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Ad
aq
BINAP
BINOL

Boc
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BQ
Bu

Cat
Cbz
Cod
Cp”

CYP
dba
DBU
DDQ
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DIBAL
DIC
DIOP
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DMF
dr
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Et
HMPA
HOBt
;
KHMDS
LiHMDS

acetyl

adamantyl

aqueous
2,2"-bis(diphenylphosphino)-1,1'-binaphthyl
1,1 -bi-2-naphtol

benzyl

tbutyloxycarbonyl
4,4,5,5-tetramethyl-1,3,2-dioxaborane (pinacol borane)
benzoquinone

butyl

concentrated

catalytic

benzyloxycarbonyl

1,5-cyclooctadiene
1,2,3,4,5-pentamethylcyclopentadiene
cyclohexyl

Cytochrome P

dibenzylideneacetone
1,8-diazabicyclo[5.4.0lundec-7-ene
2,3-dichloro-5,6-dicyano- p-benzoquinone
diisopropyl azodicarboxylate
diisobutylaluminum hydride

N, N*diisopropylcarbodiimide

2,3- O-isopropylidene-2,3-dihydroxy-1,4-bis(diphenylphosphino)butane
dimethylacetamide
dimethylaminopyridine
4-(y,y-dimethylallyDtryptophan
dimethoxyethane

dimethylformamide

diastereomeric ratio

equivalent

ethyl

hexamethylphosphoramide
1-hydroxybenzotriazole

150

potassium bis(trimethylsilyl)amide

lithium bis(trimethylsilyDamide



m meta

Me methyl

MeCN acetonitrile

MIDA N-methyliminodiacetic acid

MS molecular sieves

n normal

NBS N-bromosuccinimide

NMP N-methylpyrrolidone

NMR nuclear magnetic resonance

noesy nuclear Overhauser effect correlated spectroscopy
NPhth N-phthalimide

Ns prnitrobenzenesulfonyl (nosyl)

0 ortho

D para

Ph phenyl

PHOX phosphinooxazolines

Piv pivaloyl

PMB p-methoxybenzyl

Pr propyl

SEM 2-(trimethylsilyl)ethoxymethyl
Sphos 2-dicyclohexylphosphino-2’ ,6" -dimethoxybiphenyl
¢ tertiary

Tf trifluoromethanesulfonyl

TFA trifluoroacetic acid

THF tetrahydrofuran

TMS trimethylsilyl

Tol toluenesulfonyl

TPAP tetrapropylammonium perruthenate
Ts ptoluenesulfonyl (tosyl)

WSC N-(3-dimethylaminopropyl)- Vtethylcarbodiimide hydrochloride
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Figure 1. Palladium Catalysis.
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Scheme 1. Tsuji-Trost reaction (Trost's work).
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Scheme 2. Enantioselective allylic alkylation.

intermediate A intermediate B

Scheme 3. Palladium-carbon rotation mechanism of allylic alkylation.
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Scheme 4. Leaving groups in Tsuji-Trost reaction.
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Scheme 5. Enantioselective allylic amination.
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Figure 2. Directed nucleophilic attack by an attractive interaction with a functional group.
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Scheme 6. Ir-Catalyzed enantioselective allylic amination
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Scheme 7. Enantioselective intramolecular allylic amination.
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Scheme 8. Ir-catalyzed enantioselectivr intramolecular allylic amination.
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Scheme 9. Pd-catalyzed intramolecular allylic amination.
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Scheme 10. Pd-catalyzed intramolecular allylic amination (Trost's work).
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Scheme 11. Ir-catalyzed intramolecular allylic amination (You's work).
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Scheme 12. Ir-catalyzed intramolecular allylic amination (Feringa's work).

Kitamura 130 FHNIZ b VT I RET U AT NV a— L E2FT5REEIZx LT, Ru SEK % fil i
BEHWTT UANLT I AERIS &Mt L7z 22(Scheme 18), ZDOfER, 7=V ViFEAETIEEm =T
I ABRIRBNCRISHEIT LT, B TH 2 “RIEMELEMPIRITEENIE LN, ZD—F T,
PR P AT I RTEHAMET 27 ERVEPELSELT, Feringa DL L RO kD
FHDFFB T,

_~_OH
©\/M cat. (0.05 mol%) ) OO
NHTs 'BuOH / DMA, 100 °C N~ ol

Ts
* . \N
99%, 99 : 1 er R N
o)
_~_OH
(WV cat*. (0.05 mol%) NHTs [CPRU(CHZCN)3]PFs
NHTs ‘BuOH / DMA, 100 °C N

91%, E/Z = 2:1

Scheme 13. Ru-catalyzed intramolecular allylic amination (Kitamura's work).
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(a) Functional Group Transformation
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(b) C-H Functionalization

O O~

Scheme 14. Functional group transformation and C-H functionalization.
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Scheme 15. Co-catalyzed C(sp2)-H functionalization.
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Scheme 16. Co-catalyzed C(sp2)-H functionalization.
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Scheme 17. Ru-catalyzed C(sp2)-H functionalization.
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572 (Scheme 18), AL TIEL, YR urDOUfin 2T AEE~ORBILEFINC X > TEL 53
RU v Ty LR, spPiRBE — KBFEGITEELOTEHETH D, T L o B A X B AEKD
WL TR Yy MIEPENT D Z L RURKRE G 2 2 ROCHEE NG LT RIC L - TR
SNTWA3, L LTRFB-RUYREEIL. C-C, C-O, CNESGIZEGIZEHTEHDT, AL
AR CTHH RGN EWVWR D,

Cp*Rh(n*-CeMeg)
(5 mol%)
\/\/\/\/H ) \/\/\/\/Bpin
(pinB)y, 150 °C

Scheme 18. Rh-catalyzed C(sp?)-H functionalization (Hartwig's work).

Hartwig & 23C(sp3)-HiEMHALIZ X 278 U F(LEOE 2 L= & A U4EIZ, Chatani 5 13 C(sp?)-H
EEARIZ L BT VALK DWW TR E LTy 539(Scheme 19), MEICE ENH2-V U VLo
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FIFRNMEEZALTEBY . Erl Y 2i~OCsp?)-HiGMHIC L > T oy MEEEDAEL 2, 2
ODIZEENDRh-HFE G T V7 ) —BRALREDINAETARA L%, 2 ICrIBiRES 5 SOSHEAE 239

BENTW5,
QH [Rh(cod)Cl], %H Q\Rh_H

NN H,C=CH, (5 atm), SN © N N/

| _— CO (10 atm) | _— | _—
'PrOH, 160 °C
68% intermediate D

Scheme 19. Rh-catalyzed C(sp?-H functionalization (Chatani's work).

C-HIEMAL T 5 ETHELE 222 DN SISMEDIRNWC-HAE S 2 W50 80 9 ST
bbb, ZOREEMIT D02, FIC2o0T7 7a—FRH 5,

O BEREEFIHTL 2 LT, S SEZWC-HEEA 2B RIICTEE LS ¥ 5,
@ HTFARIGIZT 52 & TN X0 A U Bek &L BUS S W C-His & & DRl %
BT %,

@ flmRiz 2T

. CHEEA OB A~OBRLHIAINC I VAT 5C-M-HES X, WA LRETH D, —H,
Bl EICE END~T ol 0N RICENL L2 %IZC-HAE S OBRLI N E T35 &, ZETF
L— b L2 R ERA B T HA I AN ELDEF L— g A, BRIz oFr—r g
PIRIZE Y CHEREOEWERIRMELZEB L TWD, BEE TICRE ST DR L
LT, 7VE 187U A8 2280 UL EHFEFEROBVICERR 2 b LAW
RHMRT IR, Kby, TATE R, ZATAE ZOREIZZIEIC KA TS, YubldERT-
Bl ORI E LT, DBENEME, )0 rEN/NE 0, i) EAREEAL L TS BT L 0
IRV B % 70 WOE RSO BLRIPE D 3 A 2 T 540,

Bl 5 2 O 72 Clsp2)-HERESAL OB & LT, Yub DOt % 7~ (Scheme 20)41, Yu & (%A A k&
ELTNARELT I REHANWDSZ & TRUP VBRI MLOC(sp)-HERERAV S VEICHETT L.
BINETEHF VA R— LB GRLTWD, iz d, Pl s 7= Sanford2(Blm @ 7 5,
A 7K, 28U DE)RCChenBEL ML 187 X /% 7 U V), Rhfilt 2 H 7= Glorius (Bl -
NARFT7T I R), &L CRufilfita Hv 7z Ackermann® (FlkE @ A RF o7 2 R)oRZENE
&L TnD,

Pd(OAc), (10 mol%)

Me Me y CuCl, (1.5 eq.) Me
N. AgOAc (2.0 eq.
OMe 9OAc (2.0 eq) %o
0 CH,ClI,, 100 °C N
H

94%

Scheme 20. Pd-catalyzed C(sp?)-H amidation.
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—J7. Bl A AW Clspd)-HEREA Lo & LT, Chatani b D& & 5 (Scheme 21)46,
Chatani & /3#RT I FFEEMARIK L, PABEAAE T, Blifke LTSI/ % /7 U 2V TT
VxR OFRARISZ e Uiz, ZORS. VR = VOB 8 5 Clspd)-HiE A ~D BRI A M
WBICHEIT L, BIETT VX AR EE TV 5,

Pd(OAc), (5 mol%) o)
(o) AgOAc (1 eq.)
LiCl (1 eq. X
N Xy + H—TIPS 1 e )o > H |
H N| toluene, 100 °C N~
H = R

TIPS
Scheme 21. Pd-catalyzed C(sp®-H alkynylation.

E BT B ZE - 7240 MIC-HERERALTZ T TR < A X ALRR A2 C-HERERLICOVWT Y
WEINTWD, 20124, Yub (ZPAfiEAFAE T, Scheme 22127~ L 7= BB 12 %F L CC(sp?)-HiE AL
(2 9 Heck USRS EITT 20t L7247, £ ORER, AEREICHEEN B MEDF L —2 g Uil
12 X0 A ZARIANCBOE S HEIT LT, AT L UK 2 ILR82% T,

NC Pd(OPiv), (10 mol%) T3
F.C N AgOPiv (3.0 eq.
3 + N COsEt gOPiv (3.0 eq.)
5 DCE, 90 °C
NC

H m: (p+to+0)=95:5
82% CO,Et

Scheme 22. Meta-selective C(sp?)-H olefination of hydrocinnamic acid derivative.

ZOXHIT, BBz AT 5 2 & TER AL ESERNE & C-HIGM LR ER STV D —
T, BEREEOBAE & WO BBEAEZA LT\ 5, Bliiikz BiaE 9 5 72 Ol e kOGSt 2 b2 &
T55—2Ab%L, SHICARFEL TTTCLEIMER DD, SRIITLT e R b, £L
T AT N2 ED XS HAMED & < GBIV A S R EREA L AL & L TENT 5 Hikim O
MNEEND,

@5 FHEUSIZ DN T

SFHEIEDH & L T20034E 285 S - Baudoin® i & 7753 (Scheme 23)%, Baudoinid 7 U
=70 3 RO L TPt A v 72 Clsp?)-HIFHE(KICHE 5 2 FINBMERUS A LT, %
DFEFE, AT VH EIZH 5 Clspd)-HiE B WIEMHIL S 4L, FREDIR TR Y v 7 a7 T v a5,
WIZ, VAFNIEE VT VAL BB L Scheme 23 (a) & [FAIERD ST L TG AT LT,
ARE T, BRBAT AP A 70, b LIZ6EER/AT £ A 7 LOWP s LR L CRIGHIHE
T2 AR D D, B, N DAY FAEEET L HME 2 RS TOBET 5 &, ~v Y
Y/ RTTFRKAELTIA LT 4 SROBBE B, THURBMEAFING £ Y /R U 7o PASE (A
MBEER/NT F YA 7 VAR L, Bk BB & it < SBITHBBEC & - T4 L 72 % 0 & Baudoinid
HZZLTWD,
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(a) Pd(OAc), (10 mol%) [

H P(o-tol); (20 mol%) CO,Et
KoCO3 (2.0 eq.) @6& @CozEt
CO,Et ° >
DMF, 150 °C
’ Pd

Br L
60%
© M i |
Pd(OAc), (10 mol%)
H P(o-tol); (20 mol%) CO.E
t
K,CO3 (2.0 eq.) 2 CO-Et CO,Et
CO,Et DMF, 150 °C H ?
Br Pd fd
93% H

Scheme 23. Pd-catalyzed C-H activation of methyl groups.

Baudoin®# 5 LR, C-HERERALZ 11 9 0 FINERALERISITE B 248, Fagnout®<°Larock®,
Kundigd!# L CCramer5 5 & HUOITHE TBIICHFE D3 72 S LTV A (Scheme 24),

(a) Fagnou (2007)
Pd(OAc),

M
0] e Cy3;PHBF, 0] Me
©: \IZ Cs,CO3, PivOH Me
Br H

mesitylene, 135 °C

(b) Larock (2007)

Pd(OAC),
dppm, CsPiv 0
DMF, 100 °C
then HCI, H,0 Q.O

(c) Kundig (2009) Pd(OAc),
Cu(OAC), Ph Me
t
Ph NaO'Bu o
DMF, 110 °C N
H Me Me \
(d) Cramer (2016)
H

Me
Pd(dba),, S-IPr
Cl KOAC, K2CO3 \ CF3
N/)\CF:; toluene, 110 °C H
H H

Scheme 24. Pd-catalyzed intramolecular cyclization.

Scheme 24.1Z7r L7=#fF324& O H T4 Cramer! IR ST 55 N ERAL SO DB FE IZHL Y #L A T
W5, ir, Crameril K o CARFEN FZ2 W -mm T o FAER 2 C-HIEHE L 2 £ 5 55N Be
{LESIZ DN T X 4u7253(Scheme 25), PAfBEAFAE . RABNL FICL8&E W Ty 7 r 7w/
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RIS D5 %Vﬂf)ﬁft}iﬁiﬁﬁﬁw_o ZTORER, vru T ik D Clspd)-HiEE D
TEHACIZEE D D TINBAL S PAHIICEIT L, S o F AR e ) RUBEREED Z &
IR LT\ B,

Pd(dba), (5 mol%) Ar Ar
o L8 (10 mol%) o

AdCO,H (10 mol%) Me \

< PMB. _
% toluene, 70 °C H A A

H
99% yield Ar = 3,5-Bu-CgHs
91%ee L8

Scheme 25. Enantioselective Pd-catalyzed C-H functionalization.

WIFIRETHL INETICANARI V@I a ) REREE LT, Clpd)-HS@RWERERLIZ L 54
XA =V MBLOAERAF VA F—/L 5 DOEMIEZ % L T % (Scheme 26), % DH
T, RNUDNANLRAF R C(sp3) H EREHAL & FHBR Lo Clspd)-H BERERLRFE L D 2 8E % H
WA, Clspd)-H IEMEARIZ £ D50 TINEBRALBUS SR IIIZEIT LTV D (a, e), ZAVH R TIX
LI inEfi< C-H ‘Zﬁ‘ﬁﬂ:ﬁé&:i U587 FH A 7 V0 5 BB 6 BERMNKFE T, Clp’)-H
BREFAL A Clsp2)-H BHERALICHESE L CTHEIT LTz %6, ZHLLRTIE C(sp?)-H ‘B HEHAL DY C(sp’)-H
HREALEIVEZ VSTV ERMEINTEY . AR Csp)-H BRI LMELMICHET LT
WD RTTHEIBRZE Y, 5 — 8 Tl ~72 K 912 C-H IEMHL A T S 5 72 OITIF M ka9 i T4 U7z Pd
PRI LT RORSETZWV CH B % LD ITfFICRE CE 200 R ICHE TH D, BHFFEED
FOGSTIEANAI U7 1 ) ROBILAAINTAE Uz Pd 5K T U — L3 Clsp2)-HAES LD b A
F VLD Clspd)-H #EE LTV 2, C(sp’)-H BREFALAMESLAICHEST Lz L HEHI S D,

(a) H Pd(OAc), (5 mol%)
Ad,PnBu (10 mol%) o
0 Cs,COs,, PivNHOH @E}zO
N,
N)J\CI CO, mesitylene, 120°C NMe Me
| . Me
3
H Me C(sp°)-H activation 62% 0%
Pd(OAc), (3 mol%)
(b) H Ad,PnBu (6 mol%) O
(0] C52003, PivNHOH O
> N
N)J\C| CO, mesitylene, 120°C NI\VIe Me
| 3 . .
C(sp°)-H activation
H Me (sp”) 50% 0%
(c) H

e} Pd(OAc), (5 mol%)
)J\ Ad,PnBu (10 mol%)
N Cl Cs,CO3, PivNHOH
Me CO, mesitylene, 120°C

H C(sp®)-H activation

Scheme 26. Synthesis of oxindole using C(sp3)-H functionalization.

75% (major) 15% (minor)
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ZOX T, CHERBMEMISIZR RO I EMMEDHRA SN D, AEBEFDOF Tk
LIEH SN TWAESHEO—2ThD, LML, BEMEZHANCTHAERREOHIENSR+45, L
CHEWEARENREN THD EVIMEEA LTS, BEICOWVWTIE, BfEECITHEshT
WAC-HERBMURIGETIE, " b7 V=2 AN TWEIRENKRETH D, TDO—FH T, 7
L BREEICHEEARETHL= ) — L M) 77— 2 HWEHEIZOWTRIZEA LR, 36
12, Clspd)-HERERZ AW 22 A~OIGHAZEIZE LT, ChenbiZ Lo TER SNt
F L CORERSRE T HEH Lrd@E SN TRy, LED XS s, CHERERLMISIX
2000F-LAKE, B2 FIRZ LT T D b DD, AR RFBEEBEEA~OREIZ OV TIHIED &
A RERETHDL EVWZ D,

FUET AHFROZE

WMAREFT VNALT 2 7D B3 & (©)-aurantioclavine D28 (52 5 )

(9)-Aurantioclavine (1) 1X19814F(ZKozlovskii 52K > TT7 44 ©DO—F Th b Penicillium
aurantiovirens 7)>O B - fEERE SN B BET Vi A R THDH, F7211E, communesin $H
DEARIZBTH2HEEE LTHHNTWD, ZivE THE ST % (9)-aurantioclavine DAF
BEMIETIE, @7 7 VEERCARFHBAIZ AT 5, & L IR ENEIC L 0 R
THFAEER T EANVEREABELRITHE RV E WIS ER H - T, £ TT X 7 17{b513
DARET VNMALT I AEEIGIC LY . = o F AR T B RV R ARG S 2 2 & 2 5HE L7,

HARJEEI2 L 0 10 TR CTARKR L7ZRIBRMA3D =) o F AR T U ML T 2/ ABIZiE. Pday(dba)sbl
K & REBULTBu-PHOX DMABDERERTHD Z L& R L, 7B/ UARAZTT%IE, 95%ee
THET, SBIIRARAZEV AL Y RV EOEASA  R—/VEROEEIZLY
(—)-aurantioclavine (1) O RF LA/ % =K L7- (Scheme 27),

X NHTs  cat. Pdy(dba), Ts -
OH IQ Bu-pHOX | N N
I , Bu,sNCI
S COz’Pr o \ .
31% CH,Cl,, 0°C COPr 450 N
NO2 (10 steps) NO 77%, 95%ee NO (5 steps) N
2 2 H
X = OCO,Me
2 3 4 1

Scheme 27. Asymmetric synthesis of (-)-aurantioclavine via Pd-catalyzed intramolecular

allylic amination.

(2) communesin FEHERHFE~DER (FE=E F=H)

Communesin ¥A13X19934E (2 M 512 K > CTPenicillium sp. O HBEEIN= BT Vv A K
Th b, BUE, A-HE CTOFSHEOBEZRNHBERE SN TRY | TOEWIEMEE LTITY 3 EH
MyAEMAEI 6T Dl EME, £ L CREOY BRI T 2HBEER MO TS, ZIE TOELRK
e, R U 7% I L(-)-aurantioclavine (1) 7>5communesin $AIZ & £ 5 LERMEEHK I —
BITHRIND ZEPHMESN TS, LanL, EDO LD RS 28 CLEBRETEA/MEIL
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LINIARHATH o1z, &2 TEFIT, LIRS & 5ol & U 7o 7o e A iR 8 A fat L. ffesr
LR O AEGHRNEZ R LT 2 L2 B LT,

bEWA L AR LTBOBEANIEAL SR & . e < = b 2RO TIfE: 9 o0 FNERLEURIT L Y ¥
T AT UABERICHERME L AW 2155 Z L ITkI LTz, Lo L, 6D CTALHExALE 73 communesin
HObDLITWTH o722 &nnh . AR SUR 2N G RSB G- L TV D AIREME MRV 2 &
%" LT 5 (Scheme 28),

t
\ s 1) 'BUOCI, CH,Cl,, rt.

N \ "I\'Is then conc. HCI
Q CHzclz, r.t.
\ COziPr 2) NH4C|, Fe, EtOH,
O N NO, H,0, reflux
N02 N (e}
H
5

4

37% (2 steps) 6

Scheme 28. Synthetic studies towards communesins: diastereoselective oxidative

rearrangement of aurantioclavine derivatives.

(3) PAd iz k2 CHEREMAZMA LET VT Ru-2H 7 VAV AREORKE L £
DISHGE=% F_H)

T hZ b RR2H-T VA L I T AR EDO RIRAEIEAEME GRT D DIZHEN VT 4 7
Tay s LTEESND, LML, ZHVE TICHEENOREM R G RIEITHRE ST o7,
—J5. C(sp))-H BREAITAMABIEICB W TR BIR TN E  BAEMN RSO0 ESTH D L
OO, FOSMEDIKR I X WEBEHTHEP N E WO EN D - 7=, £ 2T, FEH X Pd il z Hu
72 C(sp’)-H BREFMLIC L V., 2hRA2T b T & Ku2H-7 v 4 L 8 DA L% BI%E L 7= (Scheme
29), &HIZ 8 D _HIEAEEHNIZ, RNEBWUET NLUNIHGEE S D benzohopane DA T T 7
A FOERITHRE LT,

Pd(TFA), (10 mol%)

R PPh; (20 mol%) — R,
oTf Y Cs,CO; (1.2 €q) \ A
T 1-AdCOOH (0.3 eq) J
R? DMF, A, 100°C R2
R = Me
7 8

Scheme 29. Pd-catalyzed C-H functionalization for synthesis of tetrahydro-2 H-fluorene.

(4) PAdfilfgtizc L3 CHERELZRH LRV Y VI un 7T U ARECRE B2 £=
i)

R a7 T AR UBRE Y 0 T T U BNEER LIRS TN, U A X
EEMATH L ENOHERBRERFRIEE LTHEEINLTWD, £ 2 TEFIMLEMTON B U
AN MLEKBICEEBRZTAEMIZ G L, CHERELZFHAT I TRy v e T Try
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Z RIS E R T & 2 05t L 7= (Scheme 80), S:ff % Fl 2 it L7 sl 3, BN+ iz En <
FLSphosis LN N A VEEEZ WD Z & T EmiIFEIN% TR Y v 7 a7 7 R IRIIC AR L

77
Pd(OAc), (5 mol%)
R SPhos or dppf (10 mol%)
oTf ¥ Cs,CO5 (1.1 eq.) N
. R4 PivOH (0.3 eq.) _ R
R2 DMF, Ar, 80 °C & 7
R=H
9 10
Scheme 30. Pd-catalyzed C-H functionalization for synthesis of benzocyclobutene.
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BTE STHAREFT INVLT 2 /LIS DBZF & aurantioclavine 35 & ) communesin
A A e~ D B

B TERVBEEDLTAIOAL N ZNE TOERKE

2-1-1. 7R VB E G RINARILEY

TERVEREGDT VI aA RiE, Hix 2380E2rm3 2 L < bbbt T2 (Figure 3), i
Z1Z. vincamajorine AlZ20144F, LiH I K-> TV L =F =F YV b HiERL L OMEREESN-%
RMLEWTHDL, £ TARUA R ERZZORBARLEDITEN TG R 2R
T EBHELES N TV DR KMEAEITIBW T HSW-480, SMMC-7721, HL-60, MCF7, A-54972 & ™
BT A NTK L THW R D PRSI R A /R L72(ICs0 : >40 uM), — 75, tuberostemonineld &' v
7 7RH  TENPOHBER SN ATEFT T Ve, FO—FETh5, E L LTIX, /==
T =N EEEAET S Z SR BTy MCHT HERIERANHREIN TS, 2Ok
vincamajorine AX°tuberostemonine, % L CT#% k9 % communesinffi<°aurantioclavinel(®, 3T
ZEBEEOFICTERNVEREAE LTS, LL, 2L OILEWITEM 2 ZRIETHREA LT
WO TR ZBEOARFRFZEZALTEY . ZIRMCERT D2 EPRETH D, BT, RHEMA
ZROT BANVRORIMEEIE AR TEUL, AAREHERAS G TE 2T EANVRE ST
KIRMDARF BRSO B 2 7=,

Wz, ARBFFECTHLY FIF % aurantioclavine & communesinfEIZ DWW CEEh 45,

H
\ N
N
N
H
vincamajorine A tuberostemonine (-)-communesin F (-)-aurantioclavine

Figure 3. Natural products containing azepane scaffold.

2-1-2. (9)-Aurantioclavine DA & E L UK & 2 ARk

(-)-Aurantioclavine (% 1981 4£(Z Kozlovskil 52 K> TT7 4B ©DO—FCTh %5 P. aurantiovirens
MOHPEAR ST Ve A RTHD 4, (H)-Aurantioclavine DOREIEFRFEE LTIk, ¥ 7 /17
TENRVEREA U R VERE R > TV D R ZET b vd, £ 72 aurantioclavine | communesin
HOAESKIZHBIT 5 A ERE I TWD 5, 20154, Tang Hid P. expansum % 7238151
J v 7T U MEFTIZE Y. (D-aurantioclavine 78 L- F U 7' v 7 7 v 5 4-L-DMAT %2/ LC 2 L.
FECAEART 5 Z & % 556E L 72 (Scheme 31)%,

19



CO,H
4-dimethyl allyl | COH aurantioclavine \ H
NH, tryptophan synthase NH synthase
2

N N\ catalase? N

N N
N
H H

L-tryptophan 4-L-DMAT (-)-aurantioclavine

Scheme 31. Biosynthetic pathway of (-)-aurantioclavine.

UED XS 72 mob & RMEEMITERDZ —5 > F 6L LTHBRAED, ZNET
Jial0 HIZ K HRHFREH L2 RHE SN TN D,
BRI DUV TR T 8(Scheme 32), Stoltz Hif, 7 IK 11 OF K7
RV THERmRNDENEZME Lo, £ORR, EHONL

DT IRAE T L Stoltzs,
B, Stoltz & D4
JVa—Lia A, Pd itz X ARSI

Ellman?,

ARGy

REHT 2 HFEERG)-11 2 I 37%, 96%ee TH7z, ZDO()-11 1K LTT ¥ K& Aokt

FOSeA v R= /v 3O RFLR LT XY 12 2GR LTz, D%,

IZEABA YT T =LA D
EEWNWTWDS, IEIZ

2 14 %,

Z L COREROE

Stille 7 v 7V o 7oK K s
WL DT EBRUEBREBEIZLY 15 ~
TERVERAS, Vv R—=DER EICHHIHREELZRET A LT

(9)-aurantioclavine 1) DA EZ EK LT, TENRVE EICHDHA Y 7T =)V EOH ARSI

Cl %| Me Me

(-)-sparteine

B9 L CliX. Stoltz & DA 8
‘BUOH
37% yield

96%ee

(-)-11

PPh,, DIA

IZED 7TRTHD LIRE ST,

toluene

NHNS NHNs

13 14 97%

e

HO NHNs /\SnBu3
Me Me Pd(PPh3)4
N toluene,
N reflux
Ts
75%
13 steps

Total yield : 2.3%

(—)-aurantioclavine(1)

Scheme 32. Total synthesis of (—)-aurantloclavme (Stoltz's work).

KIZ Ellman 5 O & ks # ~9 %(Scheme 3

3)., HFEY

BE16 D 4 & RN I M LT R

B ZEALTCTANLT 4= 1T ZELTZ, ZDOA 2 2% LT MIDA R L — & W=

T AT LRI T VA = AL

L DILE 79%, 94%ee DEIGTELD RIKEZHT 5 18 &

B7-. F0%, TEANUEROREE L BE#IZ X Y (5)-aurantioclavine (1)~ & ENTW 5,
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@]
OH Xs//o X s° % o

S
|
Br _N OTs _ nyo OTs N
)\,BMIDA NaH 74
N [Rh(OH)cod],, A\ THF N
N N dppbenz, K3PO,, N
Ts dioxane, H,O Ts _II\_IS
16 17 84% 18 85% 19
H
\ N
6 steps
A\ Total yield : 27%
N
H

(=)-aurantioclavine (1)

Scheme 33. Total synthesis of (-)-aurantioclavine (Ellman's work).

B %12 Jia B OB IEIC DWW TEET 19(Scheme 34) HFRWE 20 & HFHEERT VT e R 21 2 H
WTA > R—/VERZMEZE L7-1%. Sandmeyer SHIZE Y 4T UVHEEHFTDH 23 Ak LT,
Z o 23 1Zxt LT Pd fiif & 24 2 7z Heck }iﬁﬁ 5t < Mg(ClOw)2 DIRINZ LB VT AT L A4 i3k
R 7R BV SRIC LV | onepot THAD T LV AETHDLTEE ) A K= 25 % T5%INER T
2 (Z DS, v ARIT 15%4 ). Z @ 25 % Barton il 7 /LR = ALKE, i< Boc FEDBREIZ LY
(-)-aurantioclavine (1)~ & & 7=,

COzMe COo,Me
B COoM
NO: (Boc)N 2®b4(0Ac),, 0, OH
b, __ _DABCO . N(Boc), NHBoc
DMF, 80 °C
NH, o7
20 21 80%
Boc
I H
Pd(OAc),, \ N \ N
Ag2CO;3,
benzene 11 Steps
_ SO
then Mg(ClO,),, A\ A\ Total yield : 2.6%
MeCN N N
¢ Boc H
94% 26 (-)-aurantioclavine (1)

Scheme 34. Total synthesis of (-)-aurantioclavine (Jia's work).

FREFOGHEITIE L T, 7EANVREZBEST BRI T X OUAEERAEMEZ EH LT
Do SHLITFT NI A /77:/1/%0)*%%122 IZ2W T, Stoltz HITHEFRII/ENVE, Ellman 513
AFEMBE, Jia HITNEFEER T I BHEROFEEZ ZNEIUER L TnD, 20X 5 RERIET
£, (D-aurantioclavine # K&EEKT D L THEARMENAEL D L FEINS, T72b5, Stoltz H
LRI/ ENE TOULEN 37% &KV i, Ellman 51X 1g 720 1 5 HLL 3 2 dEfilife A5 4
ﬁ%%éguibgkﬂ‘éu\ Z LT dia blImfiiZe 7 I 7 Beshialk 21 & HIEFUBHT W TV 5 i
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MEEWZ B,
AMFETITZ DL ) A E 2. T3 I AREREZ AW o F &R 72 7B/ B8RO
54 HAE L L C aurantioclavine D& RICH Y fHA TS (e, 2 =Hi) .

