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Ac: acetyl

AIBN: 2,2’-azobisisobutyronitrile

Aq. aqueous

Ar: aryl

Bn: benzyl

Boc: tert-buthoxycarbonyl

Bu: butyl

brsm: based on starting material

c: concentrated

conc.: concentration

cat.: catalyst

calcd: calculated

Cbz: benzyloxycarbonyl

°C: degrees Celsius

CSA: 10-camphorsulfonic acid

d: day(s)

dba: dibenzylideneacetone

DBU: 1,8-diazabicyclo[5.4.0Jundec-7-ene
DDQ: 2,3-dichloro-5,6-dicyano-p-benzoquinone
DMF: N,N-dimethylformamide

DMSO: dimethylsulfoxide

ee: enantiomeric excess

ent: enantiomer

eq: equivalent

ESI: electrospray ionization

Et: ethyl

h: hour(s)

HRMS: high-resolution mass spectrometry
HPLC: high performance liquid

i-: 1s0

Hz: hertz



IR: infrared

KHMDS: potassium bis(trimethylsilyl)amide
LAH: Lithium Alminum Hydride
LHMDS: lithium hexamethyldisilazide
LRMS: low-resolution mass spectrometry
Mbs: para-methoxybenzenesulfonyl
mCPBA: meta-chloroperbenzoic acid
m: meta

M: molar (moles per liter)

Me: methyl

min: minute(s)

MS: mass spectrometry

n-: normal

NBS: N-bromosuccinimide

NMO: N-methylmorpholine-N-oxide
NMP: N-methylpyrrolidone

NMR: nuclear magnetic resonance
NOE: nuclear Overhauser effect

o: ortho

p: para

PCC: pyridinium chlorochromate
PG: protective group

Ph: phenyl

Pr: propyl

Py.: pyridine

quant.: quantitative yield

r.t.: room temperature

t-: tertiary

TBAF: tetrabutylammonium fluoride
TBS: tert-butyldimethylsilyl

TIPS: triisopropylsilyl

Tf: trifluoromethanesulfonyl

TFA: trifluoroacetic acid



THEF: tetrahydrofuran

TLC: thin-layer chromatography

TMS: trimethylsilyl

TPAP: tetrapropylammonium perruthenate

Ts: p-toluenesulfonyl
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1) fRIBERARFDiels-Alder S

EHENFBRTDMEEOHNNE, VI ) =L —TNEHTHA 2 F—/LFER 1
BLXOEAVT 2 2B & LR AR EDiels-Alder SURZ BRI L, JeFTEIEL E
e Ra "y — gk 3 OEEEZRE LT DY, RESIE, BN T RAFRIE,
SEREIR T AT L AR (exol®BINM) . @V F U FARIRETE Re Ny — Lz
5.%2 % (Scheme 1),

Scheme 1. Catalytic Asymmetric Diels-Alder Reaction

Ho(NTf5)3 (5 mol %)
TIPSO, Ligand (10 mol %) TIPSO,
: Z DBU (10 mol %) O VR
oY R
N + O__N > O |
N b f CH,Cl, (0.2 M) D e
Mbs 0 S, Mbs O
] S : O
1 2 ! - 3
R = CO,Me, Ac, COSPh, | HH e fo 99% yield
: NON,, ! 6
CN, Alkyl, Ph, H : 00 1VMe | ovo only
: S :
(Mbs = p-methoxybenzenesulfonyl) i Ligand .

F7 BLNE RrHANY —LHERITFE L DT L ALEIE 7 b1 4o %
WBHZET, TAXMEAHEIT L, 4EFEL ST 4MGERAATLEH O KRRy
—VHERAEE DOV T AT LAY —E LTHLNS Z L AR LT 5, BRIV
ULI—=RTE T I REHVD L, TARMUICHE BIRT S 7 — L DA HEIT L,
%< DEMIHEEWEICE D EHFKE BT IBVEL AW & #5528 T & 72 (Scheme 2),

Scheme 2. Alkylation of Hydrocarbazole 5
0 Bn

Q TIPSO, 0 N OH
R A -
\COOMe RX, TBAF O \COOMe NHBn TBAF ..COOMe
el G Wy

NH N;;c\) THF, -78 to 0 °C N'H N}ro THF, -78 to 0 °C N'H N/);‘o

Mps O 1 Mps O T . 90% wod O
4 5 6

R = Me, y. 96% RX = Mel
R = Allyl, y. 85% AllylBr
R = CH,CN, 7. 90% ICH,CN
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WMHFIEE OFR)INIARAREDiels-Alder K& VT, HFEEE Ry — LigE
K8 ZGM LI, —HOFREEMEZIT) 2L T, E R ANRNY — L RARY
(=) -Minovincine D A7 Ak & Kk L 7= (Scheme 3)7,

Scheme 3. Asymmetric Total Synthesis of (-)-Minovincine
0,
TIPSO Ho(NTf,)3 (0.5 mol%) TIPSO

Ligand (1 mol%)
\ DBU (1 mol%)

@CC " ONS i
N o © CH,ClI, (0.2 M)

Mbs 0°C, 1h s 7f
1 7 y. 98%, 87% ee 8 (-)-Minovincine

ZF 2T, EFH TR O AR FDiel s—Alder ST EESWT, B Ry a ol
SNACEBERED 20 F v OB ANEORIE., S 512, ZEHED LY — VIR
YWOEEREORFT Ve Ry —o FHRRYORFTEERE HE L, iFgeicsE

F L 7= (Scheme 4),

Scheme 4. Research Overview

TIPSO
1 R2
O /\\ — —Q Q @
Mbs
R3 = oxygen functionality Polysubstituted Carbazoles
or halogen

Chiral-Hydrocarbazolones
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TN = E 1872 FElZa— N A — L XD RREINAbEmTHD Y, 2, BN
V=TT a A Rid BEERIC SRS SRR O N N — VB A RO E
HMENTWD, FEEEEZAT PO — LT L HuA FAT ¥ =78 Bose 51T
E0, HL—U—=T7DOKRELTHEND Hurraya koneigii 7> & HEES i, HEENHRD 6
NIV Lok, BEL DANNRY — AT A aA RBRERSTEY Y, FlliEE, b
TEAER ., BUEBEYE, WS PEIE R PUMAED 78 & 2R ABIIEME 2B 5 R A % <
HMOENTWBIEAMEETH B, DAY — VR ORF 25 & LTk, PG
EROTY TF U OHBILERNE T AN T AL F UV EREF NS, £12E
BRI EI GBI L L CTHEASN TWAI LAY — LT L haA RELTE BEXTH
LANRY = BYRATRRELTHL IV T T v BETHL NN v A
Wb s Y, 05, WY —VERITAR EL 7 EOFHE MBI CICH R
& TH Y, DAY =V ERZ R U 7B A BB O BRI ZE DS AT 2 b
NTWD, BlzIE, Aa=U3RRREFREE AT L2 ERHLNCR->TETEY,
AT A 2L LTOISHREIHESRTWS Y (Figure 1),

Figure 1. Carbazole Alkaloids

8 8a N 9a1 H CoHs
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Carbazomycin D Me Me OMe

O O CarbazomycinE CHO H H
N
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- SIS e
OH
N Me N
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2
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Mukonine Carprofen Carbazomycin H R = OMe
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R U2 AR — VR INE RN AEYTEE 23 5 T2 iz, R TR 5 72 k4
BIRANEE SN TS, LovL, R D OHHEES+2 Tl < | R E MG
AT O 129010, MRS ThN WD, 22 TiE, 54 F THREINZ A AN
V= VEREEE D AR T D,

1. Fischer-Borschei:!”

Fischer-BorscheAf v R— VA& RELZ AV, IANRY — AT haA ROGKIZISHT
DPRENSEHRESNTND, KAFEE, 7kt v bToc=Le RTIVVOHMEE
BRI TT U= RV UHREIRL 1 2834 T, Hi< Fischer-BorscheBR{LSE Z U |
1,2,3,4-7 78 Ry —1 2 88T D, £0%, BAKBISIZE YD FEHET
HZ LT, WAV —FFERT 3 AL TV (Scheme 5),

Scheme 5. Fischer-Borsche Synthesis

2

R
(0] R2 aq. HOAC Q Q / chloranil O O
ij *+  H,NHN 1 eflux > e R N Torpac
R - H R
9 10 1 12 13

2. Graebe-Ul1Manny!
Graebe-UlIManniEIIN—(2 =7 X /) 7 =2= ) =T =V 207 v 7V v 7RG
WCEVAERLIE YT Y =1 B 2R TICTIAANY =L ERGRT D FETHD
(Scheme 6),

Scheme 6. Graebe-Ullmann Synthesis

NH
O O e o)
NH —_— N O

3. Cadoganf(Jin'?

2—=bFrET==)L%P(0EtL) T & VIZEILANIZER{L T 5 J7iEILCadogan Sl & N H AL,
KRFEEEHNDZ LT, FBixDSBEBHI NN — VEREHRTE D, ARIRIZEWTIE,
TUV—=FA P UBET, C-HEGITHA S D RO HRIE S 41TV 5 (Scheme 7)

Scheme 7. Cyclization of Biarylnitrenes-Cadogan synthesis
Rl /=R _POEY; Rl=\_ /S R?
\ 7\ 7 A N7
reflux N
H
18
4. VE:»%VF—w%%ﬁ%ﬁﬁw

Ve = A v R—/L&Pd/CEVMIDDAFIE . HomiEsRM s\, ARG EST
L. ARV — L EEKT 5 HELHME SN TV (Scheme 8)™, LL, WHTX%
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VE=NAA U R=ANRROEND D, FERILSBESNL TS, =0 —A K2 1
PHEFEE L, 2 =T LU FRERT, 2—AF LAY —LEER L., #i<
RELAEHIZ LD AR —)LFEIK 2 4 DA TX % (Scheme 8) ™9,

Scheme 8. Electrocyclic Reactions to Carbazoles

OMe OMe
- Pd/C or DD
(yre _P9Coo0 () s
H R reflux N R
19 20
OFEt — «OFEt OFEt OH
=, KOt-Bu
\ S — \ B — O O Me —» O Me
N HOt-Bu, A N N N
é1 R2 é1 OR2 II-\’1 ORZ H R3
21 22 23 24

5. BRBERE W 2B LR

FefSfRIC L D IEME b SNz 7 o~V NIREFHE LTEHE ETrEERLE
BT V—AT I eDhy T RGN EIT L, PR 2 7 034 Ulctk, BRI
FOSIZ L0 C-NFER Z TR LS E(LT D FEN#HE STV 5 (Scheme 9), AFIEIT LY
AR SOSSRMIIT BN T, xR L, ZEBES DTNV —VERT 26
RFETHD,

Scheme 9. Iron-Mediated Carbazole Synthesis

R4 o (0C)Fe arylamlr,:/elzn%/cllzatlon
(OC)3;_9+_@ TRY 7 Re  MeON OQ toluenze g R2
25 26 28
6. /XT T MK DBRILEISY
DTV =T I L, 2AOPAAE LRI I Ko T, A3 0 BT D,
Z O, BEITHIBEEC X W PASBLEE L, DL Y — B2 S5 (Scheme 10) ,

Scheme 10. Palladium-Catalyzed Cyclization

N cat Pd(OAc), ’ Rl= = _R2

\O\ O oxidant, HOAc, A CL JO - \\ /H\ //

31

PlEoXric, Wb AU DTV T 4 —DEWTETH Y flix DY —)LiFE ks
/D ENFREEL R oT, LML, WTHOHEICTENTH, IERMMENZ &0, A
L2 ENHCRDEHEICHKNL D Z L, FLEEORMMIIZEBEAZET L2 E, &
BEORME DT, TOHD IV AMEOREWFENRDENLTND
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1) I Y <A UBIZONT
_ , Figure 20278 L7z W WX — VA RIRIZ DWW T, RIRATF LD
Figure 2. Carbazomycins
RQ  OMe BRI ANAR A AR Y KFEOGHIIT NN <A

Me VUBER D, WTEROLAEY B 19804 2 Nakamura (2 X 0 R
DOESRED S HBEESdu, AFNMR, NS, Xt sa & i 1o L v ik
mESNEY, 5-URFHFF—BOHELIMFEIER, HivTV
7 KOG WHLETE MR & OEMIEEN I S TWnAET,

Carbazomycin A R = Me
Carbazomycin B R=H

2) NNV <A BDOEE B

AN A 2 BORERRBIO T T, REMZRERIE 3 B 2 LU FIZRT,
1. Knolker X, 5EMN B EZHNT, FedifRIC L W IEHILI NIz 7 mAF PV
T3 3G L. Mn0,Z X 2L ZRBRAVEGIE £ D VXY ~ A 2 U BOB I % R
L CW5 (Scheme 11)',

Scheme 11. Iron-Mediated Carbazole Synthesis

OH (7" o7 OH 1) Ac,0, DMAP HO
OMe (OC)3fe—@ (OC)3Fe—©h OMe CsHsN 84% OMe
BF, : 2) MnO, 46% O O
_—
H,N Me H,N Me N Me
H Me

94% 3) 10% NaOH 92%
Me Me

32 33 Carbazomycin B
2. Moody 5 1%, Diels-AlderS{ iz &> T, ANV —LiFHEIRS 5 ZEK LIk, B
REJEAHA N RCANLIZ KRR DEANIZ LY | IRV~ A UV UBOREMREREL TN D
(Scheme 12), F7z, Beccallibid, Y= 3 6 # T, Diels-Alder %179 Z &
T AR —LFEER S T~ T, AN <A L UBOEAR A FER L TV 5 (Scheme

12) 20)O
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Scheme 12. Diels-Alder Reaction

H
o 4 TMS Q  ome
Et0,C—=—TMS O
7 —_—
P T O O COEt —> O Me
53% N
’ N e H Me

N
H Me
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Eto,co.  Me Et0,CQ

— H MeOZC — COzMe Q

A\ OCO,Et 90% O COMe 5 O O Me
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36 37 Carbazomycin B

3. ClivebidvZu~nFvrF8kE G L, ZUVINARILICHTZ LD, ~FH
Ry —13 9 ~EW-, VT, 39 ORIk FEEZITHY 2
LT, IR = A UBEER LT (Scheme 13)2%Y,

Scheme 13. Radical Cyclization

QBN Ph;SnH

3

@\Br OMe " AlBN Q—Q O O

—>

Me

N Me 39% by
Ts Me

38 39 Carbazomycm B
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HINRNY <A BT L, WA RN 21T > 72, Scheme 14D & Rk/L— kTl WL
R A L BOMOOHEGE LT ERIE A OB UBRIZ, B Re iy a4 00
FHEIC LS TARTEDEEX, e Rahryara4 107 i bE1T 5
LT, ARHEA4 O NEEXTEDEEXT, Flo, e RkrAAARY R4 1 HvR

BRI Fa by — 4 2 ~EWERTIE, YFESETHE IR
Diels-Alder 2 LV, Y4 4 RO ) 7 44 5 ~EHAEHTE % (Scheme 14),

Scheme 14. Retrosynthetic Analysis

3OMe
Qi f -
Me :> :> e —
bG
Carbazomycin B 41
Sio SI0, Diels-Alder Sio
11Me reaction
(™ — O D=
— ~N N Lol NS
Me Ni:’GH 4 N)fo N A g \‘g\/
PG 0 PG o
42 43 44 45

B =7 RELTEAANRY v U BEAFTLE RN Z®, TTIROA » TV
EULEAERHNC, Y1 LV ) 7 a4 5 EHREE LT EI v/ /2Diels-Alder
FOSZAT > Tz, A4 6 M315g A7 — /L Th, RUNMIHEICHEIT L, @I Texof N
K24 5 7= (Scheme 15),

Scheme 15. Diels-Alder reaction

TIPSO, TIPSO

e Yb(OThs (10 moi%) O e
y o+ 9% ~ CH,Cl, (0.3 M) O ~
N o © 0°Ctort,2h NHYN_b
Mbs MbsO I
45 9]

1 46 (y. 84%, 15 g scale)

Scheme 16127k L7z X 912, Ak L7zDiels-Alderffik 4 6 ZHWT, IRV~ A
VUBICEL DI E oD N — N EB X TCEERMEE R L, 3. EEO/L— A
T, Diels-Alderffifkicxt L, 7o HOE AR NEF(LEITH Z LT, 7TaTE#h
BN —ViEEEA T Gl T 5, 7R EEBED VAV —FFEEERITA FFARD
FEH YD) DB TICE ST AN A L UBRARTE D EEXT, — T,
Diels—AlderfIhiicxt L, AxH >V U Y UL OET LR By U fbic k> T, v
— FBEL— FCOI@ETEAE by ar 4 1 28/8T %5, L—FBTIE, b K
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By a R4 LI L, a8 AR ONERETH) LT, Jaeh
NS — LA TR 4 8 ~EX | HBICA MR VETERTHIZEI LAY <AV UBRE
RTExDHEEZT, BT, L—FCIZBWTIZ, B Rabanxvyor 4107 s rafir

WCEEEREEZETEAL, KBICFBFILEITH) Z LIV IRy <1 U BEMN
L

HEB T,
Scheme 16. Synthetic Plan
Br
HO HQ OMe
oute Me
O N N/\g) > N
MbsO I H Me
47 (0] Carbazomycin B
TIPSO o ho  Br V4
e "
Me Route B e
QL o I )
MbsO X N Me N Me
s ° PG Pe

41 48
(@]
R Q  ome
A o O &
N 'Me
PG Me H Me

40 R = OAc, OH, OMe 49
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B T e B LY — LK (route A) DAL & e < FRET

1) ZaE@HH NN — ik 4 7T OB

FP. BIETRLULEAKRTIED /L — FAIZHEV, Diels-AlderfHN{k 4 6 % VT, TBAF
ENBSDIFAE FCTT w B @A N A — VL4 T OERERTT L2 & 2 A IL3R48%
THHO T a @A N A —UERR SO, Los L, ROSITEMI L L, B4R 1%
BAETD=D, B4 7 ORFRNKEEETH - 72 (Scheme 17),

Scheme 17. One-step Synthesis of Bromo-Substituted Carbazole

TIPSO

TBAF (2.5 eq), NBS (2.5 eq)
THF (0.15 M)
Mbs 03 o T8 C;tig%c 2 h Mbs o 77’
46
%h%&%#ék@\&%%K47A%<:&%ﬁﬁtomayM@MﬂM$46@
TIPS /) —nx—F D7 auft & G OBEEN — TRICTHEITL, B Fa iy

0504585277, W2, Fhrafioo7TaElckn®, FRAS 0 ~Ex | §<
WMEALKZZ T L2k, HO T o EB O LAY — L4 7THEK LT, 4 60
5D 3 TRTINRILT6%E Tlh) | L7z (Scheme 18),

Scheme 18. Three-steps Synthesis of Bromo-Substituted Carbazole

TIPSO O,
Me CuCl, (2 eq), CsF (3 eq) d%g
g o DMF (0.2 M) 80°C, 3 h N"H Me MbsO

Mbod gf y. 84% Mbs

46 52

HO Br
CuBr; (6 eq) ’ Me K,CO3 (1.2 eq) O Me
AcOEt (0.3 M), reflux, 2 d O o DMF (0.3 M), r.t.,8h O N N/\\O
y. 90% Mbs & 71’ y. quant Mbs O (?)f
51 47 (3 steps y. 76%)
2) A ¥k

AR LT 7T BB @B NN —VATIZH L, T aEhE X b EAERT D 5%
BMEt L7z (Table 1) *, CuBrZzfifft e L, AcOEtZ U B> RE LTI, MSEITo72 &
IAH, A MFUVERERINZENOLAEYS 31XHELNT. AXH VY U URSR
STk 5 4 4R L7z (entry 1) . CuClZfilifit & LT, AcOEt, HCOOCH,, DMFZH Z
NaV AT FELTRISZR LIRS, WThORFITEWTH, AR5 313/HE60
T ENERTAEXT VY ) MR LTALAEW S 4 BT, X H VDL
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ARV EEMRCUZEENL Lo T < LB A ST U U ) UNRBRAE L T LE o7 EHEHIL T
W5 (entries 2-4) .

Table 1. Methoxylation

HO  Br MeONa (3 eq) HO  OMe

O Me CuX (0.6 eq), ligand (0.2 eq) O Me O Me
L0 g8 < on
N N, _0 MeOH (0.2 M), reflux NH
Mbs O gf ©:2M) MbsO 77’ MbsO —
a7 53 (deswed) 54

not obtained

entry CuX ligand time yield (%)

1 CuBr AcOEt 3d 54 (43)

2 CuCl AcOEt 6h 54 (86)

3 CuCl HCOOMe 3d 54 (64)

4 CuCl DMF 5h 54 (84)

PLEOFRIZELY A MFIALEITOFNCA XYY ) VE A IR T T D2 &N
VETHDH EERT,

3) XV VY LD

FXYV YY) BTG EE L. (Table 2) . LiAlH, %2 VW TO0 CTRISZTT -
e ZA BHOT L a—uKk5s 5 REoNT, XV U Y URESIICET S
727 IR 40HEAEK L (entry 1) , F72, LiBHIZA X/ — /L Z64EIFMN L TiE
TS EAT o7& 2 A BHOBETLOSITETE T entry 1 & FERIZ 5 4 & 5-% 72 (entry
2) .

