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AKECh, LUToRHES X URIKIT T D X o gl L 72,

ABSA : 4-acetamidobenzenesulfonyl azide
Ac : acetyl

Acac : acetylacetone

Ad : adamantyl

AIBN : 2,2'-azobis(isobutyronitrile)

BCG : bromocresol green

BHT : 2,6-di-tert-butyl-p-cresol

Boc : tert-butoxycarbonyl

Bs : benzenesulfonyl

CAN : ceric ammonium nitrate

Cap : caprolactam

CD : circular dichroism

Cod : 1,5-cyclooctadiene

Cy : cyclohexyl

Dba : dibenzylideneacetone

DBU : 1,8-diazabicyclo[5.4.0Jundec-7-ene
DCM : dichloromethane

DCE : dichloroethane

DHP : 3,4-dihydropyran

DIBAL : diisobutylaluminium hydride

Diff. NOE : differential nuclear Overhauser effect
DIPA : diisopropylamine

DIPEA : diisopropylethylamine

DMAP : N,N-dimethyl-4-aminopyridine

DMF : N,N-dimethylformamide

DMP : Dess-Martin periodinane

DMSO : dimethyl sulfoxide

Dpen : 1,2-diphenylethylenediamine

Dppf : 1,1°-bis(diphenylphosphino)ferrocene
DPPH : O-(diphenylphosphinyl)hydroxylamine
EDCI : 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
ESI-MS : electrospray ionization mass spectroscopy
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Glc

G-1II
HMPA
HPLC
IPr

IR
KHMDS
LDA
LiHMDS
mCPBA
MOM
MPLC
MS

Ms
MTAD or MeTAD
NBS
NIS
NMO
NMR
Ns

PCC

PG

Piv
PMB
PPTS
PTAD
RCM

S-PTAD
TBAI
TBS
TEMPO
TES

Tf

TFA

: o,0,0/,0/-tetramethyl-1,3-benzenedipropionic acid
: fluorenylmethoxycarbonyl

: glucose

: Grabbs 2nd

: hexamethylphosphoric triamide

: high performance liquid chromatography
: 1,3-bis(2,6-diisopropylphenyl)imidazole-2-ylidene
: infrared (spectroscopy)

: potassium hexamethyldisilazide

: lithium diisopropylamide

: lithium hexamethyldisilazide

: m-chloroperoxybenzoic acid

: methoxymethyl

: middle pressure liquid chromatography

: molecular sieves

: methanesulfonyl

: N-methyl-1,2,4-triazoline-3,5-dione

: N-bromosuccinimide

: N-iodosuccinimide

: N-methylmorpholine N-oxide

: nuclear magnetic resonance

: o-nitrobenzenesulfonyl

: pyridinium chlorochromate

: protective group

: pivaloyl

: p-methoxybenzyl

: pyridinium p-toluenesulfonate

: N-phenyl-1,2 4-triazoline-3,5-dione

: ring closing metathesis

: room temperature

: (5)-(+)-(1-adamantyl)-(N-phthalimido)acetato
: tetra-normal-butylammonium iodide

: tert-butyldimethylsilyl

: 2,2,6,6-tetramethylpiperidinyloxy

: triethylsilyl

: trifluoromethanesulfonyl

: trifluoroacetic acid



TFAA
TFE
THF
THP
TIPS
TLC
TMB
TMS
Tr
Troc
Ts

TS
uv
18-Crown-6

: trifluoroacetic anhydride

: trifluoroethyl

: tetrahydrofuran

: tetrahydropyran

: triisopropylsilyl

: thin-layer chromatography

: 3,4,5-trimethoxybenzyl

: trimethylsilyl

: triphenylmethyl

: 2,2,2-trichloroethoxycarbonyl
: p-toluenesulfonyl

: transition state

: ultraviolet (-visible spectropcopy)

: 18-crown-6-ether
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Akuammiline D B4 v F— A7 A v 4 NixF¥ avF o+ vF Alstonia J&. Hunteria J&D
FPNCIES EREIN TR RAYTH Y, ZNUOHEWIIEM T V7Tt < X b RfE
foA&#E L LTHWL T X 7z, 1875 4, Gorup-Besanez & D 7L — 7°IC X - T echitamine (3)
O HEEDHE T2 LKk, BIEE TIC 60 Mzl 2 5 akuammiline B4 ¥ F— AT LA m
A F A EEE R OREERE S LT % Y (Figure 1),

AKT7NHa 4 FORENFERE LT, T/ TARIARFA VY F=ATArhu g FORE
BHICB T2 7TH 16 fIICkAZ AL TW 3 HBETONE, $72, 3L AL DRAYIZ
AR F 7Y FYvEHTN S ZEEREREE (CDE B) 1o, A v FY vElwizf v FL
Vbbb ABRBER L -EMAEEE AL TE Y, ZOoEVEAT AT —ICRER T
ZEMEE O S 2 b AERAEBILEMICER S w5, HIic, K7 i v 4 FEESERE
oG R EE OB DRI X - T Figure 1 10T X 5 a4 AWETEE2 R~ 9
TERHOLNTEY, BEEY — Pt e LTBINTH S, LerLanb, K7rhuef F
DHICIE (+)-akuammiline (1) D X 5 ICKAEHELD &  EYE M RFEMEER 2 #ds < T
Wi WEAEPI D S TEE L. 200 O REBHHGIEOME I AR E L T NT WD,

(+)-Akuammiline (1) (+)-Strictamine (2) (-)-Echitamine (3)
NF-xB inhibitor Cytotoxicity

D
- N
(=)-Aspidophylline A (4) (=)-Picrinine (5) "Methanoquinolizidine™
Reverse drug resistance Anti-inflammatory cage-like skeleton

in cancer cells activity

Figure 1. Representative akuammiline-type indole alkaloids.



ALY, EFCERNICIEN 2R T A a4 RIZ BT & B A IS AT 28 75 X
h, HEEREZED 24 oAV O REMIBHE T LT3 50 (2021 4F 2 ABIFE),
Th, KT7AAA FOELICERHINBE AL X7 ) F 2 VEOABIIRE i
I, TNETICHEIN-BREREZ4 2DV —TICRIITE 2, LTI, 2nbH
EREFLE BN T 5. Garg D3, N EFRD 5 HRF~ DR MKIGIC & o T CB%x i
L. FEIRERHE ORESE S O (+)-strictamine V) (2) DA % ¥ TERL L 72 5 (Scheme 1) ,

Intramolecular
SN2 reaction

(+)-Strictamine (2)
Scheme 1. First construction of the cage-like skeleton and

total synthesis of (+)-strictamine by Garg.

13 & A ETRIFEAIC, Zhu 5 1% Ni(cod), Z V7290 T 1L 4RSI X - T D B & a4
52 &T, HIREHOREEITHEYIL 72 3 (Scheme 2) .

MeO,C Intramolecular
1,4-addition
I
A _
O NJ\/ Ni(cod),
N

Scheme 2. Construction of the cage-like skeleton and total synthesis of (+)-strictamine by Zhu.

(¥)-Strictamine (2)

F72. Zu 51 SmLIZ X 5 CDERDFIRIRN 2 L T 2 FHOBMEELEZRIE L. (£)-2
DEER & ZERK L 72 % (Scheme 3) .

Sml, mediated
ring migration
E—

(*)-Strictamine (2)

Scheme 3. Novel skeletal rearrangement and total synthesis of (£)-strictamine by Zu.



Qin 5 iE. (H)-2 XU (-)-2 DAFREH 3459 DIEHIT, Ny BHED 21 (i RFE~D KA
FOGIC X > CDERZMHEST 2 2 & T, FIREHOREEITHEYIL 72 3 (Scheme 4) .

Intramolecular
Sn2 reaction

(+)-Strictamine (2)

Scheme 4. Construction of the D ring and total synthesis of (+)-strictamine by Qin.

L2 L7adb, SHETICHE S Wz BREEEIT, TREPIER, BHREEGROR S T
Vo RERWICHEZIEA TV 5T — A% »,

—77. A HHEIC strictamine (2) FHOEEMIAFTICEF L CTH Y, Z OWEE LITICER
H3 %, HWIFEE T, 6-exo-dig MBMBIRALKIGIC X o T3 f7ic EMD 5 ) 7 v {Hl5H
PETAIERY Y VEROBEEZRBLTE Y O KEEHVWEE/ T4/ 4 P4 v F—
NTNAHu A FOREREZIZERL T3 9 (Scheme 5) ,

NS/ Au(l)-cat. Ns N
N 7 cyclization N —
E —>
_— \( ) e \ ///H
| N
H

o
TIPSO 07 H
(¥)-Conolidine
H
B Au(l)-cat.
OTIPS cyclization
AcO” — 5 AcO
H AN
OTr

(-)-Gardnerine

Scheme 5. Our total syntheses of indole alkaloids applied Au(I)-catalyzed cyclization.



Z 2T, YR EoEGRIIAREEZ Filo v Y U VB LE UHloHE % G5 5 strictamine
Q) DEGHMRE~NERT 2L L7210, 3, XEBEHIOY 7 by 6 XV TRTT
v T R CECATERE 8a—8d ~E T, L2 LA, Zb &SR G T
FHEERA IV 9L TL VY 10ICaEL, BRNOBRLEKIZSE S 75572 (Scheme 6) .

(o]
—
.
NH =
o,n©

6 7 (o-nitrophenyl = Ar)
OTr OTr
Me
Sio \\ TMSO \\ TESO, Au(l)-cat.
cyclization
Ar \ Ar N\ O —_—
N N
(0] (0]
8a (Si=TMS) 8c 8d
8b (Si=TES)

10a (R = OTr) Desired structure
10b (R = H) Not detected

Scheme 6. Synthetic study on total synthesis of (£)-strictamine by Takanashi.

ZIT, FEHERINTCTLERLZFRICL > TRT VA v A FORRNEE % T
22 EHHMNE L. 2 DEARITRICET Lz, SR E B oEIc i3, 297 1L4-MIE.
%@éﬁ%ﬁ%mm#79wﬁ7w#wmﬁﬁ EEANR A Ko rzuFasvmfl, kO
TH—IC X256 L 2 DREEZ ZNENROCICRE L. el %217 - 72,

AFSLIUTOZEr bR S,
F—H  (+)-Strictamine DEHAR2E K

¥  Akvammiline B84 v F— AT o 4 FOLEEKZERE L 72265
AT, KGmic CREais %,
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$F—E ()-Strictamine DTEREA K

9. O LAMIRIGIC X 2 EEREEOMEL G T 5 2 L & Lz, ARIGIE, EW
DxFYFVAIHERT XY VREGLE ) TAXIAFA VY F=AT A huAF
DELGHE W ICBWTHRTH S, TNETICT VHALEREEIEAZ V=0T HN 1,4-
MBS X 2 RO REE B L K fREINTEHEY, YHRETDH 7V AABLKISIC
&£ o T (+)-geissoschizine DG ZZEK L T\ 5 19 (Scheme7) ., £ 72, Ding b 137 ¥ H L
BRAULG %Z F > 72 (£)-alsmaphorazine D D2 & Z ¥ L T 5 1),

Radical
cyclization
—_—

H OTES
TESO N Br Radical

cyclization

(¥)-Alsmaphorazine D
Scheme 7. Representative total syntheses applied radical-mediated

intramolecular 1,4-addition as a key reaction.