2-1-3. Communesin JHIZ 9 % i %0 L6 L OB G RRATSE

Communesin #8!/% aurantioclavine } O clavicipitic acid ® EF¥ THDH A o~ K—LEg & T B/
DfEER L& 2 G bR T L i a A R Th 5, Communesin JHIFHAIE, A-H £ ToOFF 8 FiDA
AR LTV D, 1993 EICTEH 512 X > T communesin A, B 23RIKE¥E T 5 Penicillium sp.
D HLEE S CTLIOR, EOMOFRIE b O 7 VL —T 12 K> THEESLTWD 1314, AL
L CTiZ communesin A, B /X P388 U v/~ ILmMIAEIZ % L Gl g (EDso @ 3.5 3L 0.45
ug/ml) %7~ L, communesin D, E, F {37 O %h B3 L TR RIEM(LDso : 300 35 X UV80 ugl/g) & ~7,
F7-. I ORI H NMR, 13C NMR, noesy % & o5 AT FLIZ K D #EERESINLTND
(Figure 4),

A:R=R'=Me

B: R =Me, R' = "
C:R=H, R = "\

D: R = CHO, R' = """
E:R=H, R =Me

G: R=Me, R'=Et
H:R=H,R'="Pr
communesin A (-)-communesin F

Figure 4. Structure of communesins .

INETICZARF Y RORWESEIEZIR TH 5 communesin F (2O CTid Qinl5, Weinreb6, %
LT Funk" 51280 78I 28N, L TMaBHIZL» TREFEAMNER SN TS, BIF
ENZENIZONW T EZILR RS,

A Qin 5D LK

Qin B 2007 FIH H TR Lz 7 v 7 a b LU O% OBRYLK S & $E5R & LT
communesin F O 7€ I 2HMEZME L TNDH B, T, A F—L27T7hH 4 TRTEKTELY
T ATV 28 1Tk LT B SERFE LIcileldi A W s m P a ol kv 29 257, 20
201 N U TTFNRAT 4 2 HIWTZBRIERPUSIZ K> TN, N7 & & — ) UiiE & S IURR KR & 14
LT 380 & L7:(Scheme 35), 80 DA /VAKR=)VIEET V)T ) —)Lm—T b~ L5 L fi< VIR
R Claisen HEAZIZ LV ZOHDHEIHRKFLZEAL T 31 ~LHW e, 31 DT U —7m I N
% Heck SSIZE O T U ATV a—~E B U T-1%%, B CRLEET 25 & SN2 L3 #E1T LT 82 215
oo MBIZT I REAI ) =T NA~NEEBMLTEBR, B BT IVOEBRISITEDY
(£)-communesin F 25 %% 238 Lz,
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0 N,
OH N3 0__0
Br o} Br
e o AN PR
CH,Cl, N aq. THF

N

N D ' H Ny
M N Me
\

Me

e

27 28 88% 29

0._0O

Br Y
LG
Me CO,Me '\Ille cl:one
31 32 communesin F

Scheme 35. Total synthesis of communesin F (Qin's work).

B) Weinreb & D424k

Weinreb 513 2010 4255 7 Heck fUi Z2 8 & LT communesin F O F & I &G A #ERK
LTnd 16, FUT7T—h 38300 3 LETMERA LY 84 ZHM L. 77N Heck GIZ &
DA BAFT A R—/L 385 ~EEH LT,

OBOM CO,Et
ot Pd(OAC), OBOM 3
| PPha, K,COj, ( | No:
EtO,C_~ o NO, Bu,NBr N
NBn NP DMA, 150°C || N/go
Me NBn Me
33 34 90% 35
H Ho SN
OBOM [ BOMO N__N
NCN3 —
_ ) —
O , O MeCN - N, 5
N~ “N N™ “N
Me Boc Me Boc
36 93% L 37 | 38

39 40 communesin F

Scheme 36. Total synthesis of communesin F (Weinreb's work).
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85 D= Fu B L T NERILKINIZE D, 86 D N, N7 & X — /W& a8 L=, (LAY
36 2L T LT VR & D3+2] M- BRALAT IS e < SR EUGIZ K D 7 X P 38 ~ &N,
SARERIR A Claisen #5072 VT 38 I kR 3 28 A%, BOM K% o, B-AREafnr ko~ &2
LT39 %1572, 39 D ABREZRR LIZHR, 7TENRVREWMET 52 LICL VLAY 40 2157, ik
T I REAI ) 2—TFTN~EEHRL, B 7 I &DOEBRIZE > T(+)-communesin F O2&4&
% % 2% L 72 (Scheme 36),

C) Funk & D25k

Funk 51X, 2010 4Fi25r 7-WN~7 2 Diels-Alder MG & #EMR E LT, 15 T2, 2L 6.7% T
(+£)-communesin F D7 ¥ I 2K AZEHR L TWAH 1T, £ F—L 4l L AFT A F—)L 42 [k
FRERAFIE T, AL A F L AR CIRER LTz, ZOREFR, RPCER LT 2HA V R—L-2-F &
41 ORI TH N~ T7T 1 Diels-Alder UL EITL, Kt A > FL=2 /77 % LOBBRKIGIZE -
THREUK A3 G DIz, D A3 ITK LT RN EIZ I A FF A v R—L 1 (DR, i< A X
=V EDRISIZ LY UERMEILEY 44 DG ONT-, O 4412 Heck IGTT U /L7 )L a— )L
DA%, Hg(OTHz: #AWT=T VALY X JAEIIZ K> TT B RV EBRZRE L, SH7- 45
75 6 THET(+)-communesin F 4418 % 2R L T % (Scheme 37),

COsMe

45 46 communesin F

Scheme 37. Total synthesis of communesin F (Funk's work).

D) Ma 5 D28k

Ma 513 2010 2R ey B~ 7'V > F OGS & 06 & LT communesin F ORF &G EZ#E L
TWD 18, IS, A > R— 4T 1 HiETT X /b, it a&ie 3 TR CRAEMEZHT 54
¥ R—/VEFEK 48 24572, 48 % LIHMDS & 3 U FE 2 HWBbh v 7 ) V7RIS LD | A
HA YR 49 ~EEW LTz, Z OB REMBIEIC XV SRR » 7Y U 7 2 EBLL T
%, 49 O= LR THE, A I T D0 TFHNREBEBKISIZ L > T, N, M7 B Z—/ s
ZFFO B0 ~EFFE LT, B0 OT7 I NEEE OT V=) — )b —T )VIZEH L, SRR 72
Claisen #5712 & V) SHIUALIRE ZHEEE LTz, H VT Heck SMIZ LD 7 U AT va— L a2EAL, 51
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E L7, BT SN2 R & & ey TINEBRALRIZ L U (©D—communesin F O &% & Eik L7-
(Scheme 38).

OTBS
OH OTBS Ph 1) Fe, NH,CI
Br Br H‘\\Ph NO, N o ‘BuOH, H0,
N LiIHMDS Br r reflux
X E— — " .
\ | J then |2 ) 2) KOtBu,
N ZSN © O O Mel, THF
H N/
NO,
47 48 49 66% (3 steps)
oTBS OH
wPh
H
N. _O AN N._O OH
&%I/‘ Ly, 0
O Y, O N~ “N
lr\\j/le ” Me Boc
50 51 communesin F

Scheme 38. Total synthesis of communesin F (Ma's work).

E) Communesin A, B DR FE2ERK

H
55 73% 56 70% 57

58 communesin A

Scheme 39. Total synthesis of communesin A (Ma's work).
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Ma HITEICTH DAL T >~ 7V Vi %Z AT aurantioclavine FHix A2 £ H L 72
communesin A, B O RF 2K SR LTV 5 19(Scheme 39), HFEMWE 47 (2% L T Heck SIS
Sharpless DAREF T E Ru ¥ U HERIGFEIZ LD LEW 52 Z LR 94%, 96%ee THK L=, 55
N7 5210560 L CHLERIRI R T Y Kb & P — DT & Z — ) AR#ES 2 L 0 B3~ L #FE L 7=, TBS
EEBREL T THRESEDOFMHFITHT I LD TENRVREMEESZ, /U ABL ML
% FR7 L C aurantioclavine &K 54 #157-, Z D b4 |2 2-= b 7 = = VFR A M A S 7214,
BSOS TH DAL v 7 7 OE, Fi< = FrEORITITMN D 7 I — VBRI K o TRERME
{bEMBT G LT, SHICI—RTEI=FMINALEDTT AT LABBRBIRT LF L, £ LT
VT OB K > THREA B8 ~LiE X 5 TREMRSZ & THIIY TH D communesin A DRFH

B EER L TV D,

F) M4 =I2E1) 5 communesin 25D & A %E

WIFZEE T H communesin FHO G FMFZEIZ 2V E TV A TE 72, 2013 FFICAHELIX, 3 U
b~ U oLzt L THW AR A I RFFEIRICHT 2B CHRIEEINIZE > T, Y7 &
TUARBRICA o RY CFEEREZG, ST, Pd il 2 vz 5+ NGRS
communesin O BH#ELAY TH D perophoramidine O HERMEIK ZHEET 5 Z LI L TV D
20(Scheme 40),

Pd(OAc); (5 mol%)

Cl
Sml,, ‘BuOH CysP-HBF4 (10 mol%)
Ntk HMPA NaO'Bu (3.0 eq.)
THF, rt DMA, 120 °C

N——NPMB  90% 86%

Scheme 40. Intramolecular reductive cyclization using Smls.

S HIT2013F T, TS BB LA IS & Ut & L 72 dehaloperophoramidine D415 il % 12
Ji% L 7-21(Scheme 41),

Boc

|
N NMe
11 steps "Buli, THF _ r H 4 steps r A
@i 78100°C 0% @
BocHN N N

90% PMB

dehaloperophoramldlne

Scheme 41. Total synthesis of dehaloperophoramidine.
G) Communesin D4 A kR

(9)-AurantioclavinelZZCiR DiE ¥V . communesinfAD LSBT APRIEE LTS T
A5, 20034E(ZStoltz H 1. communesinffiaurantioclavines bV 7% I & @Diels-Alder¥ 1 7°
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DEALMAIEINIZ LV AEERR S D L4298 L 7-%(Scheme 42), & L C2015%(ZTang b1, &5 T-
J > 7T 7 MENTIZ LY communesindE O FF& Aaurantioclavine & F U T Z I 2 L0 RETEESE T
HbHy 7 LP450: CYPE I LT3R I D 2 L % 55 L 725«(Scheme 43),

NH, NH,
Ox
A\ =
o
N SN
tryptamine
H .
\ N Diels-Alder type
cycloaddition

A\
N
H

(-)-aurantioclavine (1)

Scheme 42. Proposed Diels-Alder-type cycloaddition of aurantioclavine and tryptamine.

@EC oxidative
enzymes

(-)- aurantloclavme ) tryptamine

Scheme 43. Biosynthetic pathway of communesin.
BT ARETINMLT I LRI DB% & (0)-aurantioclavine DE&A K

2-2-1. W& RRAEAT

2-1-2 T2 L 912, A F TIZHE STV 4 (H)-aurantioclavine D R EF LG TlE, 7B/
RAMET HBRICE M2 7 VIEBI A L2 e b n b WO SEN H o 7o, TR0}
R E RS 2720121, AR OB PICAF ROBELAEE L, SHICRTVTLARAL DY
LR & REBUNL 2 AW 7 o F AR e T BNV EROBENLEEND,

PLED X 9728 EnG, FHH& LG aurantioclavineD & &k# BiE L. PdfiiEic K52 R"¥7 U v
NT 2 AN E TSR T 52 L T, = F U F BRI T B XUV BRORBE L FHE L7z,
Scheme 442 A B f#HT 2 783, AurantioclavinelXF 7 /L7 7 ¥RV EBREZH T HILEW4 B ERK
AR L B 2 1o, R4 IXBRALRIBRAS OAREFT VALY X JMEKINICE > THLZ b D E LT, &
5128 ITHEWE2 % FEHZ, 2 O Suzuki-Miyaura v 7' U 7 OGN X O RESET 5 Z LIl LT,
AV TN AT NVERT H3% MW HIL, Scheme 4527~ 31L& 6200 PMBAL % i (R 3
LR, T HNBRILRISIC L AT 7 b DA EMGIT 720 TH 5,

27




OCO,Me

H 4 asymmetric
\ N allylic |
NTs amination
D | >
N NHTs
N i |
NO NO ;
: ’ CO,/Pr 2 >Co,Pr
(—)-aurantioclavine(1) 4 3

Suzuki-
Miyaura OH
coupling .

| T
BpinA\) No, SN |COziPr

59 starting material (2) 60

Scheme 44. Retrosynthetic analysis of (-)-aurantioclavine.

2-2-2. P2 W= ARH T U LT S 2RI K 5 7B S BR O EE

BN, L THDRET VLT 2 ALK DRRFHI LB 72 RIBRA 8 % &5k L 72 (Scheme 45),
HREEFN DAL B 22 D 7 = ) — WA KERH A SEM = —T /L & L TIR#EL Tl 2 A Lz, — 7.
3T F 1A= E 3 TIRRTE0 ZHH L., 61 EDOEAKT v 7Y VI ISIZ L0 BRI T 62
157-, Z® Suzuki-Miyaura 7 v 7'V I ONTEH, 7 =/ — N PHOKEE R ORFER OSINTEE
THY . SEM X p A FFX TRV NVEE W o TSR TR ERRER CIE RIS EIT L
oo —H. 7=/ = MKEBBEE R, L L<IETBS 07 v F LV CRE#E L6 Tik. B
RIREME S 2 5 0HTHIMIZELL EbN o1,

WIZ, ALAY 62 2 DDQ THHE LT p A FFIRUVNLEEBREL, (LEW 63 #157-, 27D 63
% Mitsunobu 2 K VLAY 64 ~ & ZH# L . SEM RO EIRPIFREIZ L VLAY 65 ~LE -,
D SEM =—7 VEBRETHEIC, BIERS E LT Boc (52% 23 %DIETH LN, HE
Boc (b3 22 & TIlhGH 656 ~DEMMNRAEETH -7, (kG 656 O FU 7 F— Muik,
Suzuki-Miyaura % » 7'V » FISIZ E VLAY 67 7 BA4F 72N TR7-, {La% 67 7»5 PMB X
DFRE, AF VB NVERF— M, Boc ZEDOFREIC X0 BALATERA 8 ~& & /=,
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iPro,C

OH OSEM ). OSEM
SEMCI PMBO Bpin 60 OPMB
l Cs,CO5 MeCN I Pd(OAC),, S-phos, Na,COs

NO, r.t., over night NO, DMF, 100 °C, over night 0,

COzIPI'
2 96 % 61
OSEM OSEM
DDQ OH NH(Boc)Ts
CH,Cly, H,0 DIAD, PPh, THF
rt,3h 0} COz’Pr r.t., over night O, COZ’Pr
58 % (2 steps) 63 88 % 64
IT%oc
conc.HCI N. PhNTf,
MeOH, CH,Cl, TS “"TEGN, CH,Cly, reflux
r.t., over night 02 Cozlpr 2h O COz’Pr
62 % 65 99 % 66
OPMB
PMBO._~.Bpin 59 DDQ
Pd(PPhs),, Na,CO3, EtOH CH,Cl,, H,0
toluene, H,0, 100°C, rt,3h O,
over night O CO2’Pr COZ’Pr
84 % (2 steps)
0OCO,Me OCOMe
CICO,Me ,l,\ TFA
pyridine, CHCl, Ts CHClg, reflux, 2 h
reflux, 2 h 0, i
C02 Pr C2 COz’Pr
69 87 % (2 steps) 3

Scheme 45. Synthesis of allylic amination precursor.

HECLTE 8 ZHWTARET UAALT I 2 ALBOG &G Lo, BN — B8 Hi Tk <72 Trost
D28 You HORME 21 EHANWTARET UANT 2 bzl Bz, SN ELEIT LRV, b
LLIFIEEAEEITETICHNY 4 MEWZF U FARRETILKADEEONLIDOATH ST
(Scheme 46), &IZ, Ojima & DO 256 25 E|Z, Pda(dba)s il FE T, FAKTZ IFX A LI %
WL THAL A F L o I CTHi#E L 7= (Table 1, entries 1 and 2), #iI#72 L ClEsIT < #ITL
IR T IIIZ BuNCL 22 % & ROSTECHICHETT L CHY 4 Z BN 2, R
FILR Y 22%ee ThH 72, BNCL OFIIL, HARF— MR A 4 LG LTRHPTEY
FOED @A T Vv E2 TR L, PAO)~DER{LEITINZ IR Uiz & BE2 U7 26, 7 R %
TARDI=0, WitE Y 7 an XA 205 DMF ~EBHE L7203, IR, REICGRILIZIE T L7z (entry
3).
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IHETHE SN TWS Pd i E AW ARE T U AALT 2 ALRIE Tl — AN AR FEANL O
2 S E < THUEARFI RN LT A2 H - 7227, Lo, KARISICBW TIARFRANL T LI
DRDOVIZE Y EEOARFENL T L4 BLOL10 2 W54, &< UL ETT L h- 7= (entries
4andb5), — 5T, L9 LY bEmI&/NS < LIEARFENL T L12 ZHWi25E, BARIGET 4R
Boiv, AENED 78%ee T _E L7z(entry 8), ASETHWTWAIE 313, 4 F TlzHE X
NIEARET VALY X JAERISIZEA L T DR E D LM TIAB AT ETH D, ZD
e, REBN TN —EDORE S EZBZDH L, BALINAET L feofz EHERI L7z,

EtﬁéK%Hﬂ%ﬁi% HEELCHRRART I XA FLSNORFENL T2 MG Uiz, RN Th
% L18 Z WG EITIZBIHRNE T4 25272500, REIGRIZK T L7z (entry 9),

(a) Trost's condition

0OCO,Me

| [n3-C3HsPdCl], (10 mol%)

(R)-L5 (30 mol%) TS thPE i—NHHN—E PPh2
NHTs Et;N, THF, 50 °C

| N, { R)-L5
NO, CO,Pr COPr ' . () _____________ !
3 no reaction 4
(b) You's condition

OCOyMe 7 E """"""""""""" E
[Ir(cod)Cl], (50 mol%) NTe | O o Ph>_”Me !
| (S, S, S)-L4 (100 mol%) ! SpN !
: 4 )<Me '
DBU, THF, 50 °C, 36 h ' 0 '
NHTs N ' Ph '
| NO, , I :
1 1 [
NO2 co,pr COPr 2 (555114 ;
3 trace, 34%ee 4  TTTTTTToTTTomTmmmomTees ;

Scheme 46. Investigation of allylic amination.
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Table 1. Intramolecular asymmetric allylic amination of 3.

| OCO,Me Pd,(dba); (5 mol%) 4
ligand (10 mol%) NTs
H additives (1.0 eq.)
“Ts CH,Cly, r.t.
NO, | o overnight NO, | |
2Fr CO,'Pr
3 4

entry ligand additives 4 (%)? ee (%)

1 L9 none N.R.P N.AC
2 L9 BuyNCI quant. 22
3d L9 BuyNCI 73 12
4 L4 BuyNCI N.R. N.A.
5 L10 BuyNCI N.R. N.A.
6 L11 BuyNCI 84 47
7 L11 none 84 48
8 L12 none quant. 78
9 L13 none 81 17
10 L2 none 72 74
11 L14 none quant. 87
12 L15 Bu,NCI® 88 92
13f L15 BuyNCI 77 95
149 L15 BuyNBr 89 92

3|solated yield. °N.R. = no reaction. °N.A. = not applicable. 9DMF was
used as a solvent instead of CH,Cl,. €0.01 eq. of BusNCl was used.
The reaction was performed using Pdy(dba); (15 mol%), L15 (45mol
%), and BusNCI (0.30 eq.) in CH,Cl, at 0 °C for 72 h. 9The reaction
was performed using Pd,(dba); (2.5 mol%), L15 (7.5mo0l%), and
BuyNCI (0.10 eq.) in CH,Cl, at r.t. for 4 h.

Ph

Ph
T e U ™,

Me

"1Me O\ ,iPr
PN P-N PN,
SO OO LA OO RN
PH
Bh Me PPh20/>
.
(S)-L9 (S, S, S)-L4 (R)-L10 sy R
OO Me Me (S)-L2 (R = Ph)
ve (O (L oper 912 =)
o o, M © (S)-L14 (R = Pr)
4 N (S)-L15 (R = 'Bu)
C ™ g g
Me Me
(S)-L11 (S)-L12 (S)-L13

Figure 5. Investigation of chiral ligands.

— 7 BURRNZ LSRR AT ¢ 2 A x> U U (PHOX) RSB 1 L2, L14, L15 (Figure 5) % i
L72EZ2A, W 7T4~92% D ARFIEK T 4 # 5 2 7= (entries 10 — 12), RFIRIZHOW L, &
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ik R N7 == Vi<f Y T e e ii<tert-7 T ARDIAIZIA E L, L16 AW HAICHRK B ED
92%ee L7po7c, EHICIMEAEIRNG 0 CIZ T 72 RIS 2 & RHFIED 95%ee £ T
it | U7=(entry 13), @i % BusNCL 7>5 BwuNBr (CZ 8 L= & 2 A, RAFIGER 2RI 5
AR B U7z (entry 14)26, JE—MEZBRGTT 5720, My vEORbVIC , Y VEEEBRT 5
BEPIRARK L, entry 12 & FAEORUSSMETT UANLT 2 AL R Tz, T OFER, /v
HKaHTHHEETHONMIHEIT L, IR 40%, REFIE 90%ee TEADOBRILANSE LN D Z & 2k
B L7,

INFETEEHEOMAIREY PHOX ARFENLAZ ANWTEARET UNAALT 2 7 ASOFIE Larock @
WL H DI T 5 28 (Scheme 47), L7> L. Larock 5 O FIGIZE T HINHRE L ORFIERIL, 50%.
52%ee & HIEE TH 7=, PHOX ZHWT=ART UANLT 2 LIS E T v FARRHTH Y K
ZEBRTZR N,

Ts PPh
Pd(OAC), (5 mol%) , 2
NHTSs L13 (5 mol%) NG yg o
+ N "(
| AgsPO,, DMF, 100 °C N
7
50%, 52%ee (S)-L14

Scheme 47. Pd-catalyzed allylic amination.

UbLOfEREF O L, EHITRILABEATHS 8% 23— K-3-=btkrn7=/—/L 215 10
TRENFCTER LT, 57 81Tkt LTl L ORARNL 2 Mat L, Pd iz Vw2 & Bt
IRINRTT BN VERFBER 4 BN GOND 2 EEHL M LTz, #iC, PHOX B 7% W =551
B RFULER 95% & 2k LTz, F7=. ¥ & L < BuNCl X° BwuNBr Z il B39 2 & sOsa
IEEN5 2 & bR LTz,

2-2-3. (5)-Aurantioclavine D R HFEHE K

2-2-2 12BN CTEMCEPDOE T T F AR T BN GHEK 4 AT 2R &L L7z D
T, 5l #tx (-)-aurantioclavine D ARF &AL Z it L 7= (Scheme 48),

{t&% 4 %, Grubbs & A A V-7 B A A X2 229 = hulkoEiIrs v F—/VE
REFL 0D (R T8% T TL ~E B LT, Z D T1 ZMKSE L THIVR R 72 &Gk LTk,
Cu fBEAFE T, 7 U B 190 CTMBMIERE 31 972 & | BLRERDSHEEIT LT 73 3 RAFR IR T
Boniz, BRI NI vLAFT7 X L= REAWT bV EZRRZE L, (D-aurantioclavine (1) DR
HFREMREER LT,
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/s s L
)\/ - P(OEt) 2N NaOH aq.
Grubbs 2nd gen., 170 °C, N  THF, MeOH,
40 °C overnight N CO,Pr reflux
i
COPr Co,Pr H
4 70 78 % (2 steps) 71a 89 %
Ts Ts H
\ N \ N L N
Cu Na, naphthalene,
N\ quinoline, N\ DME, -78 °C N
CO5H 190 °C
N N N
H H H
72 68 % 73 90% (-)-aurantioclavine (1)

Scheme 48. Total synthesis of (-)-aurantioclavine.

A L 7= (-)-aurantioclavine @ 'H NMR, 13C NMR.HRMS.IR # & #4427 hLT —XZ L,
WESNTWDEEFDOT =& & —B LT, WLEIC S W TR, -29.3° &0 )5 HIEEAFL T,
—J5 . RARWH> S & iz (0)-aurantioclavine @ g E 73-34° | Ellman, Jia, Stoltz 5 DA
R IEENZE-28.3" | =367 . -30.1° Th o7z, AEIEGH L7=(-)-aurantioclavine DRIEfEIL,
KIKHFK DAL E D e & 222l — L Tungyy, L2, Ellman, Jia, Stoltz H OHIEE
DFRFEL T 2 L HARWEETH D720, ZYRMEEWR D 810, —F, ZHETHHEE TH-
T BNUERECH DAY TT =NV EE RO RBRA OMRRE L, RV LR T REETH
% ERE LT,

2-2-4. & fEh

Al FFIIHBEWE 2 75 EF 16 L T(O)-aurantioclavine D RF R H M & K L T2, #GT
HDHTNT VANLT 2 LS TIE, iz Pda(dba)s, RFENL T & LT Bu-PHOX (L15)FLE
TYrmm AL H BuNCl 2RI 2 &b S sk L IR E LTce RS T TIEOFNT U VAL
T ISR BAFICEITL, TEANVRERET D 4 BNET T FABRIRICE 572 (T7%,
95%ee), A ik L7-(-)-aurantioclavine (VT RKIKH K DILEMDILIENE L —FH L2 &b, TV
NALT X 7 ALROE THESE ST A A RSB ORI STRBLE X 7R Th D ERE LT,

BH=H communesing& KATZE~DEBE

2-3-1. HHIE G IRIERS OS5

FH 1 Taurantioclavine D R 2 E KA K L 72D T, WRICAEG R %2 FH L 72communesini
DEER~DRE%Z Hfg L7z, Tang® 3 MEIT8 <72 X 9 IZcommunesini D ESKIZEB W T,
aurantioclavine?s FEA & 72 > T\ 5 T & Z3FE L 725, AR Tk, FEM7Z2BOSHFRIE D FRE %
TESTWRWA, CYPLIS Db R S EEEI G U M2 IR L P A Z 8% Ccommunisin 5 #5723
BEINTND I EERE LTS, 72, StoltzbldcommunesinfHEDAEESKIZEBNT, ~7T 1
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Diels-Alder S G35 L TWH Z 2B L WD, o134y K=V 1ftE A F b LT
aurantioclavineiF B A2 X UL w U R E gL U LTRSS & ~7 2 Diels-Alder SO 73
AT L CRLDONARMEF 2 AT 2 WRMECEME LDV T AT LAY — 221D R TH TN L d
(Scheme 49), L/>L, ZOETIVERTIIVT AT LA BRPPENMEL | MEREEZ D £ TIZIZE-T
AYAJAN

?oc 1) Cl
\ N TsHN
C32CO3, CH2C|2, -78 °C

N 2) Mg, NH4CI, MeOH

N

\

Me

80%

Scheme 49. Model studies for a Diels-Alder cycloaddition strategy.

F72, 213 TR L7z £ 912, Funk5ldScheme 37/27% L7z X 9 12~7 v Diels-Alder/< i TA
BRAE T AT UAERIITHEE L T 5, ARIGSIZ £ Y comunesind # O A U BV TR E 7054
D12 T HCTL EDORF IR E DEIZEII L TWD, LnL, RRIGOEEIZIZT B/
BREFZ0A Y F=rznTng,

— T, 3,3 A F LA P DEB I TIRALAEENL T i b EE R R0 —>Th
5, CommunesinffiE3,3- EH#HAF A R—A O EHOBIEZOEEIC LV ARG INLT
WHHREEME L H D, £ D X 9125 2D L Scheme 50127~ L7 AG R & —>DRIFEMEE 720 9 5,
T 7B, &M, aurantioclavine & MV 7 I U HEIERL SN T2,2-E AL v R—LESB)NA L
b, ZOED N T H I AN DA R=A3MRBILSNTAF A FL=UF, ik Bibis
PEEZ K0 ARG ZNENAERT D, 7 2 FEEE OB ZE LI L Y FEHLAE L, FnT
Ho)—ODA Y R=VENBILENTAHF A v FL=vINEEBHREN D, 208 B ORRLAYERNL
I K0 REBERMALEMIN AL, BBICT IV BIOT 2 ROEITIZ L Y communesin FINAE AR
SnbETHRLE, ZIVE TR S % H VY Cecommunesin'& 4% 2 FE4E U 70 S H1IE 72 0,
% Z T, #F#Faurantioclavineif B K & HE (2 W TEALIERNL S 2 8 & L 72 communesin/F #%
DI ZARLD T LT, 2B LIZAEG RO Z S MHEIZOW TR LT,
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H NH;
\ N
\ N
N
N
H H
(-)- tryptamine
aurantio
clavine
(1)
Oxidative
Rearrangement
_—
Oxidative
Rearrangement

communesin F

Scheme 50. Proposed novel biosynthetic pathway of the communesins.

2-3-2. MAVEALSUSIZ £ 538, 3- A F A F—/VERICEE$ 2 alH i
SNLICAKIRFEEBT D 3, 3— _EMRA XA F—/'E# X spirotryprostatine $4<° notoamide
J, diazonamide A 72 E7 v vm A RIZUIXULIREE SN LT TR EERMEEMIZHZ LA
SN TWDIEFICEBEREREETH 5 ([Figure 6), 4 F A > R—/b 2 (ORF UK FEAELEEIT
AV F=NDTT AT LA BRI SOS, 70 FPARFT Heck UG 34 5°3% 7 /172 DMAP 7%
K& RFBNL T & L THWE Black B5(7RUG 372 & ZAVE TIZEE < OB HE STV D,

MeO

spirotryprostatine A notoamide J diazonamide A

Figure 6. Natural products containing oxindole scaffold.

A v R—= V& FE IO T BRALHERN SO WD B D BSOS IT SO EEN H 5, &HID
THRTHIA Y F—=L 3MOBLIcHWONSRIKLE LT, NBS 8L BuOCI® 24 554
DZW . Pb(OAC)437 2 080438 & W= BUS ] & EER G ST\ 5,
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Moody 5 (% BuOCl % FHV 7= B LA SO D FVE — R DWW T LT % 39(Scheme 51),
W Hi3A v R—=o 20z NEFNT ATV, 7T e K, Weinreb 7 2 K& AT 5 & IZx LT
BuOCl & AW LA SR 2 et LTz, £ ORER., = A7 LB L O Weinreb 7 X R TIXEAF
SR EIT LI b D0, TAT e RTIEAX VA v R—=VBERNRE Lo T,

R
Ph
1. 'BUOCI, CH,Cl, - o
2. H*, EtOH N
H

Br Br

Ph

Iz />>\
Pl

(R = CO,Et) : 97%
(R = CHO) : 0%
(R = CONMe(OMe)) : 85%

Scheme 51. Scope and limitation via oxidative rearrangement.

NBS Z H W7 AL WAL I 12 & D RAW A K OB & L T, Danishefsky &2 & %
spirotryprostatine A D25 KA & 5 10(Scheme 52), JEFEMEZe N 7 N7 7 U biFE LALA
W7z NBS TUE Y52 LT, MY 7T AT VAEBRNICAE B A X214 2 F—/L % 2 TR 43% 0
THETWD, NBS i S VR, A2 F— L 2B L30T, KigH & BFFR 00T K
i MU BEAS I, OSHEE KB EL S, it CELREAA S 2S SN2 BIIZHEITL, 7 A7
U AR & Bl 9 5 & Danishefsky DTl TW 5, #IZ, BLAYEENL SR X - TR % &
(ZHIET D722, TR K oA v F—1 30 dH 57 v B EONAREENEFICEE TH D,
VT AT VA BRI RS ICE VAR LAY e d® oA F—=Ar 20T
Danishefsky o 3% T2 C spirotryprostatine A D& & #EK L TV 5,

002Me
|
N. NBS, AcOH,
MeO N Boc & MeO TFA
H . THF, H,0

(43%, 2 steps) spirotryprostatine A

Scheme 52. Total synthesis of spirotryprostatine A.

