.2, 116.3 (q,
= 289 Hz), 128.3, 128.8, 128.9, 132.8, 136.1, 136.5, 138.0, 157.2, 157.4 (q, J = 36 Hz), 178.0,
IR(neat) ; 1716 cm', [alp24: —29.1 (c 1.00, CHCls, >99% ee), HRMS(ESI) calcd for Cs2HasFsN2OsSNa
695.2590, found 695.2578.

Section 3.
i . (3aR,5a.5,9a.5,9bR)-3a-(2-(1,3-dioxolan-2-yl)ethyl)-9a-(((tert-butyldiphenylsil
asn L _J, o yDoxy)methyl)-8-(phenylsulfonyl)-2-(trifluoromethyl)-5,5a,6,7,8,9,9a,9b-octa
TBDPSO” L(O v hydrooxazolo[5,4- Alisoquinolin-4(3a A)-one (90). To a solution of 66 (20 mg,
% CFs 0.0272 mmol) in toluene (272 pL) at rt were added 2,6-lutidine (64 pL, 0.544
mmol) and TFAA (37 pL, 0.272 mmol). After 15 min, saturated aqueous NaHCOs (1 mL) was added
to quench the reaction. The water layer was extracted three times with AcOEt and the combined

organic layers were washed with brine and dried over Na2SO4. After the volatile material was
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removed under reduced pressure, the resulting residue was purified by column chromatography
(SiO2, hexane/AcOEt = 4/1) to give 90 (9.6 mg, yield 46%) as a colorless amorphous. 'H NMR (CDCls,
400 MHz, 55 °C) § 0.97 (9H, s), 1.59-1.66 (1H, m), 1.70-1.80 (3H, m), 1.84-1.91 (1H, m), 1.98-2.03
(1H, m), 2.09 (1H, dd, J= 2.4, 18.4 Hz), 2.29-2.36 (1H, m), 2.50-2.57 (1H, m), 2.65 (1H, dd, /= 9.6,
18.4 Hz), 2.82 (1H, d, J=12.0 Hz), 3.30 (1H, d, /= 10.8 Hz), 3.36 (1H, d, /= 10.8 Hz), 3.43 (1H, d, J
=12.0 Hz), 3.60 (1H, d, /= 12.0 Hz), 3.82-3.88 (2H, m), 3.91-3.99 (2H, m), 4.84 (1H, s), 4.87 (1H, t, J
= 4.0 Hz), 7.35-7.37 (4H, m), 7.40-7.43 (2H, m), 7.52-7.56 (6H, m), 7.61 (1H, t, J= 7.2 Hz), 7.77 (2H,
d, J=17.2 Hz), 13C NMR (CDCls, 100 MHz) § 19.2, 26.3, 26.7, 30.7, 31.4, 38.6, 40.2, 45.6, 48.8, 63.2,
65.0, 65.0, 72.3, 89.6, 102.8, 115.7 (q, J = 273 Hz), 127.6, 127.8, 127.9, 129.1, 130.0, 130.0, 132.1,
132.2, 133.0, 135.4, 135.4, 135.5, 153.4 (q, J = 40 Hz), 204.3, HRMS (ESI) calcd for
C39H45FsN207SSiNa 793.2567, found 793.2580

20 (3aR,5a.5,9a.5,9bR)-3a-(2-(1,3-dioxolan-2-yl)ethyl)-9a-(((tert-butyldiphenylsil
BsN Y7 5 yDoxy)methyl)-2-methyl-8-(phenylsulfonyl)-5,5a,6,7,8,9,9a,9b-octahydrooxaz
TBDPSOL NS ° olo[5,4- hlisoquinolin-4(3a H)-one (91). To a stirred solution of 66 (32.5 mg,

