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Ac acetyl

Boc tert-butoxycarbonyl

Boc,O di-tert-butyl dicarbonate

CSA camphorsulfonic acid

DBU 1,8-diazabicyclo[5.4.0]Jundec-7-ene
DCC N,N’dicyclohexylcarbodiimide
DCE 1,2-dichloroethane

DCM Dichloromethane

DDQ 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
DEAD diethyl azodicarboxylate
DIBALH diisobutylaluminum hydride
DMAP N, N-dimethyl-4-aminopyridine
DMF N, N-dimethylformamide

DMP Dess—Martin periodinane
2,2-DMP 2,2-dimethoxy propane

2,6-DTBP 2,6-di-tert-butylpyridine

dr. diastereomeric ratio

eq equivalent

EtN triethylamine

h hour

HFIP 1,1,1,3,3,3-hexafluoroisopropanol
HMDS 1,1,1,3,3,3-hexamethyldisilazane
i-PoNEt N, N-diisopropylethylamine
KoCOs potassium carbonate

KHMDS potassium bis(trimethylsilyl)amide
LHMDS lithium bis(trimethylsilyl)amide
LiOMe lithium methoxide

min minute

MOM methoxymethyl



MsCl
NaBH;4
NaH
Nal

NMO
NsCl1
PMB

SOCL
TBAF
TBAI
Tf
TFA

TBS
TIPS
T™MS
Tr

Ts

methanesulfonyl chloride
sodium borohydride

sodium hydride

sodium iodide
N-bromosuccinimide
N-methylmorphorine N-oxide
2-nitrobenzenesulfonyl chloride
p-methoxybenzyl

room temperature

thionyl chloride
tetrabutylammonium fluoride
tetrabutylammonium iodide
trifluoromethanesulfonyl
trifluoroacetic acid
tetrahydrofuran
tert-butyldimethylsilyl
triisopropylsilyl

trimethylsilyl

trityl

p-toluenesulfonyl
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FaoRe TS vA Rid, ZHEORM O BEE SN DLEMEETHY . 2R TR
EVTERZAT D2 ENMONTWD, Bz, 7 b idfiia ) U3 ahA( i3
JpTHIREE E LT S TWd (Figure 1), 2O X I b S iR ER G — R
a1 e LTHEERMBERM THL I LIIE ) FTHAL ALHEEOEHS b HA > T

% OARERALFEHEOBLEZED TE T,
i | -
O/
MeOZC

e
K\(N = Q
OH
tropane

atropine cocaine
anticholinergic local anesthetic

Figure 1. Structure and examples of tropane alkaloids.

F R ERASONEN T T —F L LT, Er— e d T U ABTFTE D
[AH3IBRILINBIE N E 2 b, ZOXH7a e Fob L, YHFFEETIE N-Ns &
n—)L& 2-vuXy T rub A KL, MEOL A AREAE S ED &L TR
[A31BRALATINSOG SHEIT U, TUEHRRFE A B e b r XU BERNICHE LN D Z & &S
H L TW2% (Scheme 1), " ARKSOBEIIRDO L HITEZLND, Thbb, 7TATt
RV A AFRIZ L O IEHE L SN OB, SREEO D W E B —/L D 5 L) 5 Friedel-
Crafts BU O RN HEIT L, IRWTELEZ U P T— b5 2 N~DREZBEE )
T2 LT, T bt ) %2525,

1. Cu(OTf), or Sc(OTf)3 (10 mol%) o}

NS o oTBS MeCN, 0 °C LOTBS
+ > \
O _
@/ )\¢ 2. TBSCI, AgNO3, pyridine .

DMF, rt

38-93%

' T

)\,\29\ LA :0TBS ®5>T8Sy
~ OLA | Oia
e —— oNs —_— &
N=
5 R ~ R R

Scheme 1. Intermolecular [4+3]cycloaddition cascade reaction.




£, RBUSIFEDFNEISICHEHT 5 Z N TES (Table 1) 2, bbb, Tb
a—H LIEFA—AZAEICHED NNs Ere—v 1 ta-va o —/b 2 2%
L. HFIP Hfilft &> TENH Z/EFH S D &, 7T REDHAIZEI VATV T UL
HFAUHRER 3 NELD, IRWCTEr— L EAX T VIV DT F Db N[4+3]8R
CATINEFTT 5 2 LT, B bt AN EOND, RGO KL LT, =—
TR LIIALT 4 RBRBME LI e ) V20T AT LA~w—L LT
Bod A, 1d O LD N FIRE R E 2 W5 &P 2487 © 72 < BR bRk
Y 4d GO 5 AREIT LD,

Table 1. Intramolecular [4+3]cycloaddition cascade reaction.

OTBS
Rl - o 2)[4+3PR{LA
= oTBS o
2 Tf,NH X
+ " . —_ .
HX HFIP
Ns O 0C
N 4
\ / X=0orS
1
OH OH SH OH
Ns Ns Ns Ns
substrate N N / N N Ph
\ / \ / \ / \ /
0,
1a 1b 1c 1d, 87% ee
O O (o) 0
H O H (0] H S H 0 .~‘Ph
product
VY
4a 4b 4c 4d
88% quant 93% 50%, 85% ee



AR L. A% Stemofoline (5) DEAMITIIIGHT HZ & &HF %7, 5%,
1970 2 & 7 7 BHEY) Stemona japonica 7O RABKF-0 LR A B2 K - THIEE -
EERE SNz haXv T vaA RCTHDH (Figure 2), V) S EORHE LT, £
O LI AF L, mEICHHER Lo BB o 7 EK, A e ¥ — UEERZET b h
5, 51BN T7 v F ) AT T —F (AChE) [HEEEZETHZLnb ., #if
T IV NA = —JRIRIRE L LTI ST b, £/, 512137 F/LMIEH o & #kE s
B RK6 0T L < HMEINTEY, ZOEWI K-> T AChE BHETHMEN
RESEMT DI ENMONTWD, Y FFIL, AMEA RO 72 25 A FRM L,
5 DA MFRIZE T L,

n-Bu

Stemofoline (5) Didehydrostemofoline (6) 2’-hydroxystemofoline (7)

Figure 2. Stemofoline and related natural products.



#1E Stemofoline DA FAE

1-1. & ARERNE

A RHERIS % Scheme 2 (2R T, FA— /L ZMIBHICH D NNs Er—/L 8 La-vrF
T Q FHE L LA BRLAINC LY haE ) 10 235, it TAHL 7 1>
O ERZITTIBARIZ LY 11 & 55, MO Ns HERELTZOL, “JEOT VX4
Lo TZTF VUG RERE L C R/ baW 12 2155, S 6IT, KEEE S O#f
7R BALIC L VRRIEBERAZME L CT 7 b 13 245, REIC.13DT 7 b Uit
B0 IR L, 5~ EEL

TBSO CO,Me
O AN

Me o COxMe
SH 9 e} COzMe Me M
S Ns TONH  Me_ g Me AL7+vEL ©
A [\ - W ANY O e > H =
Me/\/\@ HFIP, 0 °C H BT
8 §
RO

Q Me QA Me 0o Me
WNS TF LRI N FESE WE/\F
MeO N-BU =-remsememnanas » MeO N-Bu -sereesanens 0 n-Bu

o 9
RO HO o
13

" 12

Stemofoine (5)

Scheme 2. Synthetic plan toward stemofoline.

ARARO IR OFE L, LB 2 7B 2 WNSRINTHEET D20 80 ) Sl h D,
T TCEFRIX, TOBERICEREZENTCET MV EITH) Z L & L7z (Scheme3), T
bbb, HREaATEKNLT N T Ra 77 VB E —ORWIENERME LG 14 2
TIVEERNZEEE LTz, 14 13 Z Bk L7=—=7—/1 15 Z >, Scheme2 |2/~ L 72k
TR EEBLT, BB ETAMMAETIEITA— VI T IKEzHEHT L ZEE L,
rac-8 IXHR D 2-AR /LI E B —/L 16 LA TE 5 L E X T,



Me OH
N Me
HO?% n-Bu — O\» oy
N
(e} n-Bu :

Model Target 14

Stemofoline (5)

) ’ J
°| H SH NS OTBS
e + OW\
\ \ Me
16 rac-8 15

Scheme 3. Plan for model study.

12 RAEAIR D B BR & B O

XU DI, BALATIIETEA T 2 F F— VDA E1T - 7~ (Scheme 4) , kD 2-4 /L
I r—L16 & U UiREK 17 & H V7= Horner—Wadsworth—-Emmons S iZ LD = 7 >
18 L L7=Db, #iKkFEKFATVHRET M UL K DETEIERITR>TT IV
a—)L19 & BAARIERCE-, RIZ, TAa— L E AL T— 20 ~E B LT-Db,
FUFNAFH—NED SN2 KIEEATIRS>TALT 4 REL, Br—/L&FE % Ns TR
ELT21 & Lo, BRI, BUYUESREET. T TFA—NVEEHSE TR FLER
bRE L. PTEOBREAHINAETSEA 8 2157,

o Q9
Me I?\OMe
OMe
17 1. PdIC
N DBU 7 o Hy, MeOH OH N MsClNEt
—_— yZ — - .
\ / CH,CI Me \ / 2 NaBH, Me \ / CHyCl,0°C
2 MeOH 19
16 18 98%
75%, 3 steps
1. NaH, TrSH C12H25SH
OMs H DME STr NS TFA SH NS
o —_—
Me \ / 2kKkHVDS NscI  Me \ / CH,Cl, Me)\/\U
20 THF, -78 °C 21 88% rac-8

46%

Scheme 4. Synthesis of racemic cycloaddition precursor.

WA BEEOS T o D [43 1RGNS 21T 72 > 72 (Scheme 5) , f+ Vi FA4—/L 8 &
BIEFHEL L 7= =) —/v 22 |Zxf L, HFIP H Tt D THNH Z{EH &7, 2 DR,
il U7 Kt L RIS, A F A A 23 ML CHMET S hr ) v 24 R
BREDOINKRT, H—DTUTAT UA~v—L L TELNDZ EE R LT,



OTIPS

O X
22 Me
SH Ns Tipso Me
N TN (20 mol%) | Me @ \/‘\)
M e)\/\@ > TN ’\E‘.
HFIP, 0 °C =N
rac-8 —
23
Scheme 5. Construction of tropinone. single diastereomer

BRALAT AL G H T2 D T fisE i1 O ITIBRE 2 Miitd 5 Z & & L7z (Scheme6) ,
24 O Ns KZBRELIZOL, BIETHE LI Rk 26 2 HW =T VX ARIZ kD . TR
Foa=y MEE ALK 2T 2157, ft W T TBS EEZRELIZOL, I3 —=v Ik
LIETCHIMAIC X0 . Tra—)L 30 DGR E RS, L LR G, BimiTET L7
LOD, AL 7 4 OB THEITL, BEATRNWT L3 —/L29 %52 HfiF L
ol 30 ICHRENDA VT 4 NNIOLICMBBEIGERORHNY L L TEETH LT
D, ANT 4 REBRIRWRE T EZR AT, L L, o= 7r ViREST O VS, &
AT 4 WD RN E G LT, B E T 5 BINREICITEMR TE R o7,

BI’/\/OTBS
o Me o Me 26 TBSO o Me
Me_ s PhSH, K,CO4 Me_ s, K2CO3 Me_ .S
N, 3 . ., > w4,
H MeOH H DMF, 70 °C Ned H
85% 64% —
25 27
24
HO
HO o Me . 1) Me HO o Me
TBAF Me_ s Raney Ni Me Me
—_— > e, —_— >
THE Nel H  EtOH, reflux Ne) 1 N\ H
81% — =
° 28 29 (undesired)

Uneffective reagents
Ni B, NiCRA, Bu3SnH/AIBN, PPh3/TsOH

Scheme 6. Attempt at selective reduction of sulfide.