Table 2. Reduction of Oxazolidione

HO ~ Br Ho ~ Br
s TN o TIPS « O
O N N’jj THF (0.2 M), conditions O N oH O NH_OH

MbsO (7)7’ Mbs WiosS
a7 55 (desired) 54
not obtained
entry reagent (eq) conditions yield (%)
1 LiAIH,4 (3) 0°C,8h 54 (quant)

2 LiBH, (3), MeOH (6) -78t00°C,8h 54 (79)

BEWT, 471 L, =22 FF—NEZHNTTF AT AT NA~DOEEZ AT, K
ISEHL LT EW, BEIMIOF A ATV 5 6 X5 572> 7= (Scheme 19),
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Scheme 19. Reduction of Oxazolidione

HO Br HO Br
|v| LHMDS (4 eq), EtSH (6 eq) O Me O Me
> (7 4 e >
THF (0.2 M), -78 °C to ri. O N o) O N OH
Mbs le) complex mixture Mbs EtS Mbs
56 (desired) 55

not obtained

INT=5 41Zx L., Bd DTSR M

IHIT, XYV T URESEIITETT
2L HETET, BHOI LR VS TIEELNR

T CMKSREAToT2E 2 A, BUGAE
7> 77 (Scheme 20),

Scheme 20. Attempted Hydrolysis of Amide 54

Ho_  Br
Me 1 N HCl or 10% NaOH or 10% RuOH O Me
O N NH OH r.t. to 80 °C O
MbsO — no reaction MbsO
54 57 (desired)

not obtained

PLEDFERNS IR — VB E SR LTI AX )Y VN EETT D 2
CEIMNR YN TH-T=720, L— MBS LT,
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FNE ¥ AFN—F ) T 0T @RS LAY — LR (route B) DA & i< AR

1) b Ry o @b ko a5

K IDiels-AlderfHiNk4 6 ZHWT, EiEo/— RBECOE KAy m it
FRE 6 2 ~DEKEITI 72, Diels—AlderfI Nk 4 6 (2% LT, LiAlH, TAFH V'V
VUi ERET L, T a—ikE 8 A LT-, W T, TAa— K5 8 &H AT
a4 RERIGSHE, AT —h5 9~LAHL, LIAIHGETIZXK Y, YA FLER
EREIANAY =6 0 &Gz, &I, FEAE6 0L, TIPST /) — /Lo —TF )L
(L DI HA % 1% D IRk b Rapay e ik e 2 4 L7z (Scheme 21),

Scheme 21. Synthesis of Hydrocarbazole 62

TIPSO, TIPSO,
TIPSO LIAIH, (3 eq) MSCI (3 eq), EGN (4 eq)
o o o
~ THF(02M)O°C1h O CHCly (0.2 M), 1, 6 h O
N H Y. 77% y. 93% OMs
Mbs O J Mbs Mbs
46 58 59
TIPSO, o) o)
LiAlH, (3 eq) ..Me CuCl, (2 eq), CsF (3 eq) Ci Me ‘&--Me
> > —
THF (0.2 M), reflux, 1 h O \ DMF (0.2 M), 80 °C, 3 h O N Me
H Me N H Me _
y. 83% Mbs y. 96% Mbs Mbs
60 61 62

2) 7uaE{BLOHFE

BoHNnil, 2- VAFIVERE Ra by a6 2125 L, AcOBtHIZ BALER 2 N . .
80 CETHIMLT, Y hrafidOY 7 aE b KSZ LY, Y7 rE{k6 3 24 LT,
BN T, VT R EREEETHEMKELITH) Z LT, AL, 7L BALLLD

R — )VHIRR 6 4 % 5 % 7= (Scheme 22),
Scheme 22. Synthesis of Bromo-Substituted Carbazole 64

Q B[a
Me CuBr; (6 eq) --IK/Ie K2CO3 (1.2 eq) . Me
O AcOEt (0.3 M), reflux, 1 d O DMF (0.3 M), rt., 1d O
Me y. 92% N Me y. 78%
Mbs Mbs Mbs
62 63 64

3) A M®Avb
Bon-7aEBANANS—L6 41K L, CIMDOTaEEE A NI

5 BG &Rt Lz (Table 3), Entry 1T, CulZ AW T, DMFH100 “COLM: F TRIG %
1Tolc& 2A, RUSPEML L., BEMIIHSNR0 -7z, Entry 2T, CuClZ IR 7255
A BUSDEHEL L, entry 1 & FRROFER 21572, Entry 3TIX, ¥ A F/LH80°CTK
nEAToT2E 2 A, MINMTIELEIT Lo 7=, Entry 4, 5TIX, Fifg=F & brxm
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DIRATREE % FIW T, sealed tubed % WM Emicrowave TN 1T - 7236, HEID A k%
VIENMEHRINTZ6 5RO, CILO A FIVIEDOKEN A FFURICEHBRINTZ6
6 MUK TR LT,

Table 3. Methoxylation of Bromo-Substituted Carbazole 64

o HO OMe HO_ Br
9 LI o S &
O N Me MeOH (0.1 M), conditions O N Me O N OMe
Mbs Mbs Moo
o4 65 (desired) 66

not obtained

entry NaOMe (eq) CuX ligand conditions yield (%)
1 6 Cul DMF 100 °C, 2d complex mixture
2 10 CuCl DMF 100 °C, 2d complex mixture
3 6 CuCl HCOOMe 80°C,5d no reaction
4 10 CuBr AcOEt/toluene  sealed tube 80 °C, 3d 66 (27)
5 10 CuBr AcOEt/toluene  microwave 80 °C, 20 h 66 (11)

4) CHrodk RuFx Atk

6 4 DKIBIAR UL TRETHZLT, 6 5%, 6 5I1CxL, GLOTHEE
Ko Fux i~ i et Lz (Table 4), nBulLiZ34EHWZHA, mUEE Y
AFNVERUEBEA Y TR ELWTROSESES, AOE RaX k6 6 15547, K
FLENTALEW 6 T %457~ (entries 1,2), NBuLiZz .54 EFE CTHEL, mVEE MY
AFNERBFIEA NS E . BB L7z (entry 3), F£72. 1.5Y&ED t-BuLi & &
VEE Y AFNE NS EG, entry 3& ARRZRKE R 24572 (entry 4),

Table 4. Hydroxylation

HO  Br 1. Li reagent Bno OH

Me CMEY (1.2 eq) B(OR)3, THF (0.1 M)
O O © KyCO; (3 eq) O Me _7g°C, 4 h~0°C, 30 min Q Me O Me
o - L, O
NMb Me  scetone (0.2 eq) Me 2. Hy0, (0.1 M)
s 60 °C, 8 h Mbs Na,CO3 (0.1 M) Mbs 'V'bs

64 quant. 65 rt,1d 66 (desired) 67
not obtained

entry  Lireagent (eq) B(OR); (eq) yield (%)
1 n-Buli (3) B(OMe); (5) 67 (67)
2 n-Buli (3) B(OiPr)3 (6) 67 (72)
3 n-BuLi (1.5) B(OMe); (20) 65 (32), 67 (44)
4 t-BuLi (1.5) B(OMe); (20) 65 (34), 67 (43)

— 7}, Grignardi®# # H\ 728 R X bickB W Tix, S EITLEho T
(Scheme 23),
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Scheme 23. Hydroxylation

1) Mg (1.2 eq), |2 (2 eq) BnO_ OH

Bno,_¢ THF (0.1 M), r.t~60 °C, 1 d
. Lt~ ,
e (01 M), . _ e
O y 2) B(OMe); (5 eq), -78°C, 4 h O
N ®  3)H,0, (0.1 M), Na,CO5 (0.1 M) N Me

Mbs rt, 1d Mbs
65 no reaction 66

5) CHLDY A FF Ak

KFESNTZ6 T OB DIABIZE Y [ T a—/L K6 8 4572, 6 8 ZJ5ikt& L.
IR e 7 FRRIEE A X )=V ERNT, 7= ) —ANBAINNF ) U Z— L ~DEE
WAEITo1™, ZORR, ZFEOBEHEE v EREEZ AN, WIS NT
H, HRIOT A FFIR6 9 FHGEHNT, A MFUENA F—ABR RICEAIN Mk
AW T 0 %5 %72 (Scheme 24),

Scheme 24. Methoxylation

Bno H Phi(OAc); (2 eq) 0. OMe o
10% Pd/C, H, MeOH (0.1 M), r.t., 18 h OMe MeO
O Me 2 Me 70 (y. 73%) Me Me
CI EtOH (0.1 M) O O O
N Me rt,2d or Phi(0,CCFa); (2 eq) N Me
Mbs y. 59% Mbs MeOH (0.1 M), r.t., 12 h Mbs Mbs
67 68 70 (quant.) 69 desired 70

(not obtained)

6) CINEDT & F Ak
—J7, A6 5 o7 aEKICkH L, CIHNDT BEF M lE{Tol2L A, HIIDOT &
FIRT 1 I1ZENT, SR TREILIE6 7 4R L 72 (Scheme 25),

Scheme 25. Acetylation
Ac

B BnO, BnO,
no ) n-BuLi (2 eq), THF (0.2 M) "
Me -78°C, 0.5h g O Me O e
O B N Me N Me

AcCl (3 eq), rt.8h :
N 2) AcCl (3 eq), Wb Mbs

65 71 (desired) 67 (80%)
not obtained

PLEDOFERNG, 7o B@E AN — U RIZRE L, A XU AEANT H 2 LR
THHZ EnbhoT,

7) 7 @A LS — L RO BiMb s #

7 a®RACKT D BT D ATV, R 6 4 ORLREERR Lz
(Table 5), Y7 ==K AT 4 & UFULEHIEF CIREZIToIZE T A, USRI
AT LR o7z (entry 1), RUNRE A2 =R 550 CETHIR L, ARG & I
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E LD, ST H#BIT L Aed o 7= (entry 2), KPPh,Z HWT., RISEIT- 256, )X
DML L. BREOMbsBNBRESINTZ7 21356720 o7z (entry 3),

Table 5. Deprotection

Ho_ Br Ho_ Br
Me deprotection Me
O _— O
N Me N Me
Mbs H
64 72
entry reagent (eq) conditions result (%)
1 HPPh; (11), s-BuLi (10) THF (0.05 M), -40°C~0°C, 1 h no reaction
2 HPPh, (11), s-BulLi (10) THF (0.05 M), r.t.~50 °C, 8 h no reaction
3 KPPh, (10) THF (0.1 M), 0°C~r.t. 18 h complex mixture
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BHE b RFobanyo @b iRo s s a Lo & HE

v Rkehanya  HiiKe 207 b a Ok & G E > Ty <1
VBNELS ZENAREEE X, xORE AT

1) 74 bFofbeHEN

Ry aiA4k6 2125 L, W~ @ a Y vs L EKERRES X OERE T
T hEIACICATZ Lk BHFRNETTE b EE T My o fLICEA LG
7 3 Z147= (Table 6) ®, 3 S 727 &7 — MERICK L, FELEKRE Lz, £7°, dioxane
WRPIZDDQE M2, HEIEITo72E 2 A, 100 CETHIRT 5 L. RISBEME L,
HEID T VS — AR T 41355 b iv7e > 7z (entry 1), Entry 2, 3Tl&, LHMDSK =
DRERWIZE Z A, USHEHMEL L, JRE2 3L TLE >72, Entry 4, 5, 6TI,
il 2 DRI Z M2 FERERRTZD JOSH B EITET, WTNORHETHHEOD
NN — VAR T 4 % B 272 o 7=, 51T, 10% Pd/CEPhNO,Z RN L7254 Mz W\ T
X, BROSITETT Lo 7z, £72, cymeneddEH T, 180 COEMRSM T T, RISEIT-
et BOSHEHEHE L TL £ -7 (Table 6),

Table 6. Acetoxylation and Aromatization

Q KMnO, (4 eq) Q. pPAc HO_ PAc
‘\/‘ Me  Ac,0 (20 eq), HOAc (60 eq) wMe aromatlzatlon Me
O N Me Benzene (0.04 M), reflux, 12 h Me O

Mbs y. 80% Mbs Mbs
62 73 74
entry reagent (eq) solvent conditions result

1 DDQ (7.5) dioxane (0.2) rt~100°C,1d complex mixture

2 LHMDS (10), I, (3) THF (0.05) -40 °C~r.t.,8 h complex mixture

3 I, (excess) THF (0.05) rt.~reflux, 1d complex mixture

4 CuBr;, (2), LiBr (1) CH3CN (0.1) rt~80°C,1d no reaction

5 CuBr; (6) AcOEt (0.05) 80°C,1d no reaction

6 Cu(OAc), (6), DBU (6) AcOEt (0.05) 80°C,1d no reaction

7 10% Pd/C, PhNO, toluene (0.2) 120°C,1d no reaction

8 10% Pd/C, PhNO, cymene (0.1) 180°C, 1d complex mixture

7 bR IACDORIEHERE A Figure 3ITR Lz, W~ U BEH Y U L & BEFERE T L OWNE
MR JlCEIRSE FCIRED 2 & C, it~ v T 2572, BonEg~ B nr b
VERIGLT, HFREAEIZERL, ST, IOX I REFORNICEY . T FF vk
WEANSNTZT 3 %25 277, ARISTIE, C2OLD A FIVIEDSIARFEEIC LY | SLAER
HIZ B —OAcIR AR LT,
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Figure 3. Proposed Mechanism of Acetoxylation

KMnQ4 + Ac,0 + AcOH OAc

|
0 l d\//'n~o 0. OAc
L) Mn(oo) onf °© L )e
o e by ——Q
N Me O N Me
Mbs N Me Mbs
62 Mbs 73

2) F hvafioe Faxiik

72T — MK T 3 OIERL R AE1T 572 (Table 7). KEEA U 7 LB Y T 4 7 LA
MY REMEOSSGE, TAa— K7 B BRFEEFME LTH LN, £ e HI2Mbs A
BrEENTZT 6 LIRINERZRN 555N (entries 1, 2), REET Y 7 AZHWELEA
1T, BIERRY 7 6 OERBIRITE, IR TT L a— K7 5 2437 (entry 3),

Table 7. Deprotection

SN base (eq) " o, M
--Me > ‘\/‘--Me + --Me
‘ ‘ MeOH (0.2 M), r.t., 1 h O ‘: i
N Me N Me N Me
Mbs Mbs H
73 75 76
entry base (eq) result (%)
1 NaOMe (1.5) 75 (43), 76 (16)
2 K,CO3 (2) 75 (60), 76 (22)
3 Na,COs (1.1) 75 (94)

— )7, 2L TCOEe Fax o EoE A LR L7z (Table 8), E Ry no 6 21T
L, Fhrafiicv I rvz—7LVa2ETEAL, 772600, <V ricky
TN —=NART 5 ~OEM AT LT=2, 7 5 OIRITIE T Lz,

Table 8. Hydroxylation

o o OTBS o OH
TBSOTf (2 eq), EtsN (10 eq)
O wMe 0°Ctort,3h ’ Me  reagent ’ \Me
> _—
O N Me tChSnCTCI(ggAN(I;ﬂ?ZQgC ah O N Me THF (0.02 M) O N  Me
Mbs 201 (U.2 M), - : Mb iti A
62 y. 61% b.rs.m. S conditions Mbs
77 75
entry reagent (eq) conditions result (%)
1 1N HCI rt.~reflux, 1d no reaction
2 TBAF (excess) rt.~reflux, 1d no reaction
3 HF-Py (excess) reflux, 2 d 77 (32), 75 (59)
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Bonl=T7ra— K7 5 Ot TR FII XA A E AT IC LV IRES T
(Figure 3),

Figure 4. X-ray Crystallographic Analysis of 75

o OH
‘& G
N Me
Mbs

75

3) TIa— UKD X F ik
AR LT3 —nARD A F ALz FEt L72A3, Nal & Mel DS CT SO I e
L., DEZRNOSEE iR AT LS NAbEH 7 9 2353 57z (Scheme 26)

Scheme 26. Methylation

o) OH fo) OMe o) OMe
NaH (3 eq), Mel (6 eq) .
’ 1Me > ’ Me O Me __
THF (0.2 M),0°Ctort., 8h O O = /
O N Me N Me N MeMe T (
Mbs Mbs Me Q—Q—l
75 78 desired 79y.5% L -

not obtained

X-ray Crystallographic Analysis of 79

fFEWT, 7 m~Ft ) VEROFEEMRT LTz (Table 9) , SwernfR{L D SAFIZIB VT,
I E66% CTIFEH & [N L7z (entry 1), PCCEE(LDGE . FEIMMIFIEHF LI-0S, HOY
7z ) =R 8 0 BMMERINE RN B 517 (entry 2), TPAPTEMLT A Z LI2k D, HT
WEOm ERR SN, 7=/ —{K8 0 %#35%TH x 7 (entry 3), TPAPTHERL L 7=,
HWlE TR T 5 Z LTk INER3E%E Tl b L7z (entry 4), TPAP & NMOD Y & 4 3 H
L7z 24, entry 4L ARRRRER 21572 (entry 5), IKIZ, 6NV 7 =/ —/{K8 0
DAF A Z B L2, BOSHEME L. B8 1 K"iEbhnieholz,

Table 9. Oxidation and Methylation

o, PH Ho ~ OH MeO  OMe
’ “Me  conditions O Me KoCOj (4 eq), Mel (6 eq) O Me
—_— >
O N Me CH,Cl, (0.2 M) O N Me acetone (0.02 M) O N Me
. h ~ 0O M
Mbs Mbs rt~50°C, 6 h Mbs
complex mixture
75 80 81
entry reagent (eq) conditions result (%) comment
1 (COCl), (3), DMSO (7) -78~0°C,2h 75 (66)
2 PCC (2), celite rt.,2d 75 (73), 80 (3)
3 TPAP (0.2), NMO (5), MS4A rt., 0.5h 80 (20)
4 TPAP (0.2), NMO (5), MS4A rt,0.5h 80 (35) work up by 1 N HCI
5 TPAP (0.1), NMO (3), MS4A rt,0.5h 80 (32) work up by 1 N HCI
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Mbs?y Z D A FAKIZKE U, BECEN D 5 L5 2. KR %17 - 7= (Scheme 27) . i
RS NI T 6 ZTPAPTIALEUR Z AT o 723, BOGH 4 < AT, kB 2 BRI L 7z,

Scheme 27. Deprotection and Oxidation
TPAP (0.2 eq)

e o pPH NMO (5,eq) Ho OH
, Mo KeCOs(2eq) MS4A
< e S alerrrl e n Y o
MeOH (0.05 M), r.t., 6 h O CH-Cl» (0.2 M O
N Me v, 63% N Y LCl ( ) Ve
H

e no reaction H

75 76 82

— . V7= )= RICKRE L, BiRE LR, KIS EMM L, BRIDOY 7 = ) —
VAR 8 2 DA HEFR T /202> 7= (Table 10),

Table 10. Deprotection

Ho_ ©OH HO OH
O Me reagent O M
- e
O N Me solvent, conditions O N Me
Mbs H
80 82
entry reagent (eq) solvent conditions result (%)
1 TBAF (5) THF (0.2) 0~50°C,4h complex mixture
2 Mg (10), NH4CI (2)  MeOH/THF (1:1) (0.02) rt,8h complex mixture

T =) =R O AMSR I T TARLELEA, ZON— FEBE LK,

4) rhvafid A hFxVIEROEA

B Rahr "y ok 212kt L, KEEKOZEAZBF L7 (Table 11) 2, KOHZ ¥k
ELT, RIGZEATRo70E 2 A, ORI ET LAed o7z (entry 1), KHMDSZ I 2 7255
B KISIEHE 0 HEITE T, MbsHrE 72 8 5 B &AL L7z (entry 2), 44 &ED
NalHZ VT, EiRD 540 CE TR ZITR o256, BOKBIENSEA S Lo r ¥ —
K8 3 b D &L HIT, 8 5 A30%FEE T/ (entries 3, 4), RIERM 8 5 D/
AT 57010, LIMNEONHEZ Mz 7225, BRI E-7-FF, BHHE 30
WERPMET L7z (entry 5), PhI(0Ac) , CRUSZHATR oTo & 2T A, RONMTIESET LR -

7= (entry 6),
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Table 11. Hydroxylation

Q 1) base, CH,Cl, (0.2 M) mq_ " o R
uMe 0°C, 30 min _ --Me --Me --Me
C + +
Me 2) Hypervalent lodine (1.5 eq) Me O N Me O N Me
Mbs MeOH (0.2 M) Mbs Mbs H
62 conditions 83 84 85
entry base Hypervalent lodine conditions result (%)
1 KOH (2) PhI(O,CCF3), r.t.~reflux, 1d no reaction
2 KHMDS (4) PhI(O,CCF3), rt.,1d 62 (77), 85 (trace)
3 NaH (4) PhI(O,CCF3), rt.,1d 62 (43), 83 (trace), 85 (33)
4 NaH (4) PhI(O,CCF3), 40°C,6h 83 (30), 84 (3), 85 (33)
5 NaH (1.1) PhI(O,CCF3), 40°C,8h 62 (51), 83 (12), 85 (trace)
6 NaH (4) PhI(OAc), 40°C,1d no reaction

ARBOGE D BOGHAE XFigure 5O XS IZHER L TWD, E Fr A nsymr6 2000
RNV ZNH TS 52 Ik, =/ F—  EERT D, 2o/ 77— MBERT
fli= v RAIE L FOG L2, HRKRITICED, A PFTEOHBICLY, =RF v i
BAIITIE 220, &5, TARFUREI2OHDA X VEOKELZZIT, BAEREL,
B — VATV AT, 8 3 VER LTS LHEHIL TV 5%,