—J7. Cook MU Ma D7V —FZZNZNIEIC, NTV TV L=y Tk L OEEE
R % D 720 7 LA-MEINBOG %283 5 & & C©, ZZ 1 (+)-vellosimine 'O LT (+)-
aspidophylline A 'Y DG % ZEK L TW» 5 (Scheme 8)
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H Pd(0)-cat. CHO

Z O cyclization
| -
N H
Ho g

Ni(0)-cat.
cyclization

(*)-Aspidophylline A

Scheme 7. Representative total syntheses applied transition metal-catalyzed

intramolecular 1,4-addition as a key reaction.

FRU72X 5 4B oERIcER I NTE 207N 1L4-MMEZHKGE L, BUFIiC
L 72 & AT % 4T > 72 (Scheme 9) .

Introduction

Intramolecular
of C1 unit

1,4-addition

D ring .
formation MeO,C .- Y

— 161\\\

o,N°

MeO,C,

8 N  Late-stage
“~._ indolenine formation O.N o
- 2

1" 12

(¥)-Strictamine (2)

o
N-alkylation O,N O O,N O

16
— O \NPG e @ r \\\OTES
[o) PGN,, HN,,
02N /) /)
13

l
o

Known amine
14

Scheme 9. Retrosynthetic analysis of (£)-strictamine applied 1,4-addition.
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ZCODOERIER L LT, FIKEK EoEIIL D R S A 7\ strictamine (2) Z3ER L 7z,
AV FL=VvBEREZASBKE T 2 e L, D BRBITCEREKE = 1La - F 12
DHTHN 1LAMIIGIC X > TSRS 52 L & L7z, BRLATERA 12 1327 v 13 D 16 L
ND—RFEL=y POBAL BT IvOTAFAMMUCEL o THEKRT 2 e Lz, U7
Y13 13, YIFEETARAL— P EELLTWE T IV 1410 XY 7 3 v ofg#, TES i
DRRERVEALEIT) CL CEHLZENTEL L FE Rz, T, ONRIEETELT 2720 7
t IR THREZED T,

PUF. EBoGRICOW DT 5,

12



B 7T LA MINRIG OBGE

9. R 14 DEFE % Boc R TRET 52 L THAANRX —F 15 ZERNICHGT-
(Scheme 10) . Ht\ T, 151Cxf L PPTS #1EFH & & TES B & WifR#E L 72t%. 4 U 7Kg %
DMP IC X o ClEfLd 52 LTV T b v 13 % ZTRRIGK 82% TfF7z, 131X BCNMR IZH\»
TEODANKAFTRICHK T 5> 7 F L (6206.0,2009) #BIHIL 722 &, 72, IR A=
7 P MICEWTAHLRZAVIRICHEKRT 2> 70 (1743, 1699 em™) #EBHIL 22 & 225 %
DEKEMRL 72, LT, 777 v T —TADHEFLET, 13 I KHMDS Z#{ERH & &, 48K
L7zT/ 7—1F% McMurry iU L=/ — v+ ) 79—+ 16 #1572, 16 13 '"H NMR
ICHEWT § 624, BCNMR ICHEWT§1182(q, J=320Hz) iIcT/—A Y 77— bHED
SO FAEBMILZC . F£72, ESIMS 2727 FAITEH T 529 [M+Na]" DEHLLDY T4 A
V= RBIHIL 722 02 DEREEREL 77,

o) n ) e
Boc,0, DMAP MeOH, 40 °C

A OTES THE, 0°Ctort (N OTES 2) DMP
or
HN, ’ BocN,
’/ quant. oc ” DCM, rt
15

L
y

. 82% (2 steps
14 y o ( ps)

O,N O KHMDS, 18-Crown-6 O,N O
THF, -78 °C;

\J

A0 then PhNTF. 0T
en 2
BocN,, THF, -78 °C t0 0 °C BocN,,
y. 78%
13 16

Scheme 10. Synthesis of enol triflate 16.

RIT fFoN7216 ZFH VT CI6 LA+ F v AR AL Z#ET L7 (Table1) , Pd(PPhs)s
BV E EREROEL 72, £72. PAOAchICH L, VA Y F& LTPPh ZHWTRIGE
fToft 2, HHD 17 33N, WTFhoBE MERIETH 572, Kic, VAV F
LLCdppf Bz A, = br v 18 ML 72, 18 34K L 7= M O 5/l 1T RBH T
HLEHB. VAV FHhOBRICXoC=rrEpETIhe Fede 7= v, Znssy
FHNOANVR=NFELHEET D L THERLEZ EHEE L7, T, Pdy(dba); Xt L U 7
v FE LT PPhs W3 Z & CICERDEIMICKE L, Rl 270 17 IR 84% T
22 ENTER, 1713 ' HNMR ICH VT §3.50(3H,s). BCNMR 2B T §164.6,51.7 I A
FERIANKRZNEBRD Y S FAERBHIL 22 L, 72, ESI-MS A7 R LITEWT 439
[M+Na]* OEUSG T A A v =2 ZBHIL -2 L2 b Z DEREHERL 72,

13



MeOH (40 eq.)

O,N Q Ligand, Base O,N Q P2 16
N

(@)
—
-
\
(2]
(@]
N
=
@
I
4
[ve)
o
(2]

BOCN,/,15 DMF BocN 16

CO (balloon) N\

16 17 O 18

: Result (%
BN (e Gomen) ey Condten  —oRO

1 Pd(PPhs), — Et;N (3.0) 50 °C, 4 h Decomp.
2 Pd(OAC), PPh; Et;N (2.0) rt, 19 h; 50 °C, 7 h 25 —
32 Pd(OAc), PPh;  DIPEA(4.0)  rt,3h;50°C,6h 27 —
43 Pd(OAc), dppf DIPEA (4.0)  rt,3h;50°C,6h — 61
53 Pdy(dba)s dppf DIPEA (4.0)  rt,3h:;50°C,4h 25 16
62 Pdy(dba)s PPh;  DIPEA(4.0) rt,2h:50°C,6h 84 —

8 CO gas was bubbled into reaction solution during the first 5 min.

Table 1. Results of homologation at C16.

Fo v CEALATERIA 12 2 A3 _ <, 17 D Boc 2ROWifR#E, 7 I voTr* b x{To 7
(Scheme 11) if 17 13t L, TFA ZEHE €727 I /v UV AZ AT T3 T, 7T
U119 B2, R, 55072 19 % DIPEA DOFFLE F. 1-bromo-2-iodobut-2-ene (20) 12 i X
of?}vﬂwvﬂc@“é & CERALHIERA 12 ZPCRR {572, 12 13 'TH NMR iCH T § 5.87
(1H, q), 1.78 3H, d). BCNMR IZH T §139.3,107.7 icv =13 —¥ FHl§EH kKD > 7 v
ZBUAIL 722 &, $£72 ESI-MS 27 b AIZEBEWT 497 [M+H] DU T A A v e —2 %
BHIL72C &0 2 DEMEMHERL 72,

02N O MeOZC A
‘///,/ Cone — O Q “\ o
BocN% NBoc  DCM,0°Ctort

02N o y. 92%
17
X Br
MeO,C 20 I MeO,C
DIPEA
(5D O
NH MeCN 50 °C
o,n° y. 93%
19 12

Scheme 11. Synthesis of cyclization precursor 12.

14



BRAUAIERAR 12 AT E 2720, 0T W 1L4-GHINIG % 5T L 72 (Table 2) o Entry 1, 2
Tk, IAVRZABERET I VEZRZPEBICHMNT 2 2 LIk > TRIGHAPEEET 5 C
& ZWFRF L ONI(OTH DFHE T, 7 ¥ AABHUIRIC G L 72 D O O RGIFHEST L 720> o 72,
iz, 3ffio4 vy LD BT ANEERE LCRISERITo728 24, = F ridiEsT
EN, IHLECHAVRAFEERIG L4 v B ) v 2 BERKRLZ, ftnT, ~asr v )y
LRISOE K T Ni(cod) 12 X 570 F N 1LA-MINEOG & 5T U 72 23, RS IZHEFT L 722> 5 72,
Entry 6 Tl 0ffid-¥7 7 LZEIC X 2 90 F W LAAINOG 2 85T L 72 23, FE 2300 ff 3
LAER L o Tz,

MeO,C Intramolecular  Me0,C MeO,C
1,4-addition E I
A\
N O N NS
H
21

Nj%/ﬁef—>

12 O2N ? 1
Entry Reagents (eq.) Solvent Condition 5%u_lt(%£l

1 Et3B (2.0) "BuzSnH (2.0) Ni(OTf), (2.0) THF/DCM 45°C N.R.

2 AIBN(2.0) "BuzSnH (2.0) Ni(OTf), (2.0) Toluene 110 °C N.R.

3 InCl3(0.2) "BusSnH (3.0) THF rt — 22
4 1BuLi(3.3) TMSCI (6.0)  HMPA (3.3) THF -78°Cto 0 °C N.R.

5 Ni(cod), (5.0)  EtsN (10) BHT (3.0) MeCN/DMF rt N.R.

6 Pdy(dba); (0.1) PPh; (0.2)  DIPEA (4.0) DMF rt Decomp.

Table 2. Attempts at intramolecular 1,4-addition using 12.

Entry 31CEWTA VY FY VAR LAEZHBHZATO X 5 IcHE L 72 (Scheme 12) , = b
0 Ry VB 12 23 InCl I X o THEMAL T 721 "BusSnH I X - TRILEZIT 5 2 &
T, =R YRV VHEERERTT =) VIEEKR~Efix e W, LT =Y v E
DTRDANRNIEREET S22 TAI VY L=V BER L, 202 InCls I X - TG
fbxa, HEBuSHHICX > TEILEINE LTIV Y vBERKLZEE X T,

15



Sn Sn

\ \
Ar._®_O--In Sn-H Ar__® _O--In Ar. O--In
N7 >N/ ) SNX > Ar\N//O--In
4o H™ Lo ) - SnOH
12 U “H

2 Sn-H 041\5‘5

A g 2
— ~ — » Ar fi — = Ar B
NH, N N H
- SnOSn - H,0 ! | — SnOH
Sn
MeOZC
Ar_ J\ =

N
H

Scheme 12. Plausible mechanism of formation of indoline 21.

COERET, 4 v FY v 21 @2 40K LT NOE #HBA DT 217 - 72 23, Lo
REWCFES o7z, T, BOHMBRICOHERTREFEL Tz 21 A N- Farf v v F
Y v 22a lcERIL I Tz, 22T, AR L7z 22a D72 NOE MBI Z T2 2 & T2
DDA HHEE L 72 (Scheme 13) , T7ab b, 22a D 27 v b VICHE T % & 50
7o by eMBEERL, B AL R R VIS 14 70 by e HBEER LA LA
b.2fi7e b vidoiiBETH L EBHHL 2, 42, KIGHBETHZ 4 v FL=vic

N LiEICHITH % "BusSnH 25 convex I HFEIET 5 L TY T AT LAERIREDRFHKIHL 72
EEELI-,

MeO,C MeO,C

‘ Air oxidation Q
N N'H i H,S dift. NOE
21 22a

Scheme 13. Air oxidation of 21 and structure elucidation of 22a.
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T ZC, BRALRERAR 12 Z V720N LA T L e o 2B HZ LT D X9
ICEZ L7 (Figure2), 372bb, 120 CERIZZALF—INIC X W AT RIFEZ &
STWREHERCTE, bEThir L= LT —Y F AT R T ARIERICEEN TV S
CEDBERLEWFCWRFRCTH D EERT, T T, 12 ZRILLA Vv P Y v ~ZEHfal 72
B, LA v P vERTEEOIRERLCRET L L, RELR =13 —Y FofH
TUMREEREL, CIROMEIZENT 2 L CRIGHBEE LT b LEXL, AV F
U v 22 - mBRALATER A & LCEROE L 72,

MeO,C MeO,C
Long-range

. carbons Q I
E S O N2 NSNS
L1 R “\

22 (Boat-like)
R = Bulky groups

12 (Chair-like)

Figure 2. Considerations of cyclization and new precursor.