TH, 7070 38 RaXx oA v RL=U R EZ R HE U7 AL RO ORI K D AR DUk R 5
REEPEECR S STV 5, Movassaghi Hid, N 7 N7 7 VFBEKNO B LIZXT 07 2-7
V= A v R—=/%, Davisid3 A TUH L, T AT L A~—BEMEZTNEN 62%¢ 31% T
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72(Scheme 53)42, Z DT 7 AT LA ~—iREWE DEE.. Sc(OTHs fF1E F v U HTENZNIN
BPEHET B & AR ET L TE YT AT LRI O EINE TR VA v R— a5 27,

CO,Me
HO =~ ~NPhth  Sc(OTf);

O O toluene
CO,Me N

O.
NPhth Ph\l/N\SOZPh

O CH,Cly, rit.

Iz __

Sc(OTHf)3
toluene

Scheme 53. Sc-catalyzed oxidative rearrangement.

—7J7. Hao 513 2- 7V —/bA > R—=/UIH L, RPTREESEIZF T ILRIBT AT X k% fil
BEE LT, U7 AT LABRMIIC 3 AKEEIE DB AN AT HED T L 7= (Scheme 54)%3, 7 nno X ¥
VHIE R T ANT X UIERER, DIC, DMAP, 30%iE2{b/KFE /K CREET 5 & BRIDNLIR{L
FEATHILEMRENENOE YT AT L ARRWICHE S 72, Scheme 52 [Z/x L 7=
Danishefsky & OFE & 138220 | AKSTHWTWD A & R— /U3 HEER L TV e WIE Tl —
BT 3 MLOBRLIZEI T D SRR IRV, LU, REBILOSRMICHTZ itk U7 A&
TUARRA 3-8 Rr¥ oA U RL=URER LSO LR END, Hitl T, Sc(OTDs F/E T
INEMRFE LT, SALENMARFH LA FEICHE L THF A v R— L ZHEE LT,

NHCbz
BNO, C/'\/COZH

30% H,0,, DIC,
DMAP, CH,Cl,, 0 °C

e CO,Me

i Sl BN z
toluene g

o NPhth
N

H

90% 60%

Scheme 54. Diastereoselective oxidative rearrangement.

PLED X9z, BEMEEALIC L0 A oA ¥ R— L& @SRRI S 3 5 Hikid 2 Em o i
TWo, LinL, 4 F=1dD 3 L& 4 (L TERIRMEIEZ TR L 7L G DWW T OBRLAYERALIZ D
WIS STV, X512, ZOBRREEICARER LIRS 256, BN EBILAERAL S D
SERAEFRIC ED X D R EE 5 Z D DNAHTH Y | SLRHIENZERE oA R—/L 3 Lo e
{EDOSRRIE T 2L PR TE o7z, £D72H, communesin O X 9 72 B8 MDA > K—/L B
LA DG RA~EALBVERAL S 2RI T 21213 S 612, e mE R0 ETH D & TRl Sz,
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2-3-3. G AkENE

FTIZES K LIZERBY ., LIS, ART D24 F VA R— AL DOARF LR FE DA L%
HlAE4 % Dl ﬁfjﬁi}iﬁﬁ‘(&) D, ZOWRERBTLI2EEGRBFET D, ZNOOMAEZEEZ -
T, communesinfHDFH# Z aurantioclavine» b &K 572, FH ILScheme 55(Z7~7 7T A kA%
B % G L7z, ﬁ‘iﬁb%\ 5% __Hfioaurantioclavine D& A A4 H2A71C2-= F r R DV A
BT DA F=VFFERTIAZENT D, 2 DT4% BACIIRA SOS DRI 3 2 & T, 7B VR
@K%E{m\%ﬂﬁﬁ L CCTREMRAF H e 7 AT UAEIRIICHEEE T 5, £ Dk, T6O= b u

I & < TNBRAL IS X 0 SR b 2 il U C RERMEL A mT6 5155, ARERIZED ., 7

’E/\/f/ﬁj:@iﬁiﬂﬁ%ﬁl PR LAERAL I L 2 DA A R DS E D L 9 g B % 5.2 5 5

IZT&E D, IHIT, Tl LIERBAEARBRKEDOZ LI OV TABILFOHE S bigim T b, ﬁ‘fcﬁ
bbb, G LIET6DH NIABLEIZE LT, —HFDO YT AT LA~ —T76adD HZ 345 5 iviuid
communesin® Tz DUk & & IXERLIEAALIZ K 0 AR S LTV D ATREMEDS RIE 5,

T
\
2 steps 2 steps
N—co,Pr

COZIPF

7Ma(R= Me) (—)-aurantloclavme )

Oxidative
Rearrangement

75a 75b

Intramolecular ,
Cyclization

(=)-Communesin F 76a 76b

Scheme 55. Synthetic strategy for the communesin scaffold.

2-3-4. FRALPYEEAL IS 2 BV 72 communesin’B & DA R
EHIZ aurantioclavine & X FRIA A0S IV R == b 7 o= VA HHo (4 v R— L 524
AR L. BUREENI SISO W TS L=, T1b O 2T L Z KSR UT-% . U=V AR
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gl NOPAFILE Ruaxi LTy I LDfEAIZ LY Weinreb 7 3 F 78 4% L7-(Scheme 56,
Table 2), £7-. =A7 /L 71b 75 DIBALEC & it~ T X H8{ET, 707k K80 %
ALz, 2D 80k LT2-F— F= b ¥ HED Grignard A3 LY 7 /ra—L 81 &
L., i< icE 7 b 82 A L7c, £7-, 81 (2 Znlafitfit ¢ TMSCN % 0 “C Tl £,

FRMICETHIE L., (LB 83 ZULR 49% TH7z, —J7. 0 COFEHLZE A, HD 83 1%
ELELNT, TN TMS LS 7 84 BINLER 54% T Hiv7z(entry 2), Z D 84 [FGHH
e L THEES L, 8 BAMKT HICIT=HRE CHIRT A2RENH D LHELE LT, EEEIC TMSCN
ZEIECH N L C 3R 5 & VFEE 81 IRVHE ST, HY 83 % U= 54% T1537= (entry 3),

\ Ts \
N NHMe(OMe), Me
2N NaOHag. _ WSC, HOBt \N—OMe
N COZiPr THF, MeOH, reflux AN COZH TEA, THF, r.t.
N
H
71b 78 % 7 94 % 78
Ts Ts Ts
\ N \ N
OH
. DIBAL-H MnO
N i S N 2 >~ N
B&C% Pr ™ CH,Cl,, -78°C CHCly, 40 °C, o, CHO
N N N
H H H
71b 98 % 79 80 % 80
Ts NO2 Ts
ot o S O O
, PhMgCl MnO,
NO
N\, cHo THF, -40 C—rt. O N 2 CHCl, 40 C,
OH
N N
H H
80 79 % 81 (dr 1:1) 72 % 82
\ Ts \ Ts \ Ts

N TMSCN, N
an2
B ——
O N NO, CHCl, O N NO, O N NO,
N OH conditions N CN N OTMS

H H H
81 (dr 1:1) Table 2. 83 (dr 1:1) 84 (dr 1:1)

entry temp(°C) time (h) result

1 0—r.t. o.n. 83:49%
2 0 5 84 :54 %
3 r.t. 3 83:54%

Scheme 56. Synthesis of substrates 78, 80, 82, and 83 for oxidative rearrangement.

B L2 FE T1b, 78, 80, 82, 83 & MW CHA{LAYIANL St & it L 7= (Table 3), =% / — /Ly
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L Y 71b 2 BuOCl 2B TN TA v = 3atfEF b L=k, =X /—) /Y r7nnm X
L ARGV T D BEOBEZ A TN Liz(entry 1), £ OFER, RISIEMEIZET L,
H¥) 85a &N 54% CH 272, Weinreb 7 I N7 == /L7 N aHT 584 78, 82 # 7=
AT B RIS OGS HETT L, BIIDOA F A > F—/L 85b B LU 85¢ & =N E IR 62%F L
88% CTH-z 7= (entries 2 and 3), Z AL HIMEIE YT AT L AEIRNAIITHEIT L7223, AR EZERIZ DWW
TIXZDOEBTIXRETE 2hoTe, —J7, TATE RV TV EEH7T5 80X 83 Tlk, EAht
THLEFTA v R=AKIZE SN0 o 7= (entries 4 and 5), 80 ZJifElL L7254, Bkl 2 Uk
MHETT LT 86 MU 80% Ty HaL7z(entry 4), FERDOHFERZ Moody b b L T\ 5 4, —7,
83 TiX BuOCl % I Z 7= Rl TRV DS BN 3 iR U CHEMEZR IR B9 % 5 % 7= (entry 5),

Table 3. Investigation of oxidative rearrangement.

Ts 1) 1BUOCI, CH4Cly, r.t.

\ ] | H Ts
N 2) HCl in Et,0, EtOH, o
CH20|2, r.t. R
N—R
N N (0]
H H
71b, 78, 80, 85a-c
82, 83
entry substrate R result
1 71b R = CO,/Pr 85a:54 % 3Main product
2 78 R = NMe(OMe) 85b:62% | | H s
0 NO, C Ho
3 82 R=, 85c : 88 % ' '
4 80  R=CHO 86 : 80 % No©
86 2:1
CN NO, . (dr2:1)
5 83 R=, No Product? E bCompIex mixturei

FEAL RN SO T DIV A A R—)L 85b-¢ IZ DWW TARFIARIRFE DN AR{LFEE R D DTz
W, HERMHEY 16 ~OFEZHMET LTz, £7 . Weinreb 7 X NiFEIL 85b (12 2-7 I /) 7 == /b
HAEANTHIZD, N-@2-3—RF72=V)-NNTAF KRNV ILAIHE I RHEFEO Grignard 73K
U FHUIRIZ KD RORE R T2, SE N3 5 D712 - 7-(Scheme 57), —J7. 85¢ <> 85¢ M
NAF UK 8B I L C= b B L OV b @ a kAl & 2 A MBS T LT A%
A2 F—/v 86 kLT8R FLNT,

NUDNLZTT 2 FE ANV MLZT 2 e G bR oEMRLN T A =D 3 (LI H
L4t, BFREOH T 7 b AGIZE] S S EHRENBEET 5 2 &5 Trost HIZ XK > THE ST
% 45 (Scheme 58), NHBoc N2 WHRE OIS TIE, BHIMD 3,3- EHA XA R— L BNIHE
83% THDLND, ZDFEREBET 2 L 85c°88 TOMINIL R CT—E MNP ERTHHDOD,
BB S AL E THAF A R—1 86 £701X89 2 525 EHEMI L7,
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N
NMe(OMe)

'PrMgCl or tBuLi
THF, -78C—r.t.

</
P4
/

Ts
N\ N
Zn. AcOH -, H
60°C o
N
B H
86 (dr 2:1) : 88 %
Ts
N\ N
NaBH, NO,
(exess) - H
— * HO
MeOH 0]
N
\
Me
88 89 (dr 2:1) : 62 %

Scheme 57. Investigation of the reduction of the nitro and carbonyl groups.

O _ ¢ | guibs
. NH HN
(0] - 7
N \/N N A
Me

Scheme 58. Trost's reports.

[Mo(C7Hg)(CO)s], L16
LiOtBu, THF,
allylcarbonate, r.t.

\
Me

single isomer
(The stereochemistry was not determined.)

FOBEHZ LY, BROBRIIKREZHF L7201, BBESS 2 BHEES 2 MER3 H 5 Z &3 52NN 72
>72, —7F Moody B 1%, EECAIREALESHE TEZOAERMIT00 DXL IR 2-Traxi M NL=
YTHY, TV ATV T LRI IO SR, XA = EaHREL T
% 44 (Scheme 59 (@), ZDHAEZZIT T, EHIIAF VAL =L TR, A1 FL=90 D
WEECT= e EE2BE LT 52 23 E Lz, T70bb, 82 % BuOCl TLLEE L T 3fi&ME/ L,
e BAVESRMF T & /) — VIR TOMBMRBHRIZ LV A F oA > R—LRIBMATH DL A KL=
90 %15 % (Scheme 59 (b)), ZD 90 2T ¥ /) —/L $kT=buiEEITT 5 LIk LBk
BN ELND E TR L, A2 R— 2L H VR = VB R/ o KL= 90 Thivit,
R ANV OBBERIHI TE DX T TH D, S HI290 D 2 L= hF HEMRPBERL E L TERT 2
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ZEICED 7Y UAERE RIRHTEHES N TS ET LT, B E 32 IRIE(LEY
91 NEBLND EHEMIL 7=,

(a) Moody's work

O [ ) _ome
1) lBUOCI O N
O A OMe _ CHCl, purification "‘\l*o
H EtOH N
]
R H
R1
R' =H; Yield : 82 %, dr 1.3 : 1
R" = Ph; Yield : 75 %, dr 11 : 1
(b) our work

1) 'BuOCI
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Scheme 59. Modified synthetic strategy of the pentacyclic product.

RERMEE 91 2GR T D720, = FrEOIEITLIC OV THET L7z (Table 4), 7235, 90 1>V
TN T DI KD RORBN» o > Tolod, AL RO &< = b r EdDiRIt 4 one pot |2
TER L7, &I, BEREENEUSEIZR DI DA o L= R 90 12 LT, kA X0k
$h—HEEE = W o= R e o 2 i A 7z (entries 1 and 2), £ OFER, HAL A X CIXEMERIREY
HHZ2DDHTH-Te, —J7, B —MEEORMETIIAF A R— 86 12%., | BIEMME L
THEBRMALEY 92 DMERFE2 N H1& LTz, BBLERA SICHW S T v a—L e LTA X ) —)v
EA L2, RIGER RN D 92 2457 (entry 3), L)L, A V7 /8 —v&E W& ClEA
Y 7u NI DEmE S DD, LRSS DN ETE THEMERIBES M E 52 5D Th -7z
(entry 4), ZOFERZZT T, MICBHERASISIZ AW D MR EZ ¥ = F )L o — 7 VIR b R
EHEL, WINT2E2HED7217VEIC LT-(entry 5), Z 1L E TOMRIETIXERILIERNALS S 2MHE T
B, XX )= VEEELTWEN, ZOLTRTIIRLERA > FL=2 90 30 L T 5 Ak
PN o Tz, 90 Do fR%Z P <TodIT, BERREALEUSHE TH#, =% / — Va2 EEETIT8: L KL
ZCone pot C=hukziE L Lz, 75&, EEKMTHD 86 LI LA EARKETIT 92 230F
47T % TR,
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Table 4. Investigation of construction of 91.

Ts
1) 'BUOCI, CH,Cls, \ N
r.t., 1h H
2) conditions e}
N
H
86 (dr 2:1)
entry conditions result
1 1) 1N HCl in Et,0, EtOH, r.t., 1 h complex mixture E -,55
2) SnCly, toluene, 70 °C, 2 h ! \
2 1) 1IN HCl in Et,O, EtOH, r.t., 1 h 86:54%,92:14 % i
2) Zn, AcOH, toluene, 85 °C, 2 h ' Ny—NH
3 1) 1N HCl in Et,0, MeOH, r.t., 1 h 92:<15% : N
2) Fe, AcOH, toluene, 85 °C, 2 h
4 1) 1N HCl in Et,0, ProH, rt., 1h complex mixture i (o)
2) Zn, AcOH, toluene, 85 °C, 2 h ' 92

5 1) cHCI, EtOH, r.t., 1 h (No evaporation) 92:47 % | '
2)Fe, H,0,90 °C, 3 h il

92 OHETE AN % Scheme 60 (2R d, A RL="HEKR90 226 = hrOEILIZ LY,
HIg L 32 HERMEALAY 91 BN—HAKRT 5, BBETHrOEKEMH FT= b ke L T\ bH 7m0,
EEW I ITEBITPIS LTI b D EHEE SN D, T72DH, 7 FUATAKRBAIIL T 93 AT, Hi<
BABRLSUSIC L D AR 94 DR E A v F—/L 1AL TOMEIZ LY 92 RERENT- 6D L ELE
L7,

Fe, EtOH, +
cHCI H
H,0, 85 °C +H,0
90 91 93
Ts
Ts
N N\ N
-H,0
- = | S—NH
CO5H o)
94 92

Scheme 60. Proposed reaarangement pathway to 92.

Z OHEE R 2 T A A E LT, Westwood S IZMUERMALEMIZKT L T, A X/ —/Lf
(ZCTMEEHE T 25 & EENC ) TN S HEIT LT 92 LRROBERE=H T 2/t E 525
S LTV D 46 (Scheme 61), = Z THEIZHERMEAEY 91 ODARE MR T 5720, B 3 FFfH
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DE A% A TR EEIE L, ZRICHEEL TWAIEEM %R E L7-(Scheme 62), % Dififi -,
AV RL=90 & ZNETORFTH TS 9286 1212, HELEY O LBRMELEY 91 4
LTWAZ & a2l Lz,

,Me
MeOH, reflux NN
o)

100 %

Scheme 61. Westwood's report.

Ts \ -|I\—|S
N 1) BUOCI, CH,Cly, r.t., 1 h
2) cHCI, EtOH, rt., 1 h
S : N—NH Y
N NO, 3) Fe, H,0, 90°C, 45 min
N O N
H
o)
82 92: 11 %
Ts
\ N
+ H +
0
N
H
86 (dr2:1): 16 % 91:21%

Scheme 62. Synthesis of pentacyclic scaffold.

P EoKEHz L v, BrY 91 OMKSIRIZ X 5 92 OAERZIHI4 5 7= 012iE, L0 FeEizimn
T T b Ea2RE o 20 EENRHO NI RoT2, TOX I REME LCiL, skt v =E
= LAOMEENRH D, AEMEBEAT DI, —EA 2 FL= 2 HEERER S 2 LE R H -
T7re FITARLEE THRENTA L L= 90 O HEfEA 377~ (Scheme 63), BA{LAYHEAT S & T
B — T V& N 2 CHMIE 2K CTEIEES L, IRIERAZFRE LT, Mg~ 27 3 U7 AT L
Teth, WIHEZREL T U ATV DT A a~ N7 T 7 4 —TRELTZREER. 98% & ) @R
T 90 G517z, Moody HIET U BT NANH T AOIFRIZEI DA RL=UROELTHF VA >
R—= IR D EMELTWAR, 901XV BTN H T NI TR DR LI o7, — 7. b
HIANL OGRS T RIS N Z< D BA S TR A2 K CTHHR T2 2 L < ZDOEEHREEA B ET S
L. AFXUA L =)L 86 DA ER I LT,
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1) BBUOCI, CH,Cly, r.t., 1 h

2) cHCI, EtOH, r.t., 1 h

purification of column

chromatography
82 98 % 90
LR N
NH4CI, Fe,
EtOH, H,O . H N
° NH
90°C,1.5h e}
N N
H
O
91 86 (dr 2:1) 92
38 % 19 % No detection

Scheme 63. Synthesis of indolenine derivative 90 and its cyclization.

FNTA U =290 D= hakagk LT T =7 5% W CGES L2 (Scheme 63), < ®
FEF. 38% LRI 728 b HERMEAL AW 91 2457, BIERME LTAF A R—)L 86 DAMAE
B L7e, 92 1B ER Lo Te, TBRMEIAY 91 135EICfG b7z 85ac Flkk, H—T 7 R
TUAY—Tholz, I TIL AT IFT—NA~LFHEL, HoniclbBMD CT LA UK SE D
Mok SLAREL [E % noesy HIE 12 & W RE L 7-(Scheme 64),

Boc,O, DMAP
PryNEt, CH,Cly, r.t.

[ratio 2:1]

91 93a (major)

NaBH, (exess)

MeOH, 0°C

93a 93b 94 : 15 % (2 steps)

single isomer

Scheme 64. Synthesis of aminal derivative 94.

RINZ91 DT IV % Bocfb Lic b Z A, frE MK 93a & 93b 7% 2 1 1 DIREM TH L AL,
WUFEE TN E TICAAB LR BE LRI D L 57227 I 2 U #FEKICs LT Boc b A MiET L,
5 BEBINERIT T ~0 Boc (L2SEIRINTHEITT D 2 & 2HAE LTV D GhsCREF), TD7H, AKX
JSIZRWTE 5 BERINEFRFE - ~D Boc (LANBIRAYITHEIT L, 93a NEAMM TH D LHELE LT,
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ZDREMEKRFIMAVET NI VAT L TT IV ZEILLIEEZ A, 93b HKkDOT I —
V94 DRI NH—AERY L L TELNZ, 98a i 7 I F— b~ AT 2 L RIFFIZBHER UGN & T
SRELTZ EHERI S, 98a kDT X F—ix el B onholz,

TIF = 941Zx L Cnoesy ZHIE LT ZA, T IF—NRFEIIHDL T brHY)E 7TEER
EOHH E DM BEI O AF T AF T bHYEEARD EO He &L “HfEGDO7 7 o (H)
DM TENENHENBIN SN (Figure 7). ZOHEENDL, ARk L7z 94 O CT N AFF UL RFE
XA L T OMERINRRLE Th 5 Z E R LN o7,

Ts
Gt OH
noesy
I N N I
H H Boc

Figure 7. Determination of absolute stereochemistry of 94.

YT AT LA 90 28 AE RS D HEE IS 4 Scheme 65 12737, IR EHCTd 5 82 13
82a 3 L 1N 82b D 2 SOEENEE SN D, FHHILFIZL Y aurantioclavine O iy 2 EELE % FFH
S A, TENVER FPERFETFORELEOFEIZEDL LT, 82a DEENK O LE TH-oT,
2D 82a B UN82b IZxf LT BuOCl ZSSHHE 37 mmd s RL=URAERKRT D, ZDEE,
ok s aal) syn ITALET D M, b LT antd IZAiiE T 5 L A EEIND, ARG TIE
EL L DORENETINZAER L TV D0 EHRT 5720, 3-7nuAr FL=rOHBEZRA T,
LL, AMEEWIELKTBIOV Y B FNLND T A L TARLEETH DO F TEL 7
Mo T,

WIZ, M & LOESLLMERMITAER L T D0, Stoltz & DT THFZE 2 SEEICB W CTHEZ LT
47, Stoltz © 1% aurantioclavine FHEAK THD 37T RELF A F— I L TR U AT )L
Z AW T L F ARG % it L7 (Scheme 66), = DGR, 7 A7 L A BRI SUS AT LT
M LA U syn KD HBDULER T4% TH HNTo, ABISD YT AT L A EIRPEIZ- DUV T Stoltz © 135
FTELZL TR, LAl JSTHEAER ORZERENM LRI CTHD A, IV
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e S A KD E N D~ r BT AT VDGRBS AR T OIINETH 5 A BET D
&, Stoltz HORISITEERIILEH 22T T T AT UABIRPICHEITL TV D EHEZE SR D, DL
FoOHENS, 82 D7 v v b TIXHKZERIE 82a LV M VEDONARNE A I 2 1T, ZE0nTn
LHEPORENBIL L TA » R 3i~D 7 m u b S EITL T M BT T AT LA SRR AR T
B EHERI L7,

FENT, AU MK L CIRMESRE R ) — L TMEMER T2 M IV A L= 141
DEFENT 1 hAb S EIA A DE TGV I ne =y Al 0 BB T D VT,
TH ) —)VIRA v R=/V 2ALTAIN L THRMAR P SEROBEECHE S FRIE Q RENENAELT, &
BIZ= Fa R A NVEDEAIZ L - TA > KL= 90 & ERBIRICARKR T 5,

EtOH
— 7 J— —

90

Scheme 65. Proposed mechanism of oxidative rearrangement.
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DBU CH(COoMe),
THF, -78°C -78 °C—rt.
74% dr>20:1

intermediate R

Scheme 66. Diastereoselective alkylation of aurantioclavine derivative (Stoltz et al).

PLED X 51233 1% aurantioclavine #5354 82 OEA{LAYEANI UG Z 8 & LT, communesin $00
TERMEEEOE YT AT VA BRI LTz, BRI EEY 91 O CT AL AE WAL RFILHE
HEFTHTHoTZ b, —OOHAREME & U THEE S BLAYESAL S & £l L 72 A2 B R AT
BEMEITARN 2 & DA AL FARNTRIR ST,

2-3-5. ffh

Aal, 31X aurantioclavine #5E A 82 OV HIIANL i Z 8 & L T, communesin J8D FLERIE
BAEE BT T AT L A BRIRICAHELE L 72 (Scheme 67), Communesin $H D & Al 52 CRALAYHRNT X
JhEEEE LT B OHE X, AHRENHIO TTH D, Aurantioclavine 755K 82 DERLHYHAAL
FOSH BIF 7R THEAT LIz — D DHER E LT, TEAVER ECHLERF T L &m0 b /LT
R L2720, TERVBROBENEE SN ENETF oD, TOED 3-7nef L=
DL EREDNHIE S, ML SO ELT Lz b o LHEl SN D, £, BRLAYERAL K
JSZ E DG LNTALAE 91 D CT AR FUARIRBITLEA L 1T ThH o722 & H 5, Scheme 68 D L
INZHER U2 B LBOERAL SO 2 R L 72 AR A U FTREME MR D 2 & A L RIS RE S T,

1) 'BUOCI, CH,Cly, r.t.

\ then conc. HCI
CH2C|2, r.t. _
2) NH,CI, Fe, EtOH,
H,0, reflux
37% (2 steps) 91
Scheme 67. Diastereoselective synthesis of pentacyclic compound 91.
H NH,
\ N
Oxidative
+ A\ Rearrangement
A\
N
N
H N N
(-)-aurantioclavine tryptamine H

Scheme 68. Proposed biosynthetic pathway based on oxidative rearrangement.
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General.

All non-aqueous reactions were carried out under a positive atmosphere of argon in dried
glassware. Analytical thin-layer chromatography was performed with Silica gel 60 (Merck).
Silica gel column chromatography was performed with Kanto silica gel 60 (particle size, 63—210
um) and Fuji silysia Chromatorex BW-300. Proton nuclear magnetic resonance (H NMR)
spectra were recorded on a JEOL JNM-ECA 500 at 500 MHz or a JEOL JNM-AL 400 at 400
MHz. Chemical shifts are reported relative to MesSi (§ 0.00) in CDCls. Multiplicity is indicated
by one or more of the following: s (singlet); d (doublet); t (triplet); q (quartet); m (multiplet); br
(broad). Carbon nuclear magnetic resonance (13C NMR) spectra were recorded on a JEOL
JNM-ECA 500 at 126 MHz or a JEOL JNM-AL 400 at 100 MHz. Chemical shifts are reported
relative to CDCls (5 77.0). Infrared spectra were recorded on a FIT/IR-4100 Fourier-transform
infrared spectrometer ATR (attenuated total reflectance). Low and High resolution mass spectra
were recorded on JEOL JMS-HX/HX 110A mass spectrometer.

Material.
Anhydrous CH:Clz, xylene, methanol and CH3CN were purchased from KANTO Chemical Co.
Aldrich and Wako chemicals. Materials were obtained from Tokyo Chemical Industry Co., Ltd.

Aldrich Inc., and other commercial suppliers and used without further purification.

O\
BH S
= o \IIB/\/\OPMB

o)
OPMB Cp,Zr-HCI, Et3N o
neat, 60 °C 59

59: To a solution of 1-methoxy-4-((prop-2-yn-1-yloxy)methyl)benzene (2.0 g, 11.3 mmol) were
added 4,4,5,5-tetramethyl-1,3,2-dioxaborolane (1.62 ml, 12.4 mmol), ZrCp2-HC1 (291 mg, 1.13
mmol), and EtsN (0.158 ml, 1.13 mmol). This mixture was stirred at 60 °C overnight, and

filtered through a pad of Celite. After evaporation of the solvent, the reaction mixture was
purified by flash column chromatography on silica gel (5-10% EtOAc/hexane) gave 59 (1.99 g,
58 %) as a pale yellow oil; 'H NMR (500 MHz, CDCls) § 7.26 (2H, dd, J= 6.6, 2.3 Hz), 6.87 (2H,
dd, /= 6.6, 2.0 Hz), 6.67 (1H, dt, /= 18.1, 4.8 Hz), 5.74 (1H, dt, J = 18.0, 1.7 Hz), 4.46 (2H, s),
4.08 (2H, dd, J = 4.6, 1.7 Hz), 3.80 (3H, s), 1.27 (12H, s); 1¥C NMR (126 MHz,CDCls) § 159.1,
149.2, 130.3, 129.2, 113.7, 83.2, 71.9, 71.3, 55.2, 24.7; IR (film, cm!) 2977, 1644, 1348, 1246, 1211,
1143, 848; HRMS calced for Ci17H2604B1 [M+H] * 305.1924; Found m/z 305.1926.
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= 1) "BuLi, THF PrO,C——\
\—oPMB OPMB

2) CICO,/Pr, -60°C

$1

S1: To a solution of 1-methoxy-4-((but-3-yn-1-yloxy)methyl)benzene (2.84 g, 14.9 mmol) in THF
(100 mL) was added a solution of n-BuLi in THF (14.1mL, 22.4 mmol) at -60 °C. The mixture
was stirred at -60 °C for 30 min, and then ;PrOCO2CI (3.4 mL, 29.8 mmol) was added at -60 °C.
This solution was stirred at -60 °C for 2 h, and warmed to r.t., The reaction mixture was then
quenched with sat. aq. NH4Cl, extracted with EtOAc, washed with brine and dried over Naz2SOa.
After concentration under reduced pressure, purification by flash column chromatography on
silica gel (20% EtOAc/hexane) gave S1 (2.09 g, 51%) as a colorless oil: '1H NMR (500 MHz, CDCls)
8 7.27 (2H, d, J= 7.4 Hz), 6.88 (2H, d, J = 8.6 Hz), 5.10-5.05 (1H, m), 4.48 (2H, s), 3.81 (3H, s),
3.61 (2H, t, J= 7.0 Hz), 2.62 (2H, t, J= 7.0 Hz), 1.28 (6H, d, J = 6.3 Hz); 13C NMR (126 MHz,
CDCls) 6 159.3, 153.1, 129.7, 129.3, 113.8, 85.4, 74.2, 72.7, 69.7, 66.6, 55.2, 21.6, 20.1; IR (ATR,
cml) 2981, 2917, 2210, 1698, 1431, 1234, 1090, 890; HRMS calcd for C16H2:04 [M+H] + 277.1440;

Found m/z 277.1446.
>?L ?
B OPMB

. _ O/
Iproch\—OPMB (Bpin), l
CuCl, Xantphos, NaO'Bu CO,'Pr
MeOH, THF, 50°C, 18 h
S1 60

60: A suspension of CuCl (57 mg, 0.579 mmol) and NaO#Bu (111 mg, 11.6 mmol), XantPhos (335
mg, 0.579 mmol) in anhydrous THF (30 mL) was stirred at room temperature for 30 min. To the
reaction mixture was added a solution of bis(pinacolato)diboron (5.14 g, 20.3 mmol) in
anhydrous THF (30 mL), and the mixture was stirred for an additional 10 min at room
temperature. To the reaction mixture was added a solution of S1 (5.33 g, 19.3 mmol) in
anhydrous THF (30 mL) via cannula and following anhydrous MeOH (1.57 mL, 38.6 mmol).
After stirred at 50 °C overnight, the mixture was then filtered on Celite, concentrated under
reduced pressure and purified by flash column chromatography on silica gel (10-20%
EtOAc/hexane) to give 60 (5.75 g, 74%) as a pale yellow oil: 1H NMR (500 MHz, CDCls) § 7.25
(2H, d, J=8.3 Hz), 6.85 (2H, d, J= 8.3 Hz), 6.45 (1H, ), 5.04 (1H, t, J= 6.3 Hz), 4.44 (2H, s), 3.79
(3H, s), 3.58 (2H, t, J = 6.9 Hz), 3.02 (2H, t, J = 6.7 Hz), 1.26-1.21 (18H, m); "C NMR (126
MHz,CDCl;) 6 165.2, 158.9, 131.8, 130.8, 129.1, 113.5, 84.0, 72.1, 69.4, 57.1, 55.2, 30.1, 24.6, 21.8;
IR (ATR, cm) 2978, 2931, 1708, 1372, 1326, 1090, 895; HRMS calcd for C22H3406B: [M+H]*
405.2448; Found m/z 405.2441.
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OH OSEM
SEMCI, Et;N
| CH,Cl, |
NO, NO,

2 61

61: To a solution of 2 (8 g, 30.2 mmol) in CH2Cl2 (60 mL) were added SEMCI (6.4 mL, 36.2 mmol)
and Et3N (6.3 mL, 45.3 mmol) at 0 °C. The mixture was stirred at room temperature overnight.
The reaction mixture was concentrated under reduced pressure, purification by flash column
chromatography on silica gel (20% EtOAc/hexane) gave 61 (11.5 g, 96% ) as a colorless oil: 'H
NMR (CDCls) § 7.38 (1H, t, J= 8.2 Hz), 7.32 (1H, dd, J= 8.0, 1.4 Hz), 7.27-7.25 (1H, m), 5.34 (2H,
s), 3.81-3.78 (2H, m), 0.96-0.93 (2H, m), 0.00 (9H, s); 3C NMR (126 MHz, CDCls) § 157.9, 155.5,
129.8, 117.7, 117.3, 93.7, 80.9, 67.1, 17.9, -1.4; IR(ATR, cm') 2919, 1653, 1542, 1488, 1285, 1235,
1156, 1088, 891; HRMS calcd for C12H19NO4SiI [M+H]* 396.0128; Found m/z 396.0137.