0.0442 mmol) and DMAP (one piece) in CHzClz (442 pL) was added MsCl (34 pL, 0.442 mmol) at
0 °C. After 1 h at rt, saturated aqueous NaHCO3 (1 mL) was added to quench the reaction. The
water layer was extracted three times with CH2Clz and the combined organic layers were washed
with brine and dried over NazSOu. After the volatile material was removed under reduced pressure,
the resulting residue was purified by column chromatography (SiO2, hexane/AcOEt = 1/1) to give 91
(28 mg, yield 88%) as a colorless amorphous. 'H NMR (CDCls, 400 MHz) § 0.91 (9H, s), 1.50-1.60
(1H, m), 1.77-1.83 (2H, m), 1.84 (3H, s), 1.89-1.95 (3H, m), 2.10 (1H, d, /= 18.8 Hz), 2.25-2.37 (2H,
m), 2.53 (1H, d, J=11.2 Hz), 2.66 (1H, dd, /= 10.0, 18.8 Hz), 3.18 (1H, d, /= 12.0 Hz), 3.25 (1H, d, /
=12.0 Hz), 3.73 (1H, d, /= 11.2 Hz), 3.80-3.90 (3H, m), 3.96-3.99 (2H, m), 4.72 (1H, s), 4.88 (1H, t, J
=4.0 Hz), 7.34-7.49 (10H, m), 7.56 (2H, t, J= 7.2 Hz), 7.62 (1H, t, J= 7.2 Hz), 7.77 (2H, d, J= 7.2 H2),
13C NMR (CDCls, 100 MHz) § 13.6, 19.2, 26.6, 26.6, 29.9, 31.5, 31.5, 39.9, 40.1, 46.4, 49.6, 63.3, 65.0,
65.0, 71.8, 86.9, 103.1, 127.5, 127.7, 127.8, 128.9, 129.9, 132.4, 132.5, 132.7, 135.3, 135.4, 135.6,
163.1, 207.5, HRMS(ES]D) calcd for C39H4sN207SSiNa 739.2849, found 739.2821.

OH (8aR,5a.5,9a.5,9bR)-3a-(2-(1,3-dioxolan-2-yl)ethyl)-9a-(((tert-butyldiphenylsil
o yDoxy)methyl)-5-(hydroxymethyl)-2-methyl-8-(phenylsulfonyl)-5,5a,6,7,8,9,9
\O> a,9b-octahydrooxazolo[5,4- Alisoquinolin-4(8a H)-one (92b). To a stirred
o

Zin

T8DPSO” Nx
92b \Q solution of mbutyllithium (123 uL, 0.307 mmol) in THF (366 pL) was added

dropwise 2,2,6,6-tetramethylpiperidine (52 uL, 0.307 mmol) at —10 °C. The solution was allowed to
be stirred at 0 °C for 30 minutes then cooled to —78 °C. 91 (44 mg, 0.0614 mmol) in THF (148 uL)
was added dropwise and the resulting mixture was stirred for an additional 1 hour.
1H-benzotriazole-methanol (18 g, 0.123 mmol) in THF (546 pL) was added dropwise and kept 1.5
hours at this temperature. The reaction was quenched with water (1 mL). The water layer was
extracted three times with AcOEt, and the combined organic layers were washed with brine and
dried over Na2SQ4. After the volatile material was removed under reduced pressure, the resulting

residue was purified by column chromatography (SiOz, hexane/AcOEt = 1/4) to give 92b (17 mg,
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yield 37%) as a colorless amorphous. 'H NMR (CDCls, 400 MHz) § 0.88 (9H, s), 1.44-1.53 (1H, m),
1.79-1.83 (1H, m), 1.86 (3H, s), 1.90-1.95 (2H, m), 1.98-2.05 (2H, m), 2.15-2.21 (1H, m), 2.30 (1H, dd,
J=4.8,8.4 Hz), 2.40 (1H, d, J= 11.6 Hz), 2.63 (1H, brs), 3.02 (1H, d, J=12.0 Hz), 3.12 (1H, d, J =
12.0 Hz), 3.38 (1H, brs), 3.73 (1H, d, J= 11.6 Hz), 3.83-3.97 (TH, m), 4.74 (1H, s), 4.86 (1H, t, /= 4.0
Hz), 7.34-7.46 (10H, m), 7.54 (2H, t, J= 7.2 Hz), 7.61 (1H, t, J= 7.2 Hz), 7.75 (2H, d, J = 7.2 Hz),
HRMS(ESI) caled for C40H51N20sSSiNa 747.3135, found 747.3130.