% 4. Table2Entry3 (p. 15) D&% SE 1T, %’—ﬁtﬁln(om)3 DIFFE T, PhSiH; % H W T
12 2BCT 52 & TA VY FY v 21 ~Euwiz (Scheme 14) X UV A7 P LIiZBNT
A v R IR Y (277.0,238.5, 204.5 nm) %_"EE(E'JL?:» ¢, 72 ESI-MS X~ 7
R LITEWT 451 [MHH] DB FA A v e — 2 2B L 722 L 0o 2 DAEREERL 72,
e, 3oz 21 04 v F Y vEFER Piv i, 513 TMB ZE TR L. BRILATEXA 22D,
22¢ %é\ﬁktfco

MeOC In(OAc)s, PhsiH; ~ Me0zC
E I 2,6-Lutidine Q I
A\ - A\
O g N\N MeCN, rt, open air O N N\N
O,N y. 64% N'H
12 21

\J

a) PivCI, DIPEA, DMAP MeO,C  /
DCM, rt Q
or ,:
b) TMBCI, DIPEA, TBAI
MeCN, 65 °C

(TMB = 3,4,5-Trimethoxybenzyl) ~ 22b (R =Piv): y. 86%
22¢ (R = TMB): y. 20%

Scheme 14. Preparation of cyclization precursors 22b and 22c.
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BALHTEAR DS O T2 720 0 F N LA-FHINRIS Z 85 L 72 (Table3) , ¥ N1 4 L{4 22b
X Ly BB Z W72 7 ¥ A VBLRIG 2 RET L 72 b © O OGITETE 3, AIBN Z w7z
7 VHNBUKIE CIREAE R RT 2R e e oTe, T, VF VLA vy YRIBKIESR

Ni(cod), # W 7250 TN 14-IRIGEBET L72d DD, WIhoGae b HE 0L 72,
R CHFHBEL 72 0 filio X7 2 v Ll = v VAR 19 12 X B 5T LA-AHINEOG b Mgt
L72d0D, vt =il 7z 24 225 BEKT 5 DA T, FrEoBR k23 1

Bokhd o,
MeO,C I\% In;r:r:g(ljelggfr MeOZC MeO,C \ MeO,C /5
P|v 'I;livll-I
22b 23 24 25
Entry Reagents (eq.) Solvent Condition Resu—lt(%)
23 24 25
1 Et3B (2.0)  "BusSnH (3.0) Toluene rt N.R.
2 AIBN (1.0) "BusSnH (3.0) Toluene 70 °C Decomp.
3 'BuLi(3.5) TMSCI (6.0)  HMPA (3.5) THF -78°Cto 0 °C l
4 Ni(cod), (5.0) EtsN (10) BHT (3.0) MeCN/DMF rt
5  Pd(OAc), (0.1) K,CO3 (5.0) TBAC (2.5) DMF 70 °C — 28 —
6 NiCl,(0.2)  Zndust(5.0) Pyridine (3.0) DMF 60 °C — — 15

Table 3. Results of intramolecular 1,4-addition using 22b.

FH.AVEFI VYA KPP A FFORVYIAMKR22e It LTD ., [FBEDSEAEICTHF
W 1A G 2 Bt L 72 b o O T o BALIE IS S ik d o 72,

BCHIEAA 12 IO W CHEZER 2T o 725 R, BT 2IcEaa T2 A F 5k A b %
UANKZNIEL OVREELBRMLEZ T Wb L 3FE 2 b7z (Scheme 15) , Z 2T
PRI R R OB 2B 3% 2 & T RICOBROVRREEZ X b /h& 7 b Bk
DETLR T BB LWL, Tu A F A T v 26 2Hi7- RBRLHIEAICEE L7,
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Steric

hindrance
MeO,C
I Intramolecular
Q JZ/ 1,4-addition
N
Spa -
O,N o
12
Less hindered
TMS
Me02C . .
/ Hosomi-Sakurai
-type cyclization
Crsn/
N— - >
O,N o
26

Scheme 15. Further consideration of cyclization and new precursor.

¥ 72, Bbik 27 o7 L ViR 1E MacMillan 5 iC X % (+)-minfiensine D &AK 10 & 5%
L EEfKFRIT 2 2 L CRTEO ERI T U 7 VIE~ & BHARTRE L % 2 72 (Scheme 16) .

Catalytic J/ (E)

hydrogenation

MeO,C,

Pd/C, H,
.
THF, -15°C
y. >90%
E/Z > 20:1

(+)-Minfiensine

Scheme 16. Stereo- and chemo-selective catalytic hydrogenation of allene.
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¥ 9. 7 1V 19 % DIPEA DFEFE . 1-iodo-(4-trimethylsilyl)but-2-yne (28)'7 I X > T 7 /v
F oAb 3 2 & CERALHIELIA 26 %572 (Scheme 17) , 26 13 '"H NMR iZ 5T § 3.39 (2H),
1.48 (2H), 0.10 (9H, s) \[CfllH kD > 7 F A2 BIHIL 722 &, F72 ESI-MS A7 b LiCE
WT 464 [M+Na]" DU FA A v =27 2BIHIL 722 L 22 b Z DEREMER L 720 Fiw
T, 26 ICXf L BFs-EO ZEH S #72 & 2AMEOBRIUK 27 356N T, TAF v b
v U}a{t L7271 v 29 B4R L 72, 29 13 'THNMR ICE5 W T §4.70,4.18, BCNMR IC BT
§ 197.7, 105.6, 80.9 IC 7 L YR D > 7V F A% B L 72 2 &, 72 & " XIT NMR A7
bV DR B % DR % IRE L 72,

I N
A
MeOZC /\/TMS M902C

28
DIPEA
DS —eem
NH  MecCN,0°C
0, o y. 73%
19 26

MeO,C
BFs + Et,0 Q Q
—H— N
HO
O,N
DCM, 0 °C 2 Y
29
y. 42%

Scheme 17. Synthesis of the new cyclization precursor 26 and its unexpected cyclization.

YEnRfETOREERT 270,26 %4 v F Y ¥ 30 ~ZHa L 72 Il A 0 3R
LIIGE G5 2 L & L7z (Scheme18) . 7t & FIRDEFICTHK LA v F Y v 301C
XL, LDV A AL 7L Y 2Ty FEEZHIN LM REH R ORI ZRET L 72 b D DA
Lo 31 #1525 2 LIETEF, VA4 AEEL LT SnCly 2 M & 272 BFic 12 1351k
INTzR2HERT 2LV IRRTH o7, 7o, AW 32 13FHERITNMR 227 F v
DFFENT Z 1T\, ESI-MS A= 7 b LTI\ T 429 [M+H], 431 (Peak intensity ratio; 3:1) DL
AFdve—2%2BHIL7Z2 &0 Z DGR IEL 72,
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MeO,C

MeO,C T™MS In(OAG)s, PhSiHs ™S
E / 2,6-Lutidine E /
Ogar -
S N MeCN, 40 °C, open air N N
O,N H
30

y. 55%
26
MeO,C, // MeO,C T™S
Lewis or Bronsted acid K /) 74
> N\
N N
Hosomi-Sakurai N T2 N
-type cyclization H cl H
31 32

with SnCly, y. 39%

Scheme 18. Results of Hosomi-Sakurai-type cyclization.
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F_Hi (&)-Strictamine DJEHXLEH K

BALROGEZBRET L Tw 3, Zhu itk o TA v FL =V 33 DH9FW 1LA-MIGIC X
% (¥)-strictamine (2) DAL E X 7z ) (p.7,Scheme2) . % Z T, 21 % Zhu & DAL
ATEEfAR 33 ~E { Z & T strictamine DIER A EITH> 2L & Lz, 4 ¥ FU ¥ 21 % ALO;
DEFET, PCCHELT 22 TA v FL=v 33 %4 L7 (Scheme19) , 33 |3 UV A<~
FAIZEWTA v F L= VIR Y (247.5,203.0nm) ZEHHIL 722 &, £7-, KR
R MAT=EZ Zhu SDOEKME BRI —ER L2 &0 ZDEREMRL 72, X
MR IC FLER X 4172 Ni(cod) 1€ & 20 F W 1LA-FTIIS 3 i3 cE oz, /v FL=
v 33 BB T 5 LT (2)-strictamine (2) DA EE K EER L 72 9,

MeO,C MeO,C

‘ I PCC, Al,0; E I
A\ —_— A\
O N2 N\)V DCM, rt O N/ NS
HH y. 72%
21 33

Zhu's intermediate

ref. 5b
Ni(cod), (2.0 eq.), Et3N (4.0 eq.)
MeCN, rt, 20 min

then Et3SiH (2.0 eq.)
rt, 1h,y 5-10%

(*)-Strictamine (2)

Scheme 19. Formal total synthesis of (+)-strictamine.
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BE_E (H-Strictamine DAEAR ZEE L =246 BFE

NAFIRXAT 4 v 7ERE O EMEIEYRH 5, ld, RAVOLEEGHREIEZ in vitro
THIE IR T 2 2 210 X o TOERECIEE, TEE OB R DR &% Hig
IR TH V. Robinson 2% tropinone DA EZITH T & THID THAEL 72 ¥ (Scheme
20) . RAEKIE, aA~TBETAT R, AFAT IV, BT FITAZAEELE o BGICA
FTEEBZHNT, 7y Fy FTITbN T Db, Z DN OGN 72 /7 im i
EWaHli 2 2 & A b — AL EAROBIETH N4 A I X T 4 v 7 HEKEIY AN

cEIFEE S EA IR I N T WD,

CO,H
CHO One pot MeN
[ + H;NMe + (0] —_—
CHO o
COH Tropinone

Scheme 20. Biomimetic synthesis of tropinone by Robinson.