0]

E OPMB
osem ~ oBy™" OSEM OSEM

U
COPr 60 OPMB DDQ OH
| Pd(OAc),, S-phos, Na,CO3 NO l CHQClz, Hzo NO |
NO, DMF. 100 °C, o.n. 2 COZ’Pr rt,3h 2 COgiPr
61 62 63

63: To a solution of 61 (2.17 g, 5.49 mmol) in DMF (50 mL) were added Pd(OAc)2 (62 mg, 0.275
mmol), SPhos (225 mg, 0.599 mmol), 60 (2.67 g, 6.59 mmol), and Na:COs (1.05 g, 2.1 mmol) in
water (5 mL). The mixture was stirred at 100 °C overnight. The reaction mixture was then
quenched with water, extracted with EtOAc, washed with water and brine, dried over Na2SOa.
After concentration under reduced pressure, purification by flash column chromatography on
silica gel (20% EtOAc/hexane) gave crude 62 as dark purple oil. To a solution of the crude 62 in
CH:Cl: (50 mL) and water (5 mL) was added DDQ (1.49 g, 6.59 mmol) at 0 °C. The mixture was
stirred at room temperature for 3 h. The reaction mixture was then quenched with sat. aq.
NaHCOs, extracted with EtOAc, washed with sat. aq. NaHCOs and brine, dried over Na2SOa.
After concentration under reduced pressure, purification by flash column chromatography on
silica gel (20% EtOAc/hexane) gave 63 (1.91 g, 82% (2 steps)) as a pale yellow oil: 'TH NMR (500
MHz, CDCI3) § 7.58 (1H, d, J = 8.0 Hz), 7.44-7.40 (2H, m), 5.74 (1H, s), 5.28-5.26 (2H, m),
5.08-5.03 (1H, m), 3.82-3.75 (4H, m), 3.40-3.36 (1H, m), 3.17-3.13 (1H, m), 2.58-2.57 (1H, m),
1.28-1.24 (6H, m), 0.94 (2H, t, J= 8.3 Hz), 0.00 (9H, s); 13C NMR (126 MHz, CDCl3) § 165.3, 154.8,
151.3, 148.8, 129.7, 126.9, 122.1, 118.9, 117.1, 93.2, 67.9, 67.0, 61.5, 37.0, 21.8, 17.9, -1.5;
IR(ATR, cm™) 3503, 2953, 1712, 1531, 1249, 1177, 1098; HRMS calcd for C20H32NO7Si [M+H]*
426.1948; Found m/z 426.1925.
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OSEM OSEM

?oc
OH N.
| NH(Boc)Ts o | Ts
NO; CO,Pr DIADr, tPF:)hg, THF 2 >co,pr
63 64

64: To a solution of 63 (950 mg, 2.23 mmol) in THF (10 mL) were added BocNHTSs (727 mg, 2.68
mmol), PPh3 (1.17 g, 4.46 mmol) and DIAD (0.778 mL, 4.01 mmol). The mixture was stirred at
room temperature overnight. The reaction mixture was concentrated under reduced pressure,
purification by flash column chromatography on silica gel (20% EtOAc/hexane) gave 64 (1.34 g,
88%) as a pale yellow oil: 'H NMR (500 MHz, CDCls) § 7.80 (2H, d, J/= 8.3 Hz), 7.59 (1H, dd, J=
8.2, 1.0 Hz), 7.50 (1H, dd, /= 8.4, 1.0 Hz), 7.42 (1H, t, J= 8.3 Hz), 7.29 (2H, d, J= 8.6 Hz), 5.66
(1H, s), 5.37 (1H, d, J= 7.4 Hz), 5.25 (1H, d, /= 7.2 Hz), 5.14-5.07 (1H, m), 4.00-3.96 (2H, m),
3.77 (2H, t, J= 8.3 Hz), 3.55-3.51 (2H, m), 2.44 (3H, s), 1.31 (9H, s), 1.29-1.27 (6H, m), 0.95 (2H,
dt, J=12.5, 4.4 Hz), 0.00 (9H, s); 13C NMR (126 MHz, CDCls) § 164.5, 155.4, 150.6, 149.9, 149.0,
143.8, 137.8, 129.3, 129.1, 127.9, 125.8, 121.8, 118.9, 116.8, 93.6, 83.9, 67.5, 66.9, 44.5, 33.0, 27.7,
21.8, 21.5, 18.0, -1.46; IR (ATR, cm) 2980, 1714, 1531, 1355, 1154, 1003; HRMS caled for
C32H47N2010SS1 [M+H]* 679.2721; Found m/z 679.2760.

OSEM ?00 OH ?OC
N. conc.HCI N.
| Ts MeOH, CH,Cl, 1 Ts
NO, co,Pr r.t., o.n. NO, co,Pr
64 65

65: To a solution of 64 (1.27 g, 1.87 mmol) in MeOH (10 mL) and CH2Cl: (5 mL) was added conc.
HCI (2 mL) at 0 °C The mixture was stirred at room temperature for 3 h. The reaction mixture
was then quenched with water, extracted with EtOAc, washed with water and brine, dried over
Na2SO4. After concentration under reduced pressure, purification by flash column
chromatography on silica gel (50% EtOAc/hexane) gave 65 (720 mg, 70%) as a pale yellow oil: 'H
NMR (500 MHz, CDCls) § 7.76 (2H, d, /= 8.3 Hz), 7.62 (1H, dd, J= 8.3, 1.1 Hz), 7.34 (1H, t, J=
8.2 Hz), 7.28 (2H, d, J/ = 8.3 Hz), 7.23 (1H, dd, J/ = 8.3, 1.1 Hz), 6.94 (1H, br s), 5.90 (1H, s),
5.14-5.06 (1H, m), 4.01-3.94 (3H, m), 2.97-2.90 (1H, m), 2.43 (3H, s), 1.30-1.29 (15H, m); 3C
NMR (126 MHz, CDCls) 5 164.4, 153.8, 151.1, 149.2, 148.3, 144.2, 136.9, 129.3, 129.2, 127.9,
123.6, 123.4, 122.0, 116.8, 84.6, 67.9, 45.0, 33.7, 27.7, 21.8, 21.5; IR (ATR, cm!) 3397, 2983, 1714,
1531, 1358, 1155; HRMS calcd for C26H3sN209S [M+H]*549.1907; Found m/z 549.1954.
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OH OoTf

Boc PhNTf, N Boc
| N<1¢ TEA, CH,Cl,, reflux | Nete
0.n.
NO2 Sco,pr NO2 Sco,pr
65 66

66: To a solution of 65 (710 mg, 1.30 mmol) in CH2Cl: (10 mL) were added PhNTf: (555 mg, 1.55
mmol) and EtsN (0.273 mL, 1.95 mmol). The mixture was refluxed overnight. The reaction
mixture was concentrated under reduced pressure, purification by flash column
chromatography on silica gel (20% EtOAc/hexane) gave 66 (876 mg, 87%) as a colorless oil: 'H
NMR (500 MHz, CDCls) § 8.08 (1H, dt, /= 7.7, 0.7 Hz), 7.78 (2H, d, /= 8.3 Hz), 7.69-7.63 (2H, m),
7.28 (2H, d, J= 7.7 Hz), 5.84 (1H, s), 5.14-5.12 (1H, m), 3.97 (2H, t, J= 8.3 Hz), 3.49-3.44 (2H, m),
2.43 (3H, s), 1.32 (9H, s), 1.29-1.28 (6H, m); 3C NMR (126 MHz, CDCls) § 163.5, 150.5, 149.0,
146.6, 145.2, 144.1, 137.1, 130.8, 130.2, 129.2, 127.9, 126.4, 124.9, 124.4, 123.6, 84.2, 68.1, 44.1,
33.5, 27.7, 21.7, 21.6; IR(ATR, cm') 2983, 1719, 1537, 1359, 1156, 847; HRMS calcd for
C27H32F3N201:S2 [M+H]* 681.1400; Found: m/z 681.1410.

%(BVOPMB 59 OPMB
DDQ
TS T Pd(PPhy)s, NayCOs, EtOH N-tg CH,Cly, HyO, 1t
O, toluene, H,0, 100°C
2

CO Pr : ' 0,
CO Pr CO Pr

66 67 68

68: To a solution of 66 (7.19 g, 9.87 mmol) in toluene (100 mL) and ethanol (10 mL) were added
Pd(PPhs)s (1.14 g, 0.989 mmol), 59 (6.02 g, 19.8 mmol), and Na2COs (3.14 g, 29.7 mmol) in water
(15 mL). The mixture was stirred at 100 °C overnight. The reaction mixture was then quenched
with water, extracted with EtOAc, washed with water and brine, dried over Na2SOa4. After
concentration under reduced pressure, purification by flash column chromatography on silica
gel (20% EtOAc/hexane) gave a crude 67 as pale yellow oil. To a solution of the crude 67 in
CH:Cl: (80 mL) and water (8 mL) was added DDQ (2.68 g, 11.8 mmol) at 0 °C. The mixture was
stirred at room temperature for 3 h. The reaction mixture was then quenched with sat. aq.
NaHCOs, extracted with EtOAc, washed with sat. aq. NaHCOs3 and brine, dried over Na2SOa.
After concentration under reducedpressure, purification by flash column chromatography on
silica gel (50% EtOAc/hexane) gave 68 (4.88 g, 84%) as a paleyellow oil: 'TH NMR (500 MHz,
CDCly) 5 7.82-7.76 (4H, m), 7.48-7.44 (1H, m), 7.31-7.29 (2H, m), 6.72 (1H, d, /= 15.8 Hz), 6.47
(1H, td, J=10.7, 5.2 Hz), 5.64 (1H, s), 5.12-5.05 (1H, m), 4.35-4.31 (2H, m), 3.85 (1H, t, J=11.2
Hz), 3.76-3.69 (2H, m), 3.48-3.42 (1H, m), 2.59 (1H, t, /= 6.4 Hz), 2.43 (3H, s), 1.30-1.29 (15H,
m); 13C NMR (126 MHz, CDCls) § 164.4, 151.9, 150.6, 149.1, 144.2, 137.5, 136.9, 135.1, 133.2,
130.1, 129.2, 128.7, 127.8, 126.1, 1229., 120.6, 84.6, 67.8, 63.2, 43.9, 33.5, 27.8, 21.9, 21.5; IR
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(ATR, cm™) 3549, 2858, 1714, 1531, 1170, 1019; HRMS calcd for C20H37N209S [M+H]* 589.2220;
Found m/z 589.2233.

| OH l OCO.Me | OCO,Me
Boc CICO,Me Boc TFA H
| N<1g pyridine, CHCIs, reflux i Nigg CHLCl, rt. | N.ro
N . NO : )
O CO,/Pr 2 >co,Pr NO, CO,Pr
68 69 3

3: To a solution of 68 (147 mg, 0.25 mmol) in CHCls (5 mL) were added C1CO2:Me (0.096 mL, 1.25
mmol), and pyridine (0.402 mL, 5.0 mmol). The mixture was refluxed overnight. The reaction
mixture was concentrated under reduced pressure, and gave a crude 69 as colorless oil. To a
solution of the69 in CH2Cl: (2 mL) was added TFA (0.479 mL, 6.25 mmol) at 0 °C. The mixture
was refluxed for 2 h. The reaction mixture was then quenched with water, extracted with EtOAc,
washed with water and brine, dried over Na2SO4. After concentration under reduced pressure,
purification by flash column chromatography on silica gel (50% EtOAc/hexane) gave 3 (119 mg,
87% (2 steps)) as a colorless oil: 'TH NMR (500 MHz, CDCls) & 7.90 (1H, d, /= 8.0 Hz), 7.83 (1H, d,
J=17.7THz), 7.68 (2H, d, J= 8.0 Hz), 7.48 (1H, t, J= 8.0 Hz), 7.27 (2H, d, /= 8.0 Hz), 6.86 (1H, d,
J=15.8 Hz), 6.32 (1H, dt, J= 15.8, 6.3 Hz), 5.77 (1H, s), 5.49-5.48 (1H, m), 5.10-5.05 (1H, m),
4.88-4.83 (2H, m), 3.81 (3H, s), 3.30-3.24 (1H, m), 3.13-3.09 (1H, m), 3.02-2.99 (1H, m), 2.80-2.77
(1H, m), 2.41 (3H, s), 1.30 (3H, d, J = 6.3 Hz), 1.27 (3H, d, J = 6.3 Hz); 3C NMR (126 MHz,
CDCls) § 165.4, 155.5, 151.4, 148.1, 143.1, 136.9, 136.7, 134.5, 130.9, 130.2, 129.6, 128.8, 128.1,
126.9, 124.0, 123.4, 68.5, 67.9, 54.9, 41.4,33.7,21.7, 21.4; IR (ATR, cm™) 2929, 2858, 1752, 1713,
1531, 1267, 1184, 1161; HRMS calcd for C26H31N209S [M+H]* 547.1750; Found m/z 547.1748.

| OCOzMe / Tt TTTTmmmmmmmes '

NTs @ PPhy 0/> |

H Pd,(dba)s, L 12, Bu,NCI ; s Bu

i Ners CH,Cly, r.t., 6 h ; ; ;

. NO l :

NO2 Sco,pr 2 Neoypr L (SyL12
3 4

4: (entry 12) A solution of L12 (123 mg, 0.318 mmol), BusNCI (2.9 mg, 0.0106 mmol) and
Pd2(dba)s (102 mg, 0.106 mmol) in CH2Ci2 (5 mL) was stirred at room temperature until the color
of the solution turned to light yellow from purple. Then, 3 (577 mg, 1.06 mmol) in CH2Cl: (5 mL)
was added to the catalyst solution via a syringe. The mixture was stirred at room temperature 6
h. The reaction mixture was concentrated under reduced pressure, purification by flash column
chromatography on silica gel (30% EtOAc/hexane) gave 4 (436 mg, 88%, 92%ee) as a white
amorphous: [alp 27-289.4° (¢ 1.20, CHCls); 'H NMR (500 MHz, CDCls) & 7.72-7.70 (1H, m),
7.56-7.55 (2H, m), 7.46 (1H, d, J= 7.4 Hz), 7.41 (1H, td, J= 7.7, 1.3 Hz), 7.20 (2H, d, J= 7.7 Hz),
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5.80-5.79 (2H, m), 5.52-5.50 (1H, m), 5.22-5.20 (1H, m), 5.01-4.95 (1H, m), 4.85-4.81 (1H, m),
3.90-3.84 (2H, m), 3.66-3.64 (1H, m), 2.39-2.37 (4H, m), 1.26-1.21 (6H, m); *C NMR (126 MHz,
CDCls) § 164.5, 152.1, 149.5, 143.5, 137.1, 134.1, 134.0, 133.4, 129.6, 128.6, 127.0, 123.4, 123 .4,
121.9, 120.2, 67.9, 63.7, 43.7, 31.3, 21.8, 21.5; IR (ATR, cm™!) 2973, 1785, 1746, 1471, 1234, 1089,
889, 628; HRMS calcd for C2sH27N206S [M+H]* 471.1590; Found: m/z 471.1594. (entry 13) A
solution of L12 (1.6 mg, 0.0041 mmol), BusNCI (0.7 mg, 0.0025 mmol) and Pdsdba)s (1.3 mg,
0.0014 mmol) in CH2Cl: (5 mL) was stirred at room temperature until the color of the solution
turned to light yellow from purple. Then, 3 (5.0 mg, 0.092 mmol) in CH2Clz (0.5 mL) was added
to the catalyst solution via a syringe. The mixture was stirred at 0 °C 72 h. The reaction mixture
was concentrated under reduced pressure, purification by flash column chromatography on
silica gel (30% EtOAc/hexane) gave 4 (3.3 mg, 77%, 95%ee) as a white amorphous.

[ .
CO;Pr CO,Pr

4 70

70: To a solution of 4 (361 mg, 0.766 mmol) in 2-methyl-2-butene (15 mL) was added Grubbs
catalyst, 2nd generation (39 mg, 0.046 mmol). The mixture was stirred at 40 °C overnight. The
reaction mixture was concentrated under reduced pressure, purification by flash column
chromatography on silica gel (30% EtOAc/hexane) gave 70 (302 mg, 79%) as a colorless oil:
[alp27-239.0° (¢ 0.46, CHCl3); 1H NMR (500 MHz, CDCls) § 7.68-7.67 (1H, m), 7.50-7.36 (4H, m),
7.12 (2H, d, J= 8.0 Hz), 5.94-5.92 (1H, m), 5.68-5.65 (1H, br), 5.40-5.39 (1H, br), 5.05-5.00 (1H,
m), 3.93-3.69 (3H, m), 2.37 (3H, s), 2.22-2.20 (1H, m), 1.71-1.65 (6H, m), 1.24-1.23 (6H, m); 13C
NMR (126 MHz, CDCls) § 164.5, 152.9, 149.1, 143.3, 140.2, 139.5, 137.4, 135.5, 132.6, 129.3,
128.4,127.0, 122.7, 121.3, 119.0, 67.8, 59.7, 43.2, 30.7, 25.8, 21.7, 21.3, 18.3; IR (ATR, cm!) 2980,
1532, 1371, 1267, 1013, 750; HRMS calecd for C2sH31N206S [M+H]* 499.1903; Found m/z
499.1899.

Ts
s N
P(OEt);
170 °C, o.n. .
N—co,Pr
H
COZIPI'
70 7a

71a: A solution of 70 (110 mg, 0.212 mmol) in P(OEt)s (2.0 mL) was stirred at 170 °C for 3 h. The

mixture was then concentrated under reduced pressure and purified by flash column
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chromatography on neutral silica gel (20% EtOAc/hexane) gave 7la (77 mg, 78%) as a white
solid: [a]p?7-121.7° (¢ 0.30, CHCls); '"H NMR (500 MHz, CDCls) § 8.92 (1H, s), 7.53 (2H, d, J= 8.0
Hz), 7.21-7.15 (2H, m), 7.01 (2H, d, J = 8.0 Hz), 6.80-6.79 (1H, m), 6.21 (1H, d, J = 8.9 Hz),
5.35-5.26 (2H, m), 4.03-4.00 (1H, m), 3.76-3.69 (1H, m), 3.52-3.42 (2H, m), 2.29 (3H, s), 1.84 (3H,
s), 1.65 (3H, s), 1.39-1.38 (6H, m); 3C NMR (126 MHz, CDCls) & 161.9, 143.0, 139.1, 136.6, 131.8,
129.2, 127.1, 127.0, 125.0, 124.6, 124.5, 121.8, 119.9, 109.8, 74.8, 68.4, 63.0, 62.9, 45.3, 32.2, 27.8,
22.1, 21.3; IR (ATR, cm'?) 3348, 2979, 1692, 1247, 1153, 1096; HRMS calcd for CasH31N204S
[M+H]* 467.2005; Found m/z 467.2004.

L e LA
2N NaOH aq. Cu
A CO,Pr THF, MeOH, reflux N CO,H quinoline, 190 °C N
71a 72 73

73: To a solutions of 71a (77 mg, 0.165 mmol) in MeOH (4 mL) and THF (4 mL) was added a
solutions of 2M aq. NaOH (4 mL). The mixture was refluxed for 1 h, and then concentration
under reduced pressure until THF and MeOH were removed. The residue was acidified with 2M
aq. HC1 (4 mL) and extracted with EtOAc, dried over Na2SOu4. After concentration under reduced
pressure, a crude 72 (56 mg) was obtained as a white solid. To a solutions of the crude 72 (56 mg,
0.132 mmol) in quinoline (1.3 mL) was added copper powder (11 mg, 0.173 mmol). The reaction
mixtures were stirred at 190 °C for 3 h. The copper powder was removed by filtration, and then
the filtrate was brought to pH 2-3, and extracted with EtOAc. The organic layers were washed
with saturated brine, dried over MgSQOs, concentrated under reduced pressure. Purification by
flash column chromatography on neutral silica gel (30% EtOAc/hexane) gave 73 (34.3 mg, 68%)
as a colorless oil: [alp 27-101.8° (¢ 0.21, CHCls); 'H NMR (500 MHz, CDCls) § 8.07 (1H, s), 7.53
(2H, d, J=8.3 Hz), 7.15-7.12 (1H, m), 7.04-7.02 (2H, m), 6.85 (1H, s), 6.78-6.77 (1H, m), 6.25 (1H,
d, J=8.9 Hz), 5.35 (1H, d, J=8.9 Hz), 4.00 (1H, dt, J= 14.6, 4.0 Hz), 3.74-3.68 (1H, m), 3.24-3.18
(1H, m), 3.01 (1H, dt, J=16.1, 3.2 Hz), 2.28 (3H, s), 1.83 (3H, s), 1.63 (3H, s); 13C NMR (126 MHz,
CDCls) § 142.3, 138.3, 137.0, 136.0, 135.4, 128.8, 127.0, 124.3, 123.3, 121.6, 121.3, 117.8, 113.6,
109.3, 59.7, 44.0, 28.3, 25.8, 21.3, 18.6; IR(ATR, cm') 3404, 3051, 2938, 1598, 1321, 1152, 744;
HRMS calcd for C22H2sN202S [M+H]* 381.1637; Found m/z 381.1634.
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N DME, -78 °C N
N
H k
73 (-)-aurantioclavine (1)

(-)-Aurantioclavine (1): To a solutions of naphthalene (780 mg, 6.09 mmol) in DME (5 mL) was
added a sodium metal (149 mg, 6.48 mmol). The mixture was stirred at room temperature for 3
h. This solution was added dropwise to a solution 73 (26.8 mg, 0.071 mmol) in DME (1.0 mL) a
-78 °C until dark blue color persisted. After 15 min, sat. ag. NH4+Cl was added and organic
solvents were removed under reduced pressure. The resultant aqueous solutions were extracted
with EtOAc and the organic layers were washed with sat. aq. NH4Cl, dried over MgSOs. After
concentration under reduced pressure and purified by flash column chromatography on amino
silica gel (20 - 50% EtOAc/hexane) gave (-)-aurantioclavine (1) (14.3 mg, 90%) as a white solid:
[a]p27-29.3° (¢ 0.46, CHCls) [1it25 [alp?” =34 (¢ 1.25, CHCly)l; *H NMR (500 MHz, CDCls) § 8.20
(1H, s), 7.20 (1H, d, J= 8.0 Hz), 7.09 (1H, t, J= 7.8 Hz), 6.98 (1H, s), 6.83 (1H, d, /= 7.8 Hz), 5.46
(1H, d, J= 9.2 Hz), 4.89 (1H, d, J= 9.2 Hz), 3.58-3.54 (1H, m), 3.12-3.00 (3H, m), 1.852 (3H, s),
1.851 (3H, s); 13C NMR (100 MHz, CDCls) 6 138.5, 137.1, 133.2, 127.7, 125.4, 121.5, 120.9, 117.9,
115.8, 109.1, 62.6, 48.9, 31.0, 25.8, 18.3; IR (ATR, cm™1) 3400, 3145, 2933, 2725, 1615, 1440, 1337,
1263, 1158; HRMS calcd for C15H19N2 [M+H]* 227.1548; Found: m/z 227.1574.

Ts Ts Ts
N\ N \ N N\ N
DIBAL-H OH MnO,
N Cco,Pr CH,Cl,, -78 °C AN CHCI5, 40 °C, o.n. N—cHo
N N N
H H H
71b 79 80

80 : To a solution of 71b (200 mg, 0.456 mmol) in CH2Cl: (5 mL) was added DIBAL-H (1 M in
hexane, 1.6 ml, 1.6 mmol) at -78 °C, and the mixture was stirred at -78 °C for 1 h. The reaction
mixture was then quenched with sat. aq. Na/K tartrate and stirred vigorously at r.t. for 1 h. The
mixture extracted with EtOAc, washed with brine and dried over Na:SO4. Concentration under
reduced pressure gave the crude 79 without purification. To a solution of crude 79 in CHCls (20
mL) was added MnOQO: (705 mg, 8.11 mmol) at room temperature, and the mixture was stirred at
40 C for 1 h. After reaction mixture was filtered through a pad of Celite, and concentration
under reduced pressure. The crude material was purification by flash column chromatography
on silica gel (30 % EtOAc/hexane) gave 80 (124 mg, 76% : 2 steps) as a white amorphous:
TH-NMR (CDCls) § 9.94 (1H, s), 8.94 (1H, br s), 7.69 (2H, d, J= 6.9 Hz), 7.30-7.28 (3H, m), 7.19
(2H, d, J= 7.4 Hz), 6.90-6.89 (1H, m), 6.06 (1H, br s), 5.79-5.75 (1H, m), 5.16 (1H, d, /= 10.3 Hz),
4.67 (1H, d, J= 17.2 Hz), 4.11-4.08 (1H, m), 3.65 (1H, td, J= 10.2, 5.1 Hz), 3.53-3.49 (2H, m),
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2.37 (3H, s); 13C NMR (126 MHz, CDCls) § 180.3, 143.2, 138.4, 137.9, 137.4, 135.4, 131.3, 129.5,
127.0, 126.8, 126.2, 125.2, 120.8, 119.6, 111.2, 63.6, 43.0, 27.6, 21.5; IR (film, cm'!) 3317, 2981,
2918, 2360, 2254, 1649, 1574, 1535, 1460, 1369, 1341, 1278, 1236, 1158, 1092, 1019, 974, 915,
876, 755, 736, 691, 667; HRMS calcd for C21H21N20sS [M+H] + 381.1273; Found m/z 381.1272.

Ts NO,

= Y’
, PhMgClI

N
H

80 81 (dr 1:1)

81: To a solution of 2-iodo-nitrobenzene (288 mg, 1.16 mmol) in dry THF (3 mL) was added
PhMgCl (2 M in toluene, 0.607 ml, 1.22 mmol) at —-40 “C, and the mixture was stirred at —-40 C
for 15 min. The red mixture was then added the solution 80 (200 mg, 0.526 mmol) in THF (3 ml)
at —40 C and stirred at room temperature for 30 min. The reaction mixture was then
quenched with sat. aq. NH4Cl, extracted with EtOAc, washed with water. and brine, dried over
Na2SO4. After concentration under reduced pressure, purification by flash column
chromatography on silica gel (20% EtOAc/hexane) gave 81 (209 mg, 79% ) as a pale yellow
amorphous: 'H NMR (500 MHz, CDCls) § 8.67 (0.5 H, br s), 8.28 (0.5 H, br s), 7.99-7.97 (1H, m),
7.66-7.58 (3H, m), 7.54-7.47 (1H, m), 7.28-7.27 (1H, m), 7.20-7.07 (4H, m), 6.85-6.83 (1H, m),
6.49-6.47 (1H, m), 6.07-6.04 (1H, m), 5.82-5.66 (1H, m), 5.13-5.08 (1H, m), 4.74 (0.5 H, d, J=17.2
Hz), 4.63 (0.5 H, d, J = 17.2 Hz), 3.94-3.91 (1H, m), 3.54-3.49 (2H, m), 3.10-3.07 (1H, m),
2.74-2.66 (1H, m), 2.37-2.36 (3H, m); 3C NMR (126 MHz,CDCls) § 137.6, 134.1, 133.9, 132.3,
129.9, 129.5, 129.3, 129.2, 127.0, 127.0, 125.0, 121.6, 121.5, 119.8, 119.2, 119.0, 110.8, 110.0,
109.9, 65.4, 64.1, 43.5, 28.3, 27.6, 21.4; IR (film, cm™) 3414, 3027, 2942, 2359, 2339, 1598, 1526,
1445, 1337, 1228, 1156, 1018, 790, 751, 666; HRMS calcd for C27H25N305S [M]* 503.1515; Found
m/z503.1533.

Ts Ts
N O e
MnO,
N NO, CHCl5, 40 °C. on. N NO>
J ©H J o
H

H
81 (dr 1:1) 82

82: To a solution of 81 (201 mg, 0.40 mmol) in CHCls (20 mL) was added MnO:z (696 mg, 8.0
mmol) at r.t., and the mixture was stirred at 40 °C for 1 h. After reaction mixture was filtered
through a pad of Celite, and concentration under reduced pressure. The crude material was
purification by flash column chromatography on silica gel (40 % EtOAc/hexane) gave 82 (145 mg,
72%) as a yellow amorphous: 'H NMR (500 MHz, CDCls) § 9.16 (1H, s), 8.26 (1H, d, J= 8.3 Hz),
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7.81-7.78 (2H, m), 7.72-7.69 (1H, m), 7.55 (2H, d, J= 8.3 Hz), 7.42 (1H, d, J= 7.4 Hz), 7.28-7.26
(3H, m), 7.12 (2H, d, J= 8.3 Hz), 6.87-6.87 (1H, m), 6.01 (1H, s), 5.77-5.74 (1H, m), 5.15 (1H, d, J
= 10.3 Hz), 4.71 (1H, d, J = 17.5 Hz), 3.78-3.75 (1H, m), 3.48-3.42 (1H, m), 2.77-2.73 (1H, m),
2.49-2.46 (1H, m), 2.34 (3H, s); 3C NMR (126 MHz, CDCls) & 184.9, 145.2, 143.1, 138.0, 137.8,
137.5, 136.4, 135.2, 134.7, 130.8, 130.3, 129.4, 128.1, 126.8, 126.3, 125.6, 125.0, 123.1, 121.0,
119.5,111.1, 63.7, 43.0, 29.3, 21.4; IR (film, cm™) 3346, 3029, 2946, 2861, 2360, 1633, 1572, 1525,
1446, 1415, 1343, 1273, 1251, 1156, 1061, 1019, 992, 939, 852, 1019, 992, 939, 852, 789, 752, 704,
668; HRMS calcd for C27H24N305S [M+H]+ 502.1437; Found m/z 502.1454.