Figure 5. Proposed Mechanism of Hydroxylation

NaH _
MeOH ——— MeO

Ph,
1) o \87 |5'OZCCF3
--Me NaH --Me PhI(O,CCFa), ..Me
¢ —Q —
N Me N Me N Me
Mbs Mbs Mbs
62 | ul
MeO OH MeO O MeG™ MeO(O
) MeO——\ €
O e meon 0T \4 Me
¢ —Q —g
N Me N Me N Me
Mbs Mbs Mbs
83 v 1]

Fo. MRESNT-8 5Tk L, L&Ak KINEIToTo2 2 A, BEHIDO8 6 X°8
7136 T . JFBHZ [FIUL L 72 (Scheme 28),

Scheme 28. Hydroxylation of 85

O OH o  OH
Q 1) NaH (4 eq), CH,Cl (0.2 M) meEq 3
’ «Me 0°C, 30 min ’ «Me ’ “1Me
Cl > ‘ + O
N Me  2) Phl(O,CCF3), (1.5 eq) N Me N Me
b MeOH (0.2 M), 40°C, 1 d H H
85 no reaction 86 87



BT, fFbnlc s 2 — /L HPRAE83 D KBEELIZ L. AF M+ D52 L2k, AT
FUHRIIA8 8 L8 9 &L NEIN32% L 13NDIETHERR LT, 7ok, ERLHETHZ &
T, TEZ— KN EREINCT b ARIZELS 2 LR AIRETod o 72 (Scheme 29), LnL,
LAY 6 27058 9 ~DIIJSEH2 step TULFITIIDIRE LKWz, U x ) —Lo—
TNDOBALRIS ZETT 5 Z &l o Tz,

Scheme 29. Methylation of 83

MeO OH MeO OMe o OMe

MeO N MeO N N
’ Me _NaH (4 eq), Mel (6 eq) . Me . Me
+
OC~
O N Ve THF (0.2 M), 0°C~r.t., 6 h O N Me O N Ve
Mbs Mbs Mbs
83 88 (32%) 89 (13%)

| INHCI, rt., y. quant. A

L2 AT, Moriartybid 7 72/ 09 006U ) —)Lo—7/9 1 ZkH
L. A% =V BRI vHERELEMEEL2L T A brafflic A MU s
AT 5 G A A LT B (Scheme 30) 27,

Scheme 30. Introduction of Methoxy Group by Oxidation of Silylenolether

(PhlO), (1.1 eq)
(6] OTMS O
TMSCI, Et;N BF3OEt; (3 eq) H
CH,R ——>» CHR —8™ > C-OMe
DMF MeOH &
X X X
90 91 92
X=H, Cl, OMe, NO, Silylenolether was purified before use. y. 42~80%
R=H, CH,

FROBPEFEBEIZLT, E FahAa"ymre 2125, A MU EOE ALK
L7z (Table 12), Entry 1 TiX, TBSOTf&#HWZ35A, BO A ¥ A EA LT 8
9% 1 4% THREN, 7unlfk9 4PN TARME LTHELNZ, 9 4 OREIE I M
WEARMT CURE L7z (Figure 6), Entry 2CTiX, TMSCI T UMb LIz & 2 A, nid e i
ITLZR o T, F72. TISOTEZ W T, IR EATIR 7oL TA A MR VENREASINE

8 9 ZULR14%, KEEENEAINT 8 4 457 (entry 3),

26



Table 12. Oxidation of Silylenolether

(0] 1) Sireagents (2 eq)
--Me DIEA (4 eq)
O N Me CH,Cl, (0.2 M)
Mbs rt,6h
62

SiO, 2) Hypervalent lodine (1.5 eq)
O Me BF3OEt,
O N Me solvent (0.05 M)
Mbs conditions

93

OMe
‘&.-Me ‘\&.-Me %.-Me ‘&.-Me

Mbs Mbs Mbs MbS
89 84 70
entry Sireagents Hypervalentlodine BF5OEt, (eq) solvent conditions result (%)2
TBSOTf PhiI(O,CCF3), 3 MeOH -40°C~rt., 3 h 89 (14), 84 (7), 94 (47)
TMSCI PhI(O,CCF3), - MeOH - no reaction
TMSOTf PhI(O,CCF3), - MeOH -40 °C~r.t.,,6 h 89 (14), 84 (41), 70 (6)
41 TMSOTf PhI(O,CCF3), - MeOH -50°C,1d 89 (78), 84 (20), 70 (1)
51 TMSOTf PhI(O,CCF3), 3 MeOH -50°C, 1d 89 (73), 84 (16), 70 (trace)
6’ TMSOTf Phi(OAc), - MeOH -50°C, 1d no reaction
7 TMSOTf PhI(O,CCF3), - MeOH rt,1d 89 (24), 84 (67)
8 TMSOTf PhI(O,CCF3), - t-BuOH rt,1d 62 (68), 84 (31)

1 the solvent was concentrated under reduced pressure before the addtion of Phl(O,CCF3), or Phl(OAc), and MeOH;
2 purification by NH silica

Figure 6. X-ray Crystallographic Analysis of 94

P - O

/ 94

Figure TIC R LI EBRFIEL S, Vb ) — Lo —F LK 9 5 BNAERKR L%
R P ROSR 2 MG L. A %/ — VB TIZPhI (0,CCFy) , &2 A, —50 C TS Z1T >
TG E, Tha—nik8 4 LA XN A v R—VEBR EICEAINTZALAEW O 4 8
ZNEZN20%6L 1% DR THELNIZN, HIHTH D A FFVENT b afiilEASH
7bEwm8 9 =AM E L THE LN (entry4), ZOFIEIZLY, K6 22058
9 ~D M Tone—pot TYLFITRIFIZHE I 4L, 7 8 % FE T LTET,

Figure 7. General Procedure of Entry 4 and 5, Table 12

o Gl

Cr,

Me

62 in dry evaporation
CH.Cl,  TMSOTf then pump up work up
¢ * rt., 6h ¢ -50°C, 1d *
test tube z i 89
\ TMSO, <
DIEA 93 was checked O 11Me dry MeOH and

N Me
Mbs 95
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F7o. entry STIESULRTIC, BR,ZMA, KISEITR-1254A . entry 4& [AER7e i
FAEM72, PhI(0Ac) ,Z B T3 v HRRIE L LTI EITR o728 2 A, KIbiTa< i
fFL7eo7 (entry 6), —F., E RaAARymr6 2125L, YU ) —Lo—F
VIR O B WA UTth, WS A2 L3252 L7, MEIZRTMSOTI Rk~ 7oE F, B
PEROSFRIC A X ) — NV EBIR i U HEREEZ ML, BERCKIESEZEZA, B kR
FURENMITEAINT-8 4 #FAEFKME L TRz (entyr 7). FRIE8 4 DANES
NDHTHOIT, tBUOHEREE L L OS2 S8 2 A, JFENED . B8 4 231%D
I T (entry 8), NOESYMHBIIZ X - T, Hoiizfba 8 9 & 8 4 ORI % fif
L7z (Figure 8),

Figure 8. NOESY Correlations of 89 and 84

-«—> NOESY
— . KEEEEZEANLZS8 4 ONIAREEZFHEARFZICLIVELR L, 8413y 7/
~Xty ) U ERTHIEO, Figure R LI X DT, akb, 2FEEONARELENE 2
bID, FEBFEICEID, aDFRLETHY | TOTR/LF—7EL-6. 263 kcal /mol TH
o, £ T, aDBE, T7b5H, CLALO A FNVE L CIHNLDKFNT F 7 )V Th DAL
JEWNZETE EEBEZBND,

Figure 9. Compound 84

o, OH
¢
' ‘Me -1030284.12 kcal/mol a
N Me AE (Ea-Eb) = -6.26 kcal/mol
Mbs
84 6{
(¥
EDF2/6-31G* ; -1030277.86 kcal/mol b
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ARG T, ey Vvx ) —x—T LA 9 5 2Rk L7z, SLIRREE 458
T A7z, IR S U RRIIC2NL A TR E WIS B L, PRI 6 LD
ZOH, A MNFVEORBAMEEMNOZIT. «FED8 9N/HND LHRPIL TWND
(Figure 10),

Figure 10. Proposed Mechanism

MeOH
h.
o) TMSO, x |=02CCF3 0. OMe
TMSOTF J N
--Me DIEA --Me Phl(0,CCF3), ..Me ..Me
¢ —Q —Q —
N Me N Me N Me N Me

Mbs Mbs Mbs Mbs
62 95 96 89

5) A MFIUEROFEEA

B LA PR UR8 9Tk L, Bifri#Z M7 L7z (Table 13), KPPh,OSRIFIZIBWNT
I, BRI, A MR UEDONIRMEFEICH KT D oDV T AT LAY —9 7 L9
8 WUz (entry 1), KEEH U w7 L&MW HE, IEAM EL, 85%D9 7 L18%7D 9
8 & f%7= (entry 2), SULSHM A I2FFME TR L7z 2 A, 5559 8 DILFEN LA

-7,
Table 13. Deprotection of 89

o, OMe o OMe o0 OMe
-'MGL --Me + --Me
O conditions O O
N Me N Me N Me
Mbs H H
89 97 98
entry  base (eq) solvent (M) conditions result (%)

1 KPPh, (8) THF (0.1) 0°C~rt,6h 97 (67),98 (7)
2 K,CO3(4) MeOH (0.05)  50°C,4h 97 (85), 98 (18)
3 K,CO3(4) MeOH(0.05) 50°C,12h 97 (62), 98 (34)

Figure 1R L-EHERZICED, A MU EONKILRICHETLIZD - S>DYT
ATV Aw—9 7 LI8DITRNLFXF—%HHE LT, B-APFFUERIT ALY, 0.737
kcal/molZETHHZ ENbhroTz,
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Figure 11. 97 and 98

o, OMe
=
O N Me
H
97 ¢
P ©
97 : -493872.845 Kcal/mol 98 : -493873.582 Kcal/mol

AE (E97-E98) = 0.737 kcal/mol
B3LYP/6-31G*

T, 13 b ZODORRERZ AW T, FEHL A MG L7z (Table 14) , 10% Pd/C,
DDQ, FVEWTHOFMETEH, KT ) £HETET, WAV <A 2 VBRSO D
o7=(entries 1-7), ZDH b, entry 2lIT/RLT=L DT, afkD9 7 ZFEE LT, DDQ
ERIGSHTEZ A, CIALDO ATFIVHEDBBKFBIZL VexoF LT k725729 9 ZH
BREDONRTER Tz, AV 7 49 9 OMEITXHAE s EMAT TIE L7z, BAbEH & FE
MrFLZfnT, BULE S ZA, ISHEMIEL, BROIANY <A 2 UBiX
Bohien o7z (entries 8, 9), —FH., 7= =/ L RXR=/VHEDEADH 5\ [ISaegusa—Ito
b 24T > T2, ISIE < EIT Led o7 (entries 10, 11), Entry 127TiX, NBSZE{E
MEETEHE. BIIO ALY v A L UBIIE LR > T,

Table 14. Aromatization

o OMe HO OMe 0 OMe

- Me conditions Me O ’ Me =
H Me H Me H CH,
97 a-OMe Carbazomycin B 99 X-ray Crystallographic Analysis of 99
98 p-OMe
entry compound reagent (eq) solvent (M) conditions result (%)
1 97 10% Pd/C cymene (0.05) 100~150°C, 1d no reaction
2 98 10% Pd/C cymene (0.05) 100~150°C, 1d no reaction
3 97 DDQ (4) CH,Cl, (0.2) rt,1d 99 (63)
4 98 DDQ (4) CH,ClI, (0.2) rt~50°C, 1d no reaction
5 97 I, (6) CH,Cl, (0.2) rt~50°C,1d no reaction
6 97 LHMDS (2), 1, (6) CH,ClI, (0.1) -78°C~rt., 1d no reaction
7 98 LHMDS (2), I, (6) CH,Cl, (0.1) -78°C~r.t., 1d no reaction
8 97 CuBr; (6) AcOEt (0.2) rt.~80°C,6 h complex mixture
9 98 CuBr; (6) AcOEt (0.2) rt.~80°C,6 h complex mixture
10 97 KHMDS (2), PhSeCl (2) THF (0.1) -78°C~r.t., 12 h no reaction
1 97 1) TBSOTf (2), DIEA (3) 1) CH,CI, (0.1) 1)rt,6h no reaction
2) Pd(OAc), (4) 2) DMSO (0.1) 2) 80°C, air, 4 h
12 97 NBS (4) THF (0.1) rt,1d no reaction

S99 2wt el FCTEREM LTIV, DAY~ A UBIZ D LI CTE T2
72, VL7 4 K9 9 O BMALIS b #ET L7 (Table 15), Entry 17TiX, Dioxane™
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(280 CTMAAL =56, MISHEMEI L, FEIR DL CLE-7z, £7-. 50 CTKIG
Ze T2 A, EBICDIEAH DVITREES U 7 A2 WM LT E T, &< SN EIT L
2o 77 (entries 2-4),

Table 15. Isomerization

o, OMe HO OMe
N conditions
S e A
O N CH, O N Me
H H
99 Carbazomycin B
entry base (eq) solvent (M) conditions result (%)

1 dioxane (0.1) 50~80°C, 14 h complex mixture
2 - CH,CI, (0.1) 50°C,1d no reaction
3 DIEA (4) CH,Cl, (0.1) rt~50°C, 1d no reaction
4 K,COj3 (4) MeOH (0.1) rt~60°C, 1d no reaction

6) A ¥ IK8 9 DIFEA

BRI MBS TIRE SN E F DA b RIS L, BFELSUE % A 72 (Table 16),
£, entry 1TiX, 10% Pd/CTEIBRSEM FizkW T, MINEE<EIT L2 - 7-, DDQ
HHNNIIVEEERSETE A, TR ET LRI o7 (entries 2, 3), —H,
FALSRZEH S B 72356, ISHEM L TLEW., HIW1001345 6780 - 7= (entry
4), W&IZ, NBSEHWT, MUSETR -GG, RS L, FEMLShZ100
% @ISR T2 (entry 5),

Table 16. Aromatization

o, HMe HO OMe
" diti
Me  conditions ‘ Me
g N Me O N Me
Mbs Mbs
89 100
entry reagent (eq) solvent (M) conditions result (%)
1 10% Pd/C cymene (0.05) 100~200°C, 2d no reaction
2 DDQ (4) CH,Cl, (0.2) rt,1d no reaction
3 I, (4) CH,Cl, (0.2) rt~50°C, 1d no reaction
4 CuBr; (6) AcOEt (0.2) rt~80°C, 6 h complex mixture
5 NBS (4) THF (0.1) rt,12h 82%
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EONET DAY A T UBOLEERK

BHoNZ1 0 0K L, BifrR#EEZ MG L7z (Table 17), KD U 7 LADIFIETF T, X
IR A AT Le o 7= (entry 1), 15% NaOHZ IV T, 70 ‘COEMHFITH W TIE, RUSIE
T Loz (entry 2),95 CETHIRT 5 & B3 L TL E o7 (entry 3),
KPPh,Z F 7= & & A KIS IFEMEL L T L% o7 (entry 4), F£72, TBAFH 5\ idMg, NH,C1
ZMZTHE. BOSIEEL #IT L7 (entries 5. 6), &I, T RU TLT Vb
TE=REHETT, MbsEREL, BRIDO AN v A T BRI G LT,

Table 17. Deprotection

Ho ~ OMe HO OMe
O Me  conditions O Me
—_—
O N  Me O N  Me
Mbs H
100 Carbazomycin B
entry reagent (eq) solvent (M) conditions result (%)

1 K,CO3 (3) MeOH (0.1) r.t.~reflux, ovn. no reaction
2 15% NaOH (excess) MeOH/H,0 (1:1) 70 °C, ovn. no reaction
3 15% NaOH (excess) MeOH/H,0 (1:1) 95°C,8h complex mixture
4 KPPh, (8) THF (0.1) 0°C,1h complex mixture
5 TBAF THF (0.05) 0 °C~reflux, 1d no reaction
6 Mg (4), NH4CI (4) THF/MeOH (1:1) 0°C~rt,1d no reaction
7 Na (excess), anthracene (5) THF (0.05) 0°C~rt,1h 66

B LTINS < A 2 BOKFERERR T O T — Z X RO LART DA Al & Jvv—
BamrLz, £ AGKTIE, F—Z A TITRE, IRIZ22%TH - 7= (Scheme 31), i
flBeccalli b DA MR —F BTN IZNY | FEH L BIOGRIEIIMO LA KRB ER LV |
TRENEM T, £72, AFRIIRYOEMBE THERRE Ra b Y o Gk z g
L. DTS = VIR DB H T 2 & & 272,
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Scheme 31. Total Synthesis of Carbazomycin B

TIPSO
TIPSO MsCl (3 eq)
\‘(\/ Yb(OTf)3 (10 mol%) "Me LAH (3 eq) .-Me EtsN (4 eq)
—_— _——
CH20I2 (0.2 M) N H /\\o THF (0.2 M) ‘ NH \“OH CHxCI; (0.2 M)
Mbs 0°Ctort,2h )l/ rt,1h Mbs rt.6 h
1 45 y. 84% 46 o y. 77% 58 y. 93%
TIPSO TIPSO CuCl, (2 eq) 0 1) TMSOTf (2 eq), DIEA (4 eq)
LAH (3 eq) CH,Cl, (0.2 M), rt,, 6 h
..Me _AnGed ..Me _CsFGea --Me 2Clz (02 M)
O oz 02 M) DMF (0.2 M) O (2) PhI(0,CCF3), (1.5 eq)
N'H \—OMs 70 °c 2h H Me 80°C,3h N Me MeOH (0.05 M), -50 °C, 1 d
Mbs y. 83% Mbs y. 96% Mbs y. 78%
59 60 62
Na (excess)
Me NBS @4 eq --Me anthracene (5 eq) M
e
THF (0 1 M) THF (0.05 M)
Mbs 0 °C~rt 1 h
0, 0,
89 y 82 A’ 100 66A’ Carbazomycm B total 20% yield for 9 steps
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L A M EOEAICET AR

BN 2 A BORERKREFTIC, E Faxs 28T 5858TMIA8 4 125 L,
KPPh,{Z X 2B BiMbs S CTld, BHIDPURE® 8 7732 3% THELND & L HIT, HFHELE
Nr-AbkEM1 01 %25 7% THELN,

Scheme 32. Deprotection

o
b-Ph
o oH o, OH Ho PP,
. KPPh, (8 eq)
- e g e
THF (0.1 M), 0 °C~r.t., 0.5 h O O
N Me ( ) N Me N Me
Mbs H H
84 87 (23%) 101 (57%)

FNT,. 2OV VBT LAY 0 1 % AW T NS fiE & #i5t L7z (Table 18),
R TnBuLi & PhROHOFFAE FIZE W TG Z (T o7 & 2 A, MU IT A H#EIT Lo 7z
(entry 1), 50 CETHIET D &, ISITEML L, BT 7 =/ —/{K8 213155
niginodz(entry 2), REEH UV U AZMEHEE LT, MeONEBF CRIGEIT 728 2 A,
U U ERSLEE L7228, CULD A FAIED —o 8 LT O DOKEN A bFUEICER SN
AL EW102 L1033 F N ENAERK L7z (entry 3), TP HAKGICE D, 1022103284
LTz E IO, TV DNMERBBITZ N2 S &2 To7- & 2 A, entry 3& T,
R R 728 5102 2103 %2757 (entry 4), H,0& THEDIRA B D S TIE OGS IE 4 < AT
L7ginodz(entry5), —J, REBI U U LEAY ) —VEETIZBWTL, KGR
THEETIER L, ATFAEO ZOOKEN A FFVIEICELE INTZLEMLI03E DI
B L 7= (entry 6),

Table 18. Solvolysis of 101

Q
Ho O-RPh N2
Ph reagent

& - e v
O solvent oM
Me OMe N e

H HMeO

101 103

entry reagent (eq) solvent conditions result (%)
1 n-BuLi (10), PhOH (10) Et,O, THF 0°C~rt,1d no reaction
2 n-BuLi (10), PhOH (excess) Et,0, THF 0~50°C, 6 h complex mixture
3 K,CO3 (4) MeOH rt,8h 102 (24), 103 (53)
4 K,COj3 (4), BHT (6) MeOH rt,8h 102 (18), 103 (15)
5 Ko,CO3 (4) H,O, THF rt,12h no reaction
6 K,CO3 (4) MeOH rt,2d 103 (71)
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Figure 12. Carbazole Alkaloid 104 PLEDOFER LD A% ) —AEEEFITEB N T, CIALD X F )1

o B EOKREA DFVETEBINASLT VI LD T,
OMe 20104F(TRho & 23 BARfE L 7= — 3 oD 7 LNy — LRI o Iz | AL,
H
104 A1 0 4 BWESH TS (Figure 12) 2, AEAMAAY

WCRIRIZHFIEL TWD D0, Zive L HEEEIEOBIE TA M ML SN0, FHERA
WBLTZ L E 2 TN 5,
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FBE B Re Ay orRKEW(+)-1 0 5 ODREFEAK