Section 4.
oH NA(4aR,7S5,8R,8aR)-7-(2-(1,3-dioxolan-2-yDethyl)-8a-(but-3-en-1-yl)-7-hydroxy
-5-(hydroxymethyl)-2-(phenylsulfonyl)-1,2,3,4,4a,7,8,8a-octahydroisoquinolin-
S~ o_ 8-yDhex-5-enamide (99). A solution of 76 (630 mg, 0.938 mmol) and LiOH
)/ :5 0 O/J (570 mg, 23.5 mmol) in MeOH/water (2/1, 13.1 mL) was stirred at 70 °C. After
2.5 h, saturated aqueous NH4Cl (20 mL) was added at 0 °C to quench the

reaction. The water layer was extracted three times with AcOEt, and the combined organic layers
were washed with brine and dried over Na2SO4. After the volatile material was removed under
reduced pressure, the resulting residue was used for next reaction without further purification.

To a stirred solution of this crude amine and 5-hexenoic acid (1.04 g, 11.2 mmol) in MeOH (15
mL) at rt was added DMT-MM (952 mg, 4.22 mmol). After 2 h, water (10 mL) was added to quench
the reaction. The water layer was extracted three times with AcOEt, and the combined organic
layers were washed with brine and dried over Na2SO4. After the volatile material was removed
under reduced pressure, the resulting residue was purified by column chromatography (SiOs,
AcOELt) to give 99 (352 mg, yield 65% from 76) as a colorless amorphous. 'H NMR (CDCls, 600 MHz,
55 °C) 5 1.50-1.67 (2H, m), 1.68-1.80 (4H, m), 1.83-1.90 (4H, m), 1.95-2.03 (3H, m), 2.21-2.29 (4H, m),
2.60-2.67 (1H, m), 2.87 (1H, brs), 3.65 (1H, d, /= 11.4 Hz), 3.70-3.73 (2H, m), 3.78 (1H, d, /= 10.8
Hz), 3.84-3.87 (2H, m), 3.94-3.97 (2H, m), 4.40 (1H, brs), 4.86 (1H, t, J = 4.2 Hz), 4.91-4.95 (2H, m),
5.00 (1H, d, /= 10.8 Hz), 5.11 (1H, d, /= 16.8 Hz), 5.22 (1H, d, J= 7.8 Hz), 5.66-5.72 (1H, m), 5.79
(1H, s), 5.88-5.95 (1H, m), 7.59 (2H, t, /= 7.3 Hz), 7.67 (1H, d, J= 7.8 Hz), 7.82 (2H, d, J= 7.8 Hz),
13C NMR (CDCls, 150 MHz, 55 °C) & 24.9, 27.6, 28.1, 28.1, 31.6, 33.3, 35.1, 36.3, 38.6, 39.1, 46.3, 49.2,
49.8, 64.4, 64.7, 64.8, 71.4, 76.8, 77.0, 77.2, 104.3, 114.7, 115.1, 126.0, 128.2, 128.9, 132.7, 136.1,
138.3, 138.8, 140.4, 171.2, 173.2, IR(neat) ; 3375, 1639 cm., [a]p27: —40.1 (c 0.63, CHCls, >99% ee),
HRMS(ESI) caled for C31H44sN207SNa 611.2767, found 611.2759.

((4aR, 78 7aR,13E,16aR,20aR,235,23a R 29 F,32a K)-7,23-bis(2-(1,3-dioxol
an-2-ylethyl)-7,23-dihydroxy-9,25-dioxo-2,18-bis(phenylsulfonyl)-1,2,3,4
,4a,7,7a,8,9,10,11,12,15,16,17,18,19,20,20a,23,23a,24,25,26,27,28,31,32-
octacosahydro-[1,12]diazacyclodocosinol[2,3-1183,14-71diisoquinoline-5,21
-diyl)bis(methylene) diacetate (100). A solution of 99 (8.6 mg, 0.0145
mmol) in degassed (three freeze-thaw cycles) CH2Cl2 (29 mL) containing
Grubbs 1st generation catalyst (3.6 mg, 0.00434 mmol) was stirred

overnight at 40 °C. After the volatile material was removed under

reduced pressure, the resulting residue was used for next reaction
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without further purification.