1-3. 4 V7 4 OBt ORRER

HORREEZ, V74 VOBEREIZLIATI) 2L L L, ETHOIC, &Rk
Itk 24 %, v Kak v, 45kl milkfn, Wacker Bl SEI2fF
L=y, Bbixe<E#IT LR o7, ORI, BRIEN 24 ORENR 712 & - TS
ENTWDHZENFREERL TS, TZT, LVA VLT 4 ~OBFERE N E S
26D, AAI VAL ERAD Z L L L7z (Table2), £, 10mol%? 0sOs & 14
BONMO #EH&E-E 24, BINEK(10%) TIEHDHHLODOHN E T V4 — L5245
L2 LITRB Lz (entry 1), 728, AR EIE ORI b#EIT LIz ALk 32 T
bolze, 22T, REOEZWSULIZEZ A, MA Tz 0sOs DIy DIEOLHEIT L T
LHZEWrBInT(entry 2), ZDOZ LD, HRIKTHLAAA— T AT /L 33 D
IRGIRDIEFIZEN ENRB 2 ONT, T T, ZREEET LI ENMLNTND
MsNH; (entry 3) 38 KL OV = % (entry 4) ZIRINFI & LTHIR72& 2 A, entry3 TlidiZ e
L ERNEI Ty T DIZXF L, entry4 TIEEBIDAERICHEIND Z LA R LTz, 5
bz vA—v 32 ITHAERYOEET v b= N CTHR#ET D Z & THED 34 ZUCE
T8% T2 Z LT LT,

Table 2. Initial attempts of osmium oxidation.

0, o Me
o Me 0Os0O4, NMO Me 2 2,2-DMP
Me_ .S additive >, TsOH
K\ ‘.
H acetone/H,0 acetone
;. See fable ; HO OH 8% 2steps
24 from entry 4
32
entry OsO4 (Mol%) NMO (equiv) additive result ( h
1 10 1 none 10% (isolated)
2 50 5 none 50% (NMR)
3 50 5 MsNH, (5 equiv) 50% (NMR)
4 50 5 citric acid (5 equiv) 100% (NMR)
osmate intermediate 33
_ J
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WAL I GE HNT=D T, fid Bz ik~ b2 & & L= (Scheme7), £, Ns
DOWLRFEZ R T, BHERREWE 52 5 fHR Em-o72 (eql)y TOHERNE LT, 4
UIBEHRT =4 3B nEDEFOMUHE LICEY o SUBERRR L, RERT =4
236 L0, ZIMDOMEIEITLTND EB X TND, HillTALR L OBEITTHIER
FZ i BTN, BOSHEIT LRV Ns JRICE EN 5 = b o JEoE /vl L T T4
HZEnbnol(eq), AT, TEEAF AL TO C-7 IV F AL BRBTZN . Kt
ITEIT L7 o 72 (eq3), LLEDFERMNDL ALK L 34 0L DEHBPNRHETHY .
Z R DI T O 2 MGl T 2 M ERH D LB 2T,

PhSH
K5,CO3
—» decomp. 1)
MeOH
- 35 36 -
Me
o]
0, O Me Me
H reductant No reaction or H
HK—> reduction of Ns @)
o_ O
o__O X
reductant = Raney Ni, NiCRA, Ni,B Me Me
Me Me Zn/AcOH, Al/Hg, Mg
34 37
Br/\/OTBS
26
base
> > No reaction (3)
base = NaH, K,CO3
NEt3
Scheme 7. Attempts at conversions from sulfone. 38
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ZI T, HEFAITUABLOMmFEIT) Z & & L2 (Table 3), 0sOs % 20 mol%,
NMO &7 = g 2 YELT5 L, 34 (2MA, FICALERTY N 39 NELEk L
LTHELNAZEZRMLE (entry 2), S HIZHAIEDOEZPS L, 0s0s Z 10 mol%,
NMO &7 = Pz 1 YEET DL, 34 OERITEEICHH &I, ALEF T K39 M
21%, AT 4 K40 73 33%DUIE TR LI (entry3), — T, 0sOs DA AL L7
Bt (entry4) XUV = UBOH AL LI A (entry 5) TIERALARM) DIHEIZ K &
REITR SN o7 LLED X 510, RO Y EHIEIZ L > TALKRFY RE 2L
T4 RERRT DI LT LT,

Table 3. Further optomization of osmium oxidation.

. See table ;
1. OsO4, NMO Me
o Me cirtic acid
Me S, acetone/H,0
. H >
2.2,2-DMP
TsOH
24 acetone
34 39 40
result (isolated yield)
0OsO4 (Mol%) NMO (equiv) citric acid (equiv) 34 39 40
50 5 5 78% - -
20 2 2 26% 47% -
10 1 1 - 21% 33%
20 1 1 - 22% 34%
10 1 1.5 - 26% 32%

12



1-4. =F L VZEEBE DR A

FUT7 4 OB LT DT, ikt =F L U BUEORBE LRI T 22 & & LT,
ZNVRFT N 39 DO Ns A FRELIZOL, WMOFFEHE 2B LzE 2 A, Smh &
AW A IRBAERE SN I L, TANVTOHNAN B L2V ALV T 4 R
HA<—82 N EEN5Z R R LT, DWT N-TAFAKIZ LY 43 L L%, T
==y TV K DR AT O 2 & CBRMS b 44 b LTe, BefklZ, Bn ZE A BlK
FRICEVEREL, T/La—L 45 ~Limn=, LLAaRS, SmhiZ Xk 5&ciizy
—IUNREL D EHEMENZ L AV— M XD KREMBPREETH D Z & bbb

27,

o Me
PhSH S\Me
K,CO3 Smi; H
—_— —
MeOH THF/MeOH
89% 0-50% One©
Me Me 2
39 42
o Me o Me
Br~\~OB" S\ _Me _ Me
K,COg3, Nal N H Raney Ni N H
—_— _—
DMF \/\OBn EtOH \/\OBn
70 °C 3 o o_ _O
66% K 83% DY
Me Me 2 Me Me
43 44
o Me
H,, Pd/C (\OH
TFA N H Me N
——————> n-Bu = n-Bu
MeOH \/\OH o) —O><Me
o_ _O
quant O 'Me
Me Me
45

Scheme 8. Conversion from sulfoxide.

BT, AT 4 F A0 D HOEHBITAR ST, Ns BERE LI=0b, BIAHE L
TAFE R 48 LOBITMT I /(LIck Y 49 & L, RICT R—= v i & 0 ik
L. TIPS 3% TBAF I L W RET 5 2 LT, AARF Y KB AM LTV - d65E
k46 % 157-,
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OTIPS
04\/

48
NaBH;CN
AcOH
—_—
MeOH
40 47 49
0 Me [e) Me
Me (\w
Raney Ni N\ H TBAF N\ H Me N
_— —— Bu = n-Bu
EtOH OTIPS  THF Ke~on o ._o><Me
(e} (0] (0] O
O 'Me
51%, 2 steps 57%
° P Me7(l\/le ° MZ(Me
50 46

Scheme 9. Conversion from sulfide.

FTEDOT )V a—/L 46 BELNT-D T, =F L U BUEOHEGEE 774 7- (Scheme 10),
46 |Zxf L, (LT A=V EEHSE S 2 L TR E LY 51 2157-, Z O, %t
ST DR, AT — . P T — FORMGRATZR, BEWIIG LR T,
BoNTz B1ICH L, flix OHEEZEHSES 2 LT, TAX I & 0 2REER O
ERBT, L, WPROBA b MSITETE, Ao 52 1386t £
ST B AV YT =T B4 L LEObIC, BRREMET B LA E
2o UL, Bov U AT ) — N T—TF VTR I TRMLE B 53 Th o712,
UbDZ &nt, REE)D ORBRBEITITE LR o7,

(\OH S0CI, (\CI

Me N pyridine Me N base
n-Bu - n-Bu +
o —o><'\/Ie DCM o) _o><Me
0 Me quant 51 o Me 52 A
46 .

base = NaH, LDA, KHMDS, t-BuOK, NaOMe

(T HMDS ol (T |

Me N TMSI Me N Me N
n-Bu - / n-Bu L= n-Bu
(@) _o><Me DCE TMSO _o><|\/|e TMSO _o><Me
60 °C

0 'Me 0 'Me 0 'Me

51 53 54

undesired desired

formed not formed

LDA, TMSCI, THF, =78 to 0 °C .
[ NEt,, TMSI, DCM, reflux —> NoReaction }

Scheme 10. Attempt at construction of ethylene bridge.
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1-5. 2 ZECORBELFHBEOER
PUITFIZZNETOREDE L HEFT (Scheme 11), 4HFFEE THAZE L 72[4+3]18 LA
nz&Te 8 TROZKIZEY , TROILEHND hat ) v 24 2187, D\WT, FL
74 DFAI T ABLERITCHINNE BB TROERIZ LD | =F L U AURIC LS
R ORFI=y NOEAERTOTCT A —/L 46 5/ LT, LiL, fx st L7=R
46 NOHTF L UBEBOEICIIEL o Tz, MA T, AAI T ARBILIZEIT 5 AL
7 4 N 40 DUCEPMERN O BERIME HIRETH S 2 & EARITIT = > DR
THREASNDEN, 145 28T 5 ETE—22RETHILERDHY, RO LT
S Ao T,

OTIPS
o)
= ;2 Me 1. 0sO,, NMO
SH o Me cirtic acid
NS Tf,NH (20 mol%) Me g acetone/H,0
Me > ) H
)\/\@ HFIP, 0 °C 2. %S%EMP
rac-8 50% 24 acetone
33%
o) Me
(\w
N\ H Me N Me
—  » nBu = n-Bu —XK—
\/\OH 0 _O><Me
o_ _O e
Me Me

46
Scheme 11. Summary of results.

UbozZ LxEFEx, Glv— FERETZEE LT, ThbbH, oM THER—
ND IR ERELZEAL TR, BIUINBOERNEG D LE 2 RIC
R KD R AR A N2 L7 (Scheme 12), 7V VA E A LT 7 VX 2 R
BK 55 AR L., ZAUSK L TAY UEBMEEITRIEX, TAT B R 56 OERICHE BR
fBIZEZ D, AT I T =BT R EoNDH EBZT-, Zhuzxtl, ke =/ — Lo
HEEITH LT, 3MICHBETREELZ O —/L 58 NARTELHLEEZT-, &bIC
MO BEREFRE W Z1T /2 - T, iR IRiBATH LT A= 59 L LD,
TR N Z T e > TIREEREAZFFOIRE L6052 HH L VNI HDOTH
Do
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o 0 o] 0O O
| O3 J\/\‘/U\/IL RO EO—L
---------------- t
RO RO \j H N >
NHNs NHNs
e 57 OH
55 56
(@] OR’ SH NS Me
I N [4+3]B LA
RO = I \ /| T >
NsN 7/ .
58 °

i RRAC T INRTER A& 59
Scheme 12. Revised plan for oxygenated tropinone.