72, AN F I AT 4 v 7 ERICBAT 25EIC X o T, Al oA EZRET 2%
BRI IR B S NT2 0 . AR Z BT 2 72 0 OFRLA BRI il 23 6
INTZYF BT TR, AGHRRIEICET 2 KL AIcHiBh s L WO RIS B
%, ¥ EARISOMINICHE G535 2 & i3, EABICBEE T 2 8 FOREICD R A .
ZDBETEREORCEHBEICEBRN T2 T, ZPRIMELE L T2 L
BTELLIICHRDD, ZONEMIEDLENCLEEDLLDOTH S,

& T AT, akuammiline B4 v F— AT a4 FIZOWTUT D X 5 e EA RS 03
E XN T3S 319 (Scheme21) . 3, tryptamine (34) & (—)-secologanin %% Pictet-Spengler /X
JGIZ & o TERAL L (—)-strictosidine (35) 234K T 5, R\\T, 35D N, EFHR L T & X — 5
DHEBRM AL 7 4 v OBERMALHHE Z 5 & T (+)-geissoschizine (36) A EAKE NG, Z D
#%.36 © 741 16 ML REICAE A TR X 415 & & T akuammiline B0 7 v 1 v 4 F @ (+)-rhazimal
37 t7hb, Zofhicd 37 BfEAL DLFEW%EZT 5 Z & T, FRAGEKCEEEL S D
ARKTvhuf FEICGRETZ2EE2LRTWwWS, T7abb, 37D 178 IcE ., £~
IKBEIER T 2 F At TN b 2 & T (+)-akuammiline (1) 23R L. —F5 T 16 fii kL I L Fp
Wikf3 2 & & T (+)-strictamine (2) 234K T %,
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Pictet-Spengler
reaction

Tryptamine (34) (-)-Secologanin

C7-C16
coupling
— e
—
CO,Me
(+)-Geissoschizine (36) (+)-Rhazimal (37)
C17 reduction C16
and acetylation deformylation
AcO CO,Me H._ _CO,Me

(+)-Akuammiline (1) (+)-Strictamine (2)

Scheme 21. Proposed biosynthesis of akuammiline-type indole alkaloids.

FHH X, akuammiline 7 v v 4 FOEEKICASA A I AT 4 v 7 HROITERERDY
ANBZ T, K7 vhvad VEERNICAERTE 22 E 2 72,

&2 AT, EETREEE 25 36 IZYMITE TRl ARG 2T, 20X )T
Y VBRI trans IR E & > T3 2 EAHBHL 72 29 (Scheme 22) . T b b, 3K 15
fir7m b v oftss 7 F 2 NOE M 6. AREH I ) — Aot 7a b v Ny E3F
MANZE TN EKBREEGZR L. DEPRACNSHE L oz trans-F /7 ) F ¥ VLR & >
TWRZEDRHL LR oT2, THIC, 36 VT VARV TIHEFT L THERLET Vv
TV L38IE, Np-AFAET B b v e 4B A7 8 b v DT NOE MRS b/
EBH, 36 DF /) FYUBRIL rans BICE R £ > TWnW5b 2 E BRI T,
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8 4.51 (Remarkable low field shift)

+ Diallylic position
H H jliilelfltgcé * Anisotoropy effect from C=0
(+)-Geissoschizine (36) trans-quinolizidine
configuration 5 3.85
CH,N,, Et,0 » Reasonable value for alkaloids containing
y. 81% trans-quinolizidine
Me ©,
SN °
N
A
N 14 CO,Me
H H H

Scheme 22. Structure elucidation of geissoschizine by Takayama.

DT, akuammiline BT o 4 FREERKI NI, BEIMERAT S 2L
T36DF )/ VF Y VERBKIEL 7218, EARPEI > T3 LEZZ2D0MELTH S, L
oo T, MEERGICAFTE R WERARIIEICE T, 36 13ZD trans D F /7 ) 5
U VBRI 7 A7 16 (iR O FEEESSK ¥ < akuammiline B 7 v v 4 F O ARKETERA & LT
FETHD, 22T, 36 ZDHDTIERL, ZOHREREREEL L TAAA I AT 4 v 7
AREET2 LT, K7 vhvd FEIRNICERKTE 3 LE 272,

REFUTO=ZH»HR5,
H—fi BRESEMET ) AL T L F AL R+ 2 BRUG DRET
B BRI ANy rzuTu b el 33 BRUKGDOMET
I T AR ZE DRE R T 3 BLIGOMET
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F—Mi BRSRMET VAT AFACERR L T 2BRLRIEORET

BYRREIERE G727 VU ALLT L F AALRIG 2D 13 1965 FITiE S 219 12 X » T 1973 4F
IZ Trost H 2D ICX o CTZENE ML CRHEINZKIETH S (Scheme 23) ,

Tsuji (1965)

ESNTd \@/

N -Allyl-PdCl N H,0 0
SO A € e

Trost (1973)

o.-S0:Me
SOZMe
PdClz, COQMG
/\)J\/\ > COMe
X

Scheme 23. Initial reports on transition metal-mediated allylic alkylation.

BWNIAT7 Yy LR LA REMEA V2D D TH o 7225, BIE TIPS EAL, ZDig e
A THERT 2 ERSEEZ MR ICRT 2 2 L ITEILCnwd, £z, KA hERSEL
M7 KISHFFE S, SRaEEEHT 2 KV O 2GSRI Tw 2,

Bl 212, Trost HIFHMEICFAFE L 72€ ) 77 vz 2 7 U AL 7 v FALRIGIC X
2T, (-)-physostigmine DA ZIEM L TV> 3 219 (Scheme 24)

Mo(0)-cat.
MeO allylic alkylation pMeo ,\\\\/ MeHN \[]/0\@\)9
— NMe
o —> o —
@N N 0 N H
Me Me Me

(-)-Physostigmine
Scheme 24. Example of Mo(0)-catalyzed allylic alkylation.

F 7z, Carreira HIC X o TR I N A Y V7 LA 27 U AL T v F AALRIG 219
X, EERBVOEAEMIICHINTE Y 2o ZDOFHDOE I A 5 (Scheme 25) ,
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OMe

OMe Ir(l)-cat.
allylic alkylation

Ir(l)-cat.
allylic alkylation

Ir(l)-cat.

OH allylic alkylation
20—
\ g
N OH

|
CO,Me

Ir(l)-cat.
allylic alkoxylation
—> \

OBoc HO

(+)-Broussonetine H

Scheme 25. Examples of total synthesis applied Ir(I)-catalyzed allylic substitution.

Fofch A Y F—A2EGLE 277 U AL T v F AALRIGIC, —fii D &8k 21
RNT = LR 2D Rl e L CHW 2B S X TE Y (Scheme 26) | B EE il
WX BT VAT A F AL EME R BR OB TR COMEZA[FEICT 21 7Y —
VC‘\%%O
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HO

Au(l)-cat. ¢//
\ allylic alkylation g
—_— X
| \.CO,Et (‘:%oéft
N CO,Et N 2
Me Me
NBn Ru(l)-cat. NBn
W allylic alkylation /_
N - %
H B
7% P
MeO,CO

Scheme 26. Other examples of allylic alkylation.

Z 2T, BBREEMBICE T ) AMT A ALK R BRCICEE L, Bk L7 7 fif
16 fiflIcHiAZIEK T 2 A RREZEEEST 5 2L, BEREWOEEL L UIC
akuammiline 7 v v 4 FOEAKIEZITI T L L Lz, H—F LFAFRIC strictamine (2)
AR & L, LUFICR L2 & KT 247 - 72 (Scheme 27) .

Chemo-selective
oxidative cleavage Transition metal-cat.

allylic alkylation

cyclization H
E ring
‘ formation
I
— PG
Vinylation
39 40
D ring
formation N, alkylation
I
— — N NH,
6-exo-dig C ring
Au(l)-cat. formation Trvotamine (34
4 cyclization 42 yp (34)

Scheme 27. Retrosynthetic analysis of (+)-strictamine applied allylic alkylation.
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AEAEERIC R A L 7 4 v 2 LEEIRICRL T2 28 TA P F U ALF =V EHOEA
#fFOoL35E, ZOREKMAE LTA v FL=v 39 BRETE 5, 39 LB EMIIC X
27 VMITAFMURIGZEHT 2L T, TIATAI—L40 XV AKT L2 L2 T
X2LEXTZ 40 ZTALTE R 4l D= fLICk > THAKT 52 & & L, 41 [4FEE
TR XNz 6-exo-dig BIEMIEBALRIC® Z#EHT 22T, TAr¥F=rv YL/ —)v
I—7N42 L YEL L L L, SMEERCRIGES 42 $ tryptamine (34) & Y BT TH
FEATRETH % & & 2 7z,

PUF. EBoGRICOW DT 5,
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F—H SMERMRISE A28 R 41 OA R

¥ 3. EDCI DFFE T 34 & 4-pentenoicacid ##fir3 52 & T, WET 27 I F 43 2 ER
121572 (Scheme 28) , #i\> T, 43 % Bischler-Napieralski JGICfT3 2 & TA I v 44 ~E
W7z, 44 1 BCNMR ICBEWTA I VICHKRT 270 (5160.1) ZBHIL /-2 &, 7=,
ESI-MS A7 b ICH T 225 [MHH]" DU FAA v E— 2 ZBIHIL 722 &b 2D
B R L 720 196072 44 IZFRAFKBBRESOCICH 32 LT, st R T I v 45
~Ef L7z, 45 I HNMR 8B WT 37 a b viclkd 22 7 F 0 (84.10) #8BUHIL 72
Tl T IRAXRTZ PAICENTT IVICHEKRT E 7 F 0 (3408em™) ZBIHIL 722 &
6% DEREMRL 72, b, AFINEIZF 74 HPLC OHIC X > THRE L 72, B o7z
7 IV 45 % DIPEA DFETE . 1-[(methylsulfonyl)oxy]-2-butyne (46) % Fi\>CT 7 L ¥ v {t 3 %
TETI VAV 4T %1572, 4713 'H NMR 2B T § 3.52, 3.43, 1.83. BC NMR ICHBWT§
80.4,74.9,42.9,3.6 IC T F vl KD > P A B BIMIL 722 &, £/, ESI-MS A< 7Z b
NMTEBWT 279 [MHH] DD T A A v e — 2 %BIIL 722 L 56 2 DA E MR L 72,

4-Pentenoic acid
| EDCI, DMAP l un. o POCI;
N NH2 N —_—
N DCM, rt H MeCN, reflux
quant. y. 89%

Tryptamine (34) 43 =

RuClI-[(R,R)-Tsdpen]( p-cymene)
HCO,H/Et3N (5:2)

DMF, 0 °C
y. 93%, >99% ee

\j

Scheme 28. Synthesis of enyne 47.
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.z v A4 v 47 ORGEA L 7 4 v OREAILFHA Z 5 A 72 (Scheme29) . L 2> L 72235,
ELETATERFEA VY E=AEBEREKIGL, ~IT IF =48 KL 72, 48 135
KICNMR A7 b AZEHT L, ESI-MS 2727 kLT E T 281 [M+H]T DEHUS T4 A v~
=2 RBHILZ 2 20 2 DEERRE L 7,

OSO4, NMO
THF/H,0 (5:1), rt;

then NalOy4
\\ THF/H0 (1:1), rt
y. 37%

Scheme 29. Formation of undesired cyclized hemiaminal 48.