W bR KR W(+)-105

Figure 1 31Z/R L7zt Fr A"y m o RY(+) -1 0 51320104 (ZRho B2 LY | &
#REE Streptomyces ehimensis?™ D HEE S Fu, AFENMR, MS. IR, UVIZ & 0 &R E S u7z
B HERLREFIIRho HIZ X W R E v vy —IE TR b, ERIEEE LT, i
HEFEEZA LTS, —F T, Pittayakhajonwut D 7 )L —F1ZF D) FH~—
ent-(-)-1 0 5 OHEEHRE A L TV DH, ZOMEIISLA b F OREEITF KA o 7z
W FE, RhobIZ X VA LZ(H)-1 0 5 OD{LABOEEHFEIT+29.7°TH Y |
Pittayakhajonwut 5¥%5 L7zent-(=)-1 0 5 23-3.44°CThH o712, TD _>D{LEH DI
JEHNPEDHEXHMEIZ K E B VWR o D Z LIZHR AR o7, 5 FE T, 105 DARFREK
Blix7Za<, bL(H)-1 0 5 OARFEAKREZER T, HEFHRETOAT hLT—
BEMETDIENTEDLEEZ, MIRICET LT,

Figure 13. Hydrocarbazolone Alkaloids

fo) OH o) OH
-
O N Me O N "Me
H H
(+)-105 ent-(-)-105
[a]p25 +29.7° (¢ 0.1, MeOH) [a]p?3 -3.44° (¢ 0.1, MeOH)
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B YA TFIVEBRPRIRO R G

FT, V1 ETVE )T 4N4A 5 EHWWT, TR NI T AR TARY
Diels-Alder K& Z2ATU N, INFRISNTIZ% eedD e EiFEMEDiels-Alder (K 4 6 2 15%7-,
FWT, BINRY <A VUBOAMNL— MIES T, XV U V) AL DE T & i<
AFMIT LD P AFLEHIKLE 0 25 L7z (Scheme 33), LarL, (+)-6 0 &%
DE R AR OREEMED B < Wiz X#E SR IZ X > T2 b DILEH O x
SARBRE A RET D Z SR ETH -T2,

Scheme 33. Asymmetric Synthesis of (+)-60

TIPSO Ho(NTf)3 (5 mol %) ﬂPSO TIPSO
Ligand (10 mol %)
A o/—\ N‘(wMe DBU (10 mol %) L|AIH4 O O 11Me
+ N
N 1% CH,CI 0°Ctort 2h THF, 0°C N H “—OH
A 0 2 bs ¢ y. 74% Mbs
Mbs y. 95%, 93% ee
1 45 58
' S
TIPSO, TIPSO : OO L, Me:
MsCl, Et;N L|AIH4 ! N™ N
CH,Cly, r.t. O THF reflux i N _N.
y. 90% N H OMs Y. 71% N H Me [a]p25 +248.5° ' Y Me
Mbs (¢ 0.65, CHCl3) ] S
59 (ﬂW 92% ee i Lgand

— . UHFEEOKINEA XTIV R=NEEFT HDiels-AlderfI A1 0 7 % H
WT, RV MEROATF LT HZ LT, 1 0 8 AR LTz, NaB,T1 0 8 ®4 kv
WAL AR IT LT t%, VAR BRI & OGS SE . = A7 01 0 9 ~E /2 (Scheme 34)
T AT 1 0 9 DMK SLRALF XXM A E AT IC Lo THRES L TV D20
Diels-AlderfHIfA 1 O 7 DM SIARLS: b REE TE 72V,

Scheme 34. Absolute Configuration of 107

TIPSO Ho(NTf2); (5 mol %) TIPSO,
Ligand (10 mol %) (S)COOMe Mel, TBAF
COOMe DBU (10 mol %) X
\n, \‘(\/ > (E { )N/\‘ T
H O  -78°Cto0°C
CHQClz, 0°C,2h ! o) )r
Mbs y. 93%, 91% ee Mbs & & y. 96%
1 106 107
) NaBH >
COOMe 7850, _ T8C.yE% 89% °, PO
Me, COOMe e, e
N H 2) 4-Br-CgH,COCI = s s et
Mbs O DMAP, NEt, NAY N’\(\3 S Y
0 0 A . .
108 rt.,y. 82%, >99% ee Mbs O I b e’
single diastereomer 109 @

X-ray Crystallographic Analysis of 109
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F 72, Diels-AlderfIfK1 O 7T HA XV VY ) U EOA XU VR VEDIE

Tk, VA=A EK1 1 0%5HB7, 1101k L, MsClE s SH, AvF—F11

BT 6 0 ~EU /- (Scheme 35), ARER/NL— K TH

IZTERTEALEW & DI —

1 ~E & LiAIHETC &7V,

B L7=Ab& ) L Scheme 33127 L= 28Rk /L —

B]LTWD,
Scheme 35. Asymmetric Synthesis of (+)-60
TIPSO TIPSO, TIPSO
OMs
COOMe L|AIH4 (3eq) dl MsCI (3 eq), EtzN (4 eq) O w/
N H THF ( 024'\31/” Th O OH  CH,Cl, (02M),rt.6h O Ny \-OMs
Mbs O y Mbs y. 89% Mbs
110 111
TIPSO,
LiAIH,4 (3 S
iAlHg (3 eq) R (nR/Ie
THF (0.2 M), reflux, 1 h SRR
y. 42% N H Me [a]p2® +241.8°
Mbs (c 1.0, CHCl,)
(+)-60 92% ee

SEIEDE O KLONFEMEED 6 0 ODHPLCTF ¥ — ~ % H#s L 7~ (Figure 14) .

Retention timeZ37. 9 min® (+)-6 0 D E— 7 |22\ T, R _2DOEK/L— M THELNI

726 0 DF ¥ — FRREW—EZRT 20, GRTHRIA 6 0 Offit SLALF 05 e E T & 72,
Figure 14. HPLC Data of Dimethyl-Hydrocarbazole 60

TIPSO,

..Me

N H Me
Mbs
(rac)-60

7.9 min 9.5 min
(rac)-60

ooooo

ooooo

et ]

oooooo

o000 = 10000 __ . 20000

7.9 min

(+)-60, Synthesized TlPso TIPSO,

nnnnn

uuuuu

ooooo

©.000 10.000

etentior

. from 46, 92% ee
- soooo (S (R)
‘~  eoooo N H Me
E oo 0.5 min Mbs Mbs O gr
ooooo (+)-60 46

20.000
n Time (mind

TIPSO

(R)
H Me
Mbs
(+)-60

(S)

7.9 min
(+)-60, Synthesized
from 46, 92% ee
9.5 min
T — A N

©0.000 10.009,

Daicel Chiralpak |A, hexane/i-PrOH = 98/2
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B e Rr ARy mr KRR (+) -1 0 5 DRFLREHK

B LT AFAERAG 0ICF L, Zau{baRABbickY, E Rabanyna
VHIRG 2 AR L. b oIS KIBRIE A E AT HZ LT, 8 4 AR LT, BT,
BiREEITH Z LT, (+)-1 0 5 ODARFEAEMEZZER LT (Scheme 36), h—% /L T7 L

. 16%DINETHoT-, Eo-(+)-1 0 5 OFEIEEEIT+3.96°THh > 7,

Scheme 36. Asymmetric Total Synthesis of (+)-105

TIPSO s c o) TMSOTf (2 eq), DIEA (4 eq) o, OH
(. -RAe uCl, (2 eq), CsF (3 eql ’ “Me CH,Cl, (0.2 M), rt.,6 h _ ’ " \Me
X > >

O (SH rfn ) DMF (0.2 M), 80 °C, 3 h O ¥ then, PhI(O,CCF3), (1.5 eq) O

N H Me y. 96% N e MeOH/CH,Cly, rt., 1 d N Me

Mbs Mbs y. 67% Mbs

(+)-60 62 84

oyRr)°OH
K2003 (2 eq) (R)~
- (-él\)/le
MeOH (325!1\@1 rt,8h O VR e [a]p28 +3.96°
: H (c 0.6, MeOH)
(+)-105 93% ee

total 16% yield for 7 steps
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HIUET (#)—1 0 5 ONMRT — & & e e

Rho & & Pittayakhajonwut & MONMR7 — % Z 7" L TV 5 (Table 19), £, RhoHIT XV |
()-1 05 DD H—RDE—271F117.8 ppm& T SN2, ent-(-)-1 0 5 K&
OAHAEEW(+)-1 0 5 D87 [RFEIT112 ppmAli#% T - 7=, KIZ. Pittayakhajonwut
SO T —RIZOWTIE, C6KTCTD122.14£123. 0 ppmE— 27 DIFEITH 72 - 7=
T L TV B,

Table 19. NMR Spectral Data of Compound (+)-105 and ent-(-)-105

position (+)-105 (natural)’ ent-(-)-105 (natural)? (+)-105 (synthetic)’
TH (500 MHz)  13C (125 MHz) H (500 MHz)  '3C (125 MHz) 1H (600 MHz) 13G (150 MHz)

1 3.05(1H,dg, 5.1,7.2) 332 3.03 (1H, dg, 5.1, 7.2) 337 3.05 (1H, dq, 5.4, 7.2) 33.1
2 2.19 (1H, m) 425 2.15-2.18 (1H, m) 43.0 2.16-2.21 (1H, m) 425
3 420 (1H, t. 3.4) 733 4.20 (1H, t. 3.8) 73.8 4.20 (1H, dd, 3.6, 4.2) 733
4 192.6 193.1 192.6
4a 108.6 109.1 108.6
4b 124.6 125.1 124.6
5 7.92 (1H,d. 7.2) 120.1 7.91 (1H, dd. 6.8, 1.5) 120.6 7.93 (1H, dd. 7.2, 1.2) 120.1
6  715(1H,dd,7.2,7.6) 1216 743(1H,1d, 7.4,14) 1230  7.15(1H,ddd, 7.2, 7.2 1.2) 1216
7 748(1H,dd,7.6,7.6) 1225 7.5 (1H,1d, 7.3,15) 1221  7.18(1H,ddd, 7.8,7.2,12) 1225
8 7.41(1H, d, 7.6) 117.8 7.39 (1H, dd, 7.1, 1.4) 112.2 7.41 (1H, dd, 7.8, 1.2) 1M11.7
8a 136.8 137.3 136.7
9a 154.6 155.1 154.6
10 1.45 (3H, d, 7.2) 17.7 1.43 (3H, d, 7.2) 18.2 1.45 (3H, d, 7.2) 17.7
1 1.02 (3H, d, 6.9) 14.2 1.00 (3H, d, 6.8) 147 1.02 (3H, d, 6.6) 14.2

9-NH 11.95 (1H, brs) 11.88 (1H, s) 11.85 (1H, brs)

3-OH 521 (1H, brd, 3.4) 5.20 (1H, d, 4.2) 5.19 (1H, d, 4.2)

1 13C NMR DMSO-d6 & : 39.5 ppm; 2 '3C NMR DMSO-d6 § : 40.2 ppm
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EBEo7a b, =R UNMRTF v — b &L LU7- (Figure 15, Figure 16), &AL D
NMRF v — MI DT N —TDOHEE L= KRR DONRF v — b & BW—F &2 R LT,

Figure 15. "H NMR Data of (+)-105 and ent-(-)-105

(+)-105 natural

ent-(-)-105 natural ‘

(+)-105 synthetic

A - l I ‘ — ] i ‘ AL S, - ——
[ ] JARAARAEES Las ] T T ARAAAEAS T
| J ﬂJJL 1 1 1 /l A | —
| i iisdn i N M M H 1
g RiflEzanaznizsns 5: LLL BBEEE REBmas LER 1
Figure 16. 13C NMR Data of (+)-105 and ent-(-)-105
gle
(#)-105 natural b
53 © o 3
2 2 RS < o © T
3 3 L g oz 2
T T ] < H l T ! ! |
| [—_— l | | |
TTie2 184 | 176 168 | 160 152 | 144 | 138 128 120 112 = 104 = @6 = 88 80 72 64 6 48 40 32 = 24 16 [
] ! ,,,,,,,,,
ent-(-)-105 natural

(+)-105 synthetic

| | | i1 | 5 Ll
al E! | S(m [ [ (711 [
H : H R H L HHEE £
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F72. (+)-1 0 5 DHFENEIIRho H D & Pittayakhajonwut & DG, Z L TEHE
DEEIOHEHEW (+)-1 0 5 OFEREZHET 5L, MMERRES ERoTnDHZ L
NOMND, EFEBNL ONPOFRIETHIEEE ZRIE LR, Wb +48it o tle st
JEEIpoTz,

Table 20. Optical Rotation of Compound (+)-105 and ent-(-)-105

(+)-105 (natural) ent-(-)-105 (natural) (+)-105 (synthetic)

[]p25 +3.96° (c 0.6, MeOH, 93% ee)
[e]p2® +29.7° (¢ 0.1, MeOH) [a]p2® —3.44° (¢ 0.1, MeOH) []p2® +4.58° (¢ 0.2, CHCl3, 93% ee)
[a]p® +3.73° (¢ 0.05, MeOH, 93% ee)
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w1

EFVIAEADiels-Alder ST KD . ARV —LEE 4 6 ZREE L%, —HOE
Bl A ITHO 2 LT, E Rah "y o6 2 2485 L7 (Scheme 36),

Scheme 36. Summary 1

TIPSO, Catalytic Asymmetric TIPSO, N
M —_ Me _Diels-Alder Reaction --Me --Me
Oy - D - =0
N \[f o) N H N?I/O N Me
Mbs % Mbs O o Mbs
1 45 46 62

ARRTEEEe 212 L, YUz ) — o —F LR EZRB L, BRAnE v ER
HWMERAH )= HBHNT, ZF hrafi~DA PFVIHEDOEALZRET, WA~ AT B

DA% R L7z (Scheme 37),

Scheme 37. Summary 2

Q 1) TMSOTY (2 eq), DIEA (4 eq) Q SMe Ho OMe
--Me CH,Cl, (0.2 M), rt., 6 h ’ W Me O Me
¢ ¢ —

N Me (2) PhI(O,CCF3), (1.5 eq) N Me - N  Me

Mbs MeOH (0.05 M), -50 °C, 1 d Mbs N
62 y. 78% 89 Carbazomycin B

total 20% yield for 9 steps

—F. 6 2 IEARTMEAEL LT, 7 Fraf il SRR KB A B AT 5 2 b
T, 84 %A L, Hi, BAEIZLY, E Ry RAM(+)-1 0 5 DD
RE AR Z ER L= (Scheme 38), X512, (#)—1 0 5 O AR F 0N FEBRAY I E

e,
Scheme 38. Summary 3
o) TMSOTf (2 eq), DIEA (4 eq) o  OH ) o g OH
CH,Cl, (0.2’ M), rt., 6 h deprotection R:
Ay QI o
then, Phl(O,CCF3), (1.5 eq) O O 25 43 96°
N Me MeOH/CH,Cly, rit., 1d N Me N R'Me Ez]g 6. MoOH)
Mbs Y. 67% Mbs H 0.6,
62 84 (+)-105 93% ee

total 16% yield for 7 steps
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EBR DI
General Information

All reactions were performed with dry solvents. Reagents were purified by the usual methods.
Reactions were monitored by thin-layer chromatography carried out on 0.25 mm Merck silica gel
plates (60F-254). Column chromatography was performed with silica gel (Fuji Silysia, PSQ-60B
or Wako, Wakogel® 60N, 38~100 um) DIOL- silica (Fuji Silysia, MB100-40/75) or NH- silica
(Fuji Silysia, DM2035). IR spectra were recorded on a JASCO FT/IR-230 or JASCO FT/IR-4700.
NMR spectra were recorded on spectrometers of JEOL-JMN-ECS-400, ECP-400 ECZ-400,
ECZ-600 and ECA-600 operating at 400 and 600 MHz for '"H NMR and 100 and 150 MHz for "°C
NMR with calibration using residual undeuterated solvent as an internal reference. Chemical shifts
for proton are reported in parts per million downfield from tetramethylsilane, and are referenced to
residual protium in the NMR solvent (CDCl; 6: 7.26 ppm, DMSO-d6 §: 2.50 ppm). Mass spectra
was measured by JEOL GC-MATE BU-20 and The AccuTOFLC-plus JMS-T100LP for LRMS
and HRMS. Optical rotations were analyzed using JASCO P-1020 Polarimeter or JASCO P-2200

Polarimeter. The enantiomeric excess (ee) was determined by HPLC analysis measured at 254 nm.

BT D FER

3-acetyl-1-((4-methoxyphenyl)sulfonyl)indole (S1)

4-methoxybenzenesulfonyl chloride (18 mmol, 1.2 equiv.) was added to a solution of
3-acetylindole (2.39 g, 15 mmol) and K,CO; (4.15 g, 30 mmol, 2 equiv.) in acetone (75 mL). The
mixture was stirred at r.t. for 12 h. A solution of sat. aq. NH4Cl (100 mL) was added. The layers
were separated and aqueous layer was extracted with three times of AcOEt (50 mL). The
combined organic layers were washed with brine, dried over Na,SO,, filtered through a plug of
cotton, and concentrated under reduced pressure to afford S1 (4.69g, 95%) as a brown powder

without further purifications. 'H NMR (600 MHz, CDCLy) &: 2.57 (s, 3H), 3.82 (s, 3H), 6.94 (d, J
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= 9.0 Hz, 2H), 7.31 (dd, J= 7.2, 7.2 Hz, 1H), 7.37 (dd, J = 7.2, 7.2 Hz, 1H), 7.89 (d, J = 9.0 Hz,
2H), 7.92 (d, J = 7.2 Hz, 1H), 8.21 (s, 1H), 8.33 (d, J = 7.2 Hz, 1H); The spectral data correspond

to previously reported data."

1-(4-methoxybenzenesulfonyl)-3-(1-((triisopropylsilyl)oxy)vinyl)indole (1)

TIPSO,

A\
N

Mbs

1
2,6-lutidine (6 mL, 52 mmol, 1.3 equiv.) was added to a solution of S1 (13.2 g, 40 mmol) and
TIPSOTf (12 mL, 1.1 equiv.) in CH,Cl, (200 mL, 0.2 M) at 0 °C. After the solution was stirred for
1 h at 0 °C, the solvents were removed in vacuo, keeping temperature below 30 °C. THF (200 mL)
and diethyl ether (100 mL) were added, the mixture was washed with brine, dried over Na,SOy,
filtered through a plug of cotton, and concentrated under reduced pressure and chromatograp by
(CHROMATOREX-DIOL, 10/1 to 5/1 hexane/AcOEt) to afford a white solid. Hexane/diethyl
ether (1:1 v/v) was added, isolated by filtration and washed with hexane/diethyl ether (1:1 v/v,
three times) to provide fully pure 1 (16.3 g, 84%) as a white crystal. 'H NMR (400 MHz, CDCl5)
6: 1.13 (d, J= 7.2 Hz, 18H), 1.29 (sep, J = 7.2 Hz, 3H), 3.79 (s, 3H), 4.57 (d, /= 1.6 Hz, 1H), 4.83
(d, J=1.6 Hz, 1H), 6.86 (d, J = 9.2 Hz, 2H), 7.30 (dd, J = 7.2, 8.0 Hz, 1H), 7.32 (dd, J=7.2, 7.2
Hz, 1H), 7.76 (s, 1H), 7.77 (d, J = 7.2 Hz, 1H), 7.80 (d, J = 9.2 Hz, 2H), 8.00 (d, J = 8.0 Hz, 1H);

The spectral data correspond to previously reported data."