To a stirred solution of the crude product in pyridine (1 mL) were added DMAP (one piece) and
Ac20 (50 pL). After 3 h, NaHCOs (1 mL) was added to quench the reaction. The water layer was
extracted three times with CH2Cls, and the combined organic layers were washed with brine and
dried over Na2SQ4. After the volatile material was removed under reduced pressure, the resulting
residue was purified by preparative TLC (SiO2, hexane/AcOEt = 1/10) to give 100 (<1 mg) and
mixture of other dimers. 1TH NMR (CDCls, 600 MHz, 55 °C) § 1.53-1.61 (8H, m), 1.65-1.73 (6H, m),
1.75-1.85 (4H, m), 1.89-1.97 (4H, m), 1.97-2.11 (8H, m), 2.04 (6H, s), 2.18-2.21 (4H, m), 2.26 (2H, d, J
= 12.0 Hz), 2.38-2.40 (2H, m), 3.44 (2H, s), 3.48 (2H, d, J = 13.8 Hz), 3.71 (2H, d, J = 12.0 H2),
3.83-3.85 (4H, m), 3.94-3.96 (4H, m), 4.44 (2H, d, J=12.6 Hz), 4.52 (2H, d, J= 12.6 Hz), 4.76 (2H, d,
J=10.8 Hz), 4.87 (2H, t, /= 4.2 Hz), 5.29 (2H, ddd, J= 6.0, 7.8, 14.4 Hz), 5.37 (2H, ddd, /= 6.0, 7.8,
14.4 Hz), 5.65 (2H, ), 5.67 (2H, d, J= 10.8 Hz), 7.54 (4H, t, J= 7.2 Hz), 7.59 (2H, t, J= 7.2 Hz), 7.93
(4H, d, J= 7.2 Hz), LRMS (ESD m/z 1227 [M+Nal*

N-((4aR,7S,8R,8aR)-7-(2-(1,3-dioxolan-2-yl)ethyl)-8a-(but-3-en-1-yl)-5-(((tert-b
utyldiphenylsilyloxy)methyl)-7-hydroxy-2-(phenylsulfonyl)-1,2,3,4,4a,7,8,8a-0
ctahydroisoquinolin-8-y1)hex-5-enamide (109). To a stirred solution of 99 (352
mg, 0.598 mmol) and imidazole (163 mg, 2.39 mmol) and DMAP (15 mg, 0.123
mmol) in DMF (1.2 mL) was added TBDPSCI (617 pL, 2.39 mmol) at 0 °C.
After 20 min, saturated aqueous NH4Cl (5 mL) was added to quench the reaction. The water layer

was extracted three times with AcOEt, and the combined organic layers were washed with brine
and dried over Na2SO04. After the volatile material was removed under reduced pressure, the
resulting residue was purified by column chromatography (SiO2, hexane/AcOEt = 1/1) to give 109
(426 mg, yield 86%) as a colorless amorphous. 'H NMR (CDCls, 600 MHz) § 1.03 (9H, s), 1.38-1.41
(2H, m), 1.50-1.55 (1H, m), 1.59-1.70 (3H, m), 1.81-1.97 (7H, m), 2.09-2.20 (4H, m), 2.28 (1H, ddd, /
=6.6, 8.4, 15.0 Hz), 2.37 (1H, ddd, J= 6.6, 8.4, 15.0 Hz), 2.74 (1H, s), 3.36 (1H, d, /= 11.4 Hz), 3.71
(1H, d, J=13.2 Hz), 3.80-3.85 (2H, m), 3.91-3.95 (2H, m), 4.00-4.09 (2H, m), 4.66 (1H, d, J=10.2 Hz),
4.84 (1H, t, J= 4.2 Hz), 4.91-4.98 (4H, m), 5.04 (1H, d, J= 11.4 Hz), 5.66 (1H, s), 5.66-5.72 (1H, m),
5.80-5.85 (1H, m), 5.87 (1H, d, /= 10.2 Hz), 7.35 (1H, t, J= 7.8 Hz), 7.39-7.41 (2H, m), 7.53 (1H, t, J
=17.8 Hz), 7.57-7.59 (1H, m), 7.61-7.63 (4H, m), 7.89 (1H, d, /= 7.8 Hz), 13C NMR (CDCls, 150 MHz)
§19.1, 24.9, 26.8, 27.3, 28.0, 28.1, 31.6, 33.3, 35.1, 36.2, 38.2, 38.9, 46.1, 48.8, 49.7, 64.7, 64.8, 65.2,
71.4, 104.2, 114.6, 115.0, 125.5, 127.6, 127.6, 127.7, 128.2, 128.7, 128.8, 129.7, 129.7, 132.6, 133.0,
133.1, 135.4, 138.3, 138.5, 139.5, 172.9, IR(neat) ; 3377, 1654 cm'?, [a]p26: —13.0 (c 1.28, CHCls, >99%
ee), HRMS(ESI) calcd for C47He3sN207SSi 827.4125, found 827.4132.