ZZT.AVF—VERZREL THOLAEKZHED 5 Z L & L7z (Scheme 30) , 48 IC
CICOMe #TEI X2 Z & C, WETBEHNANA—F 49 ZHK L7, 49 1F 'HNMR ICF
WTAPFUHLRZARRICHKT 22 7 F 0 [§4.04 BH, s)] ZEBIL 22 2b 2 D4
WETERL 72, 55N 49 ZAWTKIAL 7 4 v OB A REt LzdboD, &
DT 2R CTHEDT AT FEBLZZL I TE o7, ZDJRKD N, EFEOM
VETHICH B MR L, BRI MEFREE T b AL L 2 REECE LA AT T &
& L 7zo T0%MERE KA H1 C Lemieux-Johnson L IC T3 2 & T, 7T b F 50 ZEIET
B3 LM TE, 5013 'THNMR ICHWT §9.83 (1H,s). BCNMR iC 5T §202.1 ICT L
Te FHRkDOv 7A@ L7722 &, £/, ESI-MS A~ 727 P ICTEWT 339 [M+H]Y D
BUSTAA V=2 ZBHIL722 &0 ZDEREHERL -,

CICO,;Me, NaH

47 el N| H\\‘
DMF, 0 °C to rt MeO,C

y. 80%

N OSO4, NaIO4
N

? RS
\\ 70% ACOH, 0 °C Me0,¢ 1

y. 97%

49 50 O

Scheme 30. Synthesis of aldehyde 50.
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BTG RE 2 2 AT 5L L LTz, YFREOEN I/ AT I V%
FFa2T7ArF=AvYINT ) —VLIT—T VD 6-exo-dig HEBMBEBRCIC 2R L, Z 0%k
IR X o TRIGHEICE V2 H 5 Z L 2 L TH Y 19 (Scheme31) . Z DA% S (C
ZMor Iz ) =N —7 Ve MR RS ORIEEE LTHws & L L,

NS/ JohnPhosAuCl (3 mol%) NS
EH AgBF; (3 mol%)
> B
J DCM/H,0 (10:1), rt
TIPSO 0~ H

Z:E=1.8:1 y. 59%
Z only y. 92%

Scheme 31. Difference of reactivity between the two geometric isomers of silyl enol ether.

et RS, HMPA OfEE T, {KIEICT 50 IC LIHMDS Z#/Ef &, kL= 7 —}
% TIPSCl TULHEF 2 2 & T, BINETEH L DDOD ZHO I LT ) — LT —T L 42 %
EIRYICHS 72 (Scheme 32) , 42 13 'H NMR BT § 6.30 (1H), 4.62 (1H), 1.08 (3H), 1.03
(I8H, s) IL¥ YUV ) — AT =T VKD 7 FA 2Bl L7 L, £72, ESI-MS RA~<7”
R LT NT 495 [MHH]Y DU FA A v e — 2 2B L 722 & 220 ZF DB AR TER L 72,
LI, THNMR ILETF BT/ — AT —T VKDY 7F 0 §6.30,4.62 1ZH\WIC J=64Hz
DIEETEB AT LEZC b, FORMANEIX ZRCH B LIREL T,

LIHMDS, HMPA
THF, -78 °C;

Y

then TIPSCI
THF, -78 °C
y. 26%

42 TIPSO
Scheme 32. Synthesis of precursor 42 for Au(I)-catalyzed cyclization.
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YNNI = NI — T 42 BEKT & 72 Ay BB U R )G DR 21T o 7= (Table4)
L Ladn, 3EAEDEHICECTHERGEL 72, £7. Entry 2 Tlt AgBF; DT

T, IPrAuCl ZEFH & 872 L 2 A, PSRRI ET L2 51 Mo 7z, 51 13/

KICNMR A7 b DN % 4T, ESIEMS 2227 b IC BT 363 [M+K]T DD T4

Frve—2 Bl Lo X OREERHEE L 72,

Au(l) cat.

(Ag cat.) H
IRV NMO
P HY
|| mecn/mo - MeOC N
(10:1) MeO,C
41a O~ 'H 51
Result (%)
Au(l) cat. Ag source o
Entry (10 mol%) (10 mol%) Condition 11a 51 42
JohnPhos o o
1 Au(MeCN)SbFi 40 °Cto 60 °C Decomp.
2 IPrAuCl AgBF4 40 °C — 13 25
3 IPrAuCl AgBF4 80 °C Decomp.
4 Au cat. A AgBF, 40 °C
5 Au cat. B AgBF4 rt
6 Au cat. C — 40 °C
7 Au cat. D AgBF,4 rt
8 Au cat. E AgBF, rt to 50 °C \
gy Bu pr ipr Cy, Cy cy Sy
N\ [\ 5 5
P—AS)—MeCN N. N P—AuCl P AuCl
OgpE Y ipr iPro
6 . Au . i Q
a =S =
cl ipy ipro
JohnPhos IPrAuClI Aucat. A Aucat. B
Au(MeCN)SbFg
Ad Ad
\ T t
P—AG—MeCN Bu
€] _
SbFg FsC P—AuC ‘Bu 0-—P—AuClI
NM62 3 3
Aucat. C Aucat. D Aucat. E

Table 4. Results of Au(I)-catalyzed cyclization.
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Wang & (3L D FLE & F s 72 B fliiiic X 2 BRILK G2/t LCH 0, —RKBWR L 72
AR % T 5 2Y (Scheme33) o X HIC, O IXZ DORICHEEZLAT O X 5 ICHIBL Tw»
5, Thbb, TAFyBREMBIC X o TEHLINLH AV F—VERHLDETOM
LIBLIC X 5T, 6-endo-dig BOBRALICHEITT 5, Z DR, 4 v F— LD EFBHEMZ
9 25 X 91T Grob BHHAMEI TS 2 2 & TERAMEKL, EU724 I =7 LA F 4 v Bk
fRxg 2 & CPROLEBELNDE EERL T 5,

Et Ph3zPAUNTf, (5 mol%) NH
| = MsOH (2.0 eq.) |
74 »
'\Il N/ -
Me

Toluene, rt {

Au(l)-cat.
6-endo-dig N
cyclization — :
&GN N—=
Me Et [Au]
Grob @
fragmentation | N H,0 | NH
—_—  » —_—
N — - Au® N —
Me Et [Au] - HCHO Me E¢

Scheme 33. Example of Au(l)-catalyzed ring expansion of alkynyl indole derivative.
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THIE 1O 17 51 D FERO KICKEIC CTERPIER L 72D D e F 2 b5 (Scheme 34) .
L2 L7a2dis, o SUIRMIEES —RBERK L - fEx B LB, ZoERA =X
LIIAHTH 5,

6-exo-dig
IPrAuCI (10 mol%)
AgBF4 (10 mol%)
> ) H\\‘
MeCN/H,0 MeOC =
(10:1) H
40 °C 41a o

M302é
H 51 (y. 13%)

6-endo-dig
C2-C19 coupling

¥ Incomprehensive H
1C degradation N
MO
- l:l
MeOZC

51

Scheme 34. Drawable mechanism of formation of 51.

LLEDFEED S B ICIc X 2T AT e N dla DEKIZNEECH 5 L HkT L, #
DERICIAT TRIBICR L7287 a2 L L 7=,
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BT EPREE 4 DGRKRVT ) LT A F AL DRRET

TAT e R4l OEICHET T TSR L7272 i i % 2% L 72 (Scheme 35)

[2,3]-Wittig
rearrangement

—

O-alkylation

. N,-alkylation
N-- OH w
>—< —_—> No NH
H

Cring
formation

Tryptamine (34)

Scheme 35. Retrosynthetic analysis of aldehyde 41.

Thbb, TAvTe N4l 3T ra— L 2 2 bds e Cchlkdscel, 52%7
nF AL, [2,3]-Wittig S SSIC X > CTHF I AT VAT A a—L 53 X Wi 2 & & 5T
L 72 Micalizio & I3 conolidine D AFLEGKICENWT, TIALFY TFARRXAF LT —F
NEIE & T AFEER D[2,3]-Wittig SR IGIC X > T ERMoTF ) 7V HIEEFE T %
ERY Y VEREERIRINICER L THY 2 (Scheme 36) . CNZIGHT L L& Lz, F7z,
TUINATAI—= LS EERA XY ARIGICE > Ty Ty 54 X DB T & & L7254 13,
tryptamine (34) 7> > 47 ~DZEf4 (p. 30, Scheme 28) & [FIFRIC, 34 X W B TR CTALATRETH
5 LE 2z T,

PMB [2,3]-Wittig PMB

N N
N rearrangement —
—_— (E) A\ /
S Che = O3,
(o)
HO H

(+)-Conolidine

Scheme 36. Total synthesis of (+)-conolidine by Micalizio.
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¥ 3. EDCI DFEE T 34 & 3-butenoic acid Z#ird 5 Z & T, MIE$T 27 I F 55 %1537
(Scheme 37) , 55 |3 'THNMR (B WTRIA L 7 4 VicHKT 3 > 7 F 4 (85.85,5.16,5.13)
ZBIMIL =2 &, £72. ESI-MS A7 b AITEHEWT 229 [M+H]" DB FA A v v —2
ZRBUAIL7-Z & o2 DEMEHRL 72,

3-Butenoic acid
N 2 H \;

H DCM, rt
y. 90%
Tryptamine (34) 55

Scheme 37. Synthesis of amide 55.

/

BT, 7 2 F 55 Ik 2 Bischler-Napieralski 56 % Biat L 72 (Table 5) . L 2L 7228
5, HD 4 2 v 56 3fSonah o7z, 56 ZFET IAAL I VEEEZREL, AL 74 VD
B LRI nzc e b, HIL—FTT IV ST EAMTECEE LT,

Bischler- Noyori
Napieralski transfer
reaction hydrogenation
\; —H—>» XN ae----- »
Result (%)
Entry Reagents (eq.) Solvent Condition
55 56
1 POCI; (5.0) — MeCN 90 °C Decomp.
2 POCI; (5.0) — Toluene 120 °C
3 POCI; (5.0) — DCM rt
4 POCI; (3.0) EtsN (15) DCM rt
5 Tf,O0 (1.1)  Pyridine (1.2) DCM rt 76 —

Table 5. Results of Bischler-Napieralski reaction using amide 55.

SCHRBERN @ 1,2-dihydro-B-carboline (58) # 7 YV ML T 52 L TT IV 5T 2B TE 5 L F
% 72 (Scheme 38) . F 7z, il L 7z Micalizio © D[2,3]-Wittig Sxfii SIGEE 2 137 I v 3
PMB M CREIN-EBTEERREZHNTHWEZ 55 (p. 36, Scheme 36) . 4 ¥ N —
NEFRITPMBETR#EST 22 & & Lz, XHAICEHEH I N7 2 ITfilve, tryptamine (34)
£ Y ZTHET 1,2-dihydro-B-carboline (58) % &EEHICFF7z, il >T 58 IC NaH Z{EH X ¢ 7=
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%, LT =4 V% PMBCl TS 3 Z & T N,-PMB {£#(£ 59 2 &K L 72, 55N 7=
59 % BF3-EO DFFE TN, 7INZT ) =% —AidEZ W7 I k3252 & T, 7+ IKkD
T IV 57 ~Ewiz, 57 1 THNMR ICEWTKIA L 7 4 VICHRT 5> 7 F L (5583,
5.12,5.10) ZBHIL 7= 2 &, 7. ESI-MS 222 F L ITH T 333 [M+H]" DDA 4
vE—2BBHIL /-2 Lo DEREERL 72, 5. 1,2-dihydro-B-carboline DAF T U
MEERST L, RFEERT IV 57T OB %2175 TETH 5,

1) HCO,Et, Etz;N

w MeOH, reflux w NaH, PMBCI

H 2) POCl3 H DMF, rtto -20 °C
MeCN, 0 °C
Tryptamine (34) quant. (2 steps) 58
m AllyIMgBr, BF3+Et,0 \ I . NH
_ >
NuB THF, -30 °C PMB
y. 73% (2 steps) m
59 57

Scheme 38. Synthesis of amine 57.