Ts
\ N
1) BBUOCI, CH,Cly, rt.
N 2) HCl in Et,0, EtOH,
CH20|2, r.t.
N
H
R = CO,'Pr, NMe(OMe),
O NO,

*

85a (R = CO2/Pr): To a solution of 80 (50 mg, 0.106 mmol) in CH2Cl: (3 mL) was added ‘BuOCl
(0.018 ml, 0.159 mmol), and the mixture was stirred at room temperature for 1 h. Concentration
under reduced pressure gave the crude material, and used the next reaction without purification.
To the solution of the residue in EtOH (2 ml) and CH2Cl: (3 mol) was added HCI (1 M in Et20,
0.10 ml), and the mixture was stirred at room temperature for 3 h. The reaction mixture was
concentrated under reduced pressure, purification by flash column chromatography on silica gel
(20% EtOAc/hexane) gave 85a (26 mg, 54 % ) as a colorless oil: 'H-NMR (CDCls) § 8.33 (1H, s),
7.51 (2H, d, J=8.0 Hz), 7.23 (1H, t, /= 7.7 Hz), 7.16 (2H, d, J= 8.3 Hz), 6.93 (1H, d, J= 7.7 Hz),
6.85 (1H, d, J= 7.7 Hz), 5.77-5.69 (2H, m), 5.21 (1H, d, J= 10.2 Hz), 4.85-4.81 (2H, m), 4.09-4.06
(1H, m), 3.92-3.89 (1H, m), 2.51-2.49 (1H, m), 1.55-1.50 (1H, m), 1.12 (3H, d, J = 6.3 Hz), 1.05
(3H, d, J= 6.3 Hz); 13C NMR (126 MHz, CDCls) § 175.5, 167.2, 143.2, 142.0, 137.9, 137.8, 135.1,
129.5, 129.0, 126.9, 126.8, 123.6, 120.4, 109.6, 70.1, 63.2, 59.3, 41.8, 29.7, 21.4, 21.2, 21.1;
IR(film, cm™) 3302, 2987, 2939, 2255, 1740, 1713, 1617, 1601, 1494, 1459, 1405, 1388, 1375,
1330, 1304, 1266, 1215, 1157, 1122, 1038, 986, 943, 914, 874, 807; HRMS calcd for C24H27N205S
[M+H]* 455.1641; Found m/z 455.1647.

85b (R = NMe(OMe)): 'H-NMR (CDCls) § 9.18 (1H, s), 7.45 (2H, t, J= 8.0 Hz), 7.21 (1H, t, J= 7.7
Hz), 7.15 (2H, t, J= 6.4 Hz), 6.98 (1H, d, J= 7.7 Hz), 6.87 (1H, d, J= 8.0 Hz), 5.89-5.87 (1H, m),
5.67 (1H, br s), 5.22 (1H, d, /= 10.5 Hz), 5.06-5.02 (1H, m), 4.25 (1H, t, /= 13.6 Hz), 4.03 (1H, d,
J=15.8 Hz), 3.02 (3H, s), 2.95 (3H, s), 2.48-2.45 (1H, m), 2.36 (3H, s), 1.38-1.34 (1H, m); 13C
NMR (126 MHz, CDCls) &175.8, 169.0, 143.1, 142.3, 138.5, 137.7, 134.7, 129.5, 128.7, 127.4,
126.8, 123.5, 119.6, 109.5, 63.4, 60.0, 60.0, 57.9, 42.0, 33.5, 31.2, 21.4; IR(film, cm™) ; 3257, 2942,
2865, 2822, 2362, 1729, 1658, 1458, 1330, 1247, 1158, 984, 868, 816, 745, 662, 605, 544, 522, 509,
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507; HRMS calcd for CesH26N305S [M+H]+ 456.1593; Found m/z 456.1608.

85¢c (R = CH(NO32)-CsH4NH2): 'H-NMR (CDCls) § 8.01 (1H, d, J= 8.0 Hz), 7.91 (1H, s), 7.56-7.50
(4H, m), 7.29-7.28 (3H, m), 7.19 (2H, d, J=8.0 Hz), 7.02 (1H, d, J= 7.7 Hz), 6.91 (1H, s), 6.79 (1H,
d, J=7.7Hz), 6.17-6.11 (1H, m), 5.74 (1H, s), 5.18 (1H, d, J= 10.3 Hz), 5.00 (1H, d, J=17.2 Hz),
4.03-3.99 (2H, m), 2.68 (1H, d, /= 14.6 Hz), 2.38 (3H, s), 1.91-1.85 (1H, m); 13C NMR (126 MHz,
CDCls) 8 194.5, 174.3, 146.7, 143.3, 141.4, 141.2, 137.6, 134.9, 133.0, 132.8, 131.0, 129.8, 129.6,
127.2, 126.9, 124.5, 124.3, 124.0, 118.8, 109.5, 66.6, 31.4, 21.5, 14.1; IR(film, cm™) ; 2979, 2913,
2358, 2339, 1743, 1716, 1541, 1233, 1087, 965, 914, 744; HRMS calcd for C27H24N306S [M+H]*
518.1386; Found m/z518.1381.

Ts
N
1)BUOCI, CHyCly, r.t.,
1h
N
2) cHCI, EtOH, r.t, 1 h NH
3) Fe, H0,90°C, 3 h N
o]
85¢ 92

92: To a solution of 85¢ (12.2 mg, 0.0244 mmol) in CH2Clz (2 mL) was added ‘BuOCl (4.1 pl, 0.037
mmol), and the mixture was stirred at room temperature for 1 h. Concentration under reduced
pressure gave the crude material, used the next reaction without purification. To the solution of
residue in EtOH (2 ml) was added conc. HCl (1 ul), and the mixture was stirred at room
temperature for 30 min. Iron (6.8 mg, 0.122 mmol) and water (0.50 ml) were added to the
solution, and the mixture was refluxed for 3 h. After reaction mixture was filtered through a pad
of Celite, and concentration under reduced pressure. The residue was purification by flash
column chromatography on silica gel (30% EtOAc/hexane) gave 92 (5.4 mg, 47%) as a colorless
oil: tTH-NMR (CDCls) § 8.67 (1H, d, /= 8.3 Hz), 8.01 (1H, d, J= 8.0 Hz), 7.66 (2H, d, /= 8.0 Hz),
7.41 (1H, t, J= 7.7 Hz), 7.35-7.29 (2H, m), 7.11-7.10 (4H, m), 6.09 (1H, s), 5.90-5.84 (1H, m), 5.20
(1H, d, J=10.3 Hz), 4.76 (1H, d, J= 16.9 Hz), 4.14 (1H, d, J= 14.0 Hz), 3.70-3.65 (2H, m), 3.39
(1H, d, J= 15.8 Hz), 2.31 (3H, s); 3C NMR (126 MHz, CDCls) § 143.2, 137.8, 134.9, 134.2, 133.7,
132.1, 131.1, 129.5, 128.4, 127.8, 127.0, 124.5, 124.1, 123.3, 123.0, 119.6, 116.7, 116.4, 115.2,
115.1, 112.9, 64.1, 43.1, 31.2, 21.4; IR(film, cm'}) 3219, 3153, 3080, 2936, 2855, 2348, 1716, 1590,
1493, 1427, 1409, 1377, 1339, 1283, 1157, 1050, 1015, 795, 749, 706, 665; HRMS calcd for
C27H23N303S [M]*+ 469.1460; Found m/z 469.1458.

1) 'BuOCI, CH,Cly, rt., 1h
NO, 2) cHCI, EtOH, r.t., 1 h
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90: To a solution of 85c (30 mg, 0.060 mmol) in CH2Cl: (2 mL) was added ‘BuOC]I (10 1, 0.090
mmol), and the mixture was stirred at room temperature for 1 h. Concentration under reduced
pressure gave the crude material, used the next reaction without purification. To the solution of
residue in EtOH (4 ml) was added conc. HCl (1 ul), and the mixture was stirred at room
temperature for 30 min. The reaction mixture was then quenched with water, extracted with
EtOAc, washed with water and brine, dried over Na2SOs4. After concentration under reduced
pressure, purification by flash column chromatography on silica gel (40% EtOAc/hexane) gave
90 (31.9 mg, 98 % ) as a white amorphous: 'H-NMR (CDCls) § 7.82 (1H, d, J= 8.0 Hz), 7.52-7.45
(83H, m), 7.36 (1H, t, J= 7.7 Hz), 7.22-7.16 (4H, m), 7.07 (1H, d, J= 7.4 Hz), 6.34 (1H, d, J= 7.7
Hz), 5.97-5.91 (1H, m), 5.73 (1H, s), 5.09 (1H, d, J= 10.6 Hz), 4.90 (1H, d, J= 17.2 Hz), 4.33-4.29
(2H, m), 4.10 (3H, td, J= 13.1, 5.7 Hz), 2.72-2.70 (1H, m), 2.37 (8H, s), 1.24 (3H, dd, J= 14.5, 7.3
Hz); 13C NMR (126 MHz, CDCls) & 194.1, 178.1, 155.6, 147.8, 143.2, 139.0, 137.8, 134.7, 131.9,
131.5, 131.3, 130.0, 129.5, 126.9, 125.2, 124.4, 119.9, 118.2, 68.3, 66.4, 63.8, 41.5, 29.7, 21.4,
13.7; IR(film, cm™1) 3028, 2938, 2858, 1714, 1695, 1612, 1573, 1532, 1475, 1434, 1342, 1299, 1245,
1224, 1157, 1012, 882, 845, 813, 749, 706, 690, 662; HRMS calcd for C2sH27N306S [M]*+ 545.1621;

Found: m/z545.1628.
-
\ N
N H
® 0
N
H

91 86 (dr 2:1)

NH,CI, Fe, EtOH
H,0, 90°C, 1.5 h

91: To a solution of 90 (50 mg, 0.092 mmol) in EtOH (6 mL) and water (1.5 ml) was added iron
(112 mg, 0.50 mmol) and NH4CI (112 mg, 0.50 mmol). The mixture was refluxed for 2 h. The
reaction mixture was then quenched with water, extracted with EtOAc, washed with water and
brine, dried over Na2SO4. After concentration under reduced pressure, purification by flash
column chromatography on silica gel (50% EtOAc/hexane) gave 91 (17.8 mg, 38 % ) and 86 (7.6
mg, 19 % ) as a white amorphous (91): '"H-NMR (CDCls) § 7.71 (1H, d, J= 7.7 Hz), 7.50-7.46 (3H,
m), 7.30-7.27 (3H, m), 7.14 (2H, d, J= 8.0 Hz), 7.06-7.03 (2H, m), 6.74-6.67 (1H, m), 5.75 (1H, s),
5.35 (1H, d, J = 10.6 Hz), 5.21 (1H, d, J = 17.2 Hz), 3.89-3.86 (1H, m), 3.46-3.44 (1H, m),
2.42-2.33 (5H, m), 1.72 (1H, t, J = 12.6 Hz); 3C NMR (126 MHz, CDCls) § 195.6, 171.4, 153.4,
143.2, 140.6, 137.7, 135.8, 131.0, 129.5, 129.2, 126.9, 124.8, 123.8, 123.1, 118.1, 117.8, 116.8,
64.5, 60.4, 34.1, 29.7, 21.4; IR (film, cm™) 3150, 3086, 3040, 2960, 2923, 2857, 2365, 2254, 1702,
1630, 1607, 1570, 1476, 1431, 1285, 1325, 1266, 1232, 1156, 1087, 1019, 990, 910, 875, 813, 741,
668; HRMS calcd for C27H24N303S [M+H]+ 470.1538; Found m/z 470.1545.

86: TH-NMR (CDCls) § 8.62 (1H, s), 7.54 (2H, d, J= 8.0 Hz), 7.17 (3H, t, J= 8.3 Hz), 6.90 (1H, d, J
=17.7Hz), 6.81 (1H, d, J= 7.7 Hz), 5.82-5.74 (2H, m), 5.31 (1H, t, /= 5.2 Hz), 4.76 (1H, t, J= 8.7
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Hz), 4.20-4.17 (1H, m), 3.55-3.50 (2H, m), 2.36 (3H, s), 2.17-2.15 (1H, m), 1.49-1.44 (1H, m); 13C
NMR (126 MHz, CDCls) §178.7, 143.2, 140.9, 137.9, 136.9, 134.9, 129.7, 128.3, 127.8, 127.0,
126.9, 122.6, 120.4, 109.3, 63.0, 46.1, 44.6, 28.5, 21.4, IR (film, cm'!) 3300, 2946, 2863, 2359, 2342,
2252, 1705, 1617, 1494, 1460, 1404, 1327, 1249, 1196, 1155, 1014, 970, 946, 908, 855, 809, 781,
727, 710, 659; HRMS calcd for C20H20N20sS [M]* 368.1195; Found m/z 368.1195.

Boc,0, DMAP
'PryNEt, CH,Cly, r.t.

91 93a (major) 93b (minor)

93a, b: To a solution of 91 (38.5 mg, 0.071 mmol) in CH:2Cl: (8 mL) was added Boc20 (36 mg,
0.164 mmol), DMAP (10 mg, 0.082 mmol) and PrNEt: (0.028 ml, 0.164 mmol) at room
temperature. This mixture was stirred at room temperature for 1 h. The reaction mixture was
concentrated under reduced pressure, purification by flash column chromatography on silica gel
(30% EtOAc/hexane) gave the mixture of 93a, b (40.3 mg, 86 % ) as a yellow oil: tH-NMR (CDCls)
§ 7.80-7.78 (1H, m), 7.59-7.53 (2H, m), 7.40-7.33 (4H, m), 7.16-7.13 (4H, m), 6.59-6.57 (1H, m),
5.78-5.74 (1H, m), 5.30-5.28 (1H, m), 5.10-5.07 (1H, m), 3.69-3.67 (1H, m), 3.32-3.29 (1H, m),
2.55-2.53 (1H, m), 2.36 (3H, s), 1.78-1.76 (1H, m), 1.62 (9H, s); 3C NMR (126 MHz, CDCls)
5199.339, 174.501, 166.565, 149.0, 148.4, 148.1, 143.2, 143.2, 141.6, 139.7, 137.8, 136.2, 135.4,
135.0, 129.6, 129.4, 129.1, 128.4, 126.9, 126.8, 126.6, 126.2, 126.1, 125.9, 124.7, 120.3, 116.0,
114.5, 84.9; IR (film, cm™) 3337, 2955, 2867, 2816, 2360, 2254, 1725, 1616, 1586, 1555, 1494,
1443, 1378, 1324, 1303, 1243, 1184, 1155, 1089, 1036, 1012, 983, 941, 905, 884, 844, 811, 729,
708, 663; HRMS calcd for Cs2Hs2N3sOsS [M+H]* 570.2063; Found m/z 570.2054.

NaBH, (exess)
MeOH, 0°C

93a 93b 94
94: To a solution of 93a, b (40.3 mg, 0.078 mmol) in MeOH (5 mL) was added NaBH4 (14.8 mg,

0.39 mmol) at 0 “C. The mixture was stirred at 0 ‘C for 1 h. The reaction mixture was then
quenched with sat. aq. NH4Cl, extracted with EtOAc, washed with water. and brine, dried over
Na2SO4. After concentration under reduced pressure, purification by flash column
chromatography on silica gel (20% EtOAc/hexane) gave 94 (6.6 mg, 15 % ) as a colorless oil:
IH-NMR (CDCl) § 7.57 (2H, d, J= 8.0 Hz), 7.30-7.29 (2H, m), 7.19 (2H, d, J= 8.3 Hz), 7.08 (1H, t,

62



J =176 Hz), 7.01 (1H, t, J = 8.0 Hz), 6.80-6.78 (2H, m), 6.74-6.73 (1H, m), 6.69-6.68 (1H, m),
6.09-6.06 (1H, m), 5.84 (1H, s), 5.49 (1H, dd, /= 10.7, 3.0 Hz), 5.16 (1H, d, J= 10.3 Hz), 5.09 (1H,
d, J=17.5 Hz), 4.98 (1H, s), 4.12-4.11 (1H, m), 3.78-3.75 (1H, m), 2.94 (1H, br s), 2.53-2.50 (1H,
m), 2.38 (4H, s), 1.83-1.81 (1H, m), 0.90-0.84 (1H, m); 13C NMR (126 MHz, CDCls) & 143.0, 138.8,
138.1, 129.7, 129.5, 129.3, 129.1, 128.1, 127.4, 127.0, 126.8, 125.0, 121.6, 119.4, 117.2, 113.8,
113.4, 83.0, 79.1, 70.4, 63.8, 63.1, 41.4, 34.5, 28.4, 21.5; IR(film, cm™) 3362, 3024, 2938, 2865,
1713, 1684, 1587, 1529, 1476, 1459, 1370, 1336, 1159, 1014, 754, 662; HRMS calcd for
C32H35N305S [M]*+ 573.2297; Found m/z 573.2309.
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HZ% PAMEIC L5 C—HERELEMALLT FoE Fu-2B 7 ALy BLY
RV vy aT T UoRAREOR%

H—i TRFSE Ru2H7LALFLUBLUORVY V7 a7 T U ARRIEOBR

3-1-1. 7 b I b Fu-2H7)VA L OEKIEBS L OZOILR

FRIERRIZLEFLUIE, RUBPUVER, Va2 o BIONY ek o B3GR L =5
P TH D, RERIZT 7 a~F BV RICEEND “HEGOMEDEWNILD ., 3,4,4a,9-7 b
St Fu-2H7LVAL >, 2,83,6a, 97 7t Rua-1H7LF L 2 3 53,97 5t Nu-1H
TNF Ll Wo - RO BERICSFE T X S (Figure 8), ZDOH T, Cl1 & C9a DOMIC HEhE
BEATHT NI R 2H 7 VAL EEAE RN DICLIEEREEAICLY, o7 K
Tt Ra-1HI7NVF LU NOITAEMTE RWFER~ LR L PRI D, B L 72FH5IRT
benzohopanelab K> aethiosidelc, pelorolld Z &L ERM:T LX) A MEEWMDOESHEE L 720 . 7
Fob Ra2HI7LVA L AIEALT 477 ay 7 b LTHERERD H 5,

COzMe

aethiosides

1 1 R2 =
RO (R', R" = sugar) pelorol
________________ ;____;________________________________________________________________________
o= o CD
- L @
5
4 3
3, 4, 4a, 9-tetrahydro- 2, 3, 5a, 9a-tetrahydro- 2, 3,4, 9-tetrahydro-
2H-fluorene 1H-fluorene 1H-fluorene

Figure 8. Natural products containing a hexahydrofluorene core, and tetrahydrofluorene.

7 h7 e Ra-1H7LVH L OEBIEO—FNZOT Scheme 69 (27773, 2005 42 Teo Hid
InCls-(S)-BINOL FEF 8- =/L-1HA VT E 2-7a®ET7 27 U LT /LT B ROARF Diels-Alder
FOGZ S Lz, ARG, =F o FARRTEIT L, RENE 98%TT M F & Re-1H- 7 /VA
Loakbziz2a, X512, 2008 12 Yu B Z ORIGZH#E G E LT, fluostatin E DA A%
Ff L7z (Scheme 70) 2b.c, 2-7 a7 7l A OO VIZF / FERE V- A Diels-Alder
BORIZE D . RFIE 65% & HREE 223 5 fluostatin E O IBRMEEAS & — 28 TS LT,
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— o) InCI.3, (S)-BINOL, Br
+ B | allyltributylstannane 0 CHO
‘ CH,Cl,, -20 °C ’

72%, 98%ee

Scheme 69. Enantioselective Diels-Alder reaction (Teo's work).

OMOM _— Me TiCly(OiPr),,
o MS, (R)-BINOL
+
‘ [ O CH,ClI,, toluene,
(0] -15°C

93%, 65%ee fluostatin E

Scheme 70. Enantioselective Diels-Alder reaction (Yu's work).

C-HEfREM{AZH T F It Ru-1H7/LA L O8I E LT, Willis b OHENRH 5 2d.e
T /)= U T7T— % PdfEAFAE T dppp & FU TFAT I AL TR L= & 2 A,
C(sp?)-H BRERLAEIT L, BHRINERTT Tk Ra-1H 7 /AL %5 % 7-(Scheme 71),

H

O Pd(OAC),, dppp O
Ny

Me NBu3, NMP, 80 °C

‘ OTf 85% ‘

Scheme 71. Synthesis of tetrahydro-1H-fluorene based on C(sp?)-H functionalization.

—J. 7T b7 Ra-2H VAL OERIEIL, Friedel-Crafts B & e < ik, #0706 %
HAE D T= )15 (Scheme 72)% £X° Diels-Alder /< )i(Scheme 73)%h 72 & = < Hfiil L v ST
WAV, ZOBRBEORIGITEESRMEZLEE L, £, /i ORISIZMREE %2 V5 72 DI ARk
THETHRINDGT N T Ra2H VAV AIESICT N Ru-1H 7 VA L AZE LT 5
e, —TRTIET F I RE2H VAL U 2GR TERWEERH S, BLED X 5i1c, AN
NE L, BRRMISRZE DT T8 Ra2H- 7 VAL ORRGAKET, CH Bl b &
DTINETHIONTELT, 7 T Ra2HI7 VAL OELT 47T ay 7 LT
DOHERES FaICHRI ST ieho Tz,

68



R=H

o H,SOy4, benzene
43%
R R=0OMe
MeO,C ~ p-TsOH, benzene
85%
MeO,C
Cu(acac), or Cu(OTf), O
benzene, MeOH .
R=H ratio : 2 5
66%
R =MeO ratio : 60 13 7
93%

Scheme 72. Synthesis of tetrahydro-2 H-fluorene.

o~ o

CH,Cl,, 35 C
6 kbar (60 atm)

pP oy

Scheme 73. Synthesis of tetrahydro-2 A-fluorene.

31-2. XV vy u7 T OERER L OO

R TTUERCBUREY I BT T UNRER LIEE T, ¥ VA X U L EATH
LI FRBRERFERTH D, £, XV T T UoBRERORKY L HEEES LT D
5] 21X, scillascillin®, muscomosin, phyllostoxin®, dyshomoerythrine$2, benzosceptrin’@¥i73
EMEE4 T 5 (Figure 9), ZEWiETE & L i, phyllostoxinid A = 7 77 W J1ZxF 3 5% EL/EHS,
dyshomoerythrinel3 Luculia cuprima (F—A + 7 U7 7 v/3x) OLmlzxtd 538 mahR (LDso :
22+5 ppm)®, % L Thenzosceptrinid t k1A HRAIIE C & 2 KBMAZIZ x4 2 HUEE I R ™ 4 7~
TZERME SN TVD, 51T, 20154 ZFDA TR S L7 @M DA 2753 C 5 5 Ivabradine®
bR a7 T UoERERLTEY . BERLOFIR T r—~a Ty 7 L UUEH &5 WThE
PEEHTND,
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o
Phyllostoxin

Cr

benzocyclobutene

Y

Y
Y

= H benzosceptrin A
Br; Y = H benzosceptrin B

Br benzosceptrin C

X,
X
X,
X, Cl tetrachlorobenzosceptrin

Ivabradine

Figure 9. Natural products containing a benzocyclobutene core.

R a7 T DEMIEIZOWTFRICE T, XY v 7 m 77 v ORENRERESE LT,
RS RO L Lz [2+2] LIRS 8238 5, 2009 421 Hsung B, 2- MY A F0
YINT 2= N 7T — FEFEHZHWERBISIZOWTHE LTS 8, $72bh, AEEIC
Tk vy AEERASEDL ERPUICRUT A UBNERT D, OV DS I REDORMT
[2+2]BALAT MBS EIT L. BRIIOR Y v 7075 U 8T%INRTE 5172 (Scheme 74)9,
[2+2]BRALATINBE ASE CO ARSI & L TiE, 2007 412 Cho AR L7=7 ¥ RETM&ERE S 0+
B bEOSN & 5 (Scheme 75), ARJSITZRALT V—ofbica b7V —L a2 HW\W5Z LT, B
{EAR DR DY 59% D05 T3%~ & [\ L7z,

i b
[::I:OTf xN-g, N-Bn
SiMe, CsF, dioxane ©j
reflux
87%

Scheme 74. Synthesis of benzocyclobutene via enamide-benzyne-[2 + 2] cycloaddition.

@]
(0] |
Pd(PPhs)s, NaN;, PP |

DMF, 85°C 4;i\N
3

Ph

73%

Scheme 75. Synthesis of benzocyclobutene via Pd-catalyzed cyclization.
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Pd il 2 V255N C-H BRERALIC X AR v 7 a 75 B DA RBNIC O\ TIE, B
% —HiD Scheme 23 T/r L7= K 912, 2003 42 Baudoin 5134/ MZICEHILEEZHTH 7 oE~x
YEBUEFEHC LT, KA FLED Clspd)-H BReEICE WV Ry v a7 T v BAFRIET
AR L7210, X512 2010 42 Martin H13A/V MLIZT AT & R &2 FVREEHREREORE 2 v
TS ERE LIz 2 A, AFVHED Clspd)-H IEMHETIER 7T B R~d Clspd)-H BREHRAL
DMESEHNCHEET T 5 Z L 2HE LT 5 (Scheme 76) 11, 7277 L. ZH OIS TIZAR U P LERALD
SAEEESDLETHD RSN DD, R R BEER TH D HE CONMIOVTIEE L S
LTV,

R? s Pd(OAc), (2 mol%) R2
N 0] BINAP (3 mol%) N R
11 R
R _— H Cs,CO3 I =
Br Dioxane, 110°C o
up to 97%

Scheme 76. Synthesis of benzocyclobutenone using C(sp?)-H functionalization.

— . B TRUETO CH ERERLICE 50 v n 77 OARM L LTIE Catellani &0
WENH 5, Catellani (33— Kb L FT7uE_oP o b /LR R %, Pd fillit L KEED U
LAFE B LT, > 37 07 7 i R 94% DI TR LT % (Scheme 77)
2 UL, ARED L D AAEEMONRL Y S s 07T L OARIETIE. S TNEE LY b EE
FHPH 2PN & D RIS B 5,

R Pd(PPhj), (5 mol%)
|\ N b K,COs (1.2 eq.) —R
ot N\ /
H DMF, 105°C, 24h
X up to 94%
X=1,Br

Scheme 77. Synthesis of benzocyclobutene using C(sp?)-H functionalization.

O XD ICAMKS DA RIA, BEXOEREEMEO LT 4 7T a y 7 &5 W Tk
TRy a7 T USROS RIET, 2R X OUREE T OE TWRORMA D D,

FEHE Pdffiic ks CHERELEZFHALEZT FJ Fu-2H 7 )VE LV EREED
AR L Z DA

3-2-1. AMFZED B & B Rk

F—EHE _H TR L) ICUMREETOINE TOHMAEEFTT 5 & (Scheme 26), A HZE L
FA T Tay I THHT T Fa-2H 7LV ALy BIORC Y7 a7 T o0, Clspd)-H BRE
HAb & Clsp?)-H EREHALZHIE L CRI—DFEIN DA AEETH D & TSI, bbb, =/
— VR 7T — T HEFEHZ LT, RN Clspd)-H B L TE X, REERRZ XY A1 71
ERERELTT N7 Ra-2H 7 VAL Y235 54105 (Scheme 78), — 77, A& _ED Clspd)-H BHE
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FBAERHEATT IS, Ry v ra 7 Fonfaond, A7ATFTOEROEDIZ, ) FFA LR
— VAR THBHIAWTZ IS VR v ) RO sp? 257 & APUCH 2 B T sp? IRF IS A TS
TOHERMBEETHD, ZHZED, 7T Fr2H7 VAL AIMAT, £V OTHDORKEZNAR
YV aT T EE R E T D, RIT, () HEER LB KX sp? RFE LOBERIE, LT Gid) A
Ao I & B ET5 2 & C RUSOBBRMEOER LI LT D,

LLEOO~G)ORFHZ LY, T h T Re 2B 7 Ly BLORyYyrunr77 0% CHE
RERALIC K VBT D TR Lz, S6I, B VT, £V T o7 T7my 7L L
TOHAMEEZRT7ZOIZ, benzohopane DHMT7 7 7 A FOEK~ERB L7, UTIZ, Zhb
2 DD RIS DFERN DN TR D,

a) Previous work

H Pd(OAc),, Ad,PBu |
Gl Cs2C0s, PivNHOH /ii [;:Ijj>:°
N
N/_\go mesitylene, CO N" "0 M
N e 140 °C H Me H Ve
sp? nitrogen L _ oxindole
linkage
b) This work C(spd-H T 7 8 9
activation O Pd' 79a 1
H Pdcat. | R#H ‘ 87 6 )
ligand R R R'
OTf e i i R 4 3
N
R,/Cdj selectivity? _ tetrahydro-2H-fluorene (8)
R I
e o | o
sp° carbon C(sp?)-H . 6 R
linkage activation | meR i Me

benzocyclobutene (10)
Scheme 78. Pd(0)-catalyzed benzylic C(sp?)-H activation for synthesis of oxindoles,

tetrahydro-2 H-fluorene and benzocyclobutene.