OTBDPS N-((2S,4a'R,8'R,8a' B)-8a'-(but-3-en-1-yl)-5'-(((tert-butyldiphenylsilyl)oxy)methyl
)-5-hydroxy-2'-(phenylsulfonyl)-2',3',4,4',4a',5,8',8a'-octahydro-1'H,3 H-spiro[fura

oy 12,7 "-isoquinolin]-8"-yl)hex-5-enamide (110, mixture of 5& and 55).
)/110 \E/\/ To a stirred solution of 109 (451 mg, 0.545 mmol) in acetone/water (4/1, 26 mL)
was added PPTS (205 mg, 0.817 mmol). The mixture was heated under reflux
for 2.5 h. Saturated aqueous NaHCOs (1 mL) was added to this mixture at 0 °C to quench the

nIT
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reaction. The water layer was extracted three times with AcOEt, and the combined organic layers
were washed with brine and dried over Na2SO4. After the volatile material was removed under
reduced pressure, the resulting residue was purified by column chromatography (SiOs,
hexane/AcOEt = 3/2) to separate starting material 109 from products 110 and 104. This reaction
was repeated 2 cycles and the combined mixture of products was purified by column
chromatography (SiO2, CH2Clo/AcOEt = 8/1) to give 110 (273 mg, yield 64%) as a colorless
amorphous and 104 (52 mg, yield 12%) as a colorless oil. The diastereomers could not be separated.
1H NMR analysis (CDCls, 400 MHz, 55 °C) of diastereomixture of 110 indicated disappearance of
the 1,3-dioxolan group and formation of a lactol because no aldehyde peak was observed. IR(neat) ;
3382, 1646 cm'!, HRMS (ESI) caled for C4sH5sN206SSiNa 805.3683, found 805.3694.
OTBDPS N-((4aR,85,8aR,E)-7-(2-(1,3-dioxolan-2-yl)ethylidene)-8a-(but-3-en-1-y)-5-(((¢e
rt-butyldiphenylsilyl)oxy)methyl)-2-(phenylsulfonyl)-1,2,3,4,4a,7,8,8a-octahyd
HNO of> roisoquinolin-8-yhex-5-enamide (104). 'H NMR (CDCls, 400 MHz) & 1.06 (9H,
)/ mf\M s), 1.62-1.75 (2H, m), 1.78-1.87 (2H, s), 1.92-2.05 (3H, m), 2.09-2.17 (4H, m),
2.20-2.31 (3H, m), 2.43-2.50 (2H, m), 3.79-3.84 (2H, m), 3.88-3.93 (2H, m),
4.06-4.16 (3H, m), 4.85 (1H, t, J= 4.8 Hz), 4.91-5.06 (5H, m), 5.22 (1H, d, /= 7.6 Hz), 5.43 (1H, brs),
5.65-5.75 (1H, m), 5.75-5.85 (1H, m), 6.38 (1H, s), 7.32-7.45 (6H, m), 7.49-7.63 (8H, m), 7.82 (2H,
brd), 13C NMR (CDCls, 100 MHz, 55 °C) § 14.1, 19.2, 24.8, 26.6, 26.9, 27.5, 31.2, 32.4, 33.2, 36.2, 38.1,
39.2, 60.2, 65.0, 65.8, 103.8, 114.8, 115.1, 120.1, 127.7, 127.8, 128.1, 128.8, 129.8, 132.6, 133.3, 133.4,
134.4, 135.5, 137.0, 138.1, 138.4, 172.3, IR(neat) ; 1646 cm'1, HRMS (ESI) caled for C47He1N206SSi
809.4020, found 809.4024, [alp26: +4.05 (c 1.50, CHCls,>99% ee)