3-((1R.,28,9a8)-9-((4-methoxyphenyl)sulfonyl)-2-methyl-4-((triisopropylsilyl)oxy)-2,3,9,9a-tetrah

ydro-1H-carbazole-1-carbonyl)oxazolidin-2-one (46)

TIPSO
Me

wo
Mbs O ())f
46

Yb(OTf); (1.74 g, 2.8 mmol, 10 mol%) were placed in a 300 mL flask with a stirring bar and

heated at 120 °C under reduced pressure (<0.01 mmHg) for 30 min. After being cooled to room
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temperature, the flask was charged with dry argon. CH,ClI, (23 mL) were added successively. The
reaction mixture was cooled to 0 °C. A solution of dienophile 45 (4.34 g, 28.0 mmol) in CH,Cl,
(25 mL + 5 mL to rinse) was added. A solution of diene 1 (16.3 g, 34 mmol, 1.2 equiv.) in CH,Cl,
(50 mL + 5 mL to rinse) was then added, and the mixture was stirred for 2 h under argon. The
reaction was quenched by the addition of H,O and filtered through a pad of Celite. The water layer
was extracted three times with CH,Cl,, and the organic phase was dried over Na,SOy, filtered with
a plug of cotton, and concentrated under reduced pressure. The residue was purified by flash
column chromatography (CHROMATOREX-NH, 1/4 = ethyl acetate/hexane) to give 46 as a
white foam (15 g, 84%). '"H NMR (CDCls, 400 MHz) &: 1.06 (d, J = 7.6 Hz, 9H), 1.07 (d, J = 7.6
Hz, 9H), 1.09 (d, J = 5.6 Hz, 3H), 1.19 (qq, J = 7.6, 7.6 Hz, 3H), 2.11 (ddd, J = 2.0, 8.0, 16.8 Hz,
1H), 2.28 (m, 1H), 2.46 (ddd, J = 2.0, 5.6, 16.8 Hz, 1H), 3.78 (s, 3H), 4.09 (ddd, J = 8.8, 8.8, 8.8
Hz, 1H), 4.30 (ddd, /= 8.8, 8.8, 8.8 Hz, 1H), 4.34 (dd, J = 8.0, 8.0 Hz, 1H), 4.42 (ddd, /= 6.0, 8.8,
8.8 Hz, 1H), 4.49 (ddd, J = 8.8, 8.8, 8.8 Hz, 1H), 4.75 (td, /= 2.0, 8.0 Hz, 1H), 6.84 (d, /= 8.8 Hz,
2H), 6.98 (dd, J=7.2, 8.0 Hz, 1H), 7.10 (dd, J = 8.0, 8.0 Hz, 1H), 7.56 (d, J = 7.2 Hz, 1H), 7.65 (d,
J = 8.8 Hz, 2H), 7.74 (d, J = 8.0 Hz, 1H); °C NMR (CDCl;, 100 MHz) §: 13.5, 17.9, 19.9, 32.5,
37.8, 43.0, 48.6, 55.4, 62.0, 65.4, 111.0, 114.0, 115.9, 123.4, 124.0, 126.9, 127.3, 129.0, 130.1,
144.1, 144.7, 153.7, 163.3, 175.0, HRMS (ESI) m/z caled for C33H4N,Na,05S,Si; [M+Na]”
663.2536 found 663.2528; IR (neat): v 2945, 2867, 1775, 1678, 1385, 1355, 1162, 1091, 1016

-1
cm

3-((1R,25)-9-((4-methoxyphenyl)sulfonyl)-2-methyl-4-0x0-2,3,4,9-tetrahydro-1H-carbazole-1-car

bonyl)oxazolidin-2-one (50)

Spee

Mbs

50

To a solution of 46 (694.2 mg, 1.1 mmol) and CsF (444 mg, 3.3 mmol, 3.0 equiv.) in DMF (5 mL)
was added CuCl, (330 mg, 2.2 mmol, 2.0 equiv.) at room temperature. The mixture was stirred at
80 °C for 3 h, then cooled to room temperature, and the reaction was quenched by the addition of

water. The water layer was extracted three times with ethyl acetate, and the combined organic
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layers were washed with brine, dried over Na,SOy, filtered with a plug of cotton, and concentrated
under reduced pressure. The residue was purified by flash column chromatography (SiO,, 2/3 =
ethyl acetate/hexane) to give 50 as a white foam (509 mg, 96%). 'H NMR (CDCls, 400 MHz): §:
1.08 (d, J = 7.2 Hz, 3H), 2.33 (d, J = 14.4 Hz, 1H), 2.79 (d, J = 14.4 Hz, 1H), 3.82 (s, 3H),
4.11-4.22 (m, 2H), 4.53-4.58 (m, 2H), 5.66 (s, 1H), 6.93 (d, J = 8.8 Hz, 2H), 7.36-7.38 (m, 2H),
7.87 (d, J = 8 Hz, 2H), 8.09 (dd, J = 3.2, 6.8 Hz, 1H), 8.27 (dd, J = 2.4, 8.0 Hz, 1H); "°C
NMR (CDClI;, 150 MHz) &: 19.8, 33.2, 41.2, 42.8, 45.4, 55.7, 62.4, 113.7, 114.8, 118.9, 122.3,
124.9, 125.8, 129.2, 129.7, 135.9, 144.1, 153.9, 164.4, 170.2, 193.7; HRMS (ESI) m/z caled for
C24H23N,0,S; [M+H]" 483.1226 found 483.1226; IR (neat): v 2989, 1768, 1370, 1264, 1163 cm™'

3-((1R,2R)-3,3-dibromo-9-((4-methoxyphenyl)sulfonyl)-2-methyl-4-o0x0-2,3,4,9-tetrahydro-1H-ca

rbazole-1-carbonyl)oxazolidin-2-one (51)

To a solution of 50 (33.6 mg, 0.07 mmol) in AcOEt (0.3 mL) was added CuBr, (92.3 mg, 0.42
mmol) at room temperature. Then the resulting mixture was heated to reflux and stirred for 2 d
under argon. After cooling to room temperature, H,O was added to the reaction mixture. And the
organic phase was washed with water, dried over Na,SO,, filtered with a plug of cotton, and
concentrated under reduced pressure. The residue was purified by flash column chromatography
(Si0,, 2/3 = ethyl acetate/hexane) to give 51 as a white foam (40.3 mg, 90%). 'H NMR (CDCl,
400 MHz): 6 : 1.69 (d, J = 6.4 Hz, 3H), 3.04-3.11 (m, 1H), 4.11-4.15 (m, 1H), 4.30-4.33 (m, 1H),
4.53-4.59 (m, 2H), 5.98 (d, J=7.2 Hz, 1H), 6.84 (d, /= 7.2 Hz, 2H), 7.39-7.42 (m, 2H), 7.76 (d, J
= 8.8 Hz, 2H), 8.08 (dd, J = 3.2, 6.8 Hz, 1H), 8.25 (dd, J = 2.4, 8.0 Hz, 1H); °C NMR (CDCl;,
150 MHz) &: 19.7, 31.4,33.1, 36.4, 41.2,45.3, 55.7, 62.3, 76.7, 113.7, 114.8, 118.8, 122.2, 124.9,
124.3, 125.7, 129.1, 135.9, 162.4, 163.5, 164.4, 170.1, 193.7; HRMS (ESI) m/z caled for
C4H0Br;N;Na;0,S; [M+Na]" 660.9256 found 660.9272; IR (neat): v 2976, 1748, 1686, 1592,
1380, 1264, 1178, 1066 cm™'
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3-(3-bromo-4-hydroxy-9-((4-methoxyphenyl)sulfonyl)-2-methyl-9H-carbazole-1-carbonyl)oxazoli
din-2-one (47)

To a solution of 51 (64.1 mg, 0.1 mmol) in DMF (0.2 mL) was added K,CO; (83 mg, 0.2 mmol,
2.0 equiv.) at room temperature. The mixture was stirred at 100 °C for 8 h. The resulting mixture
was taken up in CH,Cl, and the organic phase was washed with water, dried over Na,SOy,, filtered
with a plug of cotton, and concentrated under reduced pressure. The residue was purified by flash
column chromatography (SiO,, 1/1 = ethyl acetate/hexane) to give 47 as a pale yellow solid (56
mg, quant.); 'H NMR (CDCls;, 400 MHz): &: 2.56 (s, 3H), 3.66 (s, 3H), 4.26-4.28 (m, 1H),
4.37-4.63 (m, 3H), 6.57 (br, 1H), 6.59 (d, J = 7.6 Hz, 2H), 7.27(t, J = 7.6 Hz, 1H), 7.36-7.40 (m,
3H), 7.98 (d, J = 8.4 Hz, 1H), 8.12 (d, J = 12.8 Hz, 1H); °*C NMR (CDCl;, 150 MHz) &: 21.5,
43.0,55.4,62.4,110.7, 113.8, 116.3, 117.7, 119.1, 123.0, 134.8, 137.5, 139.7, 148.5, 153.3, 163.8,
166.8; HRMS (ESI) m/z calcd for C,4H oBrN;Na;0,S; [M+Na]" 580.9994 found 580.9998; IR
(neat): v2923, 2839, 1781, 1592, 1365, 1170 cm

3-bromo-4-hydroxy-N-(2-hydroxyethyl)-9-((4-methoxyphenyl)sulfonyl)-2-methyl-9H-carbazole-1

-carboxamide (54)

HO Br
Me

54
'"H NMR (CDCls, 400 MHz): & : 2.72 (s, 3H), 3.68-3.69 (m, SH), 3.97 (t, J = 4.4 Hz, 3H), 6.31 (br,
1H), 6.57 (d, J = 8.4 Hz, 2H), 7.26-7.36 (m, 2H), 7.39 (1, J = 8.0 Hz, 1H), 8.00 (d, J = 8.8 Hz, 1H),
8.14 (d, J = 8.8 Hz, 1H); '*C NMR (DMSO-d6, 150 MHz) &: 22.0, 42.3, 55.9, 59.9, 111.9, 114.2,
117.2, 117.7, 122.1, 122.6, 125.6, 127.0, 127.1, 129.2, 135.5, 136.5, 139.4, 149.7, 163.6, 166.9;
HRMS (ESI) m/z caled for Co3Ha BriN,Na,0S; [M+Na]™ 555.0201 found 555.0189; IR (neat): v
2926, 1643, 1592, 1574, 1369, 1169, 1024 cm™*

48



((1R.28,9a8)-9-((4-methoxyphenyl)sulfonyl)-2-methyl-4-((triisopropylsilyl)oxy)-2,3,9,9a-tetrahyd

ro-1H-carbazol-1-yl)methanol (58)

TIPSO
d -
Mbs
58

Lithium aluminum hydride (100 mg, 2.6 mmol, 3.0 equiv.) was added to 46 (577 mg, 0.9 mmol) in
THF (4.5 mL) at 0 °C under argon. The resulting mixture was warmed to room temperature and
stirred for 1 h. The reaction was quenched by the addition of H,O (0.1 mL), followed by 1%
NaOH aq. (0.1 mL) and H,O (0.3 mL). The reaction mixture was stirred overnight and filtered
through a pad of Celite. The solvent was removed under reduced pressure, and the residue was
purified by flash column chromatography (SiO,, 1/4 = ethyl acetate/hexane) to give 58 as a white
foam (412.8 mg, 74%). "H NMR (CDCls, 400 MHz) 8: 1.00-1.21 (m, 25H), 1.94 (dd, J=5.2, 16.8
Hz, 1H), 2.17-2.25 (m, 1H), 2.53 (dd, J = 8.0, 16.4 Hz, 1H), 3.25 (dd, J = 5.6, 9.2 Hz, 1H),
3.74-3.80 (m, 1H), 3.77 (s, 3H), 4.21 (d, /= 10.8 Hz, 1H), 4.29 (dd, J = 5.2, 12.0 Hz, 1H), 6.73 (d,
J=28.8 Hz, 2H), 7.06 (dd, J = 7.6, 7.6 Hz, 1H), 7.11 (dd, J= 7.2, 7.6 Hz, 1H), 7.37 (d, J = 8.8 Hz,
2H), 7.50 (d, J= 7.2 Hz, 1H), 7.67 (d, J = 7.6 Hz, 1H); °C NMR (CDCls, 150 MHz) d: 13.3, 17.7,
17.8, 21.3, 27.2, 38.9, 50.4, 55.4, 58, 8, 64.0, 113.8, 114.3, 119.0, 123.1, 125.6, 126.5, 126.6,
129.8, 130.8, 141.9, 145.0, 163.4; HRMS (ESI) m/z caled for C3Hg3NNa,05S;Si; [M+Na]”
580.2529 found 580.2514; IR (neat): n 2943, 2865, 1594, 1460, 1345, 1261, 1157, 736, 665 cm ™'

((1R,25,9a5)-9-((4-methoxyphenyl)sulfonyl)-2-methyl-4-((triisopropylsilyl)oxy)-2,3,9,9a-tetrahyd

ro-1H-carbazol-1-yl)methyl methanesulfonate (59)

Methanesulfonyl chloride (0.16 mL, 2.1 mmol, 3 equiv) was added dropwise to a solution of 58
(380 mg, 0.68 mmol) and triethylamine (0.44 mL, 2.7 mmol, 4 equiv) in CH,Cl, (3.4 mL) at 0 °C
under argon. The resulting mixture was warmed up to room temperature and stirred for 6 h. The

resulting mixture was taken up in CH,Cl, and the organic phase was washed with water, dried over
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Na,S04, removed by rotary evaporation. Purification by flash column chromatography (SiO,, 1:5
acetic ether/hexane) gave 59 as a white foam (389.2 mg, 90% yield). "H NMR (CDCls, 600 MHz)
6: 1.01 (d,J=7.2 Hz, 9H), 1.02 (d, J= 7.2 Hz, 9H), 1.04 (d, /= 6.6 Hz, 3H), 1.17 (qq, /= 7.2, 7.2
Hz, 3H), 1.42-1.46 (m, 1H), 1.95 (dd, J = 4.2, 16.2 Hz, 1H), 2.17-2.22 (m, 1H), 2.43 (dd, J = 6.6,
16.2 Hz, 1H), 3.19 (s, 3H), 3.77 (s, 3H), 4.16 (d, J = 10.2 Hz, 1H), 4.59 (dd, J = 3.0, 9.0 Hz, 1H),
4.79 (dd, J= 3.0, 9.0 Hz, 1H), 6.74 (d, J = 9.0 Hz, 2H), 7.08 (dd, J = 7.8, 7.8 Hz, 1H), 7.15 (dd, J
=7.2,7.8 Hz, 1H), 7.36 (d, J = 9.0 Hz, 2H), 7.50 (d, J = 7.2 Hz, 1H), 7.71 (d, J = 7.8 Hz, 1H); °C
NMR (CDCl;, 150 MHz) 6: 13.3, 17.6, 17.7, 21.8, 28.4, 36.9, 38.4, 47.1, 55.4, 63.6, 69.5, 113.3,
113.8, 119.2, 123.0, 125.6, 126.6, 129.8, 130.5, 142.1, 145.4, 163.4; HRMS (ESI) m/z calcd for
C3HysN Na,0,8,8i; [M+Na]™ 658.2304 found 658.2304; IR (neat): v 2944, 2867, 1711, 1595, 1460,
1353, 1264, 1160, 733 cm™'

(1R,25,9a85)-9-((4-methoxyphenyl)sulfonyl)-1,2-dimethyl-4-((triisopropylsilyl)oxy)-2,3,9,9a-tetrah

ydro-1H-carbazole (60)

TIPSO

..Me

N H Me

Mbs

60
Lithium aluminum hydride (65 mg, 1.7 mmol, 3 equiv) was added to 59 (360 mg, 0.57 mmol) in
THF (3.0 mL) at 0 °C under argon. The resulting mixture was warmed up to 70 °C for 1 h, then
quenched by the addition of H,O (65 pL), followed by 1% NaOH (65 puL) and H,O (0.20 mL). The
reaction mixture was stirred overnight and filtered through a plug of Celite. The solvent was
removed by rotary evaporation and purification by flash column chromatography (SiO,, 1/8 ethyl
acetate /hexane) gave (+)-60 as a white foam (217.8 mg, 71% yield). '"H NMR (CDCl;, 400 MHz)
6: 1.01-1.05 (m, 21H), 1.14-1.21 (m, 4H), 1.29 (d, J = 6.8 Hz, 3H), 1.58-1.64 (m, 1H), 1.91 (dd, J
=6.4,17.6 Hz, 1H), 2.55 (dd, J = 8.0, 16.8 Hz, 1H), 3.75 (s, 3H), 4.01 (d, J = 10.0 Hz, 1H), 6.71
(d, J=8.8 Hz, 2H), 7.01 (dd, J=7.6, 8.0 Hz, 1H), 7.10 (dd, J= 7.6, 7.6 Hz, 1H), 7.39 (d, J = 8.8
Hz, 2H), 7.48 (d, J = 7.6 Hz, 1H), 7.65 (d, J = 8.0 Hz, 1H); >C NMR (CDCl;, 150 MHz): &: 12.3,
13.4,16.6, 17.8,21.1, 34.3,39.2,43.2, 55.4, 69.2, 113.6, 115.4, 119.0, 123.0, 125.1, 126.4, 129.9,
131.0, 142.5, 144.8, 163.0; HRMS (ESI) m/z caled for C30HuN;04S8,Si; [M+H]" 542.2760 found
5422761 ; IR (neat): v 2869, 1666, 1596, 1264, 1163, 735 cm™'

50



(1R,25)-9-((4-methoxyphenyl)sulfonyl)-1,2-dimethyl-1,2,3,9-tetrahydro-4H-carbazol-4-one (62)

O,

St

6l\gbs

To a solution of (+)-60 (200 mg, 0.37 mmol) and CuCl, (149 mg, 1.1 mmol, 3 equiv.) in DMF (2
mL) was added CsF (113 mg, 0.74 mmol, 2 equiv.) at room temperature. The mixture was stirred
at 80 °C for 3 h, then cooled to room temperature and quenched with water. The water layer
extracted with three times of acetic ether, and combined organic layers were washed with brine
and dried over Na,SO, removed by rotary evaporation. Purification by flash column
chromatography (SiO,, 1/4 ethyl acetate /hexane) gave 62 as a white foam (135.9 mg, 96% yield).
(135.9 mg, 96%). '"H NMR (CDCl;, 600 MHz) §: 0.94 (d, J = 6.6 Hz, 3H), 1.59 (d, J = 7.2 Hz, 3H),
2.32(dd, J=1.8, 16.8 Hz, 1H), 2.38-2.42 (m, 1H), 2.95 (dd, J = 4.8, 16.8 Hz, 1H), 3.64 (dq, J =
1.2, 6.6 Hz, 1H), 3.80 (s, 3H), 6.88 (d, J = 9.6 Hz, 2H), 7.33-7.36 (m, 2H), 7.74 (d, /= 9.6 Hz, 2H),
8.16-8.18 (m, 1H), 8.24-8.25 (m, 1H); >C NMR (CDCl;, 150 MHz) &: 20.1, 21.3, 36.0, 36.2, 40.5,
55.7, 114.4, 114.6, 116.2,122.0, 125.1, 125.3, 125.9, 128.8, 130.0, 136.3, 154.8, 164.2, 194.2;
HRMS (ESI) m/z caled for C,;H»,N104S, [M+H]" 384.1270 found 384.1271; IR (neat): v 2958,
1666, 1594, 1408, 1267, 1166 cm™'

(1R,2R)-3,3-dibromo-9-((4-methoxyphenyl)sulfonyl)-1,2-dimethyl-1,2,3,9-tetrahydro-4 H-carbazol
-4-one (63)

o Br
Br
wMe
O N Me
Mbs
63

To a solution of 62 (38 mg, 0.1 mmol) in AcOEt (0.3 mL) was added CuBr;, (132.5 mg, 0.6 mmol)
at room temperature. Then the resulting mixture was heated to reflux and stirred for 1 d under
argon. After cooling to room temperature, H,O was added to the reaction mixture. And the organic
phase was washed with water, dried over Na,SOy, filtered with a plug of cotton, and concentrated
under reduced pressure. The residue was purified by flash column chromatography (SiO,, 1/4 =

ethyl acetate/hexane) to give 63 as a white foam (49.7 mg, 92%). '"H NMR (CDCls, 400 MHz): §:
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1.75 (d, J = 6.8 Hz, 3H), 1.77 (d, J = 6.4 Hz, 3H), 2.38-2.41 (m, 1H), 3.47-3.51 (m, 1H), 3.74 (s,
3H), 6.72 (d, J = 8.8 Hz, 2H), 7.32-7.34 (m, 2H), 7.56 (d, J = 8.8 Hz, 2H), 8.00-8.02 (m, 1H),
8.11-8.13 (m, 1H); "C NMR (CDCl;, 150 MHz) &: 18.1, 22.7, 38.6, 52.5, 55.6, 75.9, 113.5, 114.3,
115.4, 122.0, 125.7, 126.1, 126.5, 128.2, 129.1, 137.9, 154.7, 164.1, 181.8; HRMS (APCI+) m/z
caled for CyH oBroN, 0,8, [M+H]" 539.9480 found 539.9465; IR (neat): v 2970, 1688, 1591, 1396,
1266, 1180, 1087 cm'

3-bromo-9-((4-methoxyphenyl)sulfonyl)-1,2-dimethyl-9H-carbazol-4-ol (64)

Ho_ Br
"
O N Me
Mbs
64

To a solution of 63 (29 mg, 0.05 mmol) in DMF (0.3 mL) was added K,CO; (15 mg, 0.10 mmol,
2.0 equiv.) at room temperature. The mixture was stirred at room temperature for 8 h. The
resulting mixture was taken up in CH,Cl, and the organic phase was washed with water, dried over
Na,S0,, filtered with a plug of cotton, and concentrated under reduced pressure. The residue was
purified by flash column chromatography (SiO,, 1/5 = ethyl acetate/hexane) to give 47 as a yellow
solid (19.2 mg, 78%). "H NMR (CDCls, 400 MHz): &: 2.54 (s, 3H), 3.70 (s, 3H), 3.67 (s, 3H), 5.94
(s, 1H), 6.49 (d, J = 8.8 Hz, 2H), 6.98 (d, J = 8.8 Hz, 2H), 7.25 (t, /= 7.6 Hz, 1H), 7.34 (t, /= 7.6
Hz, 1H), 7.84 (d, J = 7.6 Hz, 1H), 8.09 (d, J = 8.0 Hz, 1H); "C NMR (CDCls, 150 MHz) &: 19.8,
20.8, 55.4, 111.6, 113.1, 117.0, 119.4, 122.6, 123.4, 125.9, 126.3, 126.4, 129.1, 129.3, 136.3,
141.4, 141.5, 145.1, 163.2; HRMS (APCI-) m/z caled for C,H;;Br;N,0,S; [M-H]" 458.0062
found 458.0060; IR (neat): v 2925, 1738, 1593, 1364, 1259, 1166 cm™'
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3-bromo-1-(methoxymethyl)-9-((4-methoxyphenyl)sulfonyl)-2-methyl-9H-carbazol-4-ol (66)

HO_  JBr
o
O N OMe

Mbs
66

'"H NMR (CDCls, 400 MHz): & : 2.65 (s, 3H), 3.31 (s, 3H), 3.67 (s, 3H), 5.09 (s, 2H), 6.10 (s, 2H),
6.47 (d, J = 8.8 Hz, 2H), 6.91 (d, J = 8.8 Hz, 2H), 7.23 (1, J = 7.6, 1H), 7.36 (1, J = 7.6, 1H), 7.84
(d, J=17.6 Hz, 1H), 8.08 (d, J = 8.0 Hz, 1H); °C NMR (CDCls, 150 MHz) &: 21.6, 55.4, 57.8, 70.3,
112.7, 113.1, 119.4, 122.7, 123.5, 125.9, 126.0, 126.5, 128.6, 129.4, 128.5, 141.2, 141.3, 146.5,
163.4; HRMS (ESI) m/z caled for CyHaoBrN,Na;0sS; [M+Na]* 512.0143 found 512.0137; IR
(neat): v 2924, 1726, 1366, 1167, 1087 cm "