3-2-2. Pd filtt & U 2 R o bRt

B #IZ. benzohopane &k Z HEFIZ AILT, A/ MIIZ2ODATFNVIEEFTHZ ) —/L Y 7
77—k T7a Z AT Clspd)-H BREFAL D HEITT 2 st L7=(Table 5), 72355, AH'E 7a TiL, BiE
FICEOS L 9 5 Clsp2)-H AN FERE LIC2nid, BlIERBE Loy ra 7T 34T
R, TTICHE SN TV AT oA v F=AEROHRZ S L1210 mol%? Pd(PPha)a f7£1E T,
1.2 Y EOREEEY T AL 0.30 Y&EOE/VLEEZ 12 T DMF H 140°CC 3 RERMEME#E L7z & 2
5. Clsp®)-HERBEEIT L THIMOT T Ru-2H 7V Ly 8a N —AmME LT 69%
IWRTHON=(entry 1), KIZ, 737 V0 AJRIZOWTHGT L7=, Pd(OAc)2<° Pda(dba)siZ bV 7
T VR AT 4 R UTZRMETIE, entry 1 ERIEEDOINEE 720D, PATFA):IZ NV 7
T Z)VIR AT ¢ BN Z TS TIRIER DY 83% F Clh) E L7z (entries 2-4), U H ¥ RIZOWTHiET
L7z& Z A, CysP X° Ad2PBu, ‘BusP &\ o7z Clspd)-H BRERILIC L DA F A > R—LEpk 1814
DA TSR AT 4 YTy RERWD & IERAMED L 7= (entries 5-7), ZALILmE VA
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AT 4 BT E WD & R UL Clspd)-H fEG 72 CMD #4% (1% R) YW X4 5 BRICIR A A
ST-EBBIREEZTZR L, PPhslltb_RTARFNC R o & ELE LT,

Table 5. Investigation of Pd sources and ligands.
H Pd source (10 mol%)

Ligand (20 mol%)
OTf Cs,CO; (1.2 €q) O O
PivOH (0.3 eq) . . O
‘ DMF, 140 °C, 3h ‘ Me ‘ Me
Me

7a 8a 8a’
entry Pd source ligand yield 8a:8a’

1 Pd(PPh3), 69% 1:0

2 Pd(OAc), PPhs 64% 1:0.28
3 Pd,(dba); PPhs 60% 1:0

4 Pd(TFA), PPh, 83% 1:0

5 Pd(TFA), CysP 35% 1:0

6 Pd(TFA), Ad,PBu 29% 1:0

7 Pd(TFA), P'Bug 29% 1:0

3-2-3. NN &iE | HEEE O Fori ARG

W, I EREEIZ DV TRET L7z (Table 6), IREEA 140 CTHH 100 CETFIFE 2 A,
IR A 93%I12 1) | L7=(entry 2), Scheme 26 T/ L7z C(sp®)-H BRERILIZE DA T4 v F—b
B TORINREIX 120 CTho7eZ &b, ARISIFE VKR T Clspd)-H fHoulli L 7 4
PAINDENPIREDLZ EERRLTCND, ZOfRRIT, =/ =V ) T7T7—FEPAF LT =
SHVERLD7LF T E YT L OFE sp? IREZIT L TREALTWD 7D, BErfHmLTETE
Pd $ERDOTEMEF LR DALD Clspd)-H FEAIC L D T E0F W R S5,

IREZ 140 CH 5 100 CET TR E 2 A, W=D 93%IC1) | L7z (entry 2), Scheme 26 T/
L7- Clspd)-H BREREALIZE DA F VA ¥ R— A AR TORKISEEIL 120 CTh-o72Z &b, K
FOSIE X 0 AKIR T Clspd)-H #& & OO & T XA Z VOFRNERE DL Z L2 RBLTND, 20
WRIZ. = )=V ) 7T =R P RAF AT 2= VERID 7 LF Y T o OFE WV sp3REET L
THEAG L TWAHTED, BB L TAE C7e Pd SERDIEMEHF.LA R PO Clspd)-H A 12 &
D& TV EHEIS N D,

TV BEDOTHINZ DN T HRET Lz, B2V Z TSI L7220 54T Clspd)-H B RERA b & 7 A 7=
A, T ELET L) oz (entry 3), — 7T, ESLEED 1-AdCOH IZUSI & 255 L
7ol 2 A, 98% DI T HIIW Z 157 (entry 4), S HIZRIGREZ 80 CIZTFIf7=b 2 A, EBEMIT
8a N F L vz (entry 5), AT IVAR VBBOWMBNIETEH 5 Z L%, Fagnou HIZ K-> Tt
SNTWAHER A Z AL =7 1 b B [concerted metalation deprotonation (CMD)#f%]C
Clsp®)-H BERERALPHEIT L CVWD Z L A/RIBL TN D 15
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Table 6. Investigation of additives and temperature.

H PA(TFA), (10 mol%)
PPhj (20 mol%)

OTf base (1.2 eq) O O
additive (0.3 eq) . + D
‘ Me DMF, temp., 3h ‘ Me ‘ Me

7a 8a 8a'
entry base additive  temp. (°C) vyield 8a:8a’

1 Cs,CO3 PivOH 140 83% 1:0
2 Cs,CO;3 PivOH 100 93% 1:0
3 Cs,CO3 none 100 0%* 1.0
4 Cs,CO3 1-AdCOOH 100 98% 1:0
5 Cs,CO3 1-AdCOOH 80 quant. 1:0
6 Na,CO3 PivOH 100 10% 1:0
7 K,CO3 PivOH 100 42% 1:0
8 EtsN PivOH 100 4% 1:0
9 KOAc PivOH 100 78% 1:0

*No reaction.

W CTHREO R AT, KRBT U LAOMRDYIZREET ) U LK ) U L%k v
A, RN RIBIIEN L7z (entries 6 and 7), £72. RV =TT I U286 TIEHEAY
BIZEAMER 272D o7 (entry 8), BFlE T U U A& L7286, 78% DI T 8a # 57 M kit t
27 LD 93%INLRIZIT M X2 Do T2 (entry 9), 140 °C THEIEDOSMMET 2 320 L 7= BRI A s o
PEALIZ L 0 8a'23 TH NMR CEII S 723,100 CTiEZ D L 9 72 B b 24 U312 8a DA &5 7=,
PLEDOFRERS . 10 mol%® PA(TFA)2. 20 mol%® PPhs, 1.2 ¥ &EDREEEZ v A, 30 mol%dD
1-AdCO:zH % Z N1 DMFEEE IR L, 80 “CT 3Rt 2 & 2 it & L CTED T,

3-2-4. FLEE FH & PH O kR Et

3-2-3. CHRH LaRESLEE2HWC, T hT 8 Nu-2H 74 L O RE#EAH#EZ BT L7
(Table 7). 7 vHJH 7MY ZuAa AFNER EOEFRGIFES, TAFAESCA MR R Y
DEFHEGIEEH T 5 HE To~f 123 L, i s:0F T Clspd)-H BRERAL 2 AT & 2 A, BiY) 8b~f
ZUILE 60—90% C137= (entries 1-5), 72¥5, HE 7b IZB L CixA FAREB X O=F LIk
C(spd)-HERERALEZA U D ATREMEDN B o 723, A F VD Clspd)-H GG DA TRINMIEIT L TE Y |
TF LD Clsp?)-H FEATEMALIC X 0 A UTAbEMIT B ER LR D o7z, —07, Wi/ —L
U 77— 7g #HWT Clepd)-H B2 RAlz & 2 A, KIS 2 ETE TR 223 a]
&7z (entry 6), Tg l[ZHBWTH, MMOIE & R, BERMNINE TIETL TV D b0 LS
N, LU, RAUCATFIVENGFEL TN D725, CMD #i1C L 5 Clspd)-H iEMEL OB IRREIC
BOTIRINTIEA D > TWTZ T O RISDHEIT LR o Te 8 ER LT, 72, 747 = UFFEK Th
REBEOSFMET CUE LIZE Z A, FUSMTBEICEIT L2 OO A F L IO EERRMENME L 8h &
8h'DIRE W) % [N 86% TH57- (entry 7),
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Table 7. Scope and limitations of Pd(0)-catalyzed benzylic C(sp®)-H alkenylation.

H Pd(TFA), (10 mol%)
PPh; (20 mol%)
OTf R Cs,CO3 (1.2 €q)
R? 1 1-AdCOOH (0.3 eq)
R3 DMEF, 100 °C
7b-j
entry substrate products yield (%)
Me
oTf
Et
SR

7c 8c 60%
‘ OMe

w N
(@]
(% O
_‘
) *‘%
= O
= o
[
=
o
[~
Qo

7d ‘ 91%*
Me
Me,
4 o O 7e .O 8e 62%
O ¥
e o
5 ‘ 7f ‘. CF, 8f 71%
3
e

79 Me . 89 0%**

(o))

=

]
(8
O
(]

\,
o
=

= w

)
=~ »
E\;

=
()
.
m
=
(']

7h 86% (2:1)
8h' 8h
- (7
8 ™ O 7i ‘. F o 8i 54%
oY o
MOM mom
Me
TfO .O
MOM
HO O MOMO O
Me e 8j' 1 28%, 8j" : 7%
8j' 8j"

*80 °C. ** A starting material was recovered.

A2 T (R3=MOM) I LU T Clsp?)-H B REFALEIT T 25t L7z, AE 71 (R =F) Tid,
R3NEEHLD 8e (R' = H) L FREDIRTHIY 81 25 2 /=(entry 8), —J7, RBAFNLIEDY
BT BN T NTHE SR 8 1T GO oTc, RPVIZ, A PF T ATFLTZ—T )L
HCIRE S AU KBR L SRAL L 7 SVER 85" & ARGEIA 8)'2N T Z HVRINR T1F b v 7z (entry 9), =
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D2ODFERICK LT, LTFDO XS pBERE Lz, HH T O%5E1E, R3WKRIFT- & RIFRE DT
PR THLT7 v HFF DD, SERIEIC LD 81 ORLEAMPE LRl LHERSND, —T7.
T DA ITFEEN T X THEE SN TWD 720D, Clsp?)-H BREAEAEIT L T—H 8 N3RPT THAEL
TWoETPHREIND, LnL, 8 TEZTFRICHD ATFIVEE A FF T AF VL ORI TR TE
WELDD D, £, REESNTT NV aX T EORBEHC IV E BRI T A DBELRSTWVI LT
MEND, TORME, LB 8 1FETIFINT LV LZER 80 g~ L RIE(L LTz L HEI SN D,

3-2-5. #EXE SRS

$ﬁﬁ@%ﬁﬁﬁ%ﬁ%Fgmam:%ﬁ RONC, PAOVffE i 7 —v R U 7T — R BER{EAY
LT PA 8K S WAEL D, HIZHETZ L DT, DR ERMLUZ20GE . REOSITETL
2N, ZEOTDWRIMUTIINVR BN T RRHUZ L > TT 25 %, fit< CMD #2#kh L7z
Clspd)-HIGMHALIZ L W T ZH A 7 LU BAERT D EHEE ST D, RFZIC, BITHBEEHZ LY 7 b
T Ru2HT7NVA VY EH 2 YA 7 VBRI T L T D b O EHEE S D,

Pd(0) ‘)
Oxidative
\<Addton

'O LoPd(Il) O C(sp®)-H functionalization
(J %)

Me
Reductive

Elimination

base

Concerted
Metallation
Deprotonation

Figure 10. Proposed reaction mechanism of C(sp3)-H functionalization.

3-2-6. Benzohopane O 7 7 7 A > s DAL

BllZT T Fu-2H 7 VALV OERIEEZRRE LILOT, GoNIERYOA MMtz =47
. benzohopane DG T 7 7" A DA Z#RFI L=, Benzohopane |37 7 7 ~ 12 THIMOHE
FAENOHBESNTEANEE N T AN THD 16, KMeEWIiE, HIEMEOMRER A - —MAIAF
7E L T\ % bacterichopanepolyol $873, EIEAHE OSEZHER M H D HEFE S & 72 DIl CTERIL L T4
T2 EHEI STV D, AMEEWITHER T OHER S LA MM O BB S TWD 28, £ OFEM ek
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BERAMBEEIIRMAOEETH D,

Benzohopane D& flifi#dT % Scheme 79 (2529, Benzohopane ¥AD Gk EOFEEIX, )/SEER
N trans it 3 D M O MUBRPERETE & QDA O v AR T 2 TE R & N BER 2 L IRRIRICHESR
HIRThHD, AE HFEER EOERLPKZEONEY. 77215, benzohopane FHDH Ty § Hifll
7S OHEBRAR = ) 2SNy 1 & Lz, £, benzohopane D AfIHEE 4 =R F K 96 O 4 F
FERITTVANRY 2 UBRAEVIZ L OREE L, i </LEW 95 OILIRERINTY/KFEARIN & Barton
EICIZ L Y benzohopane & KT 5 Z & ZFHE L=, BRILEIBRIK 96 (3/LAEW 9T £ 7 /LT & K 98
DIy TV TIZEVH{TLEDL L AUOTHSEEE 227 V7 R8T FFk Fu-2H7 )L
FlLr8a k0T UNTa—1 99 R TAEKT S,

C(sp*)-H

functionalization TfO O

7a

Scheme 79. Retrosynthetic analysis of benzohopane.

Scheme 79 (27~ L 7= & R K 12 HE > T benzohopane D& etz Blth L=, Aifi CAR LT
N7k Fa-2H7 V4L U iFEK 8a (FZEXAFHEIE CIIALETH Y B AMEIR THRET D & R
Lz, D71, BALIK 8a 13H5H% 9 <\ BHs-THF ${KI1c L 5 & Fak v H#Eik, fid TPAPIZ X
BHERAE 18I2E D 7 B 100 ~& FE L7=(Scheme 80), 72k, 55172 100 DEMIKTHD T
ZAEBRBIT DT NITER LTZ, Z OB THREL7Z, 100 IZ= AT VEAEAN L%, —D2HD
AFNVEERALERRINTEA LTz, ZOROSRERIET 2:1 LIENbDD, FiE< 2 OHDAF L
FATmOSLRRINE TIEATE 7o, MK R & BLERIRIZ L 0 & RifgBe L7z B8 ko 102 %z 101
£V 4 TFE B9%IR TRz, o, =AU b7 v AMERIERIT, Z OBRBECHEE L7, 102 % =
IUVARIE OWEHANT R 7T — MELTc, —BBRFEFRATT Pd iz Huv 7z ke vk,
%t < DIBAL-H i#5t!IZ X Y benzohopane A1l 7 Z 7' A > R Toh D 99 157, Z D 99 ® noesy Fhk
2R, KERIIVAMERETHD Z 2R LIz, ULEORENS, 7 8Tk Ne-2H7 VA
VUNERTREEE LTERTH D Z &2, RRIZ, KMEEMERINZERTE 5 FE &
L CEENHIE LI RNE, BEM—DOFIETHY BEETH D,
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1. BH3-THF then 1. MeOC(O)CN,

aq. NaOH o H LiIHMDS, HMPA o H
.H 2 THF, -78 °C 2
.O aq. 120 » > Me
2. TPAP, NMO - 2. Mel, Cs,CO4 MeO,C =

Me  MS 4A CH,Cl, H Me  CHsCN H' Me
8a 81% (2 steps) 100

Comins' reagent

1. Mel, LIHMDS oMe, KHMDS
THF,0°C THF,-78°C
2. LIOH-H,0 Me 94%

H
THF-H,0, 80 °C Me
59% (4 steps) 102 (dr 3.3:1)

1. Pd(PPhs),
Et;N, MeOH, CO
DMF, 100 °C

2. DIBAL-H
CH,Cl,, -78 °C
74% (2 steps)

Benzohopane

Scheme 80. Synthesis of a right-side segment 99 of benzohopane.

3-2-7. #4E

AlEl, FHE L PAOfEE A AW =R UL Clsp?)-H BREFLIZCE 57 R T & Re-2H 7 V4 L
Y ONROARIEE R L, \BESCHERINY., L CGRELFOK#ELICEY, = /=1 ) 7T
— M Ta b ERMICT M T Fu-2H 704 L 8a AT 554 RH Lz, ARSI 72
T RZ7Ee Fa2H 7 VALV UFEEOGRICHEHHANETH 72, SHIZ 8a »H 9 LRT
benzohopane H1| 7 Z 7" A @D 99 DE LB EERL LT,

HB=E PdMfEicks CHERELEZFNA LR Y V70T T U ERIEDRS

3-3-1. Pd filtt & U 5 R o bRt

BOECRLE®Y, =/ — b 7T — MIEMLIENCEBUVROA L Mz 2 D& HERL
72 3E T7a-Th Tix, X UNMLO Clepd)-H BREMALEIT L, BETD5T M T e Ka-2H 7 /v 4
Lo mENRTHED Z LNk, KETIE. 22005 BUBANL MIO D B TORIZAF IV
AT HHE 9a lzxt LT, Clspd)-H FREH(LD L <X Clsp?)-H BREHEILD &6 & TRISDHEST
THMRH LTz, 73R T, Pd il s LT 5 mol%® PAd(PPhs)s, e LTkttt v
1.1 S8 RIFE LTE S LER 0.3 Y& %2 DMF A 8E0 2 Hin L. 80 “CT 4 FEf#H#E L /- (Table
8, entry 1), T O#ER. KBl 9a 131H LT Clsp2)-H BREFM LD ET L, XY v/ r 77 10a
IR 5% CThH- 272, Fio, ARG TIXEIERD & L TY =K 10a' % 1R 16% Tz, KIZ, 10a
DKM Ex2 B L TR FE2Raf Lz, 7 b7k Ra-2H 74 L SR TRBINERDO B o7z
PPhs % W 7256 Cid. A8E 9a DN ERITHE ST 10a IR LK F Liz(entry 2), Ad2P7Bu
X CysP-HBF4 & W 72356 SOSITHETTH 3B 3 AL S 4172 (entries 3 and 4), 24 ST 10a’
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1% 10a 234 L 72 W S (entries 3 and 4) TIEEL GO o7Z &nn, ARk L7z 10a (2
GENDA M VENNBEL CTEUT EHEL Lo, BBREWZ L2, R T dppf % 5 mol%H
WG, ROGIRIEE A EHEIT Le Ao 7223, 10 mol% AV 2 & IERITBIIZ L L T 84%ILFHE T
HH)DOX Vv a7 %5 z7(entries 5 and 6), Y7 /XL ET J—/L7RAT ¢ ® Sphos
TIESIS A HAICHEIT L, B8 93%IXZRE T 7= (entry 7), —J7. Sphos & ¥a{Lli#%i& % 7% Xphos
Tl 10a DOULERD 68% & HFRE TH o 7-(entry 8), LLLEDFERMNS, TAXNANKEAT 4 ThD
AdoPiBu X° CysP-HBFs Tl34:< 10a & 5 2 720> 7= DIZxf L. dppf <° Sphos ® X 5 727 U — /LR
A7 4 ERWDZENEETHDL LM SN, £ TRBRF TR, ZbEWIELZ 5 27
Sphos ZHWA Z & & L7,

Table 8. Investigation of Pd sources and ligands.

9 !
H "ligand (10 mol%) : @—Pphz
OTf Cs,CO3 (1.1 eq)
O PivOH (0.3eq) ‘IO . : Q—pph2
‘ 0 DMF, Ar, 80 °C dppf
Me H
9a 10a (desired) 10a' (byproduct) O
PCy,
entry  Pd source ligand 10a 10a’ 9a MeO OMe
1 Pd(PPhs), - 75%  16% - : O
2 Pd(OAc), PPh3 30% 4% 21% '
3 Pd(OAc),  Ad,PnBu ) i 85% ; SPhos
4  Pd(OAc),  CysP-HBF, i - 3% O
5 Pd(OAc), dppf* 8% 1% 77% ; PCy,
6  Pd(OAc) dppf 84% 1% - | ipr ipr
7 Pd(OAc), SPhos 93% 7% - O
8 Pd(OAc), XPhos 68% 10% - '
*5 mol% of ligand used iPr
XPhos

3-3-2. RN &AL, Mk O R ES

W7 DR E A IS L CIRINY ., IREE. Rk a R e, BOIC. IOV TRt
L7z, BIEVLC Lo, AREOBEAITIZE S UBZ RN LR Th Clsp?)-H BHERLAETF LT
10a Z PFRRE DILRTH 2 7=(Table 9, entry 1), £7-. Clspd)-H EREHICL D24 F (0 F—
AR TR IR D B> 72 PivNHOH % i U 7= 5 Tl s 31T LZe v o 7o (entry 2), 2405
DRERIT, Clspd-H FEAUITOBRENSRE TH72/55 F—3 3 o & h L THAT LTV 5 il %
FMEL TS 0, &5 PiyNHOH T U 7w Ragh Lz RS Z el LT 8 2720, Tl b
FORMNEE 2L bR ML EZOND, 7 b7 KE2H 7 VAL U TROINEOR N1
1-AdCO2H %M L7~ 5Tl 10a OULRIME T L 7= (entry 3), AR Tl Sphos @ X 9 12 32K
S AT AR O ARG E M EICED H ETEEE D, 1-AACOH @ K 5 IZSLEIIC
IR Z N A S & CEBRRIE T Pd il U 77 > B & STRBOE 2 42 C TR DRI S 72 53 -
TeAlRetED & Do VAR VR Td D CsOPiv Tld, 10a DU 77% & PivOH Z HIW &L Y
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BT L, 108’ DICRN 19% &M U7z, ZORENS, CsOPiv IZHEAE LTHEM L, A FF
FOWBEARTH S 10a DA Z etk ST 7o TREMEA VRIR ST,

‘IO ”

Table 9. Investigation of additives.

Pd(OACc), (5 mol%)
H SPhos (10 mol%)

OTf base (1.1 eq)
additive (0.3 eq)

‘ Q DMF, Ar, 80 °C
H

Me
9a 10a (deswed 10a’ (byproduct)

entry base additive 10a 10a’ 9a

1 Cs,CO3 none 60% 7%

2 Cs,CO45 PivNHOH - - 89%

3 Cs,CO3 AdCOOH 69% 10%

4 Cs,CO5 CsOPiv 77% 19%

5 EtzN PivOH 2% - 7%

6 KOAc PivOH 5% 4% 69%

7 Na,CO; PivOH - - 81%

8 K2CO3 PivOH 40% 8%

W THREORE(LEZRET Lz, RBEES U LORDVIZKNY ZF AT IO ) U L, R
B M) ULAEHNE A, eBIFE A EEITETICREHENIIZ #4057 (entries 5-7), F7z,
IREETT ) O AZAEH L7256, 40% DN T 10a #5723 KT 2 7 A0 93%IIHRITIT KT R D>
7=(entry 8), AU COMIEDONEIIALHTH D0, TOWHEIEMITIMAZTH AT AL HLEETHD
ErHlsng,

UL EDFERN D 5 mol%? Pd(OAc)2, 10 mol%® SPhos, 1.1 4 &EDKEEE & A 30 mol% D
BV ER A EIE L DMF EEEHICEIN L, 80 “C T 4 WefHi#R 3 2 S (Table 8, entry 7) % i 5
L LTEDT,

3-3-3. LB FH & PH O fREd

3-3-2. CRIM{L L= RMEEHWT, Ry vy a7 o Ao g mMAsHE R L. £9. R
DA RFVIEORDVICA NV ATFNZ—T NV EHTHEE b ZHWEZ A, 84%E B2
T 10b Z157=(Table 10, entry 1), £7=. XUV UBA/NL MIOBHELZ = F LA Y e L
HEOLICEHITEREL LT Csp)-HERMMEEZRATZE ZA, ZTNEN 99%EB L N90% & A F
JVEEDWE & RIFLE DL EOUER T HIY TH 5 10c, 10d %457 (entries 2 and 3).,

80



Table 10. Scope and limitations of Pd(0)-catalyzed benzylic C(sp?)-H alkenylation.

Pd(OAc), (5 mol%)

H SPhos or dppf (10 mol%)
OTf /'—R2 Cs,CO3 (1.1 eq) N
) PivOH (0.3eq) \.—R
R" R3 DMF, Ar, 80 °C, 4 h R R3
9b-f 10b-f
entry substrate product yield (%)
Me
1 o O 9b ‘.O 10b 84% (SPhos)
0,
OMOM MOMO 87% (dppf)
Et
CFC
2 9c 10c 99% (SPhos)
OMOM momo L
ipr
(i
3 ad 10d 90% (SPhos)
OMOM MOMO ip,
Me
CC
4 9e 10e 0% (SPhos)
(T " e
OTf
5 O of ‘.O 10f 8% (SPhos)
0,
OI\/IOM Momo | 22% (dppf)
Me Me Me
OTf .
6 O 9g ‘IO 10g 65% (SPhos)
77% (dppf)
OMOM MOMO Me
Me OMe OMe
, oT o ‘.O oh 26% Ecsj.th?s)
74% (dpp
OMOM MOMO Me
Me
f o 101 0% (SPhos)

78% (dppf)

COgMe
9 ‘.O 10] 82% (SPhos)

(o]
(g
_|
0
<
o)
S
3
z
o)
=)
[ |
2V
()
-

CO,Me

[{o]
()9
=
O
18
@]
<
<
O
<
(@]
<
D

54% (SPhos, 24h)

10 87% (dppf)

9k 10k

()9
==
O
5
@]
<
(@)
g
<
(@]
()
| |
=/
@D
O
g




H Me
Me
H Me H ve Ligand ﬁ\t H
exchange
_ % - L—Pd""\ 7" > ‘.O
| _H | activation O i
OTf  9eA OTf  9eB 70 10e
steric clash
M om MeO Me Me
e
OMe K/Ie Ligand % OMe
exchange
e mm— % 49» L—pd"- R .O
L—Pd" L—Pd'H C-H | H
| _H v activation O .
OTf 9aA OTf 9aB R/L’O 10a

Scheme 81. Effect of methoxy group.

—J7, RUT A bF A ST WHE 9e 128 L CIRIBRO RIS SR CTRET L7 & 2 A, HAYY 10e
e G oo lz(entry 4), LB, X UNLNKFETH D 9eA OHE, NUBUER
A MLD A F V& ORI SLRR R DX D 72 (Scheme 81 F), Z D 7= U EBRIL 9aA
L0 HEBEEE LT WD, KSOHEITICNETH DBEBIREDO RN AR E 720 . Clsp2)-H B
RERLDHEIT LIS K o/ EHELE LTz, —T7, 9aA TRV BUERANV MLEIZH DL ATF L
YruanFUBREDOA M UL DM TYARKIENEL D Z LT, AL 9aA TR EBUEDOH
HEMESIEI SN D, ZO7d, IREEZRET 5 X 912 9aB OEJENEN. & 725, ZORER, X
JEDHEITIZHE TH D EBIREOTE RN B 278> T Clep)-H BREM LN HIBICHET LI B 2 72
(Scheme 81 F),

AR, NUBUVRICATAEZ L2 WHE of CIXHMM TH S 10f OERZMHER LT-0,
8~22% & 10a DIF & LTI KIFIZAL T L7=(Table 10, entry 5), Z OfERNG ., AL MIEH#
FEDONRR AR ST, BT 5 ISR T, AV MIBEBE O NAKERIZ DWW T, Catellani
B NE OSSR R Z2#HE LT\ 5, Catellani H1X 7 = =/ / LRIV =)Lo8F D0 LSRRG
T, AV MIEBEZEAN LT EE 2 AW, EEEOLE LV b ROSMEE S D BERIT O
TH%2 L7z 22(Scheme 82), PAAIV)DIRALIIFIING LIL N T v ARXA X AL TRIGNEIT LTS &
FE L, BEROLE R XL OV MLEBO LG T 5 MG W TENRE N DFT 58 %2 v
TRE L7z, ZORRE, A0 MICEBREZ R OEE Tix, BRREV L LIE W TH/L MELE#
& VRN OIFGEANIKFE & O TIYARRFERE L TWe, S HIZZONMERKFEIZED M
AR S NALFR AN SIBTTIBBET 2 X0 7 U — T A4 ROFILEMINA L 0 i HICHET L
T 7% 2 L& RHL72(Scheme 82 ), ZDOYAARGIEMN, PAAD ~OELHIfME LT hT >~
A A B NWACTHEITT DARLUGNT & > TG R T —PENICE < EFER TH H & Catellani 1
fEamfT s,
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— steric clash _
way A
Pd(IV) H&R

Ar=X Reductive l
\ ‘ e//m/nat/on X
- d/

| Easily undergo -P \‘}\r l
X
R R
Lb@ Transition state V ngi;
/pd\ R — steric clash N ,PdLAr
r L H HQR X
Reductive
| Easily undergo R elimination L
PdL U N ;
4 /RdL L=P pg- AT
Ar=Pd(ll)=—X X Ar X~ - Pd(0)
way B Transition state W

transmetalation

Scheme 82. Reaction mechanism of the Catellani reaction.

KFEEBZEZIZ, LTOXHIIZELR LT, FE 9a TIIRVEBUVBRAN ML EICHD AT VL
JaAnFE R EORA FFUERE OB TYARKENELDH Z & T, NV%V%@QEE%ﬁWﬁé
b, 36/ — R ) 75— F@@E(KE’JH?JD“G‘@ U7- Pd R L _oP U B A L MLDKE L
FEEAN K 0L 2D, ZTORE., RISOEITICNETSH 2 EBIRE X @ﬁ/ﬁkb%%l% 72 - T CMD
Bt ~B1T L. C(sp?)-H BREFALI VRIS ’%ﬁ L7- &% %7 [Scheme 83(a)l, —J5. A& of Tid,
NP UBA N MISEREN RO, 7 a~ft B EDO A b UL ORISR IE N
KNI, Z D7D X B ERIT 9a L0 b HHEEE LT < ICOEITICHMNATH HEBIR
HeY OIERN AR L 720 . Clsp2)-H BREHAL N HEIT LI < Ap o 7= & H#E22 L 7= [Scheme 83(D)],
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omeMe Me Pd cat. omeMe

OMe Reductive
elimination
I
e
10a L
Pd cat.
oxidative
addition
steric clash Ligand
OMe exchange OMe Me
OMe Me C-H
% activation I
L Pd" L—Pd'H Easily = °H
4 undergo O 1
OTf OTf 70
| Transition state X |
(b)
ome H Pd cat.

OMe
H

ome H
Reductive
ellm/nat/on
1
ok

L
of A
Pd cat. !
oxidative
addition
— Ligand
H oM exchange OMeH
OMe °H C-H
% actlvat/on oy
L—pd" - L—Pd'H leflcultly 1 |T|/
1 H | undergo 0
OTf OTf R J=0
B Transition state Y_

Scheme 83. The effect of ortho substituents.

N T, FEROETHEEIC L D2 & e BRI DWW TN L7z, 4 (ZICE G EED A
FNHRA NV HAEEA LB %2 VT e & %72, Sphos & W34 1%, HB9% 10g, 10h
B ZNEI 65%., 26% T2, dppf & V5 & Clspd)-H BReFbLAMIEIZHEIT L T 10g, 10h %
ZTNERN 77, T4%IHE TH- % 7= (Table 10, entries 6 and 7)., E KM THD 7 v R, = A
TNE, N TZAFaAF ALY RRICEALEGELERTH -7, T720b06, BL T2 Sphos
ZHWDEGE, FBE 9 TIIMBICNITEIT L7z(entry 9), — 5T, 91X 9k # H\7=3%4A . Sphos
TIZEMME 52720, HDWIEHREEDOIRICE E 58, dppf 2 AWTZRHZIZERILIK 101, 10k
ZENTI T8%. S8TWINHE TH: S Z LIk L7z (entries 8 and 10),

3-3-4. HEE SR
RIS DOHEE SR % Figure 11 12589, £9°. PAOfitic 7 —n U 75— N BERLIIFT
MUTPASERZNAEL D, Z L CHEMUEDAREERY Ty R L > TRINL7- a % 5 %,
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e < CMD ## 28 H L7 Clsp2)-HIEMEILIZ L D RT ZH A 7L b BAEKT D, IR X H I
ARBOSIXEN F 2 BN U2 N T HHEITT 5720, REBEFHRTT—v a7 e bAakic
DR a P EC SR OIESND, KERIGECHBBHICL YRy ranT7 T o bz ﬁﬁﬁi
YA TV T L VWD b o LRSS,

Me
i (X
C(sp?)-H functionalization Me

O\

Me Me Reductive
Elimination
Oxidative
Addition
1O
Me Pd'
O
Mel\l/Ie ‘ Y4
Concerted
Metallation

Deprotonation Exchange

Figure 11. Proposed reaction mechanism of C(sp3)-H functionalization.

3-3-5. #RtE

A, FBHIIFFEBRAI MIICKBR A FLREL2AT 5 HE 9a-k 2T Clsp?-H EHRE
HAb L Clspd)-H BREFRLD EH & MBI EITT 5 0 vFEt L7 (Scheme 84), & DfEHE, R2IZ A
FFUVERCA FF U ATFNZ—T 0B D56 121% Clsp?)-H B REREALDE LT L, FE R
99% T /7m77/%517‘_0 BLIEZRENZ LT, AL MINEBEW TH S HE 9d R = H) %
HW=5E12i%, Clspd-H B Eﬁ%ﬂﬂb)&)i DHEIT Lo T, 2. RUVMUNEERTH DR
'H 9c (R2 = D) HWHEI12IE, Clsp)-H BN EEIT Lo, LEORKRENS
CGsp?-H BREFALICE VR v a7 T U EART 27 OICITBERRIL R & R2ZOBIZ—E DK
BN METHY, MGICEREZEATOIMNENODLZ L EZHLNI L, 61T, XUV
&ALV M LB ERRIEZEENEAT L2 L2k, %b&Nyfyﬁmf?y@@$%ﬁA
BRACHREI LTz, 72, ARERICEZ Y., FUBEOREID D NS EfRL 2 EYICT 52 & T,
C(sp?)-H B X O C(spd)-H EFRERZHIH L T. 7 hT7 R m-2H-7/1/z“I//é:/\// vouargT ok
BT D SE AN LTz,
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Pd(OAc), (5 mol%) Pd(TFA), (10 mol%)

R! Sphos or dppf (10 mol%) R PPh3 (20 mol%)
O.‘ PivOH (0.3 eq.) 1-AdCO,H (0.3 eq.)
A DMF, Ar, 80 °C ‘ R? g1 DMF, Ar, 100 °C
R=H R =Me
R' = alkyl, MeO, CF3, F R' = alkyl, MeO, CF;, F

R? = OMe, OMOM R, = H, OMOM

74%-99% 62%-quant.