2T, ROBBEICH W2 7 A F LA 60 % CHRICFEER & iz ik 2 ic CRBLL 72
(Scheme 39), 3. LIADFEE T 5L D/KIEH A THP B CfR# L 72#. Kulinkovich )& 1T
ffFcecermFroraruov~iini, 4 UKL 2 vt L 7214, MgBn %
FwCTyru 7a vz T 5L ThREEERT VL7 e I 1 60 215372, 60 13557
AR PAT = ZREMEE R—BER LS DX DEREHEEL 72,

OH DHP, PPTS OTHP EtMgBr, Ti(O'Pr),
— . '
EtOzC)\ DCM, rt Et0,C THF/E,0 (4:1)
y. 99% 10°Ctort
Ethyl L-lactate
1) MsCl, EtsN
OTHP DCM, rt OH

I>g\ > Br
OH 2) MgBr, /\H)\

CHCI3/Et,0 (1:1), 75 °C
y. 49% (3 steps) 60

Scheme 39. Preparation of allyl bromide 60.
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RIC, 6N 60 EFHWCT IV ST 2T AFMMET EZ LTV TV 54 2Rl
(Scheme 40) . T THNMR icBswCbv=rdibz® b7 vichkssv 750
@5%@2@M§Mjﬂn%ﬁﬂbk:e % 72, ESI-MS 227 FLICE T 531 [M+H]
DD T A A v =2 %BHEIL7Z2C L b2 DEREHRL T2, it THRAZ Y R
FIG#EATH L, YTV 54 IXfk 4% 7% Grubbs il Z EA & 72 b DD, I O BR{LIK 53 %
"zl lEC&E b ol

OH
DIPEA
—ﬁ%> N
MeCN rt PMB
y. 98%

Scheme 40. Synthesis of diene 54 and result of ring closing metathesis.

SIGRICERT S VBFET B L. AT =Y AR T I VI & WIS 05 3 2 A, B
BEA 22y ZRJGHHEIT L 22\ & v 54125 Grubbs H I X > TG E N TEH Y 20, 513 =
W7 2 v OEBEEARCTARKIGEIT) & & T2 OMEE fER L T\ % (Scheme 41),

PCY3
Ci. |

Ru=  Ph
5 cI- _\=<
neH PCYs o Bn gH

iy e > NS e
S -

Scheme 41. Ring closing metathesis of diene having salt of tertiary amine.

NiTlii, Yoy 54 ZIEERIE & LT 5 5 11X Grubbs fillli % (EH < ¢, %@%@%
BoWix BT T 3 7 > VA7 AV CUBES 2 2 & T, FTEOBRLIES3 2 EINER 5 C
& MR T &7 (Scheme 42) i '"H NMR | £w<7)»7»3~»1m%?5v7%w
QimAﬂﬂ%ﬁﬂbt;k\it\%E:%ﬁNMRx&ﬁkw%%ﬁﬁéikﬁ%®ﬁ
EERE L 72,
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HCI, Et,0, rt;

I
N OH
N .
PMB then G-Il cat., DCE, 80 °C:

m then amino-silica gel
54 y. 93%

Scheme 42. Ring closing metathesis using 54 hydrochloride.

T 2T, [2,3]-Wittig SR RICHE DG I 2 7 v F A ALA] 61 % Bode & D ik 2D I
PEV, "BusSnH £ Y 2 THETHL L7z (Scheme 43) , LDA IC k> Cii7m b v LAY 7
FNAXT =4 v iANTHRVLT AT e F T L 728, 860727 va— % Appel K
JGIC 32 & T6l ZAM L7z, 61 IZHRFHEARZ PATF— 205 XHMEE Rw—8 %2R L~=C
Db EDEREMERL 72,

DIPA, "Buli
THF, 0 °C; n NIS, PPh3 n
"Bu,SnH Bu3Sn—\0H Bu3Sn—\I
then (HCHO), THF, rt 61
THF, rt y- 91%
y. 85%

Scheme 43. Preparation of alkylating reagent 61.

BT, 7IATAa—N 53 KB AY Y L2EHEE, AR LETLVaF S P 2T
NFAACH] 61 T T 2 2 & T, EIICHEE 62 2V T AT LAY —DRAYE LT
72 (Scheme44) . 62 |Z 'THNMR ICEWT §1.51-089 i 22 FCr Y Z7F AV RXHKD > 7'
NEBHIL7Z2 &, £72 ESIMS 227 P AITEWLT 692 [M+H]Y KA X DRIk 3k
TREUNTFAA Vv =2 2BIL-Z L 06 Z DERERRE L 72,

"Bu3Sn—\
61 I

KH
—_—

DMF, rt
quant.

Scheme 44. Synthesis of rearrangement precursor 62.
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HRLSOCIEE 62 235 B 7= %y, [2,3]-Wittig BaA7 /)G % #5t L 72 (Table6) . % 3, THF H
"BuLi % {EF & & SGHRE # MG L 72, —20°C TIREMPIIAL LY, il IR olshz
K 52 DMEICK 72 253 5 4L, 40°C TIRILE DR L 72, 2 & . DIEOBEHZERICTT
Tl T, RIGEEZRRT L7 WL LT P v v 22 LIEERUEE L.
EO ZF\W 2 L ZBEHL L7z, 7. UV F v AJEZMGT L PhLi % F W 72BN 230k
T2ZEERHELZ, 35, FRTH 2 62 13MMEASKL n-~F ¥ VICHEMT 2 2 & 23
B L 72728, n-~F % v PhLi ZIEF E ¢ 7= & 2 AR E L L, PR oiEfifk 52 & 20
3T AT LAY—REVEEINRCEL LN TE, CORAMRIT I/ VI AT

ICCHRIT 2 2 & THEECE, 52 UK 40%. 3-epi-52 % K 41% TfF72, TNSERYIE
BT KICNMR A= 27 kL ZBENT L, ESI-MS 227 F LT BT 403 [M+H]" D HEHUS T
AFve—2ZBHIL 722 & 55 % OFHEESE % HE L 72,

[2,3]-Wittig
|| H rearrangement

N N E— N N
PMB _ 0 PMB _ OR
"
62 SnBug 52and  HO 53 (R = H)
3-epi-52 63 (R = Me)
Result (%)
Entry L (s:;;ce (S(? l;/?\?)t Condition 3532;?:2 53 63

1 "BulLi (3.0) THF -20 °C — 30 15

2 "BuLi (5.0) THF rt 14 14 5

3 THF 40 °C Decomp.

4 Toluene rt 28 — —

5 Et,O Decomp.

6 SBuLi (7.0) Toluene 16 — —

7 SBuLi (7.0) "Hexane 17 — —

8 PhLi (7.0) Toluene 55 18 —

9 PhLi (7.0)  "Hexane \ 81 - -

Table 6. Results of [2,3]-Wittig rearrangement.
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KICT, 7 NOE tHB2 S 52 o x5V 7 v fllgHe 3 ALt 15 [ i stz HEE L 7=
(Figure3) . 19077 m b viclF T2 & 217 v b v EMHEAZ R L, 15027 0 b v ICHRES
FTrL18fu7m b v e R RLEC 2L, EROoZF ) 7V IBEAAERK L 72 2 & 23
AL 720 72, 3R 1SH 7 b VICHS L 72BR D2 NOE M2 5 52 D3 vk A — v
2 V% Figure 3 D X ICHERE L, 327 v b v e 15627 v b v O ZAKRELE 1T syn Bl
ThHhbHEEZRT,

Irradiation at H19 and H3 Irradiation at H15

Figure 3. Selected diff. NOE correlations and possible conformation of 52.

BeWT CD A2 P AZHIE L, SIFZEEDORTHAARK L 72 Mt 7 AR EBE A D 642 &
ol 3 2 & T 52 DI AKRECE Z HEE L 72 (Figured) » 52 1% 64 & [AIFRIC, 240 nm 1
CIEDa y b vah#, 225 nm fHEic&D 3y P vIRABlE 2 &, T2RERMIIC
P THEULIZART PV EEZ 22850, 3T SHETHSL EEXT, Lo T,
52 D 3fif, O 15 AL DM ARBLE X & b ICFTE D SIRTH % L HEE L 72,

Ag — 52
+20 --- 64
+10-
0/ =t ==}
200 400 (nm)

—-10-

-20-

Figure 4. CD spectra of 52 and 64.

42



¥ 72, 7 NOE tHEH DT 5 & 3-¢pi-52 D= F V) 7 VllfH L 3 fZ KON 15 Mo LiRfb ¥ %
HEE L7 (Figure 5) o 19f7 7w F Y RO 15H77 w2 b vicki) 57 NOE B2 L. E®D
TF VT IBEPER L2 N HHL 72, F72, 3R IS 7 v b VIcHRE L 72D
72 NOE tHEH%> 5 3-epi-52 D 2 ¥R XA —3 2 v % Figure 5 D X 5 IR L 7=, & bic, 31z
ZubrvilefiAFLry7u b o TcHBZ R L2 20 3 7e b e 157 e
b v OIS ARECE (X anti BLiE CTH % L HEE L 72,

Irradiation at H19 and H3 Irradiation at H15

08%/74* 2.8%

il e
o H
\ 2.0%

* N

3.4%

1.9%

3-epi-52 Me

Figure 5. Selected diff. NOE correlations and possible conformation of 3-epi-52.