1-6. BRERELZF O — LD

DOFFEICEES X, EOFHRATT > 7= (Scheme 13), HEME L LT, Eur ¥
U610 3 TREOEBRIZEVELND TEEEM O T LT & K 6295 3R L7-, 62
%L, SnCLIFEF 63 Z1EH S L Z L TT U NAENEASNEZT La—/164 & L
7oo A2 UTo ke A PMB S TR L7223, Z ORISEMHIZEH VT Boe HDOFRE HETT
L., 77256603500, 772 L0EF - NsKEThRiELT-DL, 77 % L0
WO R AT/ > CAF T ATV 68 L Lz, FIZ PMB BEOFRE L AE UKD
ikl s7r 69 & Lz,

NH
/\/3”5“3 o PMBOJLCCI3 oMEO
] 3 steps 9 S C | 65
n |4
OH —=, !
NH NBoc  howm, —78 °c “Boc
o 61 76% O 64
PMBO
LHMDS 1.DDQ
NsCI LiOMe 0 PMBO | DCM/H,0 % 0 |
—_— —_—
THF N, THF/MeOH MeO > DMP MeO
_78°C s 7o, NsHN DeM NsHN
78% 67 68 93% 69

Scheme 13. Synthesis of allyl-substituted Glu derivative.
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"oz b 69kt L, Y UMb EITO &L PHILTE@ED I T IS T70 &
BHZ LIRS Lz, BETDEAIT I F—ANELNTZDT, fikexz /) —/Lof
B LD — VB ORME E1T72 -~ 72 (Table4), Entry 1 Tl TsCl % entry2,3 Tl
AcO ZHW=E A, HHERIEAME 52 DFERERY, e —LORKRITHER SN
Rinole, WIZ, =/ =/ N 77— DA AT, Entry4 T NEt/DMAP % T1T
2 EHIWIE OGN T, — T, W% 2,6-DTBP IZEE T 5 LARIEE 21%) 72
NoAPET AR — L TIe NGO ND Z 2 R Lz, INEUEEZ HfEL, entry5 T
IR NS E1T /272 & 2 A, -30°C ORI EITT 5 Z ERbnh | T1e MUY
L 371% THONTZ, —FH T, VU PUREC LA BT AR IcE RN
MOBHREBH (entry 7) . HiFE & LT KHMDS & W28 IR0 E M L+ D55 &
72 o7z (entry 8) . LA EDFERMNS entry 6 DM s tE L L, A7 — a2 bif- &z
AWENEEL, FREDOIET e NELT,

Table 4: Optimization of pyrrole formation.

Table
0 Ol S rsc i P b 0 OR
MeOJ\/\‘)u » MeO — Meo)‘\/\é
HN\Ns then MezS. 1 NeN " solvent NsN 7/
69 70 (crude) 3-5 mg scale ;:z ((FFE - E;:))
71c (R=Tf)
entry reagent base solvent temp. result
1 TsClI NEt;, DMAP DCM rt complex mixture.
2 Ac,0O NEt;, DMAP DCM rt complex mixture.
3 Ac,0 pyridine pyridine rt complex mixture.
4 Tf,0 NEt;, DMAP DCM 0°Ctort complex mixture.
5 Tf,0 2,6-DTBP DCM 0°Ctort 21% 71c.
6 Tf,0 2,6-DTBP DCM —78t0-30°C 37% T1c.
7 Tf,0 pyridine pyridine -30°C only unknown product.
8 Tf,0 KHMDS THF -78°C decomp. by KHMDS.
93 TR0 2,6-DTBP DCM -30°C 47% T1c.

a) 30 mg scale.
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1-7. %845

kDX, BELULFHEICESWTBETRELFFOE T —/L T1c OEHRITHK
LTz, TMe lJMUSHTOEW AT 9 Z & TERALAIBMA CTH 5T 4 — /L 72 ~EEHT 5
ZEMARETH Y . ZTAUTEBIBRILAIMRISIZEY bre ) o I3~ BM]MTE D, £
D%, BILE KRB =y POBEANICLD T La—74 L LI-0Ob, ZHEREZRESEL
TET LAY 14 OERBAREE MR TE D, £o, REHEH LN UOHFRERLL
= EZHWSZ L TEDOEAMICLEAEETH D,

OTIPS
O A
e N Tf,NH
MeO = e Me \ / ...................
NsN 7/ HFIP, 0 °C
71c TfO
72
HO M
e e
Vo \/\ (\OH
———— H — Me N ————
- N - n-Bu
0]
TfO:: TfO
74 Model Target 14

Scheme 14. Future plan for model target.
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#2E FEurotiumide F BXWNG DARFL2E L ABEHET

2-1. A buFrrar

Eurotiumide 3513 2014 4 (2% > T HRE TH D Eurotium sp. XS-200900E6 7> % Wang &
Wk o CTHBEfE7 (Figure 3), MEEMFFHE LT, RARIZEFTEZ LY 4
methoxyisochroman-1-one f&E%H L T\ 5, S HIZ, TTBLRT8ZIL 8D T = /) —
IWMKBRIEN A Y 7T U= U E Ve ReE T UBREBEL TWAIEN, 1D T 2 k
UMARXRUTRH = LI5S TS, Eurotiumide JHIZE T Y A IR OJFINEIZxT D
PLETEMHES 7 Y ROFRMBEFEEZ R T Z ERMbN TN 5,

N OH O
O
CsHy4
OH OMe OH OMe
Eurotiumide A (75) Eurotiumide B (76)
e A
O OMe o}
(¢} z 0
R— |
CsHqq CsHy X R?
OH OMe OH OMe OMe
Eurotiumide F (77) Eurotiumide G (78) 4-methoxyisochroman-1-one
\

Figure 3. Reported structure of eurotiumides.

UIFRETILINE TIZ, TS BLONT6 ORAM EMEEITIEZTT/2>THEY, LATIC
O Z T O HROIEEWNHEM LT VT & R 79 B LU PT-A/Lak L 80 &
7= Julia—Kocienski SZ kD 81 L L7=dDb, Shi AFTRFIAICL Y mRF
K82 L L7, ZOTHRXY K%, BF; - OEL fF1E FIZ MeOH 1Bl &85 Z & CTHBR
L., 83 L L7, Z#iZxt L. N-formylsaccharin % 7o —BR{LIRFITFEN/Z 7 koAb
A — RS ZAT72 > T 84 B L85 DIEAM A= MOM A OB 72 i fri&
(2 XV g4 85 2457 (Scheme 15),
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MOMO MOMO MOMO

Br N-p 5
N KHMDS r L-ketone, Oxone Br
+ N /\05H11 —_— / >
cHo ! o/"\o THF CsHyy K2COs, BusNHSO,4 CaHiq
MOMO -78°C  11oMO Na;B,07, Ny,EDTA | U o}
79 80 87% 81 MeCN, 0 °C 82
76%, 86% ee
MOMO N-formylsaccharin MOMO o) OH O
BF3'OEt2 Br Pd(OAC)2
MeOH OH Xantphos, KF _ o . o
_ZOC[\;/IC CSH11 DMOF C5H11 C5H11
94%  MOMO  OMe 1s5°C MOMO  OMe MOMO  OMe
83
— 84 85 -
e N
OH O
MgBr,*OEt, o
——
benzene CsHiq
76% MOMO OMe
key compound 85

Scheme 15. Synthesis of key intermediate.

S5 5417- 85725, eurotiumide A B OB ~L 2844 L7~ (Scheme 16), 85 (2% L ., &
Fib & AKEIED MOM (Ri# 21772 > T 86 & L7z, Hit\ T, Stille h vy 7V 72k A
VTV = EEALTZOL, 6 M HCL KBIKICE Y MOM JE % BLAEq#E L T +)-
eurotiumide B (76) DIREREDYIO AN F A EERMK LIZ, L, EFEAT L
T — X DN OFER, GRGH DT — 2 13T 5 (+)-eurotiumide B (76) D D Tid/e
<. (9)-eurotiumide A (75) Db D E —FHTHZ ENHLMNE R,

F72. 86 DT 7 b DOIUKIREEIIENRHERZ LY 87 & LD FEROFIEICLY
(+)-eurotiumide A (75) DFEBHEDYIDOAF AL ER L, LNPLIBHLTH, &
B D7 — # 1% (-)-eurotiumide A (75) O H D TiL72 <, (+)-eurotiumide B (76) D, D
L—ETDORR LR oT,

PLEDFERNG | eurotiumide A (75) @ C3-C4 fif}X Wang HIZ K> TIRE I TWD
trans BLiE Cld72 < cis BEE TH Y | eurotiumide B (76) D C3-C4 (2 IFHEE STV D cis
BLiE Tl rans BIEETHDH Z L2 RARUT L VLT LT,
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)%/\SnBug,

OH O
NBS MoMoO o PACI(PPhs), CSF N on o
0 DMF,65°C  Br o DMF, 80 °C
—_— - o
CsHqyq  then CsHyy then
MOMO  OMe MOMCI MOMO  OMe &M HClaq CsHir
i-PrNEt, TBAI MeOH
key compound 85 DCM 86 rtto 35 °C OH OMe
85%, >99% ee 55% (+)-Eurotiumide B (76)
(proposed)
consistent with the data of
(=)-Eurotiumide A (75)
)\/\
MOMO O MOMO O SnBus
1. KOH aq PdCly(PPh3),, CsF
Br o EtOH, reflux Br DMF, 80 °C
-_— o
CsHy; 2- DEAD, PPhg then
THF 6 M HCl aq
MOMO OMe
0 MeOH
86 81%, 2 steps o 35 °C OH OMe
49% (—)-Eurotiumide A (75)
(proposed)
Scheme 16. Completion of total synthesis. consistent with the data of

(+)-Eurotiumide B (76)

2-2. WA RRFRRT

77 B LN 78 OWi A T % Scheme 17 (2739, 77 B LN 78 OIi@kEETH S A b
FLT VL= MIRIETHT 7 b 88 £7-1% 89 DETITHIK ., A ¥ T HEH—IL
BIZEVEATEHZ L LT, 88 L8 X CINDYT AT LA~—ThHY, 8889
DOIKGREE LIS L VDD L& 2T, 89 OVE Ru T U 3IEY A F v
TasVFNT =TV 90 DEAFLIC KOS 22 L L L9013 A Y/ n~ Bk E R
T OR8N DEDL L Lz,

( )
| O OMe oH 0
o o)
CsH
Caf MOMO  OM o
OH OMe OH OMe X edss
Eurotiumide G (78) ey compoun

CsHys
MOMO OMe MOMO OMe MOMO OMe

88 89 90

Scheme 17. Retrosynthetic analysis of eurotiumide F and G.
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2-3. Ve FrbE T VROBE

85 |Zxt L. DBU &fitfit&d CuClL f71E T, H{k 91 Z#EH S ¥ 2 & T
FIUIR 90 Z B WILE Tz, HWVWT, Yk RabE T VEBROMELIT/R -7 (Table 5),
RUBUH, MEGERZ TR o7c L TA, BT R AR LR o7, £ 2T, Wil
MUV UACEERELEEZ A, O 89 18 65%DINRTHELLZ, S 5T, Wiks ¥
VUVUIETET D L WNEROSE (90%) B X OSSR O%EME (6 BEfE]) &Rk Lz,
WIZ, o-V 7 mu B 160°C TRISZITH &, 89 IXTEEMITH S AL, SRR
3 REMNC E CTEME L7, RBIC, v~ 7 au=—7WET, 200 °C TRIEZEITH &
BOSIE 10 7 LAINICSERE L, 89 WEREMICHEOND Z L& R LT,

Table 5. Examination of thermal rearrangement.