9 examples 7 examples

Scheme 84. Pd-catalyzed C-H functionalization for synthesis of tetrahydro-2 A-fluorene and

benzocyclobutenes.

FIUET  KBRE

General Information
All non-aqueous reactions were carried out under a positive atmosphere of argon in dried

glassware. Analytical thin-layer chromatography was performed with Silica gel 60 (Merck).
Silica gel column chromatography was performed with Kanto silica gel 60 (particle size, 63—210
um) and Fuji silysia Chromatorex BW-300. Proton nuclear magnetic resonance (H NMR)
spectra were recorded on a JEOL JNM-ECA 500 at 500 MHz or JEOL JNM-AL400 at 400 MHz.
Chemical shifts are reported relative to MesSi (§ 0.00) in CDCls and internal residual solvent
(benzene-d¢ & 7.15). Multiplicity is indicated by one or more of the following: s (singlet); d
(doublet); t (triplet); q (quartet); m (multiplet); br (broad). Carbon nuclear magnetic resonance
(13C NMR) spectra were recorded on a JEOL JNM-ECA 500 at 126 MHz (or JEOL JNM-AL400
at 101 MHz). Chemical shifts are reported relative to CDCls (§ 77.0) and benzene-ds (5 128).
Infrared spectra were recorded on a JASCO FT/IR-4100 Fourier-transform infrared
spectrometer ATR (attenuated total reflectance). Low and High resolution mass spectra were
recorded on JEOL JMS-700 MStation mass spectrometer (FAB) and SHIMADZU LC-IT-TOF
(ESD.

Material
Anhydrous CH2Clz2, THF, DMF, methanol and CHsCN were purchased from KANTO Chemical
Co, Aldrich, and Wako chemicals. Materials were obtained from Tokyo Chemical Industry Co.,

Ltd. Aldrich Inc., and other commercial suppliers and used without further purification.

General Procedure and Compound Data

Representative procedure for synthesis of enol triflates 7
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0 OTf
LDA, PhNTf,
THF, -78 10 0 °C ‘
Me 75% Me

S1 7a

2'-Methyl-6'-methyl-1,4,5,6-tetrahydro-[1,1'-biphenyll-2-yl trifluoromethanesulfonate (7a): To a
solution of ketone S1 (860 mg, 4.24 mmol) in THF (20 ml) was added LDA (2.0 M in THF, 2.33
mL, 4.66 mmol) at —78 °C. After stirring for 10 min, the solution of PhNTf: (1.66 g, 4.66 mmol) in
THF (7 mL) was added through a cannula to the lithium enolate. The resulting solution was
stirred at —78 °C for 10 min, and allowed to warm to 0 °C. After stirring for 1 hour, the mixture
was treated with water and extracted with ethyl acetate two times. The combined organic layers
were washed with brine, dried over Na2SO4, and concentrated under reduced pressure. The
resulting residue was purified by silica gel column chromatography (hexane/EtOAc = 8/2—1/1)
to give enol triflate 7a (944 mg, 67%) as a colorless oil: 'TH NMR (500 MHz, CDCls) § 7.22-7.12
(3H, m), 6.04-6.01 (1H, m), 4.45-4.40 (1H, m), 2.50-2.48 (8H, m), 2.24-2.20 (1H, m), 2.10-1.85 (3H,
m); 13C NMR (126 MHz, CDCls) § 150.5, 137.0, 136.5, 135.4, 130.0, 129.0, 128.5, 126.8, 118.9,
40.5, 29.2, 24.2, 21.9, 20.5, 19.8; IR (ATR) 2942, 1416, 1209, 1143 cm-1; HRMS (ESD) m/z caled
for C1sH17F3NaOsS: ([IM+Nal*) 357.0748, Found 357.0743.

T O TN O Me e O T O TN O
‘ Et ‘ Me ‘ OMe ‘ F ‘ CF;
7b 7c 7d Te 7f
M Me M M M
Tio'© oY, S Tio'© Tio'© Tio'©
Me Y
SR W (1 OO0 (9]
Me MOM
79 7h 7i 7 7k
PPr. Me M Me M Me F Me M
TiO O TiO O ® Ti0 O OMe 1o O TiO O CO;Me
e " To CTe T %
MOM MOM MOM MOM MOM
of 9h 9 9

99 1 /]

2'-Ethyl-6'-methyl-1,4,5,6-tetrahydro-[1,1'-biphenyl]-2-yl trifluoromethanesulfonate (7b): 'H
NMR (500 MHz, CDCls) § 7.25-7.18 (3H, m), 6.05-6.01 (1H, m), 4.44-4.40 (1H, m), 2.90-2.80 (2H,
m), 2.70-2.67 (1H, m), 2.52-2.49 (5H, m), 2.26-2.22 (1H, m), 2.11-2.06 (2H, m), 1.39-1.37 (3H, m);
13C NMR (126 MHz, CDCls) § 150.4, 143.1, 136.6, 134.7, 129.9, 128.3, 127.7, 127.0, 116.5, 40.0,
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30.1, 26.6, 24.2, 21.9, 20.0, 15.6; IR (ATR) 2939, 1416, 1208, 1142 cm-1; HRMS (ESI) m/z calcd
for C16H19F3sNaOsS: ([M+Nal*) 371.0905, Found 371.0899.

2'-Methoxy-6'-methyl-1,4,5,6-tetrahydro-[1,1'-biphenyll-2-yl trifluoromethanesulfonate (7c): 'H
NMR (500 MHz, CDCls) § 6.40 (1H, s), 6.36 (1H, s), 5.43-5.41 (1H, m), 3.81-3.76 (1H, m),
1.89-1.87 (8H, m), 1.80 (3H, s), 1.63-1.60 (1H, m), 1.48-1.45 (1H, m), 1.37-1.29 (2H, m); 13C NMR
(126 MHz, CDCIs) § 150.7, 136.9, 136.3, 132.3, 130.8, 129.3, 118.7, 40.2, 29.4, 24.2, 21.9, 20.4,
19.7; IR (ATR) 2942, 1414, 1212, 1144 cm-; HRMS (ESID) m/z caled for CisH19F3NaOsS:
(IM+Nal*) 371.0905, Found 371.0899.

2'-Methoxy-6'-methyl-1,4,5,6-tetrahydro-[1,1'-biphenyl]-2-yl trifluoromethanesulfonate (7d): 'H
NMR (500 MHz, CDCls) § 6.96 (1H, t, J= 8.0 Hz), 6.60 (2H, dd, J= 20.8, 8.0 Hz), 5.59 (1H, t, J=
2.3 Hz), 3.87-3.84 (1H, m), 3.60 (3H, s), 2.15-2.13 (5H, m), 1.85-1.70 (3H, m), 1.54-1.49 (1H, m);
13C NMR (126 MHz, CDCls) § 158.1, 151.0, 137.9, 127.6, 126.0, 124.1, 123.1, 116.1, 109.2, 55.2,
38.9, 28.9, 24.2, 22.0, 19.7; IR (ATR) 2939, 1414, 1212, 1144 cm~'; HRMS (ESI) m/z caled for
C15H17F3sNaO4S: ([M+Na]+) 373.0697, Found 373.0692.

2'-Fluoro-6"-methyl-1,4,5,6-tetrahydro-[1,1-biphenyl]-2-yl trifluoromethanesulfonate (7e): 'H
NMR (500 MHz, CDCls) § 7.05-6.99 (1H, m), 6.85 (1H, d, J= 7.3 Hz), 6.77 (1H, t, J= 9.6 Hz), 5.79
(1H, ), 3.95 (1H, s), 2.29-2.22 (5H, m), 1.99-1.97 (1H, m), 1.78-1.76 (2H, m), 1.64-1.57 (1H, m);
13C NMR (126 MHz, CDCls) 6§ 162.8, 160.3, 149.3, 138.8, 128.2, 128.1, 126.2, 118.6, 113.6, 38.2,
30.0, 24.1, 21.6, 19.3; IR (ATR) 2945, 1416, 1213, 1143 cm-; HRMS (ESI) m/z calcd for
C14H14FsNaOsS: ((M+Nal*) 361.0497, Found 361.0492.

2'-Methyl-6'-(trifluoromethyl)-1,4,5,6-tetrahydro-[1,1-biphenyl]-2-yl trifluoromethanesulfonate
(79): 'TH NMR (500 MHz, CDCls) § 7.53 (1H, d, J= 7.3 Hz), 7.31 (1H, d, J= 7.3 Hz), 7.26-7.24 (1H,
m), 5.95-5.92 (1H, m), 4.31-4.26 (1H, m), 2.44 (3H, s), 2.36-2.31 (2H, m), 2.20-2.14 (1H, m),
1.92-1.86 (2H, m), 1.76-1.73 (1H, m); 3C NMR (126 MHz, CDCls) § 149.1, 139.0, 136.2, 130.3,
129.0, 127.2, 124.7, 124.6, 120.1, 118.9, 41.2, 30.3, 24.5, 22.0, 20.4; IR (ATR) 1679, 1420, 1312,
1145, 612 cm-; HRMS (ESI) m/z caled for CisHi4FsNaOsS: ([M+Nal]*) 411.0466, Found
411.04695.

2',3,6"-Trimethyl-1,4,5,6-tetrahydro-[1,1'"-biphenyl]-2-yl trifluoromethanesulfonate (7g): '"H NMR
(500 MHz, CDCls)[16 7.03-6.99 (2H, m), 6.95 (1H, d, /= 7.2 Hz), 4.26-4.25 (1H, m), 2.34 (3H, s),
2.29-2.27 (5H, m), 2.09-2.05 (1H, m), 1.89-1.87 (1H, m), 1.82 (38H, d, J/= 2.3 Hz), 1.78-1.73 (2H,
m); 13C NMR (126 MHz, CDCls) § 144.3, 137.1, 136.2.0, 136.1, 129.9, 128.5, 127.6, 127.3, 126.5,
40.6, 31.2, 29.9, 22.1, 20.2, 19.7, 17.0; IR (ATR) 2941, 1444, 1225, 1130 cm~1; HRMS (ESD) m/z
caled for C16H20F303S: ((M+H]*) 349.1080, Found 349.1117.
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6-(2,4-Dimethylthiophen-3-yl)cyclohex-1-en-1-yl trifluoromethanesulfonate (7h): 'H NMR (500
MHz, CDCls) § 6.65 (1H, s), 5.91-5.89 (1H, m), 3.94 (1H, s), 2.35 (3H, s), 2.34-2.29 (3H, m),
2.14-2.14 (3H, m), 2.03-2.01 (1H, m), 1.86-1.85 (1H, m), 1.80-1.64 (2H, m); 13C NMR (126 MHz,
CDCls) & 149.4, 139.7, 133.0, 119.9, 119.8, 118.1, 116.8, 38.0, 29.9, 24.3, 21.4, 17.2, 15.3; IR
(ATR) 2940, 1418, 1205 1144 cm; HRMS (ESI) m/z caled for C1sH16F50sSs2: ((M+H]+) 341.0493,
Found 341.0487.

2'-Methyl-1,4,5,6-tetrahydro-[1,1"-biphenyl]l-2-yl trifluoromethanesulfonate (7i): 'H NMR (500
MHz, CDCls) § 7.35-7.31 (4H, m), 6.24 (1H, td, J= 4.0, 1.2 Hz), 4.17-4.15 (1H, m), 2.50-2.47 (5H,
m), 2.29-2.27 (1H, m), 1.90-1.74 (3H, m); 13C NMR (126 MHz, CDCls) § 149.7, 138.1, 135.7, 130.7,
127.2, 126.9, 125.9, 121.1, 116.7, 40.2, 31.1, 24.3, 18.9, 18.2; IR (ATR) 2943, 1416, 1212, 1143,
1027 cm~1; HRMS (ESI) m/z caled for C14H14F303S: (IMOH]) 319.0621, Found 319.0616.

1-Methoxy-2"-methyl-1,4,5,6-tetrahydro-[1,1"-biphenyl]-2-yl trifluoromethanesulfonate (7j): 'H
NMR (400 MHz, CDCls) § 7.40 (m 1H), 7.20-7.16 (m, 3H), 6.23 (t, 1H, J= 4.0 Hz), 3.43 (s, 3H),
2.47 (s, 3H), 2.43-2.19 (m, 3H), 2.11 (m, 1H), 1.82 (m, 1H), 1.55 (m, 1H); 3C NMR (101 MHz,
CDCls) 6 148.3, 138.6, 135.8, 132.7, 127.7, 125.4, 121.7, 119.7, 116.5, 80.3, 52.1, 34.3, 24.5, 20.9,
18.5; IR (ATR) 2944, 1457, 1413, 1248, 1206, 1143, 1089, 1065, 1040 cm~'; HRMS (FAB) m/z
caled for Ci1sH1sF504S ([M+H]*) 351.0878; found: 351.0873.

2'-Fluoro-1-(methoxymethoxy)-6'-methyl-1,4,5,6-tetrahydro-[1,1"-biphenyll-2-yl trifluoro-
methanesulfonate (7k): 'H NMR (500 MHz, CDCls) § 7.07-7.05 (1H, m), 6.88 (1H, d, J= 7.8 Hz),
6.79 (1H, dd, J=13.1, 8.5 Hz), 5.99-5.97 (1H, m), 4.96 (1H, d, J= 7.8 Hz), 4.61 (1H, d, /= 7.8 Hz),
3.40 (3H, s), 2.48 (3H, s), 2.38-2.26 (3H, m), 2.02-1.88 (2H, m), 1.63-1.59 (1H, m); 3C NMR (126
MHz, CDCls) § 158.8, 149.0, 139.2, 128.8, 128.6, 119.8, 117.7, 113.8, 92.4, 78.0, 562, 37.2, 24.2,
22.8, 227, 17.9; IR (ATR) 2941, 1415, 1208, 1144, 1048 cm-'; HRMS (ESID) m/z caled for
C16H1sF4NaOsS: ((M+Nal*) 421.0709, Found 421.0703.
2'"-Isopropyl-1-(methoxymethoxy)-1,4,5,6-tetrahydro-[1,1'-biphenyll-2-yl trifluoromethane-
sulfonate (9f): 'H-NMR (400 MHz, CDCls) &: 7.57 (2H, d, J= 7.7 Hz), 7.50-7.46 (1H, m), 7.34-7.31
(1H, m), 6.43 (1H, t, J=4.2 Hz), 5.31 (1H, d, J= 7.7 Hz), 4.93 (1H, d, J= 7.7 Hz), 3.90-3.89 (1H,
m), 3.71 (3H, s), 2.63-2.60 (2H, m), 2.51-2.47 (1H, m), 2.41-2.36 (1H, m), 2.02-2.00 (1H, m),
1.74-1.73 (1H, m), 1.48 (3H, d, J= 6.6 Hz), 1.40 (3H, d, J= 6.9 Hz); 13C NMR (101 MHz, CDCls) §
148.0, 147.2, 137.4, 128.0, 127.8, 127.4, 125.0, 122.7, 92. 7, 81.2, 56.4, 36.7, 28.5, 25.0, 24.4, 23.9,
18.6; IR (ATR) 2954, 1414, 1208, 1143, 1042 cm'’; HRMS (ESI) m/z caled for CisH23FsNaOsS:
(IM+Nal*) 431.1116, Found 431.1111.

1-(Methoxymethoxy)-2',4'-dimethyl-1,4,5,6-tetrahydro-[1,1'-biphenyl]-2-yl trifluoromethane-
89



sulfonate (9g): 'TH-NMR (400 MHz, CDCls) 6: 7.16-7.15 (1H, m), 6.83-6.82 (2H, m), 6.03-6.02 (1H,
m), 4.91 (1H, d, J= 7.7 Hz), 4.58 (1H, d, J= 7.7 Hz), 3.35 (3H, s), 2.28-2.25 (4H, m), 2.16-2.10 (5H,
m), 1.98-1.94 (1H, m), 1.70-1.68 (1H, m), 1.44-1.42 (1H, m); *C NMR (101 MHz, CDCls) § 148.0,
137.0, 135.8, 134.8, 133.4, 127.1, 126.0, 121.7, 119.3, 92.3, 79.9, 56.0, 36.2, 24.3, 20.8, 20.5, 18.1;
IR (ATR) 2946, 1414, 1205, 1039, 902 cm'l; HRMS (ESI) m/zcaled for C17H21F3sNaOsS: ([M+Nal*)
417.0959, Found 417.0954.

4'-Methoxy-1-(methoxymethoxy)-2'-methyl-1,4,5,6-tetrahydro-[1,1'-biphenyl]-2-yl trifluoro-
methanesulfonate (9h): 'H-NMR (400 MHz, CDCls) &: 7.18 (1H, d, /= 8.3 Hz), 6.54-6.53 (2H, m),
6.02 (1H, t, J=4.2 Hz), 4.89 (1H, d, J= 7.4 Hz), 4.57 (1H, d, J= 7.4 Hz), 3.62 (3H, s), 3.34 (3H, s),
2.27 (8H, s), 2.24-2.23 (1H, m), 2.17-2.09 (2H, m), 1.99-1.94 (1H, m), 1.70-1.68 (1H, m), 1.42-1.40
(1H, m); 3C NMR (101 MHz, CDCls) § 158.6, 148.1, 136.8, 131.1, 128.7, 121.9, 118.3, 116.8,
110.1, 92.5, 80.0, 56.2, 55.0, 36.4, 24.4, 21.2, 18.3; IR (ATR) 2941, 1414, 1208, 1144, 1042 cm'};
HRMS (ESI) m/zcaled for C17H21FsNaOgS: ([M+Nal*) 433.0909, Found 433.0903.

4'"-Fluoro-1-(methoxymethoxy)-2'-methyl-1,4,5,6-tetrahydro-[1,1"-biphenyl]-2-yl trifluoro-
methanesulfonate (9i): ' H-NMR (CDCls) §: 7.45-7.43 (1H, m), 6.89-6.84 (2H, m), 6.22 (1H, t, J=
4.2 Hz), 5.07 (1H, d, J = 7.7 Hz), 4.74 (1H, d, J = 7.7 Hz), 3.51 (3H, s), 2.45-2.41 (4H, m),
2.35-2.27 (2H, m), 2.14-2.08 (1H, m), 1.88-1.87 (1H, m), 1.64-1.57 (1H, m); 3C NMR (101 MHz,
CDCls) § 162.7, 147.5, 137.9, 134.8, 129.1, 122.6, 119.6, 116.8, 112.1, 92.5, 79.7, 56.3, 36.3, 24.4,
21.1, 18.2; IR (ATR) 2943, 1415, 1209, 1144, 1043 cm'’; HRMS (ESI) m/z calcd for
C16H1sF4NaOsS: ((M+Nal*) 421.0709, Found 421.0703.

Methyl 1'-(methoxymethoxy)-2-methyl-6'-(((trifluoromethyl)sulfonyl)oxy)-1',2',3',4'-tetrahydro-
[1,1"-biphenyll-4-carboxylate (9j): tH-NMR (CDCls) 6: 7.84 (2H, d, /= 8.0 Hz), 7.58 (1H, d, J
= 8.0 Hz), 6.25 (1H, t, J= 4.2 Hz), 5.09 (1H, d, J= 7.7 Hz), 4.76 (1H, d, J= 8.0 Hz), 3.90
(3H, t, J= 3.7 Hz), 3.52-3.51 (3H, m), 2.50-2.45 (4H, m), 2.35-2.30 (2H, m), 2.12-2.07 (1H,
m), 1.91 (1H, td, J= 5.4, 3.3 Hz), 1.62 (1H, t, J= 6.2 Hz); 3C NMR (101 MHz, CDCls) §
166.8, 147.2, 144.3, 135.5, 133.7, 129.2, 127.4, 126.8, 122.7, 92.5, 79.7, 56.3, 52.0, 36.1, 24.4, 21.1,
18.0; IR (ATR) 2951, 1724, 1416, 1210, 1144 cm'’; HRMS (ESD) m/z caled for CisH21FsNaO+S:
(IM+Nal*) 461.0858, Found 461.0852.

Representative procedure for synthesis of tetrahydro- 2H-fluorenes 8

H Pd(OCOCF3), (10 mol%)
PPhs (20 mol%)

OTf Cs,C05 (1.2 eq) O
1-AdCOOH (0.3 eq) .
‘ M DMF, 100 °C ‘ Me
e 99%

7a 8a

90



5-Methyl-3,4,4a,9-tetrahydro- 2H-fluorene (8a): To a stirred solution of enol triflate 7a (381 mg,
1.14 mmol), PPhs (57 mg, 0.171 mmol), Cs2COs (743 mg, 2.28 mmol), and 1-AdCOOH (62 mg,
0.342 mmol) in DMF (6 mL) were added PAd(OCOCFs5)2 (57 mg, 0.171 mmol) and the mixture was
heated to 80 °C. After stirring for 3 h, to the mixture was filtered through a pad of celite. The
filtrate was concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (hexane/EtOAc = 9/1—8/2) to give 5-methyl-3,4,4a,9-tetrahydro-2H-fluorene
(8a) (208 mg, 99%) as a colorless oil: 'H NMR (500 MHz, CDCls) § 7.05-7.04 (2H, m), 6.93-6.92
(1H, m), 5.58-5.55 (1H, m), 3.63-3.59 (2H, m), 3.46-3.41 (1H, m), 2.62-2.56 (1H, m), 2.35 (3H, s),
2.10-2.06 (2H, m), 1.93-1.90 (1H, m), 1.71-1.67 (1H, m), 1.35-1.25 (1H, m); '3C NMR (126 MHz,
CDCls) § 144.0, 142.1, 134.6, 128.3, 126.49, 126.46, 121.7, 119.2, 45.3, 38.8, 27.7, 24.6, 22.7, 20.1;
IR (ATR) 2942, 1470, 1387 cm~'. Because, 8a was not stable under the conditions for HRMS (ESI

and FAB), it was converted to compound 8a for confirming structure.

oY s Y s YN s Vs Y,
‘ Et ‘ Me ‘ OMe ‘ F ‘ CF3

8b 8c 8d 8e 8f

8h 8h' 8k

5-Ethyl-3,4,4a,9-tetrahydro- 2H-fluorene (8b): 'H NMR (500 MHz, CDCls) § 7.04 (1H, t, J= 7.3
Hz), 6.98 (1H, d, J=6.9 Hz), 6.92 (1H, d, J= 7.3 Hz), 5.51 (1H, s), 3.58-3.54 (2H, m), 3.38 (1H, d,
J=18.3 Hz), 2.75-2.56 (2H, m), 2.54-2.50 (1H, m), 2.05-2.01 (2H, m), 1.89-1.85 (1H, m), 1.67-1.63
(1H, m), 1.31-1.28 (1H, m), 1.16 (3H, t, J= 7.8 Hz); 13C NMR (126 MHz, CDCls) § 143.3, 142.2,
142.0, 140.8, 126.65, 126.62, 121.8, 119.0, 45.1, 38.8, 28.0, 26.3, 24.6, 22.8, 14.9; IR (ATR) 2933,
1453, 1062 cm-'. Because, 8b was not stable under the conditions for HRMS (ESI and FAB), it

was converted to compound 8b for confirming structure.

5,7-Dimethyl-3,4,4a,9-tetrahydro- 2H-fluorene (8c): 'H NMR (500 MHz, CDCls) § 6.81 (1H, s),
6.70 (1H, s), 5.49 (1H, s), 3.52 (2H, d, J= 20.1 Hz), 3.33 (1H, d, J= 18.8 Hz), 2.53-2.51 (1H, m),
2.26 (3H, s), 2.21 (3H, s), 2.05-1.99 (2H, m), 1.86-1.83 (1H, m), 1.64-1.61 (1H, m), 1.24-1.19 (1H,
m); 13C NMR (126 MHz, CDCls) § 142.39, 142.30, 141.0, 136.1, 134.3, 129.1, 122.4, 119.0, 44.9,
38.7, 27.9, 24.7, 22.7, 21.0, 19.9; IR (ATR) 2921, 1456, 1207 cm!. Because, 8¢ was not stable
under the conditions for HRMS (ESI and FAB), it was converted to compound 8c for confirming

structure.
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5-Methoxy-3,4,4a,9-tetrahydro- 2H-fluorene (8d): 'H NMR (500 MHz, CsD¢) § 6.71-6.68 (1H, m),
6.43 (1H, d, J= 7.4 Hz), 6.06 (1H, d, /= 8.0 Hz), 5.08-5.08 (1H, m), 3.33-3.31 (1H, m), 3.22-3.18
(1H, m), 2.95 (4H, q, J = 3.6 Hz), 2.60-2.57 (1H, m), 1.63-1.58 (2H, m), 1.43-1.39 (1H, m),
1.25-1.22 (1H, m), 1.03-0.95 (1H, m); 33C NMR (126 MHz, CéD¢) 157.6, 144.0, 142.4, 133.4, 128.3",
119.2, 117.1, 108.7, 54.6, 44.6, 39.2, 27.8, 25.1, 23.0 (The peak of * was assinged by dpt135.) ; IR
(ATR) 2926, 1584, 1480, 1387 cm'. Because, 8d was not stable under the conditions for HRMS

(ESI and FAB), it was converted to compound 8d for confirming structure.

5-Fluoro-3,4,4a,9-tetrahydro- 2H-fluorene (8¢): 'H NMR (500 MHz, CeéDe) § 6.47-6.46 (1H, m),
6.36 (2H, dd, J=11.2, 8.3 Hz), 4.99 (1H, s), 3.15-3.12 (1H, m), 3.05 (1H, d, /= 18.4 Hz), 2.82 (1H,
d, = 18.6 Hz), 2.30-2.25 (1H, m), 1.51-1.49 (2H, m), 1.29-1.27 (1H, m), 1.09-1.07 (1H, m),
0.94-0.91 (1H, m). 13C NMR (126 MHz, CDCls) § 141.2, 128.46, 128.41, 126.6, 120.2, 119.7, 113.6,
113.4, 43.5, 38.9, 27.3, 24.8, 22.5; IR (ATR) 2942, 1470, 1387 cm~'. Because, 8¢ was not stable
under the conditions for HRMS (ESI and FAB), it was converted to compound 8e for confirming

structure.

5-(Trifluoromethyl)-3,4,4a,9-tetrahydro- 2H-fluorene (8f): 'H NMR (500 MHz, CDCls) § 7.45 (1H,
d, J="7.8Hz), 7.38 (1H, d, J= 7.3 Hz), 7.24 (1H, q, J= 4.9 Hz), 5.62 (1H, s), 3.67 (2H, t, J=18.8
Hz), 3.53-3.48 (1H, m), 2.62 (1H, d, J= 10.0 Hz), 2.10 (2H, s), 1.96-1.94 (1H, m), 1.75-1.67 (1H,
m), 1.33-1.24 (1H, m); 13C NMR (126 MHz, CDCls) § 144.3, 140.5, 127.8, 126.5, 125.8, 123.9,
123.1, 120.2, 45.3, 38.5, 27.1, 24.5, 22.7; IR (ATR) 2942, 1311, 1120 cm'. Because, 8f was not
stable under the conditions for HRMS (ESI and FAB), it was converted to compound 8f for

confirming structure.

3-Methyl-3b,5,6,8-tetrahydro- ZH-indenol2,1- blthiophene (8h) and 3-methyl-3b,5,6,7-
tetrahydro-4 A-indenol2,1- blthiophene (8h) : 'H NMR (500 MHz, CDCls) § 6.72 (1H, d, J= 0.9
Hz), 6.53 (0.5H, s), 5.55 (1H, s), 5.51 (0.5H, s), 3.57 (1H, t, J= 10.1 Hz), 3.41-3.31 (3H, m), 3.18
(0.5H, d, /= 18.3 Hz), 2.48-2.36 (3.5H, m), 2.20 (3H, s), 2.12-2.08 (3.5H, m), 1.92-1.88 (1.5H, m),
1.69-1.59 (1.5H, m), 1.28-1.24 (2H, m) (8h:8h' = 2:1 mixture) ; 3C NMR (126 MHz, CDCls) §
148.0, 145.9, 145.7, 145.3, 144.9, 139.9, 133.0, 128.8, 122.0, 119.9, 119.5, 111.1, 42.5, 41.0, 35.6,
34.2, 27.0, 26.8, 24.47, 24.42, 22.33, 22.26, 14.6, 131.1 (8h : 8h' = 2:1 mixture) ; IR (ATR) 2933,
1446 cm!. Because, 8h and 8h’ were not stable under the conditions for HRMS (ESI and FAB),

they were converted to compound 8h and 8h’ for confirming structure.

5-Fluoro-4a-(methoxymethoxy)-3,4,4a,9-tetrahydro-2H-fluorene (8k) : 'H NMR (500 MHz,
CDCls) § 7.18-7.15 (1H, m), 6.96-6.94 (1H, m), 6.82-6.78 (1H, m), 5.74 (1H, s), 4.58-4.54 (1H, m),

4.45-4.40 (1H, m), 3.83 (1H, d, /= 18.3 Hz), 3.29 (1H, dd, J= 18.3, 7.8 Hz), 3.07 (3H, t, J = 4.8
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Hz), 2.75-2.71 (1H, m), 2.10-2.03 (2H, m), 1.72-1.71 (1H, m), 1.21-1.19 (2H, m); 13C NMR (126
MHz, CDCls) § 161.5, 146.2, 139.2, 130.3, 130.2, 124.6, 120.2, 113.6, 92,6, 55.1, 37.7, 31.8, 24.7,
17.3; IR (ATR) 2932, 1475, 1242 cm~!. Because, 8k was not stable under the conditions for
HRMS (ESI and FAB), it was converted to compound 8k for confirming structure.