BeT, CD A7 P AZELFARRICABRM TS 5 3-epi-6420 DD D LKLz E T A,
Ao Xy ic ZoofbaydFko a v b vEHiRER L 26 3MIE REETH S L
HEXE L 7= (Figure 6) o L 727255 T, 3-epi-52 @ 3 i, KU 15 fii D AR E X 2 W ZE
Rk, SIETH % LHEE L 72,

Ae — 3-epi-52

+20 --- 3-epi-64
+10+

0 —

200 400 (nm)
—-104
—20

3-epi-64 O

-30

Figure 6. CD spectra of 3-¢pi-52 and 3-epi-64.
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T, R RIGIC X > THEE T F Y 7 VIBHD R B, RO 15 b0 iR %
AT D X 51cEZ L7 (Scheme 45) . AKIETIE, 62 X WAL ANV ERT =4 5 TS-1-
40X REEE B LT, 23]V~ br -2 ETTS, 20L&, TS-1 LU
TS-3 13 21 {if sp® IRAKHNIEIC A F VLD B U 72 23 L HEAI S EI T3 2 B, AARRE K E <
IANLF - ERIRETH L L EZ2ONDE, ZNICHT L, TS-2 B\ TS-4 1T sp?
REEEIC 19027 9 b v EEE L 7 2S DI 25ET 3 2 A, SRR EIZ L W/, =4
NXE—ICEMRBBIRETH 2 L ER Lz, Lz > T, TSNS ERMRERIRELRH L
TR 522 C, EEYITH S 52 LU 3-pi-52 DF V7 VHIBHIZ ERE 2 b, 15
fire Frxy XFEE, FEOT7T VAT ra— o pinE s ns 2 &< p il
Lol bEEKL I,

_ @ @ -
N N
15 E// \H;(H 15 ?7 ~0 21“
R
199»&( < 19, . H
7,

e—0 Me*, me ?f

H \ H ;
B TS-1 . Ts2 m

Steric ! Less hindered
hindrance

For 3-epi-52

H
H
EE \ H7Q1
15 \?q%
@é—r\(l)/m"’Me\

©
TS-3

H

A
JEE—

—~

Steric

« hindrance

15
g\—\N/ 19

Me
w

TS-4

H
21

<

IH\

N

‘.. Less hindered

Scheme 45. Plausible transition state of [2,3]-Wittig rearrangement using 62.
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RIT, fFoN7T a3 —n 52 5 6BAUETERAR 40 K TF 65 Z & L 72 (Scheme 46) . [l
Fla 2z ) —=v 7 LR, 52 12kt L DIPEA O F. Parikh-Doering B&{b %179 2 &
THOTATE F 41b 2B CTE L EPHAL 7z, L Lans, L7 41b 137
NRZNV o BB FICEE L0, AL IVER NEREBR~IT IF—AZERL
72D LTARETH o722 &b FPHESMAIC TR, 7272bice =17 ) = ¢ — Lk
BEEHEIE22LC, HUDTIATAI—L 40 % 16 (i T AT LA~—DREME
L CTRENE 46% THF72, 40 13 'THNMR B W T T VAT Aa—VIcHKET 5 7 L
[85.75—5.70 (1H), 5.27—5.15 (2H), 5.02—5.00 (1H), 4.09-4.03 (1H)] Z8HI L /-2 &, F 7=,
ESI-MS A7 b ICHEWT 429 [M+H]" DU FAA v E— 2 ZBHIL 722 &b %2 D
EREFHER LTz, 2D & &, I5MBEMAL L 72 15-epi-40  — TFICK 17% TR L LTz, 15
PR Z IR T 2 720, CeCly ZIRMT 25RKE 2 Ik 2 7Y = v — Al FE oAb il
BT-H, FTED 40 13F 572 O NT, 15-¢pi-40 2 TRPK 37% TRLN R L 7 o
7eo £720 155472 40 © PMB % TFA BEMESEE T, BifReE S 2 2 & CERALHIEK K 65 2 &
L7z 65 I3/ RARZ P AZMENT L, ESI-MS 2R 2 b A ITE T 309 [M+H] DHEHUSY
FAFvEe—2%BHMIL7-2 202D EMHRL 72,

SOj- Pyridine
DMSO, DIPEA

a) VinyIMgBr
THF, 0 °C

-
y

or
b) CeCls, VinylMgBr
THF, -78°C ~0°C

DCM, -10 °C

PhOMe
TFA/DCM (3:1)
0°C,y. 78%
HO" 16
Method 15-epi-40
a) y. 17% (2 steps) y. 46% (2 steps)
b) y. 37% (2 steps) Not detected

Scheme 46. Syntheses of cyclization precursors 40 and 65.

BYURTERAR DS G C & 72 . BEEUCDIRETICHLY #7225 7z WEHEREA ITHTSED 72 T 1, 7
EERECAFINE~DEEIAE ISR TH S Z L 55, Carreira bIC X > CTHFE I N
AV LB X 2T VLT VX ACSOG 2D 2 SF ICRET 2D 5 2 L L L, 15
FA VYT LD)HY FICF Ik AF-aT IX4 66 %\ TH D, Sunoj ITHEEI
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BASGE % R L 72 B L HIC X o T, 66 & RV 72 ARG % B T L T % 30, A
SOGHNT ORI R A FEIT, 40 2 65 #FH L T 255 0BBIREEICOWTUTO X 5 ITERL
72 (Schemed?7) , 3 7abbH RIED 66 V5 L, HEHR -7 VA VLY LEEEEZTEHK L
BT By R e ONAREEZBT 2 X ) IChB L, TS-1 @ X 5 mBREEZRHE L
BUCLROGDSEIT L. 16 h10d R KD EYI S b5 L FE LTz, Strictamine (2) D 16 fif A
PRI AARAFEEUVAREESF T 2ERYSBONE ETFHEINEZZ 2L, K
SIS DT ClE (R)-66 ZFH 5 & & L7z,

TS-1 (favored) TS-2 (disfavored)

OO Q (R)-66 (R)-66

,,,,,,,,,,,,,,,,,,,,,,,,,

Ir(l) cat.
Lewis acid

Activation of
allylic alcohol

TS-1 (favored)

Scheme 47. Plausible transition state of Ir(I)-catalyzed cyclization using 40.
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% 2T, (R)-66 % Carreira & D /3D 12 X > THH L 72 (Scheme 48) . (R)-66 |25 % ~
7 PR OTENE DR S, MOHEDZSCEME L R~ L2220 X DEREMHRL 72,

OO OH PCl3, Et3N OO o

> >P-ClI
OO OH  THF 0°Ctort OO o
(R)-BINOL
Iminostilbene OO O
"BuLi
> g:P—N |
THF, -78 °C to rt
y. 31% O
(R)-66

Scheme 48. Synthesis of Carreira ligand (R)-66.

YAV FR)-66 BERTE Ry, 65 ZEHL LTA VY Y LMIET VAT v F L%
MR L7z (Scheme49) , INNAILEBICIN 2. RISTRE DWRET 21T 272 d D D KGR HHE
ML LT OBk 68 2155 C L IXTE o7z,

[Ir(cod)Cl], (10 mol%)
(R)-66 (40 mol%)
BEt; or Zn(OTf), (2.0 eq.)

-
’

Solvent: Toluene or dioxane
Condition: rt ~ 50 °C

Decomposed

Scheme 49. Results of Ir(I)-catalyzed cyclization using 65.

AV F=LoiEE7ve by BRRERGEER L EFE 2, 4 v F—L%EHE2 PMB &
TIRE I NIz 40 2 CARKIEZ FHET L 72 (Scheme 50) ., & Z Tk, KIGHREIATH 2
4 v FL =7 L 67 (p. 46, Scheme 47) ZHifife T2 720 IC A X/ — A% FIL 72, ¢ & FBRIC
ISIMAN LRI A MG L 72 & & A RISITET 23, R 2 BT 24558 L o 72,
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[Ir(cod)Cl]2 (10 mol%)
(R)-66 (40 mol%)
BEt; or Zn(OTf), (2.0 eq.)
MeOH (4.0 eq.)

/
7

Y

Solvent: Toluene or dioxane
50 °C

N.R. 69 (X = OMe)

Scheme 50. Results of Ir(I)-catalyzed cyclization using 40.

ZOZlrb, TIAMTAI—LA0 2HE L T5EIF. TIATALa—LEoHRLA
AT X o THEMH LI N TR WS EIRB I N7z, T YA — K4 — MEETHNIE, v
ARG R DML R BFHEICBBTH A )y I X o TEEEEI S5 2 25,40 1C
BocO Z{EFH & 82 Z & Ttert-7F )V —FRA— b 70 ~ZH L 72 (Scheme 51) , 70 I3 'H
NMR 25T Boc FEICHKT 2> 7L [51.44,143(9H,s)] Z#HIL /-2 &, 72, ESI-
MS A7 b UICEWT 529 [MHH]" DEEUG T A A v e — 27 ZBIIL 722 L 55 2 DK
ZHERR L 72,

KHMDS, Boc,0

’

THF, =10 °C
y. 75%

Scheme 51. Transformation of 40 into fert-butyl carbonate 70.

Boniz 70 EHVCEBRRBEMEIC X 27 VLT v XL RIG % 5T L 72 (Table7) o
WITNDOFEFICE T -7 U VBBEERITTER L 7223, T OBMUIK 69 IXEKE T, &
ETIAMEO T by HBEELZ ) v T RO NBER L o7z, Entry4,5 TiE, Mt
7a b v AtoMflE B A RABEZRMLEd 00, BIY 69 OEICIZES T,
Zn(OT, DEANC L o THEZ | b VAL S 2B ITE 0 TN D Ny EFR 0 KELA & 7o
D, DFNT VIMLT vE=TALHHETT 5 T & T singaporentinidine B4 v F—AT %
oA FOFEFKE DD 72 BERT I EBHBALZ, . INOERPITEEXIT
NMR A7 bR ENTS 5 2 L T OREEZIRIE L7z, M. singaporentinidine &7 /L7 v
A FOEAK BB L 72283 Vincent H5IC X > THEINT WS D ZLhb, 2048
BT R o 72,
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A) Pd(OAc), (10 mol%)
PPhg (20 mol%)
MeOH (4.0 eq.)
in Toluene

or

B) [Ir(cod)Cl]2 (10 mol%)
(R)-66 (40 mol%)
MeOH (4.0 eq.) 69 (X = OMe)
(Additive) in Toluene

Result (%)
69 71 72

Entry Method Additive (eq.) Condition

1 A — rt — Crude?® —
2 B — rt — 19 —
3 — 70°C —  81° —
4 BEts3 (1.5) rt — Crude?® —
5 Zn (OTf), (1.5) rt — — 67

2 Triene 71 was detected by 'H-NMR. ® (16E)-71 afforded together with 51% recovery of S.M.
¢ (16E)-71:(162)-71 = 1:0.6 mixture.

Table 7. Results of transition metal-catalyzed cyclization using 70.

TYEZTL T2 BERLEC EEZT, BRLHE K 70 D a v R A -2 a VRN L 7
(Figure7) .70 O IR A X727 } LT T, 2933-2804 cm ™ ICFHEI 70 v — 27 3 X v 7z,
trans-¥ 7V 5 vEE AT LAY, IR ICIHT 2940 — 2700 cm™ ICPRINA <= 7 b oL

(Wenkert-Bohlmann WA 39 EMEENZ) ZRTCERHMbNTEY, KEEDO*X /) ) F
VVEIIMNIVARD IV EFEA =y a v ESOTWBR I LPIRBINT, ThbH, FTED
RIGHTH 2 TR E 16 fLIRBEETE T, 16 MO TRICHFHET 2 =7 I vasskE#AlL L <
ERT 32 TCnEonzEZL -,

Long-range ,-° .
carbons BocO_. .4

: anti

7

H H

70 (trans-like quinolizidine)

trans quinolizidine cis quinolizidine

Figure 7. Plausible conformation of 70.
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T, INFETOGEART I T a—Eaofb v IcESFRT Vv T v a— s
FEHTHEE 74 K75 BT VLT AV X ULRICICE- T 5720, 2 b %R
DX IICHK L7 (Scheme 52) ., T7abb, T/a—) 52 %7 VK v }T Parikh-Doering
Bt SO~ Wittig RIGICHT S 2 & THK L 72 ap-FEIHIZ 27V 73 i DIBAL Z{EH X &2
LT, TIAT A= 74 ZHREREOIFHETAK L 72, 74 12 'TH NMR IZ3HT § 5.80
(1H), 5.54 (1H), 4.07 QH) ICEFKRT VAT ra— AR IchkT 2 7 F 280 L7 C
&, E72, ESI-MS A7 b AiTE T 429 [MHH]Y DG A A v v — 2 %8BIHIL 72 C
O FDEREMR L, 55N T- 74 D PMB % TFA BEVESUET. Biff# T2 2L T
75 %K 89% T 7,

SO3 - Pyridine, DMSO
DIPEA, DCM, -10 °C;

then Ph3sP=CHCO,Me

(One pot)
52
DIBAL PhOMe
— e >
DCM, 0 °C TFA/DCM (3:1)

y. 46% (2 steps) -10 °C,y. 89%

Scheme 52. Preparation of linear allylic alcohols 74 and 75.