/)<C|
OH O Z o1 )(O o
¥

o CuCl,, DBU solvent
—_— (0] —_—
MOMO  OMe 92% s
MOMO OMe MOMO OMe
85 90 89
entry  solvent temp. (°C) time (h)  vield (%)
1 benzene reflux (80) 48 NR
2 toluene reflux (110) 72 65
3 xylene reflux (140) 6 90
4 o-dichlorobenzene reflux (160) 3 quant
5 o-dichlorobenzene 200 (MW condition) 0.2 quant

2-4. Eurotiumide G D RE2A K

o7 89 1%L, 1 ¥&ED DIBALH Z{EH &5 &, FTEDT 7 h—/L 92 73 H
—OEMRE L TR O, CLALONARMEFX, OH & C3fitd 7' 1 | fE] TP NOESY
FHBADMBLM S 4172 2 & TREE L RE LT, wRIC, A ¥/ —/LH . 6 MHCI KB %
TEH&E 5 Z LT MOM HEDRE L KIBRIED A RV EEA~DOEWE 22TV, (4)-
eurotiumide G (78) D AFEAMAZIER LT=, SEIAA L7z 78 1%, HEECEk I iid#E <
NIZARY T —2 ERV—8Z/R LT b OO, X B A& OfE R, C-1 (Lo
SEARECE LY Wang B L7 SECETIEARS, REEETH DL Z EboroTe, U ED
£ 912, 78 DETONRILF A, (1R3SA4AS) ERTE LT,

IZ., eurotiumide F  (77) D&k E HEE L. C3/C4 (LD cis BLiE % trans Bl 228 #A
T5Z & &7z (Scheme 18), 89 DT 7 h L MK LIZDL | HIEKELEEIT O 2
& T trans BLiE % FFoA Y 7~ 88 537, #\ T, 77 b2 % DIBALH IZ LV iE
JLLTT7 27 h—93 & Uiz, 93 OSLIKELEIL, NOESY B2 LV Scheme 18 (2R L
FEIICRE L, ZE AKX ) —)LH 6 MHCI KRR CULEE4 % Z & T, MOM 0D
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PrEE A X UIOE ALY eurotiumide F (77) 24X 9 EilA7z, Lo, FEEE
WX A LD A N F I EDOSARKER S HEIT L, (-)-eurotiumide G (94) 2345 H L7z,

DIBALH 6 M HCl aq.
—_—  —
DCM MeOH
CsHyy —78°C 55%
MOMO  OMe 70% OH OMe
89 revised structure of
(+)-Eurotiumide G (78)
1. KOH
EtOH
reflux DIBALH 6 M HCl aq.
—_— —_—
2. DEAD H DCM p MeOH
PPh; CsHiy  —78°C 4@
THF 40%
MOMO  OMe 79% MOMO  OMe
80% 88 93 NOE (-)-Eurotiumide G (94)

Scheme 18. Completion of total synthesis of (+)-eurotiumide G and (-)-eurotiumide G.

ZOBRMALOME L, RO L HIZEL LTz (Scheme 19), T 72 H, 93 NWEGITA X
VoG AATFA KRGS LoD b 2TOEBIEN 7 T N U T AL E N,
KV ZER 9T 2896 & O OFRERAERT D, Fi\ T, 7'm b b7z 98 Z#Eh L
TA M VERMBESNATDHZETANRX ) U ATF RO L70nb, ZDOLEX, X
FVRBENR T 7 N U TN E EDDEENLEETHDH EEZLND, RWT, C3 fif
DIKFE & DR BET B K 512 MeOH M52 Z & T, CANMBR=E AV L7 100
WAERCL, R&%ZICMOM EXNIRESNTIA N ER LT EEZEXBND,
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MOMO

OMe
96

MOMO OMe
97

MeoH H [ CsH
- MOMO

Scheme 19. Plausible mechanism of generation of (—)-eurotiumide G.

C=)Me
100 (=)-Eurotiumide G (94)

Z D C4 AL TOREMALIZ, MOM EDBAE SN DHIZHEITL TV D EEX b,
L AT, LIAIERK L7 eurotiumide A (75) B LY B (76) DOERKIZEHB W T, 4-
methoxyisochroman-1-one 5K C4 (L DFEMZAF T T O RN IIM D TEWZ & 4 fL
HLTWe, ZOEBEZAENL, 727 b OiETE MOM HEDBiR#EDIETE 2 AL 2
5T, B E S Z L 2R AT (Scheme 20), 88 & A % / — L 6 M HCl KA
ECHLELT 5 Z & T MOM & RELT101 & Lz, #i< DIBALHETTIX C-4 L) A
N R EIERGHAINBHEIT L, 77 b—v 102 N5 6L, &IZIC, AHX ) —LVH,
0°C TO04MHCI KIEKZEH S5 Z & T, KERIED A b U HA~DEE %A FFEFE D
INRTEM L, K 0EEMARSEZ V-2 & T, C4 MDORMALE S Z LI L
~o A% L72(H)-eurotiumide F (77)D A7 hLF —Z Xk & BW—E &2 R~ L, #
RISEAARELE X NOESY ZEBRIC X W (1S,3R,48) & E L 7=,
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6 M HCI aq. DIBALH
—_— —_——
MeOH DCM
-78°C
0,
MOMO OMe 62%
88
0.4 M HCl aq.
B
MeCH, 0 °C
46%
(2 steps) OH OMe

(+)-Eurotiumide F (77)

Scheme 20. Completion of total synthesis of (+)-eurotiumide F.

DlED X iz, FHIFBWHALIZ L AT R BT VEROME A FEERE & LT, BEA
{b&%) 85 7> 5 (+)-eurotiumide F (77) % 7 L&, (+)-eurotiumide G (78) % 4 TFE T%
IWENAR LT, 2400 ORI b E, S i& M7 R 89, NOESY F2BRIZ LV
RE SN2 TT D CLC3,CA DMK WD Z & TRE LTz, SHIT, (+)-78
D X G REERATIC LY CLALOIE LWNARLE 2 S0 L, 78 ORE & ET L
7=
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i A

%—F ClL. Stemofoline (5) OEEFKIZWIT, ET NVIEEEZHE L, T DOEMMIE

WCED AT, EDOREHE., Scheme 11 ICF DT FE —DOBIZIC LD 5D a7 HFEOE

TORFEAZ TG ORI L, Scheme 13 35 X U8 Table 4 (278 L7255 DL
THBREERELF OV —LOAKREEMR LT, ZHUZ X0, S0k & e
BOEREELAREE 20 . BT VIER 14 72 5 NS Stemofoline (5) DEAALICIA
SRR EEAYAS IR

Strategy 1 OTIPS

o
N Me

22 (\OH

SH NS Tf,NH (20 mol%) N

n-Bu
Me

\ 7/ HFIP, 0 °C —o><Me
O 'Me

50%
46

3
Q
-]
E/i
Y

O A
0 22
O
OTf Tf,NH
OH —» MeO” NN et
NH — MeO - HFIP, 0 °C
NsN-7 ’
0 61
71c
(\m
-3 Me N LY Me \‘/Nn-Bu
- n-Bu T
ﬂ Ho
TO ©
74 Model Target 14 Stemofoline (5)
g J

F7-. H % TlX Eurotiumide FHDO G AFZEIZE D ALATE, EORER, KREMLKS WTHE
7285000, B\WIAALSSIZE Y Ve Ru T VERAMEE LT- 89 #Eb kL LT
(+)-Eurotiumide F (77). (+)-Eurotiumide G (78)%5 & UN-)-Eurotiumide G (94)DH] D RF 4
BEER LTz, & HIT, X BAEamEEiiT O R, 78 OREMIEDUET 21778 >
7= Eurotiumide ¥ OMFENI 72 B RIEZMESL LT Z & T, RMLEWREEZ AW T2 BT

AR~ DISH S ATEEIC 72 o 72,

26



1. //)<CI

OH O 91
CuCl,, DBU

o MeCN, 92%

CsHy 2. o-dichlorobenzene

MOMO OMe reflux, quant

85

o revised structure of
(+)-Eurotiumide F (77)  (+)-Eurotiumide G (78)  (—)-Eurotiumide G (94)
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Experimental section

General Method and Procedure.

All reaction were carried out under appositive atmosphere of argon in dried
glassware unless otherwise indicated. Materials were obtained from commercial
suppliers and used without further purification except when otherwise noted. Dry
THF was freshly prepared by distillation from benzofenone ketyl before use.
Triethylamine (EtsN) was distilled from CaHz, under Ar atmosphere and store in the
presence of NaOH (pellets). Anhydrous benzene, CHCls, CH2Cls, DMF, methanol,
MeCN, THE, toluene, xylene were purchased from Kanto Chemical Co. Inc.

Analytical thin layer chromatography (TLC) was performed using 0.25 mm E.
Merck Silica gel (60F-254) plates. Kanto Chem. Co. Silica gel 60 N (spherical, neutral,
particle size : 63-210 pm) was used for column chromatography.

IH-NMR spectra were recorded on a JEOLJNM-AL400 (400 MHz), Bruker AV-
400(400 MHz), and Bruker AV-500 (500 MHz) in CDCl; (6 u 7.26). Chemical shifts
were reported in part per million (ppm), and signal were expressed as singlet (s),
doublet (d), triplet (t), quartet (q) and multiplet (m). 33C-NMR spectra were recorded
on a JEOL JNM-AL 400 (100 MHz), Bruker AV-400 (100 MHz) and Bruker AV-500
(125 MHz) in CDCls. Chemical shifts were reported in part per million (ppm)
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®1=E

Compound 18

Q9

Mer\"?\OMe
OMe
(0] H 17 O H
| N DBU N
g Me 7
\ / CH,Cl \ /
16 91% 18

To a solution of 16 (57.2 g, 0.602 mol) and 17 (50.0 g, 0.301 mol) in DCM (600 mL) was
added DBU (90 ml, 0.602 mol) at 0 °C. After stirring at room temperature for 10 h, the reaction
was quenched with saturated aqueous solution of NH4ClI at 0 °C, and the mixture was extracted
with DCM (x3). The combined organic layers were dried over MgSQs, filtered, and
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (n-hexane/EtOAc =4 : 1) to give 18 (37.6 g, 91%) as orange solid. 'H NMR
(400MHz, CDCl3): 67.38 (1H, d, J = 16.2 Hz), 6.97 (1H, s), 6.60 (1H, s), 6.32 (1H, m), 6.27
(1H, d, J=16.2 Hz), 2.32 (3H, s).

Compound 19

Q H Pd/C, H, Q H NaBH, OH H
N N N
Me \ / MeoH Me \ / MeoHo0°c Me \ /
18 $1 93%, 2 steps 19

To a solution of 18 (900 mg, 6.66 mmol) in MeOH (33 mL) was added 10% Pd/C (90 mg,
94.0 umol) at room temperature, and the mixture was stirred under H» atmosphere for 5 h. The
mixture was filtered with Celite, and concentrated in vacuo to furnish the crude 81 which was
used without further purification. To a solution of S1 in MeOH (33 mL) was added NaBH4 (252
mg, 6.66 mmol) at 0 °C. After stirring for 2 h, the reaction was quenched with saturated aqueous
solution of NH4Cl at 0 °C, and the mixture was extracted with AcOEt (x4). The combined
organic layers were dried over Na,SQg, filtered, and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography (n-hexane/EtOAc=1.5: 1) to
give 19 (848 mg, 93%, 2 steps) as yellow oil. '"H NMR (400MHz, CDCl;): 88.29 (1H, s), 6.67
(1H, m), 6.13 (1H, m), 5.93 (1H, s), 3.86 (1H, m), 2.74 (2H, t, ] = 7.6 Hz), 1.77 (2H, m), 1.23
(3H, d, J =6.2 Hz).
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Compound S2

OH : MsCl, NEt, OMs n NaH, TrSH ST H
- = _—
Me \ / chHChoc M \ / DMF  Me \ /
19 20 73%, 2 steps S2

To a solution of 19 (19.7 g, 0.141 mol) in DCM (350 mL) were added NEt; (29.8 mL, 0.212
mol) and MsCl (13.2 mL, 0.170 mol) at 0 °C. After stirring for 3 h, the reaction was quenched
with H,O at 0 °C, and the mixture was extracted with DCM (%2). The combined organic layers
were dried over MgSQOs, filtered, and concentrated under reduced pressure to furnish the crude
20 which was used without further purification. To a stirred solution of NaH (8.5 g, 0.212 mol)
in DMF (150 mL), a solution of TrSH (58.6 g, 0.212 mol) in DMF (100 mL) was added at 0 °C,
and the mixture was stirred at room temperature for 30 min. To this solution was added a
solution of crude 20 in DMF (100 mL) at room temperature. After stirring for 11.5 h, the
reaction was quenched with H»O, and the mixture was extracted with n-hexane/EtOAc=1: 1
(%3). The combined organic layers were dried over MgSOQy, filtered, and concentrated under
reduced pressure. The residue was purified by silica gel column chromatography (n-hexane/EtOAc
=10:1 — 4:1)to give S2 (41.1 g, 73%, 2 steps) as red oil. 'H NMR (400MHz, CDCl;): §7.51
(6H,dJ=8.0 Hz), 7.28 (6H, t, J = 7.3 Hz), 7.20 3H, t, ] = 7.3 Hz) 6.56 (1H, ddd, ] =2.7, 4.1),
593 (1H,d,J=2.7,5.7 Hz), 5.74 (1H, s), 2.52 (1H, m), 2.33-2.40 (2H, m), 1.36-1.52 (2H, m),
1.06 3H, d, J =7.0 Hz).