1. BH3 ' THF then

ag. NaOH o H
.O ag. H202 ~
' 2. TPAP, NMO g

H Me  Ms4A, CH,CI, H' Me
8a 81% (2 steps) 100a

(4a8,9a9)-5-Methyl-2,3,4,4a,9,9a-hexahydro-1 H-fluoren-1-one (100): To a solution of 5-methyl-

3,4,4a,9-tetrahydro-2 H-fluorene (100a) (493.3 mg, 2.68 mmol) in THF (20 mL) was added
BHs THF (1.0 M in THF, 3.50 mL, 3.50 mmol). After the resulting solution was stirred at 0 °C
for 2.25 h, the solution was treated with 2 M aqueous NaOH solution (6.0 mL) and 30% aqueous
H202 (4.5 mL) at 0 °C. The resulting mixture was stirred at room temperature for 1 hour. The
mixture was diluted with ethyl acetate, washed with water and brine, dried over Na2SO4 and

concentrated under reduced pressure. The resulting residue was filtered through a pad of silica
gel (20%—-40% EtOAc/hexane) to give an alcohol (564.5 mg) as a colorless oil

To a solution of the above alcohol (564.5 mg) in CH2Cl: (30 mL) were added MS4A (395.0 mg),
N-methylmorpholine- N-oxide (623.1 mg, 5.32 mmol) and TPAP (75.0 mg, 0.21 mmol) at 0 °C.
After stirring for 4 h at 0 °C, the reaction mixture was directly concentrated under reduced
pressure. The resulting residue was purified by silica gel column chromatography (5%—20%
EtOAc/hexane) to give ketone 100a (432.9 mg, 81% in 2 steps) as a colorless oil: tH NMR (500
MHz, CDCls) § 7.44 (2H, dd, J= 11.5, 7.8 Hz), 7.28 (1H, dd, J= 15.6, 7.8 Hz), 3.74-3.73 (1H, m),
3.17-3.10 (3H, m), 2.47-2.44 (2H, m), 2.20-2.16 (1H, m), 2.05-2.03 (1H, m), 1.87-1.75 (1H, m), 1.39
(1H, ddd, J=25.8, 13.2, 3.1 Hz); 13C NMR (126 MHz, CDCls) § 212.8, 144.5, 142.6, 128.4, 127.3,
126.3, 124.2, 123.0, 52.9, 46.8, 38.3, 34.3, 28.1, 24.1; IR (ATR) 2936, 1704, 1451, 1229 cm;
HRMS (ESI) m/z calcd for C1sH1sNaO: ([M+Nal*) 223.1099, Found 223.1093.

Derivatization of tetrahydro-2 H-fluorenes 1 to the below ketones 100
Because, 100b-f, h, h’ and k were not stable under the conditions for IR and HRMS (ESI), it was

converted to compound 100b-f, h, h’ and k for confirming structure by following the above

procedure.
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100f

(4a.8,9a.9-5-Ethyl-2,3,4,4a,9,9a-hexahydro-1 A-fluoren-1-one (100b): 'H NMR (500 MHz, CDCls)
§ 7.02-6.96 (3H, m), 3.71 (1H, dd, J = 12.3, 6.9 Hz), 2.60-2.54 (1H, m), 2.43-2.30 (3H, m),
2.14-2.03 (5H, m), 1.96-1.93 (2H, m), 1.80-1.65 (2H, m), 1.09 (3H, t, /= 7.5 Hz); 13C NMR (126
MHz, CDCls) § 209.2, 142.2, 136.3, 136.1, 128.9, 126.8, 126.7, 52.0, 45.9, 41.3, 32.3, 27.4, 25.2,
21.6, 15.6; IR (ATR) 2933, 1706, 1451, 1229 cm~'; HRMS (ESI) m/z caled for CisH1sNaO:
(IM+Nal*) 237.1255, Found 237.1250.

(4a.8,9a.9-5,7-Dimethyl-2,3,4,4a,9,9a-hexahydro-1 Hfluoren-1-one (100c): 'H NMR (500 MHz,
CDCls) 6 6.83 (1H, s), 6.76 (1H, s), 3.41-3.38 (1H, m), 3.03-2.98 (3H, m), 2.39-2.36 (2H, m), 2.22
(6H, s), 2.06-2.02 (1H, m), 1.96-1.94 (1H, m), 1.74-1.70 (1H, m), 1.35-1.25 (1H, m); *C NMR (126
MHz, CDCls) § 214.2, 142.4, 140.6, 136.7, 133.0, 128.9, 122.8, 52.6, 46.0, 38.7, 35.0, 27.4, 23.9,
21.1, 18.4; IR (ATR) 2937, 1706, 1451, 1230 cm’; HRMS (ESI) m/z caled for CisH1sNaO:
(IM+Nal*) 237.1255, Found 237.1250.

(4a.8,9a.9-5-Methoxy-2,3,4,4a,9,9a-hexahydro-1 H-fluoren-1-one (100d): 'H NMR (500 MHz,
CDCls) 6 7.09 (1H, t, J= 7.8 Hz), 6.78 (1H, d, /= 7.3 Hz), 6.63 (1H, d, /= 7.8 Hz), 3.75 (3H, s),
3.61-3.58 (1H, m), 3.15-2.96 (3H, m), 2.36-2.34 (2H, m), 2.17-2.15 (1H, m), 1.90-1.84 (1H, m),
1.80-1.71 (1H, m), 1.50-1.40 (1H, m); 3C NMR (126 MHz, CDCls) § 214.0, 155.9, 142.8, 133.6,
128.3, 117.0, 108.4, 55.1, 52.1, 45.0, 39.2, 34.8, 27.2, 23.2; IR (ATR) 2938, 1704, 1589, 1479, 1264
cm~; HRMS (ESI) m/z caled for C14H1702: ((M+H]*) 217.1229, Found 217.1223.

(4a.8,9a.9-5-Fluoro-2,3,4,4a,9,9a-hexahydro-1 H-fluoren-1-one (100e): 'H NMR (500 MHz,
CDCls) 6 7.08-7.06 (1H, m), 6.94 (1H, d, J= 7.8 Hz), 6.77 (1H, t, /= 8.9 Hz), 3.78-3.73 (1H, m),
3.29-3.25 (1H, m), 3.05 (1H, q, /= 7.6 Hz), 2.97-2.93 (1H, m), 2.37-2.30 (2H, m), 2.18-2.11 (1H,
m), 1.85-1.69 (3H, m); 3C NMR (126 MHz, CDCls) § 212.5, 158.0, 145.1, 131.3, 128.8, 120.4,
113.3, 52.1, 44.7, 39.5, 34.1, 27.2, 22.8; IR (ATR) 2938, 1706, 1471, 1241 cm-1; HRMS (ESI) m/z
caled for Ci1sH14FO: (IM+H]*) 205.1029, Found 205.1023.
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(4a.8,9a2.9)-5-(Trifluoromethyl)-2,3,4,4a,9,9a-hexahydro-1 A-fluoren-1-one (100f): 'H NMR (500
MHz, CDCls) § 7.45-7.42 (2H, m), 7.29 (1H, t, /= 7.6 Hz), 3.74-3.73 (1H, m), 3.17-3.10 (3H, m),
2.47-2.44 (2H, m), 2.20-2.16 (1H, m), 2.05-2.03 (1H, m), 1.87-1.75 (1H, m), 1.42-1.36 (1H, m); 13C
NMR (126 MHz, CDCls) § 212.5, 160.5, 158.0, 145.1, 131.3, 128.8, 120.4, 113.3, 52.1, 44.7, 39.5,
34.1, 27.2, 22.8; IR (ATR) 2953, 1709, 1332, 1121 cm~}; HRMS (FAB) m/z calcd for C14H14F30:
(IM+H]*) 255.0997, Found 255.0991.

(8b.S,7a.9-3-Methyl-3b,4,5,6,7a,8-hexahydro-7 H-indeno[2,1-blthiophen-7-one (100h) : 'H NMR
(500 MHz, CDCls) § 7.28-7.24 (2H, m), 6.95-6.93 (1H, m), 3.57 (2H, t, /= 3.0 Hz), 2.97-2.94 (2H,
m), 2.49-2.47 (2H, m), 2.16-2.14 (2H, m); 3C NMR (126 MHz, CDCls) § 196.5, 160.0, 157.6, 147.4,
138.5, 130.2, 120.7, 113.8, 113.6, 37.8, 35.6, 25.0, 23.6; IR (ATR) 2939, 1705, 1661, 1394, 1241
cm-1; HRMS (ESI) m/z caled for C1sH12FO: (IM+H]*) 203.0872, Found 203.0867.

(8b.S,7a.9-3-Methyl-3b,4,5,6,7a,8-hexahydro-7 H-indeno[1,2-clthiophen-7-one (100k) : 'H NMR
(500 MHz, CDCls) § 6.68-6.67 (1H, m), 3.40-3.38 (2H, m), 3.18-3.15 (1H, m), 2.96-2.93 (1H, m),
2.38-2.31 (2H, m), 2.10-2.04 (4H, m), 1.83-1.78 (2H, m), 1.20-1.17 (1H, m); 13C NMR (126 MHz,
CDCls) 6 212.7, 148.2, 140.3, 131.8, 123.6, 56.2, 43.0, 39.4, 30.7, 22.0, 14.3; IR (ATR) 2961, 1707,
1261, 1098, 1031 cm~'; HRMS (ESI) m/z caled for C12H14OSNa: ([M+Nal]*) 229.0658, Found
229.0654.

1. MeOC(O)CN,

o H LIHMDS, HMPA o H 1. Mel, LIHMDS oMe,
" THF, -78 °C " THF, 0 °C )
> Me > M ~
€ 2. Mel, Cs,CO;  MeO,C % 2. LIOH-H,0 € H e

H Me CHsCN Me  THF-H,O, 80 °C
100a 101 (dr 2:1)  59% (4 steps) 102 (dr 3.3:1)

(4aR,9a.9-2,5,9a-trimethyl-2,3,4,4a,9,9a-hexahydro-1 A-fluoren-1-one (102): To a solution of
ketone 100a (432.9 mg, 2.16 mmol) in THF (25 mL) was added LiHMDS (1.0 M solution of THF,
2.60 mL, 2.60 mmol) at —78 °C. After stirring at —78 °C for 20 min, to the resulting solution were
added HMPA (0.56 mL, 3.22 mmol) and CHsC(O)CN (0.18 mL, 2.27 mmol) at —78 °C. The
resulting solution was stirred at —78 °C for 9 min, and treated with H20. The resulting mixture
was extracted with EtOAc. The combined extracts were washed with brine, dried over Na2SO4

and concentrated under reduced pressure to give a crude B-ketoester (895.3 mg).

To the solution of the above crude B-ketoester in CHsCN (40 mL) were added Mel (0.40 mL,
6.43 mmol) and Cs2COs (2.137 g, 6.56 mmol) at room temperature. After stirring for 2 h, the
solvent was removed under reduced pressure, and EtOAc was added. The resulting mixture was
washed with water and brine, dried over NazSO4 and concentrated under reduced pressure. The

residue was filtered through a pad of silica gel (5%-10% EtOAc/hexane) to give a crude ketone 5
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(526.9 mg) as a colorless oil: 'H NMR (500 MHz, CDCls) § 7.10-7.05 (2H, m), 6.99-6.97 (1H, m),
3.76-3.72 (3.4H, m), 3.40-3.22 (3.4H, m), 2.68-2.65 (0.6H, m), 2.32-2.31 (3H, m), 2.22-2.16 (0.6H,
m), 2.06-2.04 (1H, m), 1.66-1.51 (5H, m) (dr 3:1 mixture).

To a solution of the above ketoester 101 (526.9 mg, 1.94 mmol) in THF (20 mL) were added Mel
(0.37 mL, 5.94 mmol) and LiHMDS (1.0 M solution in THF, 3.90 mL, 3.90 mmol) at 0 °C. After
stirring for 6 h at 0 °C, to the mixture was added saturated aqueous NH4Cl and extracted with
EtOAc. The combined extracts were washed with water and brine, dried over NasSOs4 and

concentrated under reduced pressure to give a crude o,a’-dimethylketoester.

To the solution of the above a,a'-dimethylketoester in THF-H20 (24 mL, v/v = 5:1) was added
LiOH ‘H:0 (407.3 mg, 9.71 mmol). After refluxing for 1.5 h (oil bath 95 °C), the reaction mixture
was diluted with EtOAc. The resulting solution was washed with water and brine, dried over
Na2S04 and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (5%-10% EtOAc/hexane) to give a,o'-dimethylketone 102 (290.0 mg, 59% in 4
steps, 3.3:1 mixture) as a colorless oil: 'TH NMR (500 MHz, CDCls) § 7.09-6.96 (3H, m), 3.29-3.27
(1H, m), 3.12-3.10 (1H, m), 2.60-2.56 (2H, m), 2.31-2.30 (3H, m), 2.17-2.15 (1H, m), 1.99-1.96 (1H,
m), 1.52-1.42 (2H, m), 1.12-1.10 (6H, m) (dr 3.3 :1 mixture); 3C NMR (126 MHz, CDCls) § 218.9,
215.9, 145.7, 143.3, 141.0, 139.5, 133.7, 133.2, 127.9, 127.8, 126.8, 126.6, 122.6, 122.5, 55.5, 55.0,
54.2, 52.7, 43.4, 41.6, 41.0, 39.4, 32.9, 30.1, 29.0, 25.4, 24.9, 23.0, 18.6, 18.3, 15.8, 14.9 (dr 3.3 :1
mixture); IR (ATR) 2931, 2869, 1700, 1456, 1216 cm-1; HRMS (ESI) m/z caled for Ci6H200Na:
(IM+Nal*) 251.1406, Found 251.1390.

Comins' reagent

oMe, KHMDS
THF, -78 °C
Me - -
H Me 94%
102 (dr 3.3:1)

(4aR,9a9-2,5,9a-Trimethyl-4,4a,9,9a-tetrahydro-3 H-fluoren-1-yl trifluoromethanesulfonate

(103): To a solution of a,o’-dimethylketone 102 (161.3 mg, 0.707 mmol) in THF (5.0 mL) was
added KHMDS (1.0 M in toluene, 2.10 mL, 2.10 mmol) at —78 °C. After stirring for 10 min, the
solution of 2-[NV,Nbis(trifluoromethanesulfonyl)aminol-5-chloropyridine (Comin’s reagent)
(416.4 mg, 1.06 mmol) in THF (4.0 mL) was added through a cannula to the solution. The
resulting solution was stirred at —78 °C for 10 min, and allowed to warm to 0 °C. After stirring
for 1 hour, the mixture was treated with saturated aqueous NH4Cl and extracted with ethyl
acetate two times. The combined organic layers were washed with water and brine, dried over
Na2SOy4, and concentrated under reduced pressure. The resulting residue was purified by silica
gel column chromatography (5%-10% EtOAc/hexane) to give enol triflate 103 (239.3 mg, 94%) as
a colorless oil: TH NMR (500 MHz, CsDe) 6 6.95 (1H, t, J= 7.6 Hz), 6.83 (2H, t, J= 7.6 Hz), 3.32
(1H, d, J = 15.5 Hz), 2.89 (1H, d, J = 15.5 Hz), 2.59 (1H, dd, J = 12.9, 4.0 Hz), 2.01 (3H, s),
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1.72-1.66 (1H, m), 1.53-1.47 (5H, m), 1.10-1.03 (4H, m); 13C NMR (126 MHz, CsDs¢) & 149.1, 143.7,
140.3, 133.5, 128.2, 127.5, 127.0, 123.3, 53.4, 46.3, 43.6, 31.3, 25.1, 24.4, 18.1, 17.2; IR (ATR)
2931, 1448, 1398, 1208, 1143, 1000 cm-1; MS (FAB) m/z= 360 (M]+); HRMS (FAB*) m/z calcd for
C17H1902F3S: (IM]*) 360.1007, Found 360.1002.

1. Pd(PPh),
Ets;N, MeOH, CO
DMF, 100 °C

Me 2 DIBAL-H
CH,Cl,, -78 °C
103 74% (2 steps)

[(4a.5,92.9-2,5,9a-Trimethyl-4,4a,9,9a-tetrahydro-3 H-fluoren-1-yllmethanol (99): To a solution
of enol triflate 103 (239.0 mg, 0.664 mmol) in DMF-MeOH (7.0 mL, v/v = 5/2) were added EtsN
(0.463 mL, 3.32 mmol) and Pd(PPhs): (72.4 mg, 0.062 mmol). After the solution was placed
under CO atmosphere, the mixture was stirred at 100 °C for 13 h. The resulting solution was
diluted with EtOAc, washed with water and brine, dried over Na:SO4 and concentrated under

reduced pressure to give a crude a,B-unsaturated ester (353.2 mg) containing DMF.

To the solution of the above a,B-unsaturated ester in CH2Cls (10 mL) was added DIBAL-H
(1.03 M solution in hexane, 2.30 mL, 2.37 mmol) at —78 °C. After stirring at —78 °C for 50 min
and then at 0 °C for 5 min, the reaction mixture was quenched with aqueous Na/K tartarate, and
diluted with EtOAc. The resulting mixture was stirred at room temperature for 1 h, the organic
layer was separated, washed with brine, dried over Na2SO4 and concentrated under reduced
pressure. The residue was purified by silica gel column chromatography (5%-20%
EtOAc/hexane) to right-side segment 99 (118.3 mg, 74% in 2 steps) as a colorless oil: 'H NMR
(500 MHz, CsDe¢) 6 6.95 (1H, t, /= 7.4 Hz), 6.89 (1H, d, /= 7.4 Hz), 6.81 (1H, d, J= 7.4 Hz), 4.01
(1H, d, J=11.5 Hz), 3.91 (1H, d, J= 11.5 Hz), 2.82 (1H, d, /= 15.5 Hz), 2.58-2.56 (2H, m), 2.05
(3H, s), 1.86-1.84 (1H, m), 1.67-1.66 (1H, m), 1.57 (1H, dd, J = 16.9, 3.4 Hz), 1.51 (3H, s),
1.15-1.10 (1H, m), 1.00 (3H, s), 0.71 (1H, br s); 3C NMR (126 MHz, C¢Ds) & 145.7, 141.0, 137.1,
133.8,1 132.5, 128.2, 128.1, 127.9, 59.7, 51.8, 46.0, 45.1, 32.2, 26.8, 26.2, 19.5, 18.4; IR (ATR)
3365, 2921, 1454, 1375, 992 cm~'; HRMS (ESI) m/z caled for Ci7H220Na: ([M+Nal*) 265.1563,
Found 265.1554.
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Formation of benzocyclobetene 10

Pd(OCOCFs3), (10 mol%)
Me PPh3 (20 mol%)
TfO O Cs,CO05 (1.2 eq) ‘.0
1-AdCOOH (0.3 eq)
‘ OMe DMF, 140 °C MeO  fie
74%

9a 10a

8b-Methoxy-8-methyl-1,2,3,8b-tetrahydrobiphenylene (10a): To a stirred solution of enol triflate
9a (121.0 mg, 0.285 mmol), PPhs (18.1 mg, 0.069 mmol), Cs2COs (135.0 mg, 0.414 mmol), and
1-AdCOOH (18.7 mg, 0.104 mmol) in DMF (3.5 mL) were added Pd(OCOCF5): (11.5 mg, 0.035
mmol) and the mixture was heated to 80 °C. The reaction was stirred at 80 °C for 1 h, at 100 °C
for 1 h, at 120 °C for 1 h, and then at 140 °C for 3.5 h. The resulting mixture was filtered through
a pad of celite. The filtrate was concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (5% EtOAc/hexane) to give benzocyclobutene 9a (51.2 mg,
74%) as a colorless oil: 'TH NMR (500 MHz, CDCls) § 7.19 (t, 1H, J= 6.0 Hz), 6.98 (d, 1H, J= 6.0
Hz), 6.96 (d, 1H, J= 6.4 Hz), 5.85 (dd, 1H, dd, /= 3.8, 2.2 Hz), 3.17 (s, 3H), 2.39 (dd, 1H, J=18.4,
9.2 Hz), 2.28 (s, 3H), 2.24 (m, 1H), 2.17-2.09 (2H, m), 1.85 (m, 1H), 1.54 (m 1H); 13C NMR (101
MHz, CDCls) § 147.4, 147.4, 143.0, 134.0, 129.8, 128.7, 119.2, 115.7, 86.3, 52.6, 30.6, 29.7, 24.9,
18.9, 17.5; IR (ATR) 2933, 2896, 1474, 1455, 1435, 1349, 1330, 1229, 1158, 1119, 1072, 978 cm };
HRMS (ESI) m/z caled for C14H160 ([M+H]*) 201.1274; Found 201.1268.

Me OMe
o) [
o~ Me  momC Bt mom™© o MomC  Me

Pr MOM~ Me
10b 10c 10d 10g 10h
F CO,Me
MOM’O Me MOM’O Me
10i 10j

8b-Methoxymethoxy-8-methyl-1,2,3,8b-tetrahydrobiphenylene (10b) : 'H NMR (400 MHz,
CDCls) 6 7.18 (1H, t, J= 7.6 Hz), 6.98 (1H, d, J= 7.6 Hz), 6.95 (1H, d, /= 7.6 Hz), 5.83 (1H, dd, J
= 2.8, 4.8 Hz), 4.66 (1H, d, J= 6.4 Hz), 4.62 (1H, d, /= 6.8 Hz), 3.32 (3H, s), 2.45-2.38 (1H, m),
2.32-2.27 (4H, m), 2.22-2.11 (2H, m), 1.92-1.86 (1H, m), 1.54 (1H, ddd, J/= 13.0, 13.0, 4.1 Hz); 13C
NMR (101 MHz, CDCls) § 147.5, 147.1, 143.2, 133.8,29.9, 128.9, 118.5, 116.0, 92.9, 85.3, 55.4,
31.3, 24.8, 18.8, 17.4; IR (ATR) 2934, 1597, 1454, 1397, 1350, 1229, 1205, 1148, 1108, 1036, 963,
926, 882 cm'l; HRMS (ESI) m/z caled for Ci15H1802 (M + H*) 231.1380; found: 231.1382.
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8-Ethyl-8b-methoxymethoxy-1,2,3,8b-tetrahydrobiphenylene (10c) : 'H-NMR (400 MHz, CDCls)
6:7.22 (1H, t, J= 7.6 Hz), 7.00 (2H, dd, J= 7.6, 4.7 Hz), 5.84-5.83 (1H, m), 4.61 (2H, dd, J=11.9,
6.7 Hz), 3.32 (3H, s), 2.66-2.61 (2H, m), 2.44-2.42 (1H, m), 2.28 (1H, ddd, J= 12.2, 3.2, 3.2 Hz),
2.20-2.17 (2H, m), 1.90-1.89 (1H, m), 1.57 (1H, ddd, J= 12.9, 12.9, 4.1 Hz), 1.24 (3H, t, J= 7.6
Hz); 3C NMR (101 MHz, CDCls) § 147.6, 46.2, 143.4, 140.5, 130.6, 127.4, 118.4, 116.0, 92.6, 85.3,
55.5, 32.2, 25.4, 24.7, 18.8, 14.6; IR (ATR) 2937, 1748, 1472, 1107, 1039 cm'’; HRMS (ESI) m/z
caled for Ci6H20NaOs:  ([M+Nal*) 267.1361, Found 267.1356.

8-Isopropyl-8b-methoxymethoxy-1,2,3,8b-tetrahydrobiphenylene (10d) : 'H-NMR (400 MHz,
CDCls) 6: 7.23 (1H, t, J= 7.6 Hz), 7.02 (2H, dd, J=10.3, 7.7 Hz), 5.84-5.83 (1H, m), 4.62 (1H, d, J
= 6.6 Hz), 4.54 (1H, d, J = 6.6 Hz), 3.33 (3H, s), 2.96-2.90 (1H, m), 2.44-2.43 (1H, m), 2.29 (1H,
ddd, J=12.5, 3.1, 3.1 Hz), 2.20-2.18 (2H, m), 1.91-1.90 (1H, m), 1.57 (1H, ddd, J=12.6, 12.6, 3.8
Hz), 1.26 (6H, dd, J/= 8.0, 7.2 Hz); 13C NMR (101 MHz, CDCls) § 147.8, 145.6, 145.2, 143.5, 130.1,
125.9, 118.2, 116.0, 92.3, 85.4, 55.5, 32.9, 31.6, 24.7, 23.5, 23.1, 18.9; IR (ATR) 2957, 1147, 1105,
1031 cm'l; HRMS (ESI) m/z caled for C17H22NaOs: ([M+Nal*) 281.1517, Found 281.1512.

8b-Methoxymethoxy-6,8-dimethyl-1,2,3,8b-tetrahydrobiphenylene (10g) : 'H-NMR (400 MHz,
CDCls) 6: 6.83 (1H, s), 6.79 (1H, s), 5.79-5.78 (1H, m), 4.66 (1H, d, J= 6.9 Hz), 4.62 (1H, d, J= 6.9
Hz), 3.33 (3H, s), 2.42-2.40 (1H, m), 2.31 (3H, s), 2.26-2.24 (4H, m), 2.20-2.12 (2H, m), 1.89-1.86
(1H, m), 1.51 (1H, ddd, J= 12.7, 12.7, 3.8 Hz); 3C NMR (101 MHz, CDCls) § 147.6, 144.1, 143.0,
139.9, 133.5, 129.8, 117.9, 116.6, 92.8, 84.8, 55.4, 31.4, 24. 7, 21.9, 18.7, 17.3; IR (ATR) 2933,
1591, 1453, 1151, 1029 cm'}; HRMS (ESI) m/z caled for C16H20NaO2: ([M+Nal*) 267.1361, Found
267.1356.

6-Methoxy-8b-methoxymethoxy-8-methyl-1,2,3,8b-tetrahydrobiphenylene (10h) : 'H-NMR (400
MHz, CDCls) §: 7.84 (2H, d, J= 8.0 Hz), 7.58 (1H, d, J= 8.0 Hz), 6.25-6.24 (1H, m), 5.09 (1H, d, J
=17.7Hz), 4.76 (1H, d, J= 8.0 Hz), 3.91 (3H, s), 3.52 (3H, s), 2.49-2.45 (4H, m), 2.37-2.28 (2H, m),
2.12-2.07 (1H, m), 1.91-1.89 (1H, m), 1.51 (1H, ddd, J= 12.9, 12.9, 4.0 Hz); 13C NMR (101 MHz,
CDCls) 6 161.5, 148.3, 142.7, 139.1, 135.3, 118.0, 115.7, 101.0, 92.7, 84.4, 55.37, 55.33, 31.5, 24. 7,
18.8, 17.5; IR (ATR) 2936, 1596, 1475, 1138, 1040 cm';; HRMS (ESI) m/z caled for CisH20NaOs:
(IM+Nal*) 283.1310, Found 283.1305.

6-Fluoro-8b-methoxymethoxy-8-methyl-1,2,3,8b-tetrahydrobiphenylene (101) : 'H-NMR (400
MHz, CDCls) §: 6.70-6.67 (2H, m), 5.87-5.86 (1H, m), 4.65 (1H, d, J= 6.9 Hz), 4.61 (1H, d, J=6.9
Hz), 3.31 (3H, s), 2.47-2.40 (1H, m), 2.28-2.27 (4H, m), 2.21-2.14 (2H, m), 1.92-1.88 (1H, m), 1.50
(1H, ddd, J=12.9, 12.9, 4.3 Hz); 3C NMR (101 MHz, CDCls) § 165.2, 163.2, 1483, 142.0, 136.3,
119.7,115.9, 103.7, 92.7, 84.2, 55.4, 31.3, 24.8, 18.7, 17.4; IR (ATR) 2939, 1586, 1467, 1348, 1107,
1030 cm'; HRMS (ESI) m/z caled for C1sH17FNaQOz: ([IM+Nal*) 271.1110, Found 271.1105.
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Methyl 4b-methoxymethoxy-4-methyl-4b,5,6,7-tetrahydrobiphenylene-2-carboxylate (10j) : 'H-
NMR (400 MHz, CDCls) &: 7.72 (1H, s), 7.64 (1H, s), 5.94-5.93 (1H, m), 4.66 (1H, d, J= 6.9 Hz),
4.61 (1H, d, J= 6.9 Hz), 3.90 (3H, s), 3.29 (3H, s), 2.46-2.41 (1H, m), 2.34 (3H, s), 2.30 (1H, ddd, J
=12.5, 3.2, 3.2 Hz), 2.22-2.14 (2H, m), 1.92-1.91 (1H, m), 1.52 (1H, ddd, /= 13.0, 13.0, 4.2 Hz);
13C NMR (101 MHz, CDCls) 6 167.2, 152.4, 147.4, 142.1, 133.8, 131.6, 130.7, 120.4, 117.0, 92.9,
84.8, 55.5, 52.1, 31.0, 24.8, 18.6, 17.3; IR (ATR) 2949, 1722, 1415, 1207, 1042 cm'; HRMS (ESI)
m/z caled for C17H20NaO4: ([M+Nal*) 311.1259, Found 311.1254.
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FIUE K

UL b EFIL PA I K57 U ALY 2 2 6BOEE KOV C-H Bt ios 28t & LT,
(-)-aurantioclavine D RFEEKSC, T T8 Ra-2H 7 VAL XUy a7 T OFREe
FIED BRI IS LT,

(53 FNAFT VLT R 7 ALIEDB% & (H)-aurantioclavine A MA~DER] T, 7% 7
VIR BRALRTBR IR 2 W e @ o FAERIRII R X T VT BER VB OREEEZ W) THESL LTz, AKX
JEZRE S 2 fillitds L OV A BOAL 7 A2 et L7 fE . Pd il A W 235810 7 BN VR8I A2 BT
RIGR TRz, RHFRNMTIZHRART IZA VERAWESEITHREDOARFNETCHIME 5 2
2o S HIZ PHOX BUNL AT 5 & AFIEN M E L, BuPHOX # HWEA IR bW
T ABRIE(I5%ee) NGO, ZOT B ANUVEERLY JuARX v AL DAY T T =0
FEOBEARLA v R—)VEROREEIZ LY . (D)-aurantioclavine D ARFEE K Z K L7z,

[communesin DG HMFIE~DEBR] TliX, CTALAE MUK A AEGR T 5 7o DI LHIHEAAL
I W SN EETH D, A v R—I/VERNLICFE &4 OE# I A H 9 % aurantioclavine i BRI % L T
PR L HHEN ORI R . T AT VAR SOS DN EIT L TR A v R— L8R E
BEMR LT, EOIRAKKICFRETHD2- 2 b A RL=V E2FMNMTIERTHZ & T, Wirw
R—= AR OEISZMs L, = b e ol & i< o FNERIGUNIC L Y —FIC R G M 15
HZ TP LT, Ll BoniAbEM O CTILAT Wk ik IXcommunesin FHD & O & [T
B o 7=, ARERIL, BRACAYERN NG DNE A BGRIIC B 5 L TV D ATREME MBIV Z L Z27RIB L T 5,

[Pd filifitlz X 5 C-H BEReRALEFIH LT T8 Ru-2H 7 VA L U AEIEDR L Z DI |
Tl Clspd)-H BREAALIC K 22T T & Ru-2H 7 )VA L v OERIEDHENLIZ W) THED
L7, RSN, = L AORESRFOREIICEY . =2 /) — Vv NI 7T — R b7 Tk Ru-2H
TNF L EGIRT D4R B UTo ARUSICIE 1-AACOH 72 EOMRMABINMLETEHDH Z &b,
CMD ## T C(spd)-H BREMALDHET L TV D EHEZE LTz, EHICALEET FT e Ka-2H 7V
AL b 9 THET benzohopane A1l 7 7 7 A b OARIZ HKEI LT,

BzIC, TPd filtlftic L% C-H BREMMLEZFIH L= v a 7T U EliEORI) Tk, X
VUMIIZA X VHERA X VAT AT ANHLH5E, Clpd)-H BRERL BT HEITL
THREINE I TN Y v rnT7 T rah 27, Clep)-HERMUIZL DN Y v I/nT T ias
BT B 7o OITIFEHRILRNE —E DN AR RMLETH Y (R & REOMGIZERERZEANT L MEN
HDHZEEHLMNI LT, SHIT, XUV E AN MUK ERERREZEYNEAT D Z LI
KO a7 _e a7 T ORI GBS LTz, o, KRERIZED ., RCEHKO
JERMS B SO SRM & BEHIL 2335 2 & T, Clsp)-HEB XU Clspd)-HEREAEZHIEL T, 7 k
TFe R 2HINF Ly Xy raTd T AR D BN Lz,
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