omors  (2'S9aR,13aR,16aR)-14-(((tert-butyldiphenylsilyl)oxy)methyl)-5'-hydroxy-11-(ph
Cltrj/j‘ enylsulfonyl)-4,4',5,5',8,9,10,11,12,13,13a,16a-dodecahydro-1H,3' H-spirol[1]azac
BN~ on  ycloundecinol2,3-disoquinoline-16,2"-furan]-2(8 A)-one (111, mixture of 5R and
© 55, 4/1 mixture of Z/F isomers). A solution of 110 (45.8 mg, 0.0584 mmol) in
degassed (three freeze-thaw cycles) CH2Cl: (584 mL) containing Grubbs 1st

’
T
=z

111

generation catalyst (16.8 mg, 0.0175 mmol) was stirred overnight at 40 °C. After cooled to rt, ca. 550
mL of CH:2Cl: was removed in vacuo. The resulting solution was roughly purified by column
chromatography (SiOz, AcOEt) to give mixture of 111, 110 and dimers. This reaction was taken 6
times with the same scale (using 45.8 mg of 110 for each experiment, total 275 mg) and the
combined mixture of 111, 110 and dimers was purified by column chromatography (SiOs,
hexane/AcOEt = 1/1 to 1/3) to give 111 (90 mg, yield 34%) as a colorless amorphous, dimers (68.5 mg,
yield 24%) and 110 (72.8 mg, yield 24 %). The 4 isomers of 111 could not be separated.

A solution of the dimers (11.8 mg, 0.0145 mmol) in degassed (three freeze-thaw cycles) CH2Cls
(148 mL) containing Grubbs 1st generation catalyst (4 mg, 0.00416 mmol) was stirred vigorously
under ethylene atmosphere at rt. After 24 h, ca. 120 mL of CH2Cl: was removed in vacuo. The
resulting solution was roughly purified by column chromatography (SiO2, AcOEt) to give mixture of
110 and dimers. This mixture was purified by column chromatography (SiO2, hexane/AcOEt = 1/1)
to give 110 (7.1 mg, yield 60%) and dimers (2.8 mg, yield 24%).

1TH NMR analysis (CDCIls, 400 MHz) of the mixture of 111 indicated formation of an internal
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olefin. IR(neat); 1651 em'l, HRMS (ESI) caled for Ca3H5:N206SSiNa 777.3370, found 777.3366.
MS analysis of the mixture of dimers indicated that all dimers have 22-membered ring. LRMS
(ESI) m/z 1531 [M+Nal+