Compound 21

ST
r : KHMDS, NsCl STr Ns
Me \ / THF, 78 °C Me)\/\@
s2 0% 21

To a solution of 82 (2.31 g, 5.81 mmol) in THF (15 mL) was added 1.0 M solution of
KHMDS in toluene (11.6 mL, 11.6 mmol) at —78 °C, and the mixture was stirred at —30 °C for
30 min. After cooling to —78 °C again, a solution of NsCl (2.57 g, 11.6 mmol) in THF (15 mL)
was added. After stirring for 30 min, the reaction was quenched with saturated aqueous solution
of NH4Cl, and the mixture was extracted with AcOEt (x2). The combined organic layers were
washed with brine, dried over Na,SQs, filtered, and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography (n-hexane/EtOAc =4 : 1) to
give 21 (2.01 g, 60%) as black oil. 'H NMR (400MHz, CDCls): §7.77 (1H, d J = 7.8 Hz), 7.60
(1H, t, J=7.8 Hz), 7.42-7.48 (8H, m), 7.23 (6H, d, J = 7.8 Hz), 7.15-7.19 (4H, m), 6.21 (1H, t,J
=3.4 Hz), 5.82 (1H, s), 2.44 (2H, m), 2.24 (ddd, ] = 6.6, 12.2 Hz), 1.47 (1H, m), 1.25 (1H, m),
0.97 3H, d, J=7.0 Hz).
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Compound rac-8
C12H2sSH SH

STr N N
NS TFA N
Me \ / CH,Cly Me \ /
21 88% rac-8

To a solution of 21 (112 mg, 0.192 mmol) and Ci,H2sSH (1.4 mL, 5.77 mmol) in DCM (1.9
mL) was added TFA (44 uL, 0.557 mmol) at 0 °C. After stirring for 3 h, the reaction was
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (n-hexane/EtOAc =9 : 1) to give rac-8 (57.8 mg, 88%) as brown oil. 'H NMR
(400MHz, CDCls): 87.86 (1H, dd, J = 1.3, 8.0 Hz), 7.75 (1H, td, J = 1.3, 8.0 Hz), 7.64 (1H, td, J
=1.3,8.0Hz),7.29 (1H, q,J=1.3), 7.17 (1H, dd, J = 1.3, 8.0 Hz), 6.30 (1H, t, ] = 3.4 Hz), 6.12
(1H, m), 2.84-2.90 (1H, m), 2.67-2.78 (2H, m) 1.84-1.93 (1H, m), 1.64-1.74 (2H, m), 1.30 (3H,
d,J=6.7 Hz).

Compound 24

OTIPS
(e)
N Me
SH 22
)\/\& Tf,NH (20 mol%)
Me >
\_/ HFIP, 0 °C
rac-8

50%

To a solution of rac-8 (100 mg, 0.293 mmol) and 22 (151 mg, 0.588 mmol) in HFIP (2.5 mL)
was added a solution of TH:NH (8.2 mg, 0.557 mmol) in HFIP (0.5 mL) at 0 °C. After stirring
for 30 min, the reaction was quenched with saturated aqueous solution of NaHCOs3, and the
mixture was extracted with AcOEt (x1). The combined organic layer was washed with brine,
dried over Na,SOys, filtered, and concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (n-hexane/EtOAc =4 : 1) to give 24 (52.1 mg, 42%) as
white amorphous. 'H NMR (400MHz, CDCls): §8.15 (1H, m), 7.72 (3H, m), 6.47 (1H, d, ] =
6.3 Hz), 6.30 (1H, dd, J = 2.4, 6.3 Hz), 4.92 (1H, dd, J = 2.8, 3,8 Hz), 4.59 (1H, s), 2.89-2.97
(2H, m), 2.20 (1H, td, J = 4.0, 13.3 Hz), 1.90-1.99 (2H, m), 1.47-1.59 (2H, m), 1.20 (3H, d, J =
6.8 Hz), 1.14-1.23 (1H, m), 1.07 (3H, t, ] = 7.4 Hz).
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Compound 25

(o) Me
Me ‘\S, PhSH, K2C03 Me oS,
T —_——
H MeOH
85%
24

To a solution of 24 (139 mg, 0.329 mmol) in MeOH (1.6 mL) were added K,COs (273 mg,
1.977 mmol) and PhSH (0.17 mL, 1.64 mmol) at room temperature. After stirring for 3 h, the
reaction was quenched with saturated aqueous solution of NH4Cl, and the mixture was extracted
with AcOEt (x3). The combined organic layers were dried over MgSQOs, filtered, and
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (n-hexane/EtOAc = 1 : 1) to give 25 (66 mg, 85%) as white solid. 'H NMR
(400MHz, CDCls): 86.48 (1H, d, J =5.7 Hz), 6.30 (1H, dd, J =2.0, 5.7 Hz), 4.12 (1H, dd, ] =
2.0,3.7 Hz), 3.90 (1H, s), 2.88 (1H, m), 2.63 (1H, m), 2.06 (1H, m), 1.84-1.94 (3H, m), 1.26
(3H, d, J =6.7 Hz), 1.24 (1H, m), 1.09 (1H, m), 0.99 (3H, t, ] = 7.2 Hz).

Compound 27

Br/\/OTBS
o Me 26 TBSO o Me
Me_ .S, K2CO;3 Me_ .S
. ., i o l"
H  bMmF70°C Nl 1
72% —
25 27

To a solution of 25 (20 mg, 84.3 umol) and 26 (101 mg, 0.421 mmol) in DMF (0.8 mL) was
added K»COs (58.2 mg, 0.421 mmol) at room temperature. After stirring at 70 °C for 16 h, the
reaction was quenched with H>O at room temperature, and the mixture was extracted with
AcOEt (x3). The combined organic layers were dried over MgSOs, filtered, and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography (-
hexane/EtOAc = 10 : 1) to give 27 (24.1 mg, 42%) as yellow oil. 'H NMR (400MHz, CDCl;):
06.39 (1H, d, J = 6.0 Hz), 6.30 (1H, dd, J = 2.3, 6.0 Hz), 4.04 (1H, dd, J =2.3, 3.7 Hz), 3.81
(1H, s), 3.76 (2H, td, J = 2.5, 6.5 Hz), 2.79-2.89 (2H, m), 2.64-2.75 (2H, m), 2.10 (1H, m),
1.85-1.92 (2H, m), 1.62-1.76 (2H, m), 1.24 (3H, d, ] = 6.8 Hz), 1.04-1.13 (1H, m), 0.99 (3H, t, J
=7.3 Hz), 0.90 (9H, s), 0.08 (3H, s), 0.07 (3H, s).
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General procedure for osmium oxidation

Compound 34

Me
0504, NMO 0, O 2.2-DMP
citric acid TsOH
—»
acetone/H,0 acetone
HO OH 78%, 2 steps
32

To a solution of 24 (17.8 mg, 42.1 umol) in acetone/H>O (3 : 1, 0.4 mL) were added NMO
(24.7 mg, 210 umol), 0.1 M solution of OsO4 in H>O (0.21 mL, 21.0 umol), and citric acid (40.5
mg, 210 pmol) at room temperature. After stirring for 17 h, the reaction was quenched with 1 M
aqueous solution of Na>S,03, and the mixture was extracted with AcOEt (x4). The combined
organic layers were dried over Na,SOg, filtered, and concentrated under reduced pressure to
furnish crude 32, which was used without further purification. To a solution of 32 in acetone
(0.3 mL) were added 2,2-DMP (6.3 pL, 51.2 pmol) and TsOH (2.2 mg, 12.8 umol) at room
temperature. After stirring for 15 h, the reaction was quenched with saturated aqueous solution
of NaHCO3 and the mixture was extracted with AcOEt (x5). The combined organic layers were
dried over Na,SOys, filtered, and concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (n-hexane/EtOAc =1 : 1) to give 34 (17.4 mg, 78%, 2 steps)
as yellow oil. '"H NMR (500MHz, CDCls): §8.21 (1H, d, J = 7.7 Hz), 7.76 (1H, d, ] = 7.7 Hz),
7.75-7.77 (1H, m), 7.70-7.73 (1H, m), 5.22 (1H, d, J = 6.1 Hz), 4.72 (1H, s), 4.67 (1H, d, ] = 4.4
Hz),4.39 (1H, d, J = 6.1 Hz), 3.02 (1H, ddd, J = 6.7 Hz), 2.90 (1H, ddd, J = 6.4 Hz), 2.42 (1H,
m), 2.05 (1H, m), 1.86 (2H, m), 1.36 (6H, d, ] = 3.0 Hz), 1.27 (3H, s).

Compound 39

"H NMR (400MHz, CDCl5): §8.20 (1H, d, J = 7.2 Hz), 7.69-7.77 (3H, m), 4.69 (1H, d, ] = 4.2
Hz),4.35 (1H, d, J =6.1 Hz), 4.28 (1H, s), 4.26 (1H, d, J = 6.1 Hz), 3.05 (1H, m), 2.90 (1H,
ddd, 2.6, 6.6, 12.8 Hz), 2.49 (1H, ddd, 3.2, 12.4, 12.8 Hz), 2.03 (1H, q, J = 6.8 Hz), 1.84-1.92
(2H, m), 1.47 (3H, d, J = 6.8 Hz), 1.36-1.46 (1H, m), 1.30 (3H, s), 1.23 (3H, s), 1.07 BH, t,J =
7.4 Hz).