BELEZTIAT A= VIO WTHREFEFRICIR A=7 PV ZHEST S LT, 21
LbDaAVEA—vaVEBIT LT, WTNDOEE D Wenkert-Bohlmann W ISR 72 v
—JRRLZZEDPL.TARVPTSDXF 7 VF YV VERIIN ZFVAKODa vy s A—-vavie
STV LRI N, LER>T, TNLEED a3 vk A — 3 VI FK CHIBKAE L
LTAMETH 3 uaEetEdrm <. 7 VAT A FAALSIGDIEHIATD %852 2 72,

LIED#ERD O, 70 2% OREBA 2 HE &3 3 KELISZREETH 5 L& 2, KIHIC
NI BRI E 2 ER L 72,
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B=IH FGBRCABREOGH L 7 ) b7 v F AL oRRE

HIEOH R 2T 2. 40 © C/D BR%FZ 39 L7=#i7=aBYLICHE 76 2 ER L 7=
(Scheme 53) , AFE1Z, BBIEART 3 e ClRED 7L X v T4 A EL, BEBES
JEARIET VAL T L F ARG HEIT LT b EE X T,

Rigid structure Flexible structure

C/D ring
cleavage

Scheme 53. New cyclization precursor 76.

THIT, 76 T WTAERMIGZRIT> 728 NI AN A —F Ziift#ES LT, =T FRF
77 %8 TE % &E 27 (Scheme54) , Z3IC Ny EHR D KIEZKEE T % Z & T, strictamine
DRIV D A7 53, echitamine T OFEFIR G ICEIC& 2 T & 2R L 7=,

Ir(l) cat.

Lewis acid Ir(l)-cat.
(LA) cyclization
.......................... >
Activation of Formation
allylic ether of epoxide
N,-CO3R
deprotection

Strictamine-type Echitamine-type

Scheme 54. Expected reaction mechanism of Ir(I)-catalyzed cyclization using 76

and its development for the syntheses of akuammiline analogues.
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BALSEE o JF N 13, 0%, B B\ 7z 3-epi-52 (p.41) WS 2 & & L7z, fib
DEMICTKBEE DM L, EL 72T AT e PO = bZiT\w», 7T U AT L3 — )L 3-¢pi-40
FH YT AT LA ~— L CTRICK 74%Tf372 (Scheme 55) . 3-epi-40 |3 'THNMR IC
BWTTIATAa—NICHET S 7 F 0 (5584,522,5.00,443) #BIHIL 722 &, 7=,
ESI-MS A7 P ICHEWT 429 [M+H]" DU FAA v E— 2 ZBIHIL 722 &b %2 D
AR EMER L 720 He\>T. 3-epi-40 1K L TrocCl & MgO 5\ 21t CICOMe & fRIEET + VU ¥
LEfFHEE 22T, C/DEBRZMHELZBIRT Vv —F v 78a UK 78b % Z NZ 1L
—YTAT LA —& LTz, 78ald. &M ~RIC NMR A< + L DfiFNT Z4T\>, ESI-
MS A7 b LIZE T 603 [M+H]', 605, 607 (Peak intensity ratio; 3:3:1) DA 4 v v —2
EBMIL 722 &0 % OWEZRIRE L T2,

SOg3 Pyridine

DMSO, DIPEA VinylMgBr

-
’

THF, 0 °C
y. 74% (2 steps)

DCM, -10°C

a) TrocCl, MgO
THF/H,0 (5:2), rt
y. 67%

or
b) CICO,Me, Na,CO3
CHClj, rt
3-epi-40 y. 43% 78a (R = Troc)
78b (R = CO,Me)

Scheme 55. Synthesis of cyclization precursor 78a.

F 72, 782 13 'HNMR ICBWTHBO 7B b v RA—N"N=F v T L TEH, ZDa vk R
—vavZENOEMHE»bHEECTE oz ZT T, AFAALNA—} 78bICET S
ZENOEMBE»LZNODa vFRA—v a v TOX ) ICHEE L7 (Figure8) , 16 iz 7' 1
FUICERT S L ISR 217 e b v MBI ER L, 14a i 7 e b v ICHESTT S & 6a
fii7o by BRI L, 72, 4Bl 7m b v IiclBS T2 & 3R 157 m h vk
MEZRLZZ 2D, 18 DIV A—2a v EHUTOX I ICHEEL, 3 KU 16 fiLd
MO AZAARCIE X 2 L E N RIE, STRTH 2 LHEE L 72, BRALIGEE 78a & 78b & [AEkD =
VEA—vavERLTWELE R,
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Irradiation at H16 Irradiation at H14

Figure 8. Selected diff. NOE correlations and possible conformation of 78b.

fe T, BRFED RS 75 Troc Hz 3 5 78a 2 HEICERBIEMEET V AL 7 A F Al
KIS %G L 72 (Table 8) . = — 7 VIRRIFAT O MEALICER DRI Z ARG L 72 b DD,
FrE oBALIA 79 131550 d ., BRIk —F A ofgic X 2iEMALIZREECH 2 L HIB L 7=,

[Ir(cod)Cl], (10 mol%)
(R)-66 (40 mol%)
Additive (2.0 eq.)

7

-
’

Toluene
Entry Additive Condition Result
1 Zn(OTf), 50 °C N.R.
2 BEt; 50 °C N.R. OO O
o\
3 BF5+Et,0 rt Decomp. o/F’—N |
4 TMSOTY t OO O
5 TfOH rt (R)-66
6 TMSOTf 0°C
7 TfOH 0°C

Table 8. Attempts at Ir(I)-catalyzed cyclization using allylic ether 78a.
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ZZT, BIR7 IV =T AZERETIC C/DBREHAL, il BUKISERHT 2 C
&l L7o E9 . 3-epi-40 DKIESLZ Boc HCTIRFE L 7 — K A — T 80 ~E\>7z (Scheme 56) .
BT, oL FARRDSMT80 D C/DIREFAHL, TLra— 181 ZH YT AT LA~ —
& LCEIGECS 72, 81 13K " RIC NMR <72 + L Ofi# # 1TV, ESI-MS 2= 2 kL
IZ B\ T 721 [M+H]", 723, 725 (Peak intensity ratio; 3:3:1) DUA A v v — 27 Z@HI L 722 &
2o ZFDRGERRE L 72, HIYD 81 AT E 725, EESEMEET VA7 A F Al
Rt L 72 b 0 OFTEOBRALR 79 1318609, 3MKBE L BRIRT Y v 2 —T VR ERL 72
78a IERKT B AER & T o 72,

KHMDS, Boc,0O TrocCl, MgO
THF, -10 °C THF/H,0 (5:1)
y. 85% rt, y. 98%

[Ir(cod)Cl], (10 mol%)
Ligand (40 mol%)
Zn(OTf), (1.5eq.)

/

L
7 _

Toluene, rt
Entry Ligand Result
1 (R)-66 78a (y. 16%)
2 P(OPh)3 N.R.

Scheme 56. Preparation of cyclization precursor 81 and results of Ir(I)-catalyzed cyclization.
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Lx btz kS 2729 0C 81 O 3 fikKEEZ (L EEMiT 2 L & L, 3fnEfFos
= X D HKEEFL D LR 1IN EECTH o 7z, % T T, KEEH % Dess-Martin fE{L L7 + v 82 ~&
fal 7= (Scheme 57) , 82 (¥ UV A2 FALITHEWT 2-7 ¥ A4 ¥ F— L ITEHEI 72 X
(311.0,220.0,201.0nm) %/~ L 72 &, F72, ESI-MS A2 kLT H T 741 [M+Na]*, 743,
745 (Peak intensity ratio; 3:3:1) DUA A v v — 2 Z@BHIL 722 L 25 Z ORE AR HEE L 72,
Fons 82 ZRE MK FHERET L2 b o 0Bbik 83 3859, A7V ALLD
Ta b vRBEEL- Y Ty 84 AR T AAER L o T,

[Ir(cod)Cl]2 (10 mol%)
(R)-66 (40 mol%)

Zn(OTf), (1.5eq.)
MeOH (4.0 eq.)

—
7 -

Toluene or dioxane, rt

83 (X = OMe) 84
y. 18%

Scheme 57. Preparation of precursor 83 and result of Ir(I)-catalyzed cyclization.

I bokER%2%2 ), C/D BEZHET 2 2 L CRIEKLZEE T2 0oBKROEm 7L *
eV T AMIC, RICHTH D THie 16 0B > THEELIC K otz & EZE LT, LT
o T, BESBRIEAEMILE 32 7 ) ALT A FALKIGIC & 2 EEIRE SRR IR
» % Liaml 7,
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Wi SBAALR) APy rusuvibi@e T 2BREOBRE

BEANRIA V7 ) —AARyOECIGHEEZA L 8o, — RNV Tl
Y2k ) BRREOCEZ R I LEE L LTl 2 AL ED B O SR &
ENTEHEY, v7u7a N AURIE % 2 C-H ARG 3, BUAINRIG 3% &, #x
JOE M X T Z 72 (Scheme 58)

Hubert (1976)

Noels (1981)

Davies (2007)

COzMe Rhy(S-PTAD);  BocN

-
CNBoc _—
= OTBS Y (o)

Scheme 58. Representative novel reactions of metal carbenoid species.

T 7z WEBURSE RN IC X o TRIE PO SV RIGHED G 2 23 B-v F U FiRfzic
RE XN B EIIGC T RNE COMASICEFIH L 72, =L 7Y P RRAVME K%
BeR & X LT\ B 39 (Scheme 59)
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\ 3 O
o Cyclopropanation o o0.__o
- —
H —
H H
N2 CN
d ©N o 5 °
OMe 0%[
BnO PR
N,
(o)
MOMO _
A OTBS
\ N
CO,Me (-)-Cyanthiwigin G

Scheme 59. Examples of total synthesis taking advantage of metal carbenoid.

BE b SIS DALEERPE R AL AR, = v F @R & v o 720 Y o S8 i a1
TR A B X L. Z DEIREDL O BIEAIN N A F 2T G 3EHE 1% %
RS 2 ROEE L GBI O—>TH %,

% Z ¢, akuammiline B 7 v v 4 F OEM R BEROEEIC, BRIV A Ny ouT

oAU EBEHA L, A7 vh a4 FEOEGREZEE L 2268 E2iroc e e L
7o 5l BT ¥ strictamine (2) % GHARR & L LA NICR L 728G U#NT 21T > 72 (Scheme 60) .
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Metal carbenoid
cyclopropanation

E ring

Regitz diazo .
transfer
CD ring
formation W
|
— No NH2
ref. 32) H

Tryptamine (34)

(¥)-Geissoschizine
((£)-36)

Scheme 60. Retrosynthetic analysis of (+)-strictamine applied metal carbenoid cyclopropanation.

Rz 85D 7 u 7u N VEORRICEI > THET 2L L, ¥ 7u7mN85
YT LAY 86 T 2 8BANRI A Vv run T fURISIC Lo TAEKT