4-(benzyloxy)-3-bromo-9-((4-methoxyphenyl)sulfonyl)-1,2-dimethyl-9H-carbazole (65)

BnO  Br

Mbs

65
Benzyl brimide (9 mg, 0.05 mmol, 1.2 equiv.) was added to a solution of 64 (20 mg, 0.04 mmol)
and K,CO; (18 mg, 0.13 mmol, 3.0 equiv.) in acetone (0.2 mL) at room temperature under argon.
The resulting mixture was heated to 60 °C stirred for 8 h. The resulting mixture was taken up in
CH,Cl,, and the organic phase was washed with water, dried over Na,SOs, filtered through a plug
of cotton, and concentrated under reduced pressure. The residue was purified by flash column
chromatography (SiO,, 1/10 = ethyl acetate/hexane) to give 65 as a white solid (23.2 mg, quant.).
'H NMR (CDCls, 400 MHz): & : 2.61 (s, 3H), 2.77 (s, 3H), 3.66 (s, 3H), 4.80 (s, 2H), 6.48 (d, J =
8.8 Hz, 2H), 6.91 (d, J = 8.8 Hz, 2H), 7.20 (t,J = 7.2, 1H), 7.37-7.45 (m, 4H), 7.53 (d, /= 6.8 Hz,
2H), 7.67 (d, J = 8.0 Hz, 1H), 8.11 (d, J = 8.4 Hz, 1H); °C NMR (CDCl;, 150 MHz) &: 20.1, 20.8,
55.4, 74.7, 112.9, 118.7, 120.0, 122.2, 123.5, 125.9, 126.2, 126.9, 128.1, 128.4, 128.7, 128.8,
129.4, 136.6, 137.9, 141.6, 142.0, 148.3, 163.4; HRMS (ESI) m/z calcd for C,sH,4Br;N;Na,;04S;
[M+Na]" 572.0501 found 572.0514; IR (neat): v 2969, 1592, 1495, 1365, 1261, 1150 cm™'
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4-(benzyloxy)-9-((4-methoxyphenyl)sulfonyl)-1,2-dimethyl-9H-carbazole (67)

BnO

Mbs

67
'H NMR (CDCls, 400 MHz): &: 2.42 (s, 3H), 2.63 (s, 3H), 3.66 (s, 3H), 5.12 (s, 2H), 6.46 (d, J =
8.8 Hz, 2H), 6.80 (s, 1H), 6.96 (d, J = 8.8 Hz, 2H), 7.18 (t, J = 7.6, 1H), 7.27-7.45 (m, 6H), 7.81 (d,
J = 7.6 Hz, 1H), 8.08 (d, J = 8.0 Hz, 1H); HRMS (ESI) m/z caled for C,gHosNNa 0,8,
[M+Na]" 494.1402 found 494.1399; IR (neat): v 2926, 1602, 1451, 1351, 1263, 1139, 1066 cm”

9-((4-methoxyphenyl)sulfonyl)-1,2-dimethyl-9H-carbazol-4-ol (68)

Mbs
68

To a solution of 67 (19 mg, 0.04 mmol) in Et,0 (0.3 mL) was added 10% Pd/C (4 mg) at room
temperature under H,. The mixture was stirred for 2 d. The resulting mixture was taken up in
CH,CI, and the organic phase was washed with water, dried over Na,SOy, filtered with a plug of
cotton, and concentrated under reduced pressure. The residue was purified by flash column
chromatography (SiO,, 1/1 = ethyl acetate/hexane) to give 68 as a white solid (7.3 mg, 59%). 'H
NMR (CDCls, 400 MHz): 6: 2.38 (s, 3H), 2.61 (s, 3H), 3.67 (s, 3H), 5.14 (br, 1H), 6.47 (d, J=7.2
Hz, 2H), 6.63 (s, 1H), 6.96 (d, J = 6.8 Hz, 2H), 7.21-7.32 (m, 2H), 7.79 (d, J = 7.8 Hz, 1H), 8.08
(d, J = 8.0 Hz, 1H); >C NMR (CDCl;, 150 MHz) §: 18.0, 20.6, 55.3, 112.9, 114.7, 117.1, 119.5,
122.2, 122.6, 125.6, 125.7, 126.6, 129.3, 129.7, 138.4, 140.6, 141.3, 142.6, 163.1; HRMS (ESI)
m/z caled for Cy H 9N Na,;0,S; [M+Na]" 404.0932 found 404.0978; IR (neat): v 3435, 2925, 1592,
1357, 1261, 1165, 1139 cm™
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4a-methoxy-9-((4-methoxyphenyl)sulfonyl)-1,2-dimethyl-4a,9-dihydro-4 H-carbazol-4-one (70)

(@)
O N Me

Mbs
70

To a solution of 68 (14 mg, 0.04 mmol) in MeOH (1 mL) was added PhI(O,CCFj3), (31.6 mg, 0.07
mmol, 2.0 equiv.) at room temperature. The mixture was stirred at room temperature for 12 h. The
resulting mixture was taken up in CH,Cl, and the organic phase was washed with water, dried over
Na,SO0,, filtered with a plug of cotton, and concentrated under reduced pressure. The residue was
purified by flash column chromatography (SiO,, 1/5 = ethyl acetate/hexane) to give 70 as a white
solid (14.5 mg, quant.). '"H NMR (CDCI3, 400 MHz): 8: 2.06 (s, 3H), 2.08 (s, 3H), 2.46 (s, 3H),
3.81 (s, 3H), 6.25 (s, 1H), 6.78 (d, J = 9.2 Hz, 2H), 7.42-7.36 (m, 2H), 7.83 (d, J = 9.2 Hz, 2H),
8.45 (t, J = 7.6 Hz, 2H); ’C NMR (CDCl;, 150 MHz) &: 17.5, 26.5, 53.2, 55.8,76.6, 114.4, 115.4,
119.3, 122.4, 124.7, 125.0, 126.6, 128.5, 129.4, 131.5, 138.4, 149.4, 159.7, 164.0, 183.2; HRMS
(ESI) m/z caled for C,HyN;OsS; [M+H]™ 434.1038 found 434.1041; IR (neat): v 2970, 1657,
1592, 1371, 1264, 1166 cm™'

(1R,2R,35)-9-((4-methoxyphenyl)sulfonyl)-1,2-dimethyl-4-0x0-2,3.4.9-tetrahydro-1H-carbazol-3-
yl acetate (73)

o OAc

..Me
L
_ll\gbs

To a solution of Ac,O (0.12 ml, 1.3 mmol, 20 eq.), AcOH (0.2 ml, 3.9 mmol, 60 equiv.) in
benzene (1.5 mL) was added KMnO, (41 mg, 0.26 mmol, 4 equiv.) at room temperature. The
mixture was stirred at 80 °C for 30 min. Then the mixture was added 62 (25 mg, 0.065 mmol) at
80 °C for 12 h. The resulting mixture was taken up in CH,Cl, and the organic phase was washed
with water, dried over Na,SO,, filtered with a plug of cotton, and concentrated under reduced
pressure. The residue was purified by flash column chromatography (SiO,, 1/5 = ethyl
acetate/hexane) to give 73 as a white form (14.5 mg, quant.). 'H NMR (CDCI3, 400 MHz): §: 1.23

(d, J = 7.2 Hz, 3H), 2.10 (s, 3H), 2.90-2.96 (m, 1H), 4.02-4.05 (m, 1H), 4.23-4.30 (m, 1H),
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4.50-4.58 (m, 2H), 5.19 (d, J = 6.4 Hz, 1H), 5.78 (d, J = 4.4 Hz, 1H), 6.90 (d, J = 8.8 Hz, 2H),
7.35-7.42 (m, 2H), 7.82 (d, J = 9.2 Hz, 2H), 8.07 (dd, J = 1.6, 6.8 Hz, 1H), 8.21 (dd, J = 1.6, 6.8
Hz, 1H); °C NMR (CDCl;, 150 MHz) &: 17.6, 21.0, 23.8, 36.6, 40.3, 55.7, 76.4, 114.6, 114.8,
116.3, 121.9, 125.4, 125.75, 125.84, 128.8, 129.3, 137.1, 155.4, 164.2, 170.1, 188.6; HRMS (ESI)
m/z caled for Cy3H,3N Na;O¢S; [M+Na]T 464.1144 found 464.1127; IR (neat): v 2970, 2938, 1739,
1672, 1593, 1372, 1265, 1227, 1166, 1051, 1022 cm™'

(1R,2R,35)-3-((tert-butyldimethylsilyl)oxy)-9-((4-methoxyphenyl)sulfonyl)-1,2-dimethyl-1,2,3,9-t

etrahydro-4H-carbazol-4-one (77)

To a solution of 62 (15 mg, 0.04 mmol) and Et;N (65 pL, 0.4 mmol, 10 equiv.) in CH,Cl, (0.2 mL)
was added TBSOTT (20 pL, 0.08 mmol, 2.0 equiv.) at 0 °C. The mixture was stirred at room

temperature for 3 h. The mixture was added mCPBA (8 mg, 0.045 mmol, 1.1 equiv.) at -78 °C for
3 h. The resulting mixture was taken up in CH,Cl, and the organic phase was washed with water,

dried over Na,SO,, filtered with a plug of cotton, and concentrated under reduced pressure. The

residue was purified by flash column chromatography (SiO,, 1/2 = ethyl acetate/hexane) to give 77

as a white solid (6 mg, 61% b.r.s.m.). '"H NMR (CDCl;, 400 MHz): & : 0.10 (s, 3H), 0.17 (3, 3H),

0.88 (s, 9H), 0.91 (d, J= 7.6 Hz, 3H), 1.77 (d, J = 10.8 Hz, 3H), 2.37-2.42 (m, 1H), 3.59-3.61 (m,

1H), 3.79 (s, 3H), 3.92 (d, /= 4.4 Hz, 1H), 6.84 (d, /= 9.2 Hz, 2H), 7.33-7.35 (m, 2H), 7.69 (d, J
= 8.8 Hz, 2H), 8.14-8.16 (m, 1H), 8.22-8.24 (m, 1H); °*C NMR (CDCl;, 150 MHz): &: -5.1, -4.6,

18.0, 18.2, 24.2, 25.6, 25.8, 26.7, 36.5, 42.9, 55.7, 77.5, 114.5, 114.7, 115.0, 121.9, 125.1, 125.3,

126.5, 126.8, 128.8, 129.9, 136.8, 155.1, 164.1, 192.6; HRMS (ESI) m/z calcd for

C,7H35NNa,05S,Si; [M+Na]” 536.1903 found 536.1903; IR (neat): v 2930, 1671, 1593, 1380,

1168, 1089 cm™
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(1R,2R,35)-3-hydroxy-9-((4-methoxyphenyl)sulfonyl)-1,2-dimethyl-1,2,3,9-tetrahydro-4 H-carbaz
ol-4-one (75)

o) OH

%5

Mbs

75
To a solution of 77 (46.4 mg, 0.1 mmol) in MeOH (0.5 mL) was added Na,CO; (12 mg, 0.11
mmol, 1.1 equiv.) at room temperature. The mixture was stirred for 30 min. The resulting mixture
was taken up in CH,Cl, and the organic phase was washed with water, dried over Na,SO,, filtered
with a plug of cotton, and concentrated under reduced pressure. The residue was purified by flash
column chromatography (SiO,, 1/2 = ethyl acetate/hexane) to give 73 as a yellow form (37.5 mg,
94%). 'H NMR (CDCl;, 400 MHz): § : 1.37 (d, J = 7.8 Hz, 3H), 1.67 (d, J = 6.8 Hz, 3H),
1.83-2.08 (m, 1H), 3.42-3.46 (m, 1H), 3.78 (s, 3H), 4.00 (d, /= 11.2 Hz, 1H), 6.80 (d, /= 9.2 Hz,
2H), 7.29-7.34 (m, 2H), 7.58 (d, J = 9.2 Hz, 2H), 8.01 (dd, J = 2.0, 9.2 Hz, 1H), 8.05 (dd, J =24,
9.2 Hz, 1H) ; "C NMR (CDCl;, 150 MHz) &: 17.0, 23.6, 37.8, 43.9, 55.6, 75.8, 113.8, 114.1,
114.6, 114.9, 115.3, 116.8, 121.3, 125.7, 128.7, 128.8, 128.9, 137.8, 156.0, 164.0, 194.8; HRMS
(ESI) m/z caled for C,;H, N Na;OsS; [M+Na]t 422.10381 found 422.10503; IR (neat): v 3055,
2983, 1672, 1595, 1384, 1264, 1169, 731 cm™'

(1R,2R,35)-3-hydroxy-1,2-dimethyl-1,2,3,9-tetrahydro-4H-carbazol-4-one (76)

o OH
O N Me
H

76

'H NMR (CD30D, 600 MHz): 8: 1.23 (d, J = 6.6 Hz, 3H), 1.42 (d, J = 7.2 Hz, 3H), 1.79-1.83 (m,
1H), 2.84-2.87 (m, 1H), 3.87 (d, J = 10.8 Hz, 1H), 7.08-7.12 (m, 2H), 7.30 (d, J = 7.8 Hz, 1H),
7.92 (d, J = 7.2 Hz, 1H); 'C NMR (CD;0D, 150 MHz): 8: 16.00, 16.02, 36.68, 47.50, 49.86, 78.54,
110.95, 112.73, 121.69, 123.21, 124.27, 126.02, 157.08, 195.36; HRMS (ESI) m/z caled
for C14H;sN Na;0, [M+Na]" 252.1001 found 252.1002; IR (neat): v 2966, 2933, 1593, 1372, 1267,
1180, 1048 cm™'
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3-methoxy-1,1,2,9-tetramethyl-1,9-dihydro-4H-carbazol-4-one (79)

'H NMR (CDCI3, 600 MHz): &: 2.06 (s, 3H), 3.86 (s, 3H), 4.00 (s, 3H), 7.31-7.35 (m, 3H), 8.42 (d,
J = 6.6 Hz, 1H); °C NMR (acetone, 150 MHz): &: 11.51, 23.97, 32.59, 38.63, 59.85, 108.94,
111.40, 122.01, 122.40, 123.443, 124.02, 138.37, 142.20, 148.50, 154.31, 178.46; HRMS (ESI)
m/z caled for C7H 0N Na;O, [M+Na]" 292.1313 found 292.1312; IR (neat): v 2981, 2933, 1639,
1464, 1093 cm™'

9-((4-methoxyphenyl)sulfonyl)-1,2-dimethyl-9H-carbazole-3,4-diol (80)

Ho  OH

O Me
CLH

Mbs

80
To a solution of 75 (120 mg, 0.3 mmol) and dry MS4A in CH,Cl, (3 mL) was added TPAP (21 mg,
0.06 mmol, 0.2 equiv.) and NMO (176 mg, 1.5 mmol, 5 equiv.) at room temperature. The mixture
was stirred for 30 min. The resulting mixture was taken up in CH,Cl, and the organic phase was
washed with water, dried over Na,SO,, filtered with a plug of cotton, and concentrated under
reduced pressure. The residue was purified by flash column chromatography (SiO,, 1/2 = ethyl
acetate/hexane) to give 73 as a red solid (42 mg, 35%). '"H NMR (CDCI3, 600 MHz): &: 2.07 (s,
3H), 2.53 (s, 3H), 3.74 (s, 3H), 6.70 (d, J = 9.0 Hz, 2H), 7.27 (t, J = 8.4 Hz, 1H), 7.32 (t,J = 8.4
Hz, 1H), 7.45 (d, J = 9.0 Hz, 2H), 7.90 (d, J = 7.8 Hz, 1H), 7.99 (d, J = 10.2 Hz, 1H); °C NMR
(CDCls, 150 MHz): 6: 12.96, 21.09, 55.61, 113.95, 117.37, 121.45, 122.05, 126.75, 126.81, 126.87,
127.20, 129.21, 134.76, 139.87, 142.24, 150.79, 164.12, 176.28, 180.95; HRMS (APCI+) m/z
caled for CyHyN,05S; [M+H]" 398.1062 found 398.1073; IR (neat): v 2960, 2924, 1660, 1592,
1260, 1166, 1085 cm™'
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(1R,2R,3R)-4,4-dimethoxy-9-((4-methoxyphenyl)sulfonyl)-1,2-dimethyl-2,3.4,9-tetrahydro-1H-car
bazol-3-ol (83)

O OH

Me

--Me
S

Mbs

83
To a solution of 62 (100 mg, 0.26 mmol) in CH,Cl, (1 mL) was added NaH (60%) (40 mg, 1.04
mmol, 4 equiv.) at 0 °C. The mixture was stirred for 0.5 h. The mixture was warmed up to room
temperature then PhI(O,CCF3), (172 mg, 0.4 mmol, 1.5 equiv.) and MeOH (1 mL) were added
and stirred for 6 h. The resulting mixture was taken up in CH,Cl, and the organic phase was
washed with water, dried over Na,SO,, filtered with a plug of cotton, and concentrated under
reduced pressure. The residue was purified by flash column chromatography
(CHROMATOREX-NH, 1/2 = ethyl acetate/hexane) to give 83 as a white form (34.6 mg, 30%).
'"H NMR (CDCls, 400 MHz): & : 1.33 (d, J = 7.2 Hz, 3H), 1.52 (d, J = 6.8 Hz, 3H), 2.02-2.10 (m,
1H), 3.13-3.20 (m, 1H), 3.27 (s, 3H), 3.43 (s, 3H), 3.73 (s, 3H), 3.93 (t,J = 2.4 Hz, 1H), 6.71 (d, J
= 8.8 Hz, 2H), 7.17-7.40 (m, 2H), 7.53 (d, J = 8.8 Hz, 2H), 7.72 (d, /= 7.6 Hz, 1H), 8.10 (d, J =
7.2 Hz, 1H); >C NMR (CDCl;, 150 MHz) 8: 16.8, 21.2, 44.0, 52.0, 54.0, 55.6, 56.2, 89.8, 114.4,
114.7, 120.0, 122.5, 123.8, 124.0, 127.1, 128.9, 129.8, 139.9, 152.1, 163.8, 171.6; HRMS (ESI)
m/z caled for Co3Ho7N Na;O6S; [M+Na]" 468,1457 found 468.1456; IR (neat): v 2932, 1737, 1593,
1366, 1262, 1167, 1086, 1023 cm™'

(1R,2R,3R)-3-methoxy-9-((4-methoxyphenyl)sulfonyl)-1,2-dimethyl-1,2,3,9-tetrahydro-4H-carbaz
ol-4-one (89)

o, OMe

e
‘ N Me
Mbs
89
TMSOTT (0.75 mL, 4.2 mmol, 2 eq.) was added dropwise to a solution of 62 (800 mg, 2.1 mmol)
and DIEA (1.4 mL, 8.4 mmol, 4 eq.) in CH,Cl, (11 mL) at 0 °C under argon. The mixture was

warmed up to room temperature and stirred for 6 h. Then the mixture was concentrated under

reduced pressure and pumped up for 6 h. Then the mixture was taken up in MeOH added
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PhI(O,CCF;), (1.4 g, 3.2 mmol, 1.5 equiv.) at -50 °C for 1 d. The resulting mixture was taken up
in CH,Cl, and the organic phase was washed with water, dried over Na,SOy, filtered with a plug of
cotton, and concentrated under reduced pressure. The residue was purified by flash column
chromatography (CHROMATOREX-NH, 1/2 = ethyl acetate/hexane) to give 89 as a white form
(676.5 mg, 78%). '"H NMR (CDCls;, 600 MHz): &: 0.91 (d, J = 7.2 Hz, 3H), 1.71 (d, J = 6.6 Hz,
3H), 2.46-2.79 (m, 1H), 3.65 (s, 3H), 3.73-3.77 (m, 1H), 3.79 (s, 3H), 4.29 (d, J = 4.8 Hz, 1H),
6.86 (d, J=9.0 Hz, 2H), 7.33-7.37 (m, 2H), 7.71 (d, J = 9.0 Hz, 2H), 8.12-8.14 (m, 1H), 8.18-8.20
(m, 1H); "C NMR (CDCl;, 150 MHz) &: 13.7, 20.8, 37.3, 41.5, 55.8, 59.1, 81.3, 114.5, 114.6,
116.3,121.8,125.2, 125.5, 125.8, 128.7, 129.5, 136.8, 153.3, 164.2, 193.1; HRMS (ESI) m/z calcd
for C5,H»3NNa,05S; [M+Na] 436.1195 found 436.1199; IR (neat): v 2970, 2932, 1680, 1592,
1370, 1267, 1167, 1088 cm'