Compound 40

'"H NMR (500MHz, CDCL): 88.25 (1H, d, J = 7.8 Hz), 7.67-7.72 (3H, m), 4.92 (1H, d, ] = 6.3
Hz), 4.68 (1H, d, ] = 4.4 Hz), 4.60 (1H, d, J = 1.3 Hz), 4.24 (1H, d, J = 6.3 Hz), 3.00 (1H, m),
2.92 (1H, m), 2.33 (1H, m), 2.00 (1H, m), 1.84-1.92 (2H, m), 1.47 (3H, d, J = 6.8 Hz), 1.36-1.46
(1H, m), 1.26 (3H, s), 1.25 (3H, s), 1.21 (3H, d, ] = 6.8 Hz), 1.05 (3H, t, ] = 7.5 Hz).
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Compound 41

Me Me
39

To a solution of 39 (140 mg, 0.273 mmol) in MeOH (1.5 mL) were added K,COs (94 mg,
0.683 mmol) and PhSH (70 uL, 0.683 mmol) at 0 °C. After stirring for 10 h, the reaction was
quenched with H>O, and the mixture was extracted with AcOEt (x3). The combined organic
layers were dried over Na>SQys, filtered, and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (n-hexane/EtOAc=1:1 — CHCl3/MeOH =75 :
1) to give 41 (79.5 mg, 89%) as yellow solid. '"H NMR (500MHz, CDCls): §4.43 (1H,d, J = 5.1
Hz),4.24 (1H, d, J=5.1 Hz), 3.63 (1H, s), 3.50 (1H, d, J = 3.6 Hz), 2.80 (1H, m), 2.66 (1H, dd,
J=7.0,11.1 Hz), 2.06 (1H, m), 1.79-1.99 (3H, m), 1.46 (3H, d, ] = 6.7 Hz), 1.45 (1H, m), 1.42
(3H, s), 1.29 (1H, m), 1.23 (3H, s), 0.96 (3H, t, ] = 7.5 Hz).

Compound 42
e) Me
S Me
Sml2 H
—»
THF/MeOH

(0) (0]

50%
Me Me 2
42

To a solution of 41 (8.8 mg, 26.9 umol) in MeOH (0.2 mL) was added a prepared 0.1 M
solution of Sml, in THF (1.3 mL, 0.134 mmol) at room temperature. After stirring for 3.5 h, the
reaction was quenched with H>O, and the mixture was extracted with AcOEt (x3). The
combined organic layers were dried over Na,SOs, filtered, and concentrated under reduced
pressure. The residue was purified by preparative thin-layer chromatography (n-hexane/EtOAc =
1:10) to give 42 (4.2 mg, 50%) as colorless oil. 'H NMR (500MHz, CDCls): 54.34 (2H, d, ] =
5.2 Hz),4.19 (2H, d, J=5.2 Hz), 3.46 (2H, d, ] =3.9 Hz), 2.78 (2H, dd, ] = 6.7, 13.2 Hz), 2.47
(2H, d, J =14.8 Hz), 2.30 (2H, d, J = 14.8 Hz), 1.95 (2H, m), 1.73-1.82 (4H, m), 1.54-1.68 (6H,
m), 1.47 (6H, s), 1.32 (6H, d, J = 6.7 Hz), 1.26 (6H, s), 1.17-1.27 (2H, m), 0.97 (6H, t, ] = 12.4
Hz).
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Compound 44

Me Me
S O Br/\/OBn S (@]
Me 43 Me
H K,CO3, Nal N H
—»

DMF \/\OBn

o_ _O 70°C o_ _O
66%

Me Me 2 Me Me 2

42 44

To a solution of 42 (5.0 mg, 6.6 umol) and 43 (14.2 mg, 66.0 umol) in DMF (0.2 mL) were
added K»COs (9.1 mg, 66.0 umol) and Nal (9.9 mg, 66.0 umol) at room temperature. After
stirring at 70 °C for 3 days, the reaction was quenched with H>O, and the mixture was extracted
with n-hexane/EtOAc =1 : 1 (x2). The combined organic layers were washed with brine, dried
over Na,SOy, filtered, and concentrated under reduced pressure. The residue was purified by
preparative thin-layer chromatography (n-hexane/EtOAc =3 : 1) to give 44 (3.9 mg, 66%) as
colorless oil. "H NMR (500MHz, CDCl;): §7.34 (8H, d, J =4.4 Hz), 7.28 (2H, dd, J = 4.4, 4.4
Hz),4.57 (2H, d, J=11.8 Hz), 4.54 (2H, d, ] = 11.8 Hz), 4.16 (2H, d, ] = 6.1 Hz), 4.09 (2H, d, J
= 6.1 Hz), 3.67 (2H, m), 3.60 (2H, d, ] = 4.1 Hz), 2.94 (4H, m), 2.74 (2H, dd, ] = 6.5, 13.0
Hz), 2.49 (2H, dd, J = 6.0, 10.5 Hz), 2.28 (2H, dd, J = 1.8, 14.3 Hz), 2.4 (2H, d, ] = 14.3 Hz),
1.91 (2H, m), 1.74 (2H, m), 1.58-1.63 (8H, m), 1.45 (6H, s), 1.31 (6H, dd, J = 3.1, 6.7 Hz), 1.24
(6H, s), 1.13 (2H, m), 0.87 (6H, t, ] = 7.4 Hz).

Compound 45
o Me o Me
S Me Me
N H Raney Ni N\i\
—_— >
\/\OBn EtOH OBn
o) (e) (0) (0]
83%
Me Me 2 Me Me
44 45

To a solution of 44 (4.0 mg, 4.4 umol) in EtOH (0.5 mL) was added excess amount of Raney
Ni at room temperature. After stirring for 12 h, the mixture was filtered with Celite, and
concentrated under reduced pressure. The residue was purified by preparative thin-layer
chromatography (n-hexane/EtOAc =3 : 1) to give 45 (2.7 mg, 73%) as colorless oil. 'H NMR
(500MHz, CDCls): 87.34 (8H, s), 7.29 (2H, m), 4.55 (4H, s), 4.12 (4H, dd, ] = 4.9, 19.7 Hz),
3.66 (4H, m), 3.58 (2H, m), 2.95 (4H, m), 2.48 (2H, m), 2.28 (2H, d, J = 14.3 Hz), 2.22 (2H, t, ]
=14.3 Hz), 1.91 (2H, m), 1.69 (2H, m), 1.46-1.11 (12H, m), 1.45 (6H, s), 1.24 (6H, s), 0.86-
0.92 (10H, m).
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Compound 46 (from Scheme 8)

fo) Me 0O Me
Me H,, Pd/C
TFA
N 1 AN
—_— n-Bu
OBn MeOH \/\OH
(0) (0] 0] (0]
quant
Me Me Me Me
45 46

To a solution of 45 (3.0 mg, 7.2 umol) in MeOH (0.5 mL) were added TFA (0.6 uL, 7.8 umol)
and 10% Pd/C (0.3 mg) at room temperature. After stirring under H, atmosphere for 9 h. The
mixture was filtered with Celite, and concentrated under reduced pressure. The residue was
purified by preparative thin-layer chromatography (n-hexane/EtOAc =3 : 1) to give 46 (2.6 mg,
quant) as colorless oil. "H NMR (400MHz, CDCl;): §4.01 (1H, d,J = 6.0 Hz), 3.97 (1H, d, ] =
6.0 Hz), 3.46 (2H, m), 3.32 (2H, m), 3.05 (1H, s), 2.80 (1H, m), 2.70 (1H, m), 2.23 (1H, d, J =
14.4 Hz), 2.02 (1H, d, J = 14.4 Hz), 1.80 (2H, m), 1.54 (2H, m), 1.28 (3H, s), 1.07 (3H, s), 1.00-
1.07 (4H, m), 0.81 (3H, t,J =7.5 Hz), 0.75 (3H, t, ] = 7.2 Hz).

Compound 47

PhSH

MeOH
68%

40 47

To a solution of 40 (94.0 mg, 0.189 mmol) in MeOH (2.0 mL) were added K,COs (158 mg,
1.14 mmol) and PhSH (97 pL, 0.946 mmol) at room temperature. After stirring for 24 h, the
reaction was quenched with H»O, and the mixture was extracted with AcOEt (x2). The
combined organic layers were dried over Na,SOs, filtered, and concentrated under reduced
pressure. The residue was purified by silica gel column chromatography (n-hexane/EtOAc =8 : 1
— 1:4)to give 47 (40.2 mg, 68%) as white solid. "H NMR (400MHz, CDCl;): $4.70 (1H, d, J
=5.2Hz),4.30 (1H, d, J=5.2 Hz), 3.91 (1H, s), 3.45 (1H, d, ] = 4.1 Hz), 2.81 (1H, m), 2.57
(1H, m), 2.05 (1H, d, J = 12.8 Hz), 1.86-1.95 (2H, m), 1.59 (1H, td, J =2.9, 12.9 Hz), 1.45 (3H,
s), 1.26 (3H, s), 1.23 (3H, s), 1.21 (3H, s), 0.94 (3H, t, ] = 7.5 Hz).
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Compound 49

oF~-OTIPS
48

NaBH,CN

AcOH
—_—
MeOH

47 49

To a solution of 47 (18.9 mg, 60.7 umol) and 48 (39.4 mg, 182 pmol) in MeOH (1.0 mL)
were added NaBH3;CN (22.9 mg, 364 umol) and AcOH (21 pL, 364 umol) at room temperature.
After stirring for 6.5 h, the reaction was quenched with saturated aqueous solution of NaHCOs,
and the mixture was extracted with AcOEt (x2). The combined organic layers were washed with
brine, dried over Na,SOy, filtered, and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (n-hexane/EtOAc=150:1 — CHCl;/MeOH=1: 1)
to give 49 (28.2 mg, 91%) as white solid. 'H NMR (400MHz, CDCls): §4.70 (1H, d, J = 6.2
Hz),4.14 (1H, d, J = 6.2 Hz), 3.79 (2H, dd, ] = 4.5, 9.4 Hz), 3.66 (2H, dd, ] = 5.6, 9.6 Hz), 3.58
(1H, d, J=4.2 Hz), 2.93 (2H, m), 2.79 (1H, m), 2.59 (1H, m), 2.17 (1H, t, ] = 6.3 Hz), 2.08 (1H,
dd,J=4.1,10.4 Hz), 1.94 (2H, m), 1.44 (3H, s), 1.26 (3H, s), 1.22 (3H, d, ] = 6.8 Hz), 1.11
(1H, m), 1.03-1.09 (21H, m) 0.96 (3H, t, ] = 7.4 Hz).

Compound 50

o Me
Me
Raney Ni \ H
—>
EtOH \/\OTIPS
(e) o

51%, 2 steps

Me Me Me Me
49 50

To a solution of 49 (28.2 mg, 55.1 pmol) in EtOH (1.0 mL) was added excess amount of
Raney Ni at room temperature. After stirring at 70 °C for 17 h, the mixture was filtered with
Celite, and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (n-hexane/EtOAc=100:1 — 30:1 — 6:1)to give 49 (15.1 mg, 56%) as
colorless oil. "H NMR (500MHz, CDCl;):5.14 (1H, d, J = 5.1 Hz), 4.98 (1H, d, J = 5.1 Hz), 3.90
(1H, t,J =3.8 Hz), 3.02 (1H, m), 1.56 (2H, m), 1.43-1.49 (2H, m), 1.48 (3H, s), 1.43-1.49 (3H,
m), 1.34 (3H, s), 1.24 (3H, d, ] = 6.7 Hz), 1.22-1.27 (2H, m), 0.96 (3H, t, J = 7.5 Hz).
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Compound 46 (from Scheme 9)

o) Me o) Me
Me
e H TBAF N H
—  nBu
\/\OTIPS THF \/\OH
0.__0 )
57%
Me Me Me Me
50 46

To a solution of 50 (15.1 mg, 31.3 umol) in THF (0.5 mL) was added 1.0 M solution of TBAF
in THF (62 pL, 62.0 pmol) at room temperature. After stirring for 15 h, the reaction was
quenched with saturated aqueous solution of NH4Cl, and the mixture was extracted with AcOEt
(%3). The combined organic layers were washed with brine, dried over Na,SOs, filtered, and
concentrated under reduced pressure. The residue was purified by preparative thin-layer

chromatography (n-hexane/EtOAc =3 : 1) to give 46 (5.8 mg, 57%) as colorless oil.