oteops  (9aR,13aR,16S,16aR,2)-16-(but-3-en-1-yl)-14-(((tert-butyldiphenylsilyl)oxy)methy
S D-16-hydroxy-11-(phenylsulfonyl)-3,4,5,8,9,10,11,12,13,13a,16,16a-dodecahydro-[1
BN~ "u> lazacycloundecino[2,3-disoquinolin-2(1 A)-one (112). The lactol 111 (30 mg, 0.0397
B o mmol) was dissolved in THF (1 mL) and added dropwise at 0 °C to a stirred
12 solution of methylene triphenylphosphorane, which was prepared by stirring a
mixture of methyl triphenylphosphonium bromide (139 mg, 0.397 mmol) and KHMDS (0.5 M
solution in toluene, 760 ul, 0.397 mmol) in THF (1 mL) at rt for 1 h. After 10 min, saturated aqueous
NH4C1 (1 mL) was added to quench the reaction. The water layer was extracted three times with
AcOEt, and the combined organic layers were washed with brine and dried over Naz2SO4. After the
volatile material was removed under reduced pressure, the resulting residue was purified by
column chromatography (SiOz, hexane/AcOEt = 1/1) to give Z/K mixture. This mixture was purified
by preparative TLC (SiOz, hexane/AcOEt = 1/1) to give 112 (11.8 mg, yield 39%) as a colorless oil
and 113 (3.0 mg, yield 10%). 'H NMR analysis of 112 gave an unclear chart due to its rotamer.
HRMS (ES]D) calcd for C44Hs56N205SSiNa 775.3577, found 775.3550.
oreors  (9aR,13aR,16S,16aR, E)-16-(but-3-en-1-yl)-14-(((tert-butyldiphenylsilyl)oxy)methy
D-16-hydroxy-11-(phenylsulfonyl)-3,4,5,8,9,10,11,12,13,13a,16,16a-dodecahydro-[1
BN "o lazacycloundecinol2,3-disoquinolin-2(1A)-one (113). 'H NMR (CDCls, 600 MHz)
"5°  51.05 9H, ), 1.34-1.38 (1H, m), 1.48 (1H, d, J = 14.4 Hz), 1.60-1.63 (2H, m),
1.91-1.96 (2H, m), 2.01-2.09 (4H, m), 2.11-2.17 (4H, m), 2.30 (1H, dd, J= 12.0, 12.0
Hz), 2.35-2.43 (2H, m), 2.54 (1H, dd, J/= 7.8, 13.8 Hz), 2.60-2.70 (1H, m), 3.41 (1H, d, J= 12.0 Hz),
4.05 (2H, s), 4.06 (1H, d, J= 15.0 Hz), 4.36 (1H, d, J= 9.0 Hz), 4.94 (1H, d, J= 9.6 Hz), 5.01 (1H, d, /
=17.4 Hz), 5.56 (1H, ddd, J= 7.2, 7.8, 15.0 Hz), 5.61 (1H, s), 5.69 (1H, ddd, /= 5.4, 9.0, 15.0 Hz),
5.77-5.81 (1H, m), 6.37 (1H, d, J= 9.0 Hz), 7.34 (4H, t, J= 7.2 Hz), 7.40-7.42 (2H, m), 7.55-7.63 (7TH,
m), 7.95 (1H, d, J= 7.2 Hz), HRMS (ES]) caled for C44Hs56N205SSiNa 775.3577, found 775.3592.

nIT

oteops  (9aR,13aR,16S,16aR,2)-16-(but-3-en-1-yl)-14-(((tert-butyldiphenylsilyl)oxy)met
ﬁ\k hyD-11-(hex-5-enoyl)-16-hydroxy-3,4,5,8,9,10,11,12,13,13a,16,16a-dodecahydro-[
~ 1lazacycloundecino[2,3-lisoquinolin-2(1 AH)-one (114). A 0.4 M solution of sodium
naphthalenide in THF was prepared by sonicating a mixture of sodium metal

114 (32 mg, 1.4 mmol) and naphthalene (180 mg, 1.4 mmol) in THF (3.5 mL) at rt for

1 min and stirred for 2 h. This naphthalenide solution (368 uL, 0.137 mmol) was added dropwise to
a solution of 112 (11.8 mg, 0.0152 mmol) in THF (100 pL) at ca. —70 °C (methanol-dry ice bath).
After 30 min, saturated aqueous NH4Cl (1 mL) was added to quench the reaction. The water layer
was extracted three times with CH2Clz and the combined organic layers were washed with brine
and dried over Na2S04. After the volatile material was removed under reduced pressure, the

resulting residue was used for next reaction without further purification.

This amine and 5-hexenoic acid (17.4 mg, 0.152 mmol) and EDCI (29 mg, 0.152 mmol) were

44



dissolved in CH2Clz (300 pL) and stirred at rt. After 30 min, water (1 mL) was added to quench the
reaction. The water layer was extracted three times with CH2Clz, and the combined organic layers
were washed with brine and dried over Na2SOi. After the volatile material was removed under
reduced pressure, the resulting residue was purified by column chromatography (SiOs,
hexane/AcOEt = 1/1) to give 114 (8.4 mg, yield 76% from 112) as a colorless oil. !H NMR analysis of
114 gave an unclear chart due to its rotamer. LRMS (ESI) m/z 731 [M+Nal+