(1R,2R,3R)-3-hydroxy-9-((4-methoxyphenyl)sulfonyl)-1,2-dimethyl-1,2,3,9-tetrahydro-4H-carbaz
ol-4-one (84)

oy

Mbs
84

TMSOTT (75 pL, 0.42 mmol, 2 eq.) was added dropwise to a solution of 62 (80 mg, 0.21 mmol)
and DIEA (140 pL, 0.84 mmol, 4 eq.) in CH,Cl, (1.1 mL) at 0 °C under argon. The resulting
mixture was warmed up to room temperature and stirred for 6 h. Then [Bis(trifluoroacetoxy)iodo]
benzene (140 mg, 0.32 mmol, 1.5 eq.) and MeOH (4.2 mL) were added to the solution for 1 day.
The resulting mixture was taken up in CH,Cl, and the organic phase was washed with water, dried
over Na,SO,4, removed by rotary evaporation. The residue was purified by flash column
chromatography (CHROMATOREX-NH, 1/2=ethyl acetate/hexane) to give 84 as a white foam
(56.2 mg, 67%). "H NMR (CDCl;, 600 MHz) &: 0.84 (d, J = 6.6 Hz, 3H), 1.71 (d, J = 6.6 Hz, 3H),
2.65-2.69 (m, 1H), 3.66 (brs, 1H), 3.78-3.81 (m, 1H), 3.80 (s, 3H), 4.76 (d, J = 4.8 Hz, 1H), 6.87
(d, J = 8.4 Hz, 2H), 7.33-7.39 (m, 2H), 7.72 (d, J = 8.4 Hz, 2H), 8.13-8.17 (m, 2H); “C NMR
(CDCIs5, 150 MHz) 6: 13.1, 20.5, 37.1, 43.0, 55.8, 72.3, 114.7, 121.5, 125.3, 125.4, 125.6, 128.8,
129.6, 136.9, 155.0, 1643, 194.6; HRMS (ESI) m/z caled for C;HyNNaOsS;
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[M+Na]" 422.1034 found 422.1038; IR (neat): v 3055, 2983, 1672, 1595, 1384, 1264, 1169, 731

-1
cm

(1R,2R,35)-3-chloro-9-((4-methoxyphenyl)sulfonyl)-1,2-dimethyl-1,2,3,9-tetrahydro-4 H-carbazol-
4-one (94)

e

Mbs
94

'H NMR (CDCl;, 400 MHz): §: 1.07 (d, J = 7.2 Hz, 3H), 1.86 (d, J = 7.2Hz, 3H), 2.70-2.76 (m,
1H), 3.72-3.77 (m, 1H), 3.49 (s, 3H), 4.22 (d, J = 2.8 Hz, 1H), 6.85 (d, J = 8.8 Hz, 2H), 7.36 (t, J =
3.6 Hz, 2H), 7.69 (d, J = 8.8 Hz, 2H), 8.14 (d, J = 7.6 Hz, 1H), 8.25 (d, J = 6.8 Hz, 1H); °C NMR
(CDCls, 150 MHz): & : 20.76, 23.50, 36.34, 43.19, 55.74, 60.11, 114.36, 114.63, 114.69, 122.09,
125.39, 126.12, 128.80, 129.58, 136.76, 154.89, 164.28, 187.23; HRMS (ESI) m/z caled for
C21H,,C1iN, 048, [M+H]T 418.0800 found 418.0804; IR (neat): v 2964, 2940, 1668, 1592, 1265,
1180, 1089 cm™'

(1R,2R,3R)-3-methoxy-1,2-dimethyl-1,2,3,9-tetrahydro-4H-carbazol-4-one (97)

o. OMe

500

H
97

To a solution of 89 (41.3 mg, 0.1 mmol) in MeOH (0.2 mL) was added K,CO; (55 mg, 0.4 mmol,
4 equiv.) at room temperature. The mixture was stirred for 12 h at 50 °C. The resulting mixture
was cooled to room temperature and taken up in CH,Cl, and the organic phase was washed with
water, dried over Na,SQy, filtered with a plug of cotton, and concentrated under reduced pressure.
The residue was purified by flash column chromatography (SiO,, 2/1 = ethyl acetate/hexane) to
give 97 as a white solid (15.1 mg, 62%), and give 98 as a white solid (8.3 mg, 34%). '"H NMR
(CDCl;, 600 MHz): 6: 1.27 (d, J = 6.0 Hz, 3H), 1.51 (d, J = 6.6 Hz, 3H), 2.15-2.17 (m, 1H),
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2.90-2.93 (m, 1H), 3.63 (d, J = 10.2 Hz, 1H), 3.68 (s, 3H), 7.24-7.27 (m, 2H), 7.34 (d, J = 7.8 Hz,
1H), 8.22 (d, J = 6.6 Hz, 1H), 8.35 (br, 1H); *C NMR (CDCls, 150 MHz): & : 16.0, 17.0, 35.6,
43.6, 59.6, 86.6, 110.8, 111.9, 121.8, 122.7, 123.6, 125.0, 136.2, 152.5, 192.5; HRMS (ESI) m/z
caled for C;sH;;N Na,0, [M+Na]* 266.1157 found 266.1163; IR (neat): v 3217, 2970, 1737, 1634,
1471, 1373, 1229, 1217 cm™

(1R,2R,3S)-3-methoxy-1,2-dimethyl-1,2,3,9-tetrahydro-4H-carbazol-4-one (98)

o OMe

O N Me
H

98

"H NMR (CDCls, 400 MHz): §: 400 MHz): &: 1.25 (d, J = 6.4 Hz, 3H), 1.44 (d, J = 7.2 Hz, 3H),
2.16-2.24 (m, 1H), 3.11-3.16 (m, 1H), 3.51 (s, 3H), 3.65 (d, J = 2.4 Hz, 1H), 7.24-7.27 (m, 2H),
7.35 (dd, J = 2.4, 6.0 Hz, 1H), 8.20 (d, J = 2.4, 6.4 Hz, 1H), 8.43 (br, 1H); C NMR (CDCls, 100
MHz): &: 14.8, 16.5, 32.2, 42.6, 58.6, 85.2, 110.0, 111.0, 121.7, 122.7, 123.5, 125.3, 136.3, 154.2,
191.5; HRMS (ESI) m/z caled for C;sH;7N;Na;O, [M+Na]T 266.1157 found 266.1148; IR (neat):
v 3218, 2970, 1738, 1634, 1471, 1373 cm™'

(2S,3R)-3-methoxy-2-methyl-1-methylene-1,2,3,9-tetrahydro-4H-carbazol-4-one (99)

'H NMR (CDCls, 600 MHz): § : 1.31 (d, J = 7.2 Hz, 3H), 3.16-3.19 (m, 1H), 3.55 (s, 3H), 3.62 (d,
J=6.0 Hz, 1H), 5.47 (d, J = 1.2 Hz, 1H), 5.63 (s, 1H), 7.26-7.30 (m, 2H), 7.38 (d, J = 7.2 Hz, 1H),
8.22 (d, J = 7.2 Hz, 1H), 8.62 (br, 1H); °C NMR (CDCls, 150 MHz): & : 16.89, 42.99, 58.78,
86.60, 111.11, 111.50, 111.81, 122.16, 122.91, 124.80, 125.05, 136.72, 137.80, 144.06, 191.59;
HRMS (ESI) m/z caled for CsHisN;Na,;0, [M+Na]" 264.1001 found 264.1002; IR (neat): v 2970,
1738, 1726, 1367, 1228, 1217, 1029 cm™
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3-methoxy-9-((4-methoxyphenyl)sulfonyl)-1,2-dimethyl-9H-carbazol-4-ol (100)

HO OMe

O Me
L

Mbs

100
To a solution of 89 (165 mg, 0.4 mmol) in THF (4 mL) was added NBS (267 mg, 1.5 mmol, 4
equiv.) at room temperature. The mixture was stirred for 12 h. The resulting mixture was taken up
in CH,Cl, and the organic phase was washed with water, dried over Na,SOy, filtered with a plug of
cotton, and concentrated under reduced pressure. The residue was purified by flash column
chromatography (SiO,, 1/2 = ethyl acetate/hexane) to give 100 as a yellow solid (135 mg, 82%).
'H NMR (CDCls, 600 MHz): &: 2.37 (s, 3H), 2.62 (s, 3H), 3.67 (s, 3H), 3.81 (s, 3H), 5.85 (s, 1H),
6.47 (d, J=9.0 Hz, 2H), 6.96 (d, J=9.0 Hz, 2H), 7.24 (t, /= 7.2 Hz, 1H), 7.31 (t,J= 7.8 Hz, 1H),
7.81 (d, J=7.8 Hz, 1H), 8.07 (d, J= 7.2 Hz, 1H); °C NMR (CDCl;, 150 MHz): 8: 13.4, 18.5, 55.3,
61.3, 112.9, 116.8, 119.6, 122.3, 122.7, 125.7, 125.8, 126.3, 129.3, 129.8, 123.0, 137.9, 141.5,
141.5, 143.5, 163.1; HRMS (ESI) m/z calcd for C;oH; N Na;Os5S, [M-i-Na]+ 434.1038 found

434.1035; IR (neat): v 2970, 2858, 1366, 1170, 1065, 908

3-methoxy-1,2-dimethyl-9H-carbazol-4-ol (Carbazomycin B)

HO OMe

e
N Me
H

Carbazomycin B

To a solution of anthracene (90 mg, 0.5 mmol, 5 equiv.) in THF (2 mL) was added Na (excess) at
room temperature. The mixture was stirred for 0.5 h. The mixture was added 100 (41.3 mg, 0.1
mmol) then stirred for 1 h. The resulting mixture was taken up in CH,Cl, and the organic phase
was washed with water, dried over Na,SO,, filtered with a plug of cotton, and concentrated under
reduced pressure. The residue was purified by flash column chromatography (SiO,, 1/2 = ethyl
acetate/hexane) to give Carbazomycin B as a yellow solid (15.9 mg, 66%). '"H NMR (CDCl;,
600 MHz): 6: 2.38 (s, 3H), 2.40 (s, 3H), 3.83 (s, 3H), 6.02 (s, 1H), 7.22 (t, /= 7.2 Hz, 1H), 7.36 (4,
J =72 Hz, 1H), 7.40 (d, J = 7.8 Hz, 1H), 7.78 (br, 1H), 8.24 (d, J = 7.8 Hz, 1H); *C NMR
(CDCls, 150 MHz): 3: 12.80, 13.23, 61.51, 109.28, 109.33, 109.99, 119.47, 122.63, 123.24, 124.75,
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126.98, 136.73, 138.42, 139.22, 140.00; HRMS (ESI) m/z calcd for C;sH;sN;O, [M+H]" 242.1183
found 242.1181; IR (neat): v 3426, 1454, 1411, 750

4-hydroxy-1,2-dimethyl-9H-carbazol-3-yl diphenylphosphinate (101)

Q
Ho O-RED

H
101

To a solution of 84 (91.6 mg, 0.22 mmol) in THF (5.5 mL) was added KPPh, (0.5 M in THF) (4.5
mL, 2.2 mmol, 10 equiv.) at 0 °C. The mixture was stirred for 0.5 h at room temperature. The
resulting mixture was taken up in CH,Cl, and the organic phase was washed with water, dried over
Na,S0,, filtered with a plug of cotton, and concentrated under reduced pressure. The residue was
purified by flash column chromatography (SiO,, 1/2 = ethyl acetate/hexane) to give 101 as a white
solid (53.5 mg, 57%). "H NMR (CDCls, 600 MHz): & : 2.07 (s, 3H), 2.24 (s, 3H), 7.23-7.27 (m,
1H), 7.32-7.38 (m, 2H), 7.44-7.49 (m, 4H), 7.56-7.60 (m, 2H), 7.76 (s, 1H), 7.87 (dd, J = 10.2,
19.2 Hz, 4H), 8.43 (d, J = 12.0 Hz, 1H), 9.93 (s, 1H); *C NMR (CDCl;, 150 MHz): §: 13.29,
13.70, 99.89, 109.08, 109.81, 111.55, 119.55, 123.36, 123.85, 124.69, 126.27, 126.30, 128.35,
128.53, 128.63, 129.26, 130.65, 130.71, 131.94, 132.01, 132.98, 133.00, 137.31, 139.05, 142.01,
142.03; HRMS (ESI) m/z caled for C,sH,N;Na;O;P, [M-i-Na]+ 450.1235 found 450.1234; IR
(neat): v 3055, 2921, 1438, 1290, 1132, 956 cm ™'

1-(methoxymethyl)-2-methyl-3H-carbazole-3,4(9H)-dione (102)

o O
b
O N OMe

H

102

To a solution of 101 (42.7 mg, 0.1 mmol) in MeOH (0.2 mL) was added K,COj; (55 mg, 0.4 mmol,

4 equiv.) at room temperature. The mixture was stirred for 8 h at room temperature. The resulting
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mixture was taken up in CH,Cl, and the organic phase was washed with water, dried over Na,SO,,
filtered with a plug of cotton, and concentrated under reduced pressure. The residue was purified
by flash column chromatography (SiO,, 1/1 = ethyl acetate/hexane) to give 102 as a brown solid
(6.7 mg, 24%), and give 103 as a brown solid (15.2 mg, 53%). '"H NMR (CDCl;, 400 MHz): &:
2.00 (s, 3H), 3.58 (s, 3H), 4.68 (d, J = 1.2 Hz, 2H), 7.26-7.28 (m, 2H), 7.37-7.39 (m, 1H),
8.12-8.15 (m, 1H), 9.87 (br, 1H); °C NMR (CDCl;, 150 MHz): &: 11.5, 59.2, 70.5, 112.4, 113.1,
122.0, 124.6, 125.0, 125.6, 133.6, 136.3, 136.4, 143.9, 172.8, 183.4; HRMS (ESI) m/z caled for
Ci5H13NNa,03 [M+Na]" 278.0793 found 278.0791; IR (neat): v 2923, 1738, 1624, 1468, 1216,
1020 cm™'

1-(dimethoxymethyl)-2-methyl-3H-carbazole-3,4(9H)-dione (103)

o O

§ e
O N OMe

HMeO

103

'H NMR (CDCI3, 400 MHz): & : 2.11 (s, 3H), 3.57 (s, 6H), 5.45 (s, 1H), 7.26-7.29 (m, 2H),
7.38-7.40 (m, 1H), 8.12-8.14 (m, 1H), 9.66 (br, 1H); *C NMR (CDCl;, 150 MHz): & : 11.7, 55.5,
102.8, 112.4, 113.1, 121.8, 124.4, 125.0, 125.5, 135.1, 135.4, 136.4, 142.4, 172.4, 184.2; HRMS
(ESI) m/z caled for C;¢H sN;Na,0, [M+Na]" 308.0899 found 308.0899; IR (neat): v 2923, 1644,
1631, 1462, 1061 cm ™'
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BRI 5 ERR

3-((1R.,28,9a8)-9-((4-methoxyphenyl)sulfonyl)-2-methyl-4-((triisopropylsilyl)oxy)-2,3,9,9a-tetrah

ydro-1H-carbazole-1-carbonyl)oxazolidin-2-one (46)

Ho(NTf,); (50 mg, 50 umol, 5 mol%) and chiral ligand 5 (44 mg, 0.1 mmol, 10 mol%) were
placed in a 20 mL flask with a stirring bar and heated at 120 °C under reduced pressure (<0.01
mmHg) for 30 min. After being cooled to room temperature, the flask was charged with dry argon.
CH,CI, (1.5 mL) and DBU (15 uL, 0.1 mmol, 10 mol%) were added successively. After the
resulting solution was stirred for 2 h at room temperature under argon, the reaction mixture was
cooled to 0 °C. A solution of dienophile 45 (155.2 mg, 1.0 mmol) in CH,CI, (1.0 mL + 0.5 mL to
rinse) was added. A solution of diene 1 (582.8 mg, 1.2 mmol, 1.2 equiv.) in CH,Cl, (1.5 mL + 0.5
mL to rinse) was then added, and the mixture was stirred for 2 h under argon. The reaction was
quenched by the addition of H,O and filtered through a pad of Celite. The water layer was
extracted three times with CH,Cl,, and the organic phase was dried over Na,SOy, filtered with a
plug of cotton, and concentrated under reduced pressure. The residue was purified by flash column
chromatography (CHROMATOREX-NH, 1/4=ethyl acetate/hexane) to give 46 as a white foam
(608.9 mg, 95%, 93% ee). 'H NMR (CDCl;, 400 MHz) &: 1.06 (d, J = 7.6 Hz, 9H), 1.07 (d, J = 7.6
Hz, 9H), 1.09 (d, J = 5.6 Hz, 3H), 1.19 (qq, J = 7.6, 7.6 Hz, 3H), 2.11 (ddd, J = 2.0, 8.0, 16.8 Hz,
1H), 2.28 (m, 1H), 2.46 (ddd, J = 2.0, 5.6, 16.8 Hz, 1H), 3.78 (s, 3H), 4.09 (ddd, J = 8.8, 8.8, 8.8
Hz, 1H), 4.30 (ddd, /= 8.8, 8.8, 8.8 Hz, 1H), 4.34 (dd, J = 8.0, 8.0 Hz, 1H), 4.42 (ddd, /= 6.0, 8.8,
8.8 Hz, 1H), 4.49 (ddd, J = 8.8, 8.8, 8.8 Hz, 1H), 4.75 (td, /= 2.0, 8.0 Hz, 1H), 6.84 (d, /= 8.8 Hz,
2H), 6.98 (dd, J=7.2, 8.0 Hz, 1H), 7.10 (dd, J = 8.0, 8.0 Hz, 1H), 7.56 (d, J= 7.2 Hz, 1H), 7.65 (d,
J = 8.8 Hz, 2H), 7.74 (d, J = 8.0 Hz, 1H); °C NMR (CDCl;, 100 MHz) §: 13.5, 17.9, 19.9, 32.5,
37.8, 43.0, 48.6, 55.4, 62.0, 65.4, 111.0, 114.0, 115.9, 123.4, 124.0, 126.9, 127.3, 129.0, 130.1,
144.1, 144.7, 153.7, 163.3, 175.0; HRMS (ESI) m/z caled for C33H4N,Na,05S,Si; [M+Na]”
663.2536 found 663.2528; IR (neat): v 2945, 2867, 1775, 1678, 1385, 1355, 1162, 1091, 1016 cm™
' [alp® +100.8 (¢ 1.0, CHCLs); Daicel Chiralcel OD-H, hexane/iPrOH = 80/20, f: 1.0 mL/min,

254 nm, 6.9 min (major), 17.1 min (minor).
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((1R.28,9a8)-9-((4-methoxyphenyl)sulfonyl)-2-methyl-4-((triisopropylsilyl)oxy)-2,3,9,9a-tetrahyd

ro-1H-carbazol-1-yl)methanol (58)

Lithium aluminum hydride (100 mg, 2.6 mmol, 3.0 equiv.) was added to 46 (577 mg, 0.9 mmol) in
THF (4.5 mL) at 0 °C under argon. The resulting mixture was warmed to room temperature and
stirred for 1 h. The reaction was quenched by the addition of H,O (0.1 mL), followed by 1%
NaOH aq. (0.1 mL) and H,O (0.3 mL). The reaction mixture was stirred overnight and filtered
through a pad of Celite. The solvent was removed under reduced pressure, and the residue was
purified by flash column chromatography (SiO,, 1/4=ethyl acetate/hexane) to give 58 as a white
foam (412.8 mg, 74%). "H NMR (CDCl;, 400 MHz) d: 1.00-1.21 (m, 25H), 1.94 (dd, J=5.2, 16.8
Hz, 1H), 2.17-2.25 (m, 1H), 2.53 (dd, J = 8.0, 16.4 Hz, 1H), 3.25 (dd, J = 5.6, 9.2 Hz, 1H),
3.74-3.80 (m, 1H), 3.77 (s, 3H), 4.21 (d, /= 10.8 Hz, 1H), 4.29 (dd, J = 5.2, 12.0 Hz, 1H), 6.73 (d,
J=28.8 Hz, 2H), 7.06 (dd, J = 7.6, 7.6 Hz, 1H), 7.11 (dd, J= 7.2, 7.6 Hz, 1H), 7.37 (d, J = 8.8 Hz,
2H), 7.50 (d, J= 7.2 Hz, 1H), 7.67 (d, J = 7.6 Hz, 1H); °C NMR (CDCls, 150 MHz) d: 13.3, 17.7,
17.8, 21.3, 27.2, 38.9, 50.4, 55.4, 58, 8, 64.0, 113.8, 114.3, 119.0, 123.1, 125.6, 126.5, 126.6,
129.8, 130.8, 141.9, 145.0, 163.4; HRMS (ESI) m/z caled for C3Hg3NNa,05S;Si; [M+Na]”
580.2529 found 580.2514; IR (neat): n 2943, 2865, 1594, 1460, 1345, 1261, 1157, 736, 665 cm ';
[OL]D25 +212.5 (¢ 0.6, CHCI;, 89% ee); Daicel Chiralcel OD-H, hexane/iPrOH = 90/10, f: 1.0

mL/min, 254 nm, 7.1 min (major), 9.8 min (minor).

((1R,25,9a5)-9-((4-methoxyphenyl)sulfonyl)-2-methyl-4-((triisopropylsilyl)oxy)-2,3,9,9a-tetrahyd

ro-1H-carbazol-1-yl)methyl methanesulfonate (59)

Mbs
59

Methanesulfonyl chloride (0.16 mL, 2.1 mmol, 3 equiv) was added dropwise to a solution of 58

(380 mg, 0.68 mmol) and triethylamine (0.44 mL, 2.7 mmol, 4 equiv) in CH,Cl, (3.4 mL) at 0 °C
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under argon. The resulting mixture was warmed up to room temperature and stirred for 6 h. The
resulting mixture was taken up in CH,Cl, and the organic phase was washed with water, dried over
Na,S0.4, removed by rotary evaporation. Purification by flash column chromatography (SiO,, 1/5
ethyl acetate/hexane) gave 59 as a white foam (389.2 mg, 90% yield). 'H NMR (CDCls, 600 MHz)
6:1.01 (d,J=7.2 Hz, 9H), 1.02 (d, J= 7.2 Hz, 9H), 1.04 (d, /= 6.6 Hz, 3H), 1.17 (qq, /= 7.2, 7.2
Hz, 3H), 1.42-1.46 (m, 1H), 1.95 (dd, J =4.2, 16.2 Hz, 1H), 2.17-2.22 (m, 1H), 2.43 (dd, J = 6.6,
16.2 Hz, 1H), 3.19 (s, 3H), 3.77 (s, 3H), 4.16 (d, J = 10.2 Hz, 1H), 4.59 (dd, J = 3.0, 9.0 Hz, 1H),
4.79 (dd, J= 3.0, 9.0 Hz, 1H), 6.74 (d, J = 9.0 Hz, 2H), 7.08 (dd, J= 7.8, 7.8 Hz, 1H), 7.15 (dd, J
=7.2,7.8 Hz, 1H), 7.36 (d, J = 9.0 Hz, 2H), 7.50 (d, J = 7.2 Hz, 1H), 7.71 (d, J = 7.8 Hz, 1H); °C
NMR (CDCl;, 150 MHz) 6: 13.3, 17.6, 17.7, 21.8, 28.4, 36.9, 38.4, 47.1, 55.4, 63.6, 69.5, 113.3,
113.8, 119.2, 123.0, 125.6, 126.6, 129.8, 130.5, 142.1, 145.4, 163.4; HRMS (ESI) m/z calcd for
C3HysN Na,0,8,8i; [M+Na]” 658.2304 found 658.2304; IR (neat): v 2944, 2867, 1711, 1595, 1460,
1353, 1264, 1160, 733 cm_l; [OL]D25 +190.8 (¢ 1.0, CHCIl;, 94% ee); Daicel Chiralpak IA,
hexane/iPrOH = 80/20, f: 1.0 mL/min, 254 nm, 6.3 min (major), 6.8 min (minor).

(1R,28,9a5)-9-((4-methoxyphenyl)sulfonyl)-1,2-dimethyl-4-((triisopropylsilyl)oxy)-2,3,9,9a-tetrah

ydro-1H-carbazole ((+)-60)

Lithium aluminum hydride (65 mg, 1.7 mmol, 3 equiv) was added to 59 (360 mg, 0.57 mmol) in
THF (3.0 mL) at 0 °C under argon. The resulting mixture was warmed up to 70 °C for 1 h, then
quenched by the addition of H,O (65 pL), followed by 1% NaOH (65 puL) and H,O (0.20 mL). The
reaction mixture was stirred overnight and filtered through a plug of Celite. The solvent was
removed by rotary evaporation and purification by flash column chromatography (SiO,, 1/8 ethyl
acetate /hexane) gave (+)-60 as a white foam (217.8 mg, 71% yield). '"H NMR (CDCl;, 400 MHz)
6: 1.01-1.05 (m, 21H), 1.14-1.21 (m, 4H), 1.29 (d, J = 6.8 Hz, 3H), 1.58-1.64 (m, 1H), 1.91 (dd, J
=6.4, 17.6 Hz, 1H), 2.55 (dd, J = 8.0, 16.8 Hz, 1H), 3.75 (s, 3H), 4.01 (d, J = 10.0 Hz, 1H), 6.71
(d, J=8.8 Hz, 2H), 7.01 (dd, J=7.6, 8.0 Hz, 1H), 7.10 (dd, J= 7.6, 7.6 Hz, 1H), 7.39 (d, J = 8.8
Hz, 2H), 7.48 (d, J = 7.6 Hz, 1H), 7.65 (d, J = 8.0 Hz, 1H); >C NMR (CDCl;, 150 MHz): §: 12.3,
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13.4,16.6, 17.8,21.1, 34.3,39.2,43.2, 55.4, 69.2, 113.6, 115.4, 119.0, 123.0, 125.1, 126.4, 129.9,
131.0, 142.5, 144.8, 163.0; HRMS (ESI) m/z caled for C30H44N;04S;Si; [M+H]" 542.2760 found
542.2761 ; IR (neat): v 2869, 1666, 1596, 1264, 1163, 735 cm—1; [a]p> +241.8 (¢ 1.0, CHCl3, 92%
ee); Daicel Chiralpak 1A, hexane/iPrOH = 98/2, f: 1.0 mL/min, 254 nm, 7.9 min (major), 9.5 min

(minor).

methyl(1R,25,9a5)-9-((4-methoxyphenyl)sulfonyl)-1-(2-oxooxazolidine-3-carbonyl)-4-((triisoprop

ylsilyDoxy)-2,3,9,9a-tetrahydro-1H-carbazole-2-carboxylate (107)

Ho(NTf;); (50 mg, 50 umol, 5 mol%) and Ligand (44 mg, 0.1 mmol, 10 mol%) were taken in a 20
mL flask with a stirring bar were heated at 120 °C under reduced pressure (<0.01 mmHg) for 30
min. After being cooled to room temperature, the flask was charged with dry argon. CH,Cl, (1.5
mL) and DBU (15 pL, 0.1 umol, 10 mol %) were added successively. After the resulting solution
was stirred for 2 h at room temperature under argon, the reaction mixture was cooled to 0 °C. A
solution of dienophile 106 (199.2 mg, 1 mmol) in CH,Cl, (1 + 0.5 mL to rinse) was added, and
this was followed by the addition of a solution of diene 1 (582.8 mg, 1.2 mmol, 1.2 equiv) in
CH,Cl, (1.5 + 0.5 mL to rinse) then stirred for 2 h under argon. The reaction mixture was
quenched by the addition of H,O and filtered through a plug of Celite. The water layer extracted
with three times of CH,Cl,, and the organic phase was dried over Na,SO4, and evaporated to
dryness. The title compound was purification by flash column chromatography (NH-SiO,, 1/2
ethyl acetate /hexane) as a white foam (637.0 mg, 93% yield and 91% ee). 'H NMR (CDCls, 600
MHz) §: 1.04 (d, J = 7.2 Hz, 9H), 1.05 (d, J = 7.2 Hz, 9H), 1.19 (qq, J = 7.2, 7.2 Hz, 3H),
1.16-1.23 (m, 3H), 2.62 (dd, J = 6.6, 16.8 Hz, 1H), 2.69 (dd, J=9.0, 16.8 Hz, 1H), 3.45 (ddd, J =
6.6, 9.0, 9.0 Hz, 1 H), 3.66 (s, 3H), 3.77 (s, 3H), 4.09 (ddd, J = 9.0, 9.0, 9.0 Hz, 1H), 4.33 (ddd, J
=438, 9.0, 9.0 Hz, 1H), 4.43-4.48 (m, 2H), 4.54 (ddd, J = 9.0, 9.0, 9.0 Hz, 1H), 4.68 (dd, J = 9.0,
9.0 Hz, 1H), 6.78 (d, J= 8.4 Hz, 2H), 7.01 (dd, J= 7.8, 7.8 Hz, 1H), 7.12 (dd, J = 7.8, 7.8 Hz, 1H),
7.47 (d, J = 8.4 Hz, 2H), 7.50 (d, J = 7.8 Hz, 1H), 7.67 (d, J = 7.8 Hz, 1H); °*C NMR (CDCl;, 150
MHz): d: 13.4,17.7,17.8, 32.1, 40.8, 43.4,45.4, 52.5, 54.5, 62.2, 65.1, 113.6, 113.9, 117.5, 123.2,
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124.9, 127.0, 127.2, 129.1, 130.0, 141.9, 143.4, 143.5, 163.4, 172.9, 173.2; HRMS (ESI) m/z calcd
for C34H44N,Na;0S,Si; [M'Na]" 707.2435 found 707.2438; IR (neat): v 3019, 2948, 1781, 1735,
1693, 1360, 1262, 1215, 1165, 1028, 744 cm™"; [a]*p = +207.5° (¢ 1.0, CHCl3); Daicel Chiralcel
OD-H, hexane/iPrOH = 80/20, f: 1.0 mL/min, 254 nm, 13.8 min (major), 27.9 min (minor).

((1R,25,9a85)-9-((4-methoxyphenyl)sulfonyl)-4-((triisopropylsilyl)oxy)-2,3,9,9a-tetrahydro-1 H-car

bazole-1,2-diyl)dimethanol (110)

TIPSO OH

,,./
st
Mbs
110
Lithium aluminum hydride (200 mg, 5.3 mmol, 6 equiv) was added to 107 (616 mg, 0.9 mmol) in
THF (4.5 mL) at 0 °C under argon. The resulting mixture was warmed up to room temperature for
1 h, then quenched by the addition of H,O (0.2 mL), followed by 1% NaOH (0.2 mL) and H,O
(0.6 mL). The reaction mixture was stirred overnight and filtered through a plug of Celite. The
solvent was removed by rotary evaporation and purification by flash column chromatography
(silica gel, 1:4 acetic ether/hexane) gave 110 a white foam (216.9 mg, 42% yield). to give 13 a
white foam (216.9 mg, 42%, 92% ee). 'H NMR (CDCls, 600 MHz) §: 1.01 (d,J = 7.8 Hz, 9H),
1.02 (d, J = 7.8 Hz, 9H), 1.14-1.21 (m, 4H), 2.26-2.31 (m, 1H), 2.35-2.36 (m, 2H), 3.42 (dd, J =
7.8, 11.4 Hz, 1H), 3.57 (dd, J = 5.4, 10.8 Hz, 1H), 3.77 (s, 3H), 3.80 (dd, J = 2.4, 12.6 Hz,
1H), 4.21 (d, J=10.8 Hz, 1H), 4.30 (dd, J = 2.4, 12.6 Hz, 1H), 6.74 (d, J = 9.0 Hz, 2H), 7.07 (dd,
J=17.28,7.8 Hz, 1H), 7.14 (dd, J = 6.6, 7.8 Hz, 1H), 7.38 (d, J = 9.0 Hz, 2H), 7.49 (d, J = 6.6 Hz,
1H), 7.68 (d, J = 7.8 Hz, 1H); >C NMR (CDCl;, 150 MHz): §: 13.3, 17.7, 17.8, 33.1, 35.7, 46.3,
55.5,59.9, 63.6, 65.7, 113.9, 114.3, 119.1, 123.2, 125.7, 126.6, 126.7, 129.7, 130.5, 142.0, 144.9,
163.4; HRMS (ESI) m/z caled for CsoHy3NNa;OgS;Si; [M+Na]™ 596.2478 found 596.2483; IR
(neat): v 3018, 2969, 1739, 1365, 1215, 1159, 746 cm'; [a]p> +161.2 (¢ 0.4, CHCl;); Daicel

Chiralpak IA, hexane/iPrOH = 80/20, f: 1.0 mL/min, 254 nm, 6.6 min (major), 14.3 min (minor).
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((1R,25,9a5)-9-((4-methoxyphenyl)sulfonyl)-4-((triisopropylsilyl)oxy)-2,3,9,9a-tetrahydro-1H-car

bazole-1,2-diyl)bis(methylene) dimethanesulfonate (111)

TIPSQ OMs

,,,/

Mbs

1M1
Methanesulfonyl chloride (0.16 mL, 2.1 mmol, 6 equiv) was added dropwise to a solution of 110
(200 mg, 0.35 mmol) and triethylamine (0.44 mL, 2.7 mmol, 8 equiv) in CH,Cl, (2.0 mL) at 0 °C
under argon. The resulting mixture was warmed up to room temperature and stirred for 6 h. The
resulting mixture was taken up in CH,Cl, and the organic phase was washed with water, dried over
Na,S04, removed by rotary evaporation. Purification by flash column chromatography (SiO,, 1/5
ethyl acetate/hexane) gave 111 as a white foam (227.4 mg, 89% yield). ee). 'H NMR (CDCls, 600
MHz) 6: 1.00 (d, J = 7.2 Hz, 9H), 1.01 (d, J = 7.2 Hz, 9H), 1.10-1.11 (brd, J = 7.2 Hz, 1H), 1.16
(qq, J = 7.2, 7.2 Hz, 3H), 1.58-1.60 (m, 1H), 2.35 (brs, 2H), 2.50 (brs, 1H), 2.97 (s, 3H), 3.19 (s,
3H), 3.77 (s, 3H), 3.98 (dd, J = 8.4, 9.6 Hz, 1H), 4.05 (dd, J = 5.4, 9.6 Hz, 1H), 4.13 (d, J =
10.2 Hz, 1H), 4.64 (dd, J = 3.6, 9.6 Hz, 1H), 4.80 (dd, J = 4.2, 9.6 Hz, 1H), 6.74 (d, J = 8.4 Hz,
2H), 7.11 (dd, J=7.2,7.2 Hz, 1H), 7.19 (dd, J= 7.2, 7.8 Hz, 1H), 7.34 (d, J = 8.4 Hz, 2H), 7.48 (d,
J=17.8Hz, 1H), 7.72 (d, J = 7.2 Hz, 1H); °C NMR (CDCl;, 150 MHz) &: 13.2, 17.6, 17.7, 32.5,
34.1,37.1, 37.5, 42.6, 55.5, 62.8, 70.0, 70.9, 113.9, 114.0, 119.5, 123.2, 126.0, 126.6, 127.1, 129.7,
129.8, 142.2, 144.2, 163.5; HRMS (ESI) m/z calcd for Cs;,H47N{Na;0,0S3S1; [M+Na]+ 752.2029
found 752.2029; IR (neat): v 3030, 2946, 2869, 1352, 1163, 956, 818, 747 cm™'; [a]p> +181.9 (c
1.0, CHCL); Daicel Chiralpak IA, hexane/iPrOH = 80/20, f: 1.0 mL/min, 254 nm, 11.8 min

(major), 14.0 min (minor).
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(1R,25,9a85)-9-((4-methoxyphenyl)sulfonyl)-1,2-dimethyl-4-((triisopropylsilyl)oxy)-2,3,9,9a-tetrah

ydro-1H-carbazole ((+)-60)

Lithium aluminum hydride (60 mg, 1.5 mmol, 6 equiv) was added to 111 (183 mg, 0.25 mmol) in
THF (1.5 mL) at 0 °C under argon. The resulting mixture was warmed up to 70 °C for 1 h, then
quenched by the addition of H,O (60 uL), followed by 1% NaOH (60 puL) and H,O (0.18 mL). The
reaction mixture was stirred overnight and filtered through a plug of Celite. The solvent was
removed by rotary evaporation and purification by flash column chromatography (SiO, 1:8 acetic
ether/hexane) gave (+)-60 as a white foam (84.0 mg, 62% yield). [a]®p = +248.5° (¢ 0.65, CHCL;,
92% ee)

(1R,25)-9-((4-methoxyphenyl)sulfonyl)-1,2-dimethyl-1,2,3,9-tetrahydro-4H-carbazol-4-one (62)

O,

S i

Gl\gbs
To a solution of (+)-60 (200 mg, 0.37 mmol) and CuCl, (149 mg, 1.1 mmol, 3 eq.) in DMF (2 mL)
was added CsF (113 mg, 0.74 mmol, 2 eq.) at room temperature. The mixture was stirred at 80 °C
for 3 h, then cooled to room temperature and quenched with water. The water layer extracted with
three times of acetic ether, and combined organic layers were washed with brine and dried over
Na,S04, removed by rotary evaporation. Purification by flash column chromatography (SiO,, 1/4
ethyl acetate /hexane) gave 62 as a white foam (135.9 mg, 96% yield). (135.9 mg, 96%). 'H NMR
(CDCls, 600 MHz) 6: 0.94 (d, J= 6.6 Hz, 3H), 1.59 (d, J= 7.2 Hz, 3H), 2.32 (dd, /= 1.8, 16.8 Hz,
1H), 2.38-2.42 (m, 1H), 2.95 (dd, J = 4.8, 16.8 Hz, 1H), 3.64 (dq, J = 1.2, 6.6 Hz, 1H), 3.80 (s,
3H), 6.88 (d, J = 9.6 Hz, 2H), 7.33-7.36 (m, 2H), 7.74 (d, J = 9.6 Hz, 2H), 8.16-8.18 (m,
1H), 8.24-8.25 (m, 1H); *C NMR (CDCl;, 150 MHz) &: 20.1, 21.3, 36.0, 36.2, 40.5, 55.7, 114.4,
114.6, 116.2, 122.0, 125.1, 125.3, 125.9, 128.8, 130.0, 136.3, 154.8, 164.2, 194.2; HRMS (ESI)
m/z caled for CHouN04S, [M+H]™ 384.1270 found 384.1271; IR (neat): v 2958, 1666, 1594,
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1408, 1267, 1166 cm—1; [a]ZSD = +230.6° (¢ 1.0 CHCl;, 92% ee); Daicel Chiralcel OD-H,
hexane/iPrOH = 80/20, f: 1.0 mL/min, 254 nm, 12.1 min (minor), 15.5 min (major).

(1R,2R,3R)-3-hydroxy-9-((4-methoxyphenyl)sulfonyl)-1,2-dimethyl-1,2,3,9-tetrahydro-4H-carbaz
ol-4-one (84)

fo) OH

o550

Mbs

84
Trimethylsilyl Trifluoromethanesulfonate (75 pL, 0.42 mmol, 2 eq.) was added dropwise to a
solution of 62 (80 mg, 0.21 mmol) and N,N-diisopropylethylamine (140 uL, 0.84 mmol, 4 eq.) in
CH,CI, (1.1 mL) at 0 °C under argon. The resulting mixture was warmed up to room temperature
and stirred for 6 h. Then [Bis(trifluoroacetoxy)iodo] benzene (140 mg, 0.32 mmol, 1.5 eq.) and
MeOH (4.2 mL) were added to the solution for 1 day. The resulting mixture was taken up in
CH,Cl, and the organic phase was washed with water, dried over Na,SO4, removed by rotary
evaporation. The residue was purified by flash column chromatography (CHROMATOREX-NH,
1/2=ethyl acetate/hexane) to give 84 as a white foam (56.2 mg, 67%). '"H NMR (CDCls;, 600 MHz)
6:0.84 (d, J= 6.6 Hz, 3H), 1.71 (d, J = 6.6 Hz, 3H), 2.65-2.69 (m, 1H), 3.66 (brs, 1H), 3.78-3.81
(m, 1H), 3.80 (s, 3H), 4.76 (d, /= 4.8 Hz, 1H), 6.87 (d, J = 8.4 Hz, 2H), 7.33-7.39 (m, 2H), 7.72 (d,
J = 8.4 Hz, 2H), 8.13-8.17 (m, 2H); *C NMR (CDCl;, 150 MHz) §: 13.1, 20.5, 37.1, 43.0, 55.8,
72.3, 114.7, 121.5, 125.3, 125.4, 125.6, 128.8, 129.6, 136.9, 155.0, 164.3, 194.6; HRMS (ESI) m/z
caled for CyHy N |Na;OsS; [M+Na] 422.1034 found 422.1038; IR (neat): v 3055, 2983, 1672,
1595, 1384, 1264, 1169, 731 cm™"; [a]p> +220.9 (¢ 1.0, CHCLs, 92% ee); Daicel Chiralcel OD-H,
hexane/iPrOH = 70/30, f: 1.0 mL/min, 254 nm, 12.3 min (major), 38.3 min (minor).
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(1R,2R,3R)-3-hydroxy-1,2-dimethyl-1,2,3.9-tetrahydro-4H-carbazol-4-one ((+)-105)

oRM

entid
N (R)'Me
H

(+)-105
To a solution of 84 (40 mg, 0.1 mmol) in MeOH (2 mL) was added K,CO; (28 mg, 0.2 mmol, 2 eq.) at room
temperature. The mixture was stirred at room temperature for 8 h, then the resulting mixture was taken up in
CH,CI, and the organic phase was washed with water, dried over Na,SO,, removed by rotary evaporation.
Purification by flash column chromatography (SiO2, 1/1=ethyl acetate/hexane) to give (+)-105 as a
pale yellow foam (12.4 mg, 54%). 'H NMR (DMSO-d6, 600 MHz) &: 1.02 (d, J = 6.6 Hz, 3H),
1.45 (d, J = 7.2 Hz, 3H), 2.16-2.21 (m, 1H), 3.05 (dq, J = 5.4, 7.2 Hz, 1H), 4.20 (dd, J = 3.6, 4.2
Hz, 1H), 5.19 (d, J=4.2 Hz, 1H), 7.15 (ddd, /= 1.2, 7.2, 7.2 Hz, 1H), 7.18 (ddd, /= 1.2, 7.2, 7.8
Hz, 1H), 7.41 (dd, J= 1.2, 7.8 Hz, 1H), 7.93 (dd, J = 1.2, 7.2 Hz, 1H), 11.85 (brs, 1H); BC NMR
(DMSO-d6, 150 MHz) &: 14.2, 17.7, 33.1, 73.3, 108.6, 111.7, 120.1, 121.6, 122.5, 124.6, 136.7,
154.6, 192.6; IR (neat): v 3248, 2924, 1631, 1470, 750 cm_l; HRMS (ESI) m/z calcd
for C14HsNNa;0, [M+Na]" 252.1001 found 252.1002; [0.]1325 +3.96 (¢ 0.6, MeOH, 93% ee);
Daicel Chiralpak AS-H, hexane/iPrOH = 80/20, f: 1.0 mL/min, 254 nm, 6.3 min (major), 6.8 min

(minor).
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