Compound 64

~SnBus
63 OH
H SnCl4
—_—
N.
NBoc  pom, 78 °c Boc
O 62 76% o 64

To a solution of 62 (27.7 mg, 0.130 mmol) and 63 (80 pL, 0.260 mmol) in DCM (0.65 mL)
was added 1.0 M solution of SnClsin DCM (0.200 mL, 0.200 mmol) at —78 °C. After stirring
for 40 min, the reaction was quenched with saturated aqueous solution of NaHCOs3, and filtered
with Celite. The mixture was extracted with AcOEt (x2). The combined organic layers were
washed with brine, dried over MgSQOs, filtered, and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography (n-hexane/EtOAc=4:1 — 1:1)to
give 64 (25.9 mg, 78%) as red oil. "H NMR (400MHz, CDCl;): §5.82 (1H, m), 5.17 (1H, d, J=
17.0 Hz), 5.16 (1H, d, J=10.2 Hz), 4.12 (1H, m), 2.75 (1H, m), 2.41 (1H, m), 1.92-2.26 (5H,
m), 1.53 (9H, s).
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Compound 66

NH

PMBOJLCCI;;

OH | 65 PMBO
(+)-CSA
ﬁ
N 1,2-DCE N,
z Boc 50 °C z H
64 79% 66

~

To a solution of 64 (3.00 g, 11.8 mmol) and 65 (6.64 g, 23.5 mmol) in 1,2-DCE (50 mL) was
added CSA (545 mg, 23.5 mmol) at room temperature. After stirring at 50 °C for 18 h, the
reaction was quenched with saturated aqueous solution of NaHCO3, and the mixture was
extracted with AcOEt (x2). The combined organic layers were washed with brine, dried over
MgSQOy,, filtered, and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (n-hexane/EtOAc=3:1 — 1:8)to give 66 (2.58 g, 79%) as red oil. 'H
NMR (500MHz, CDCls): 67.17 (1H, d, ] = 8.7 Hz), 6.86 (1H, d, ] = 8.7 Hz), 5.77 (1H, m), 5.14
(1H, d, J=17.4 Hz), 5.11 (1H, d, J= 10.9 Hz), 4.52 (1H, d, J = 11.1 Hz),4.35 (1H,d, J = 11.1
Hz), 4.13 (1H, d, J = 9.4 Hz), 3.74-3.87 (2H, m), 3.79 (3H, s), 2.75 (1H, m), 2.48 (1H, m), 2.35
(1H, m), 2.08-2.22 (2H, m), 1.92 (1H, m), 1.46 (9H, s).

Compound 67

PMBO LHMDS PMBO
NsCI
—>
N THF N,
“H -78°C Ns
O 66 78% 67

To a solution of HMDS (0.38 mL, 1.79 mmol) in THF (3.0 mL) was added a 2.6 M solution of
n-BuLi (0.58 mL, 1.50 mmol) at —78 °C. After stirring for 30 min, a solution of 66 (164 mg,
0.596 mmol) in THF (2.0+1.0 mL) was added. After stirring for 1 h, a solution of NsCI (264
mg, 1.19 mmol) in THF (1.0 mL) was added. After stirring for 4 h, the reaction was quenched
with saturated aqueous solution of NH4Cl, and the mixture was extracted with AcOEt (x2). The
combined organic layers were washed with brine, dried over MgSOs, filtered, and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography (-
hexane/EtOAc=5:1 — 2:1)to give 67 (213 mg, 78%) as red oil. '"H NMR (400MHz,
CDCls): 88.52 (1H, m), 7.79 (3H, m), 7.27 (2H, d, J = 8.6 Hz), 6.87 (2H, d, ] = 8.6 Hz), 5.85
(1H, m), 5.20 (1H, d, J =18.1 Hz), 5.16 (1H, d, J = 10.5 Hz), 4.61 (2H, s), 4.43 (1H, m), 4.07
(1H, td, J = 1.4, 6.8 Hz), 3.80 (3H, s), 2.73 (1H, m), 2.48 (1H, m), 2.31-2.18 (4H, m).
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Compound 68

PMBO
LiOMe O PMBO |
N, THF/MeOH e0
Ns ey NsHN
O 67 ° 63

To a solution of 67 (245 mg, 0.532 mmol) in THF/MeOH =4 : 1 (1.0 mL) was added LiOMe
(3.8 mg, 0.100 mmol) at room temperature. After stirring for 30 min, the mixture was
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (n-hexane/EtOAc=8:1 — 2:1)to give 68 (227 mg, 87%) as pale yellow oil.
'H NMR (500MHz, CDCl5): 68.02 (1H, d, 7.2 Hz), 7.81 (1H, d, 7.5 Hz), 7.64 (2H, m), 7.14
(1H, d, J = 8.5 Hz), 6.83 (1H, d, J = 8.5 Hz), 5.64 (1H, m), 5.08 (1H, d, J=9.8 Hz), 5.07 (1H,
d,J=17.3 Hz),4.37 (1H, d, ] = 10.8 Hz), 4.17 (1H, d, J = 10.8 Hz), 3.82 (3H, s), 3.65 (3H, s),
3.23 (1H, m), 2.10-2.50 (2H, m), 1.90 (1H, m), 1.75 (1H, m).

Compound S3

O PMBO | bDQ 0 HO
—»
MeO DCMH,0  MeO
NsHN NsHN
68 91% s3

To a solution of 68 (220 mg, 0.447 mmol) in DCM/H,O =4 : 1 (5 mL) was added DDQ (152
mg, 0.670 mmol) at room temperature. After stirring for 4 h, the reaction was quenched with a
mixture of saturated aqueous solution of Na,S,03/NaHCO;=1 : 1, and the mixture was
extracted with AcOEt (x2). The combined organic layers were washed with H>O and brine,
dried over MgSOQy, filtered, and concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (n-hexane/EtOAc=5:1 — 1:1) to give S3 (151 mg, 91%)
as pale yellow oil. '"H NMR (500MHz, CDCl;): §8.11 (1H, m), 7.86 (1H, m), 7.73 (2H, m), 5.66
(1H, m), 5.13 (1H, d, J=10.5 Hz), 5.07 (1H, d, J= 18.3 Hz), 3.64 (3H, s), 2.44 (2H, m), 2.27
(1H,m), 2.14 (1H, m), 1.92 (1H, m), 1.79 (1H, m).
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Compound 69

O  PMBO Dess-Martin 0 0
| periodinane |
MeO > MeO
NsHN DCM NsHN
S3 78% 69

To a solution of S3 (151 mg, 0.405 mmol) in DCM (2 mL) was added DMP (258 mg, 0.608
mmol) at room temperature. After stirring for 15 h, the reaction was quenched with a mixture of
saturated aqueous solution of Na,S>03/NaHCO; =1 : 1, and the mixture was extracted with
AcOEt (x2). The combined organic layers were washed with H,O and brine, dried over MgSOy,
filtered, and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (n-hexane/EtOAc=3:1 — 2:1)to give 69 (117 mg, 78%) as pale yellow oil.
'H NMR (400MHz, CDCI5): 88.00 (1H, d, J = 7.0 Hz), 7.92 (1H, d, J = 7.0 Hz), 7.70 (2H, m),
6.40 (1H, d, J=8.1 Hz), 5.65 (1H, m), 5.12 (1H, d, J = 10.1 Hz), 5.07 (1H, d, ] = 17.1 Hz), 4.34
(1H, dt, 3.8, 8.8 Hz), 3.70 (3H, s), 3.25 (1H, dd, ] = 16.7, 6.8), 3.17 (1H, dd, ] = 16.7, 6.8), 2.62
(1H, m), 2.46 (1H, m), 2.24 (1H, m), 1.75 (1H, m).

Compound 71c

0 1,0
] 0] O3 0 2
| Dém, —78°c 2,6-DTBP O OTf
. MeO
MeO then Me,S, it NsN MeO =
S
HNL o oh Ve2S. DCM NsN 7/
69 70 crudey O 0°C T1c
(crude) 47%

Ozone was bubbled through a solution of 69 (100 mg, 0.270 mmol) in DCM (3 mL) at —78 °C
until the color of solution changed to blue. After bubbling of Ar, MeS (0.20 mL, 2.70 mmol)
was added and warmed to room temperature. After stirring for 12 h, the mixture was dried over
MgSO0,, filtered, and concentrated under reduced pressure to furnish the crude 70 (109 mg),
which was used without further purification. To a solution of crude 70 (27.0 mg, 72.5 umol)
and 2,6-DTBP (0.11 mL, 0.508 mmol) was added Tf,0 (36 puL, 0.218mmol) at —78 °C. After
stirring at —30 °C for 8 h, the reaction was quenched with H»O, the mixture was extracted with
AcOEt (x2). The combined organic layers were dried over MgSOs, filtered, and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography (-
hexane/EtOAc=8:1 — 2: 1) to give 71¢ (16.6 mg, 47%) as pale yellow oil. 'H NMR
(500MHz, CDCl3): 67.95 (1H, dd, J = 8.0, 1.2 Hz), 7.84 (1H, td, J = 7.7, 1.2 Hz), 7.74 (1H, td, J
=7.7,1.2),7.30 (1H, dd, 8.0, 1.2), 7.26 (1H, d, ] = 4.0 Hz), 6.40 (1H, d, J = 4.0 Hz), 3.68 (3H,
s),2.98 (2H, t,J = 7.7 Hz), 2.60 (2H, t, ] = 7.7 Hz).
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Compound 90

Xa
OH O z 01 %o o
F

o CuCl,, DBU
é O
CsHyy MeCN .
MOMO  OMe 92% s
MOMO  OMe
85 90

To a solution of 85 (150 mg, 0.46 mmol) in CH;CN (12.0 mL) were added CuCl, solution (0.85 mL,
0.00231 mmol, 0.0027 M in CH;CN), DBU (0.242 mL, 1.62 mmol), and 3-chloro-3-methyl-1-butyne 91
(0.18 mL, 1.62 mmol) at 0°C, successively. After stirring for 12h at room temperature, the reaction was
quenched by adding saturated aqueous NH,Cl. The mixture was extracted with EtOAc (x3) and the
combined organic layers were washed with brine, dried over Na,SO,, filtered and concentrated under
reduced pressure. The residue was purified by silica gel column chromatography (EtOAc—hexane =5 : 95
to 10 : 90) to give propargyl derivative 90 (166.1 mg, 92%) as a yellow oil. 'H-NMR (CDCl,, 400 MHz)
0:7.54 (1H,d,J=9.4 Hz), 7.32 (1H, d, J = 9.4 Hz), 5.22 (2H, s), 4.61 (1H, d, J = 1.6 Hz), 4.22 (1H, ddd,
J=8.5,5.8, 1.6Hz), 3.51 (3H, s), 3.31 (3H, s), 2.53 (1H, s), 2.05 (1H, m), 1.80 (1H, m), 1.70 (3H, s), 1.67
(3H, s), 1.46-1.33 (5H, m), 0.90 (3H, t, J=6.8Hz).

Compound 89

X

o) >
o-dichlorobenzene
CsHqy reflux
MOMO  OMe quant MOMO  OMe
90 89

A solution of alkyne propargyl derivative 90 (60.0 mg, 0.155 mmol) in o-dichlorobenzene (15 mL) was
stirring at 160 °C for 3h. After the mixture was cooled to room temperature, the reaction mixture was
directly purified by silica gel column chromatography (EtOAc—hexane = 10 : 90) to give dihydropyran
derivative 89 (60.0mg, quant) as a yellow oil. '"H-NMR (CDCl;, 400 MHz) 6: 7.03 (1H, s), 6.29 (1H, d, J
=9.8Hz),5.76 (1H,d,J=9.8 Hz), 5.17 (1H, d,J=7.2 Hz), 5.16 (1H, d, J = 7.2 Hz), 4.57 (1H,d, J=1.2
Hz), 4.23 (1H, ddd, J=8.3, 5.8, 1.6Hz), 3.50 (3H, s), 3.29 (3H, s), 2.03 (1H, m), 1.79 (1H, m), 1.55 (3H,
s), 1.45-1.31 (6H, m), 1.42 (3H, s), 0.90 (3H, t, J = 6.8 Hz).
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Compound 92

DIBALH

—_—

DCM

C5H11 -78 °C
MOMO  OMe 70% MOMO  OMe
89 92

To a solution of dihydropyran derivative 89 (15.4 mg, 0.0394 mmol) in CH,Cl, (0.31 mL) was added
DIBAL solution (77 uL, 0.0789 mmol, 1.02 M in Hexane) at —78°C. After stirring for 15min, saturated
aqueous Rochelle salt (0.60mL) was added to the reaction mixture. After the mixture was stirring for
additional 20 min at 0 °C, the mixture was extracted with EtOAc (x3) and the combined organic layers
were washed with brine, dried over Na,SQO,, filtered and concentrated under reduced pressure. The
residue was purified by preparative thin layer chromatography (EtOAc—hexane = 30 : 70) to give lactol
92 (10.9 mg, 70%) as a yellow oil. '"H-NMR (CDCl;, 500 MHz) ¢: 6.81 (1H, s), 6.28 (1H, d, J = 9.8 Hz),
6.13 (1H, s), 5.65 (1H, d, J=9.8 Hz), 5.17 (1H, d, J=6.5Hz), 5.15 (1H, d, J=6.5Hz), 4.29 (1H, d,
J=2.0Hz), 4.15 (1H, ddd, J=7.8, 6.3, 1.5Hz), 3.49 (3H, s), 3.45 (3H, s), 2.83 (1H, s), 1.85 (1H, m), 1.77
(1H, m), 1.47 (1H, m), 1.45 (3H, s), 1.42-1.35 (5H, m), 1.38 (3H, s), 0.91 (3H, t, J = 7.0 Hz).

Compound 78

6 M HCI aq.
—_—
MeOH
55%
MOMO OMe OH OMe
92 (+)-Eurotiumide G (78)

To a solution of lactol 92 (6.7 mg, 0.0171 mmol) in MeOH (1.3 mL) was added 6M aqueous HCI (0.43
mL) at 0°C. After stirring for 1.5h at room temperature, the reaction was quenched by adding saturated
aqueous NaHCO;. The mixture was extracted with EtOAc (x3) and the combined organic layers were
washed with brine, dried over Na>SOs, filtered and concentrated under reduced pressure. The residue was
purified by preparative thin layer chromatography (EtOAc—hexane = 30 : 70) to give (+)-eurotiumide G
(78) (3.4mg, 55%) as a white solid. mp. 111°C. 'H-NMR (CDCl,, 500 MHz) 6: 6.59 (1H, s), 6.28 (1H, d,
J=9.6 Hz), 6.02 (1H, s), 5.67 (1H, d, J = 9.6 Hz), 5.56 (1H, s), 4.44 (1H, d, J=3.6 Hz), 4.21 (1H, td, J =
7.0, 3.6 Hz), 3.54 (3H, s), 3.18 (3H, s), 1.80 (2H, q, J = 7.2 Hz), 1.61 (1H, m), 1.51 (1H, m), 1.44-1.34
(10H, m), 0.93 (3H, t, J = 7.0 Hz).
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Compound 88

1. KOH
EtOH, reflux
B —————
2. DEAD
CsHyq PPhs, THF

MOMO OMe 80%
89

To a solution of dihydropyran 89 (138.6 mg, 0.355 mmol) in EtOH (12 mL) was added aqueous KOH
(4.5 mL, 2.25 mmol, 0.5 M in H,O) at room temperature. After stirring for 20min at 90°C, the reaction
mixture was cooled to 0°C and neutralized to pH 5.0 with 1M aqueous HCI. EtOH was removed under
reduced pressure and the aqueous layer was extracted with EtOAc (x3). The combined organic layers
were dried over Na,SO,, filtered and concentrated under reduced pressure to afford carboxylic acid as a
crude product. To a solution of the crude residue in THF (3.6 mL) was added PPh; (279.4 mg, 1.07 mmol)
and diethylazodicarboxylate (0.45 mL, 0.994 mmol, 2.2 M in toluene) at 0°C. After stirring for 20min at
room temperature, the reaction mixture was concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (EtOAc—hexane = 10 : 90 to 20 : 80) to give trans 4-
methoxyisochroman-1-one compound 88 (111.5 mg, 80%) as a yellow oil. "H-NMR (CDCl;, 400 MHz)
0:7.03 (1H, s), 6.29 (1H, d, J=9.8Hz), 5.77 (1H, 9.8Hz), 5.18 (1H, d, J/=6.8Hz), 5.15 (1H, d, J=6.8Hz),
4.71 (1H, ddd, J=7.8, 6.0, 0.8Hz), 4.60 (1H, dd, J=1.2, 0.8Hz), 3.49 (3H, s), 3.34 (3H, s), 1.50 (1H, m),
1.52 (3H, s), 1.47 (3H, s), 1.39-1.14 (7H, m), 0.85 (3H, t, J = 6.8 Hz).

Compound 93

DIBALH
_—
DCM
CsHir  —78°C
MOMO OMe 79% MOMO OMe
88 93

To a solution of trans 4-methoxyisochroman-1-one compound 88 (13.6 mg, 0.0348 mmol) in CH,Cl,
(0.27 mL) was added DIBAL solution (68 uL, 0.0697 mmol, 1.02 M in Hexane) at -78°C. After the
mixture was stirring for 15 min, saturated aqueous Rochelle salt (0.6 mL) was added to the reaction
mixture. After stirring for 20 min at 0 °C, the mixture was extracted with EtOAc (x3) and the combined
organic layers were washed with brine, dried over Na,SO,, filtered and concentrated under reduced

pressure. The residue was purified by preparative thin layer chromatography (EtOAc—hexane = 30 : 70) to
give lactol 93 (10.8 mg, 79%) as a yellow oil. '"H-NMR (CDCl,, 400 MHz) §: 6.78 (1H, s), 6.28 (1H, d, J
=9.8Hz), 6.12 (1H, d, /= 11.2 Hz), 5.68 (1H, d, J=9.8Hz), 5.16 (1H, d, J=6.6Hz), 5.13 (1H, d, J = 6.6
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Hz),4.72 (1H, d,J = 11.2 Hz), 4.61 (1H, d, J = 1.6 Hz), 4.4 (1H, td, J=6.0, 1.6Hz), 3.48 (3H, s), 3.32
(3H, s), 1.45 (3H, s), 1.40 (3H, s), 1.34-1.24 (8H, m), 0.85 (3H, t, J=6.8Hz).

Compound 94

6 M HCI aq.
_——
H MeOH
CsH
5111 40%
MOMO OMe
93 (=)-Eurotiumide G (94)

To a solution of lactol 93 (5.5 mg, 0.0139 mmol) in MeOH (1.0 mL) was added 6M aqueous HC1 (0.35
mL) at 0°C. After stirring for 4h at room temperature, the reaction was quenched by adding saturated
aqueous NaHCOj;. The mixture was extracted with EtOAc (x3) and the combined organic layers were
washed with brine, dried over Na,SO,, filtered and concentrated under reduced pressure. The residue was
purified by preparative thin layer chromatography (EtOAc—hexane = 30 : 70) to give (—)-eurotiumide G
(94) (2.0 mg, 40%) as a yellow oil. All spectral data except for optical rotation were identified with those
of the data of (+)-eurotiumide G (78) prepared by us. [a]*-22.8 (c 0.20, CH,CL,).

Compound 101

6 M HCI aq.
R

MeOH

CsHy4 629
0

MOMO OMe
88

To a solution of trans 4-methoxyisochroman-1-one compound 88 (204.5 mg, 0.524 mmol) in MeOH (39
mL) was added 6 M aqueous HCI (13.1 mL) at 0°C. After stirring for 4h at room temperature, the reaction
was quenched by adding saturated aqueous NaHCO;. The mixture was extracted with EtOAc (x3) and the
combined organic layers were washed with brine, dried over Na,SO,, filtered and concentrated under
reduced pressure. The residue was purified by silica gel column chromatography (EtOAc—hexane=15:85
to 25:75) to give free phenol 101 (111.8 mg, 62%) as a yellow amorphous. 'H-NMR (CDCl,, 400 MHz)
0: 6.84 (1H, br-s), 6.81 (1H, d, J = 1.6 Hz), 6.25 (1H, d, J=10.0Hz), 5.75 (1H, d, J=10.0Hz), 4.66 (1H, d,
J=4.0Hz), 4.63 (1H, m), 3.43 (3H, s), 1.58-1.20 (8H, m), 1.48 (3H, s), 1.46 (3H, 5), 0.86 (3H, t,J=7.0
Hz).

45



Compound 102

DIBALH
—_—
DCM
-78 °C

To a solution of free phenolic alcohol 101 (46.0 mg, 0.133 mmol) in CH,Cl, (2.7 mL) was added
DIBAL solution (2.0 mL, 1.99 mmol, 1.02 M in Hexane) at =78°C over 2h with a syringe pump. After
stirring for 30 min at the same temperature, saturated aqueous Rochelle salt (6.0 mL) was added to the
reaction mixture. After stirring for 20 min at 0 °C, the mixture was extracted with EtOAc (x3) and the
combined organic layers were washed with brine, dried over Na,SO,, filtered and concentrated under
reduced pressure to give crude product. Because lactol 102 was unstable on silica gel, the crude product
of 102 was used for the next reaction immediately without further purification. 'H-NMR (CDCl,, 400
MHz) ¢: 7.38 (1H, s), 6.52 (1H, s), 6.26 (1H, d, J = 9.8 Hz), 6.01 (1H, d, /= 3.8 Hz), 5.65 (1H, d, J=9.8
Hz), 4.71 (1H, d, J=9.0Hz), 4.46 (1H, td, J=9.0, 2.8Hz), 3.28 (3H, s), 2.94 (1H, d, J=3.8Hz), 1.87 (1H,
m), 1.65-1.33 (7H, m), 1.46 (3H, s), 1.36 (3H, 5), 0.92 (3H, t, J = 7.2 Hz).

Compound 77

0.4 M HCl aq.
—»

MeCOH, 0 °C

46%
(2 steps)

OH OMe
(+)-Eurotiumide F (77)

To a solution of crude product of 102 in MeOH (7.5 mL) was added 0.4 M aqueous HCI (2.5 mL) at
0 °C. After stirring for 15 min at the same temperature, the reaction was quenched by adding saturated
aqueous NaHCOj;. The mixture was extracted with EtOAc (x3) and the combined organic layers were
washed with brine, dried over NaxSOs, filtered and concentrated under reduced pressure. The residue was
purified by preparative thin layer chromatography (EtOAc—hexane = 30 : 70) to give (+)-eurotiumide F
(77) (22.2 mg, 46% in 2 steps) as a yellow oil. 'H-NMR (CDCl,, 400 MHz) 6: 7.42 (1H, s), 6.51 (1H, s),
6.25 (1H, d, J=10.0Hz), 5.64 (1H, d, J=10.0Hz), 5.44 (1H, s), 4.69 (1H, d, J=9.8Hz), 4.31 (1H, td, J=9.8,
2.4Hz), 3.56 (3H, s), 3.24 (3H, s), 1.89 (1H, m), 1.65 (1H, m), 1.55 (1H, m), 1.44 (3H, s), 1.41-1.31 (5H,
m), 1.34 (3H, 5), 0.93 3H, t, /= 7.2 Hz).
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