15,16- £+20,28-dioxoircinol B tert-butyldiphenylsilyl ether (115). A solution of
114 (8.4 mg, 0.0118 mmol) in degassed (three freeze-thaw cycles) CHzClz (12
mL) containing Grubbs 1st generation catalyst (3.4 mg, 0.00354 mmol) was

&Nj stirred overnight at 40 °C. After cooled to rt, the reaction mixture was
\ concentrated in vacuo. The residue was purified by preparative TLC (SiOs,
hexane/AcOEt = 1/1) to give 115 (4.5 mg, yield 56%) as a colorless amorphous and starting material
114 (2.8 mg, yield 33%). 'H NMR (C¢Ds, 600 MHz, 55 °C) § 0.90-1.00 (4H, m), 1.19 (9H, s), 1.45-1.53
(1H, m), 1.66-1.75 (2H, m), 1.76-1.91(5H, m), 1.96-2.15 (5H, m), 2.28 (2H, t, J= 12.6 Hz), 2.42 (1H,
ddd, J= 2.4, 6.0, 13.8 Hz), 2.48 (1H, t, J=13.2 Hz), 2.65 (1H, ddd, J= 6.0, 12.0, 13.8 Hz), 2.73 (1H,
ddd, J= 3.6, 3.6, 13.8 Hz), 2.94 (1H, dddd, J= 4.8, 12.0, 12.0, 12.0 Hz), 3.09 (1H, d, J= 13.2 Hz), 3.24
(1H, ddd, J=13.2, 13.2, 13.2 Hz), 3.49 (1H, d, /= 3.6 Hz), 4.09 (1H, d, J=13.2 Hz), 4.12 (1H, d, J =
13.2 Hz), 5.01 (1H, dddd, /= 2.8, 3.2, 9.6, 15.2 Hz), 5.07 (1H, d, J= 14.4 Hz), 5.30-5.40 (2H, m), 5.52
(1H, dd, J=10.4, 11.2 Hz), 5.65 (1H, s), 7.24-7.30 (6H, m), 7.83 (4H, t, J=13.2 Hz), 8.16 (1H, s), 8.42
(1H, s), LRMS (ESI) m/z 703 [M+Na]+

BN T L g e g T

(CDg, 400 MHz, 55 °C)
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oteops  15,16- E-20-oxoircinol B 1-(tert-butyldiphenylsilyl) ether (125). To a solution of 115
(3 mg, 0.00441 mmol) in toluene (800 pL) at 0 °C was added Red-Al solution (70%

in toluene, 20 uL). The mixture was warmed to rt and stirred for 1 h. Then the

&Nj mixture was cooled to 0 °C and added water (1 mL) to quench the reaction. The
128 water layer was extracted three times with CH2Clz, and the combined organic
layers were washed with brine and dried over Na2SO4. After the volatile material was removed
under reduced pressure, the crude product 125 (3.9 mg) was obtained. LRMS (ESI) m/z 667 [M+H]+

omops 15,16-Fircinol B 1-(tert-butyldiphenylsilyl)-12-(¢ert-butyldimethylsilyl) ether
(126). To a solution of crude 125 (1 mg, ca. 0.00149 mmol) and EtsN (20 uL) in
s CH2Clz (100 uL) was added dropwise TBSOTf (3 uL, 0.0129 mmol) at 0 °C. After 1
@ h, saturated aqueous NaHCOs (1 mL) was added at 0 °C to quench the reaction.

The water layer was extracted three times with CH2Clz2, and the combined organic

126

layers were washed with brine and dried over Na2SO4. After the volatile material was removed
under reduced pressure, the resulting residue was used for next reaction without further
purification.

To a solution of the crude product in CH2Clz (272 uL) at 0 °C was added DIBAH solution (1.0 M
in toluene, 63.4 uL, 0.0634 mmol). The mixture was heated at 50 °C and stirred for 1 h. Then the
mixture was cooled to 0 °C and added water (1 mL) to quench the reaction. The water layer was
extracted three times with CH2Cls, and the combined organic layers were washed with brine and
dried over Na2SOs. After the volatile material was removed under reduced pressure, the crude
product 126 (<1 mg) was obtained. LRMS (ESI) m/z 767 [M+H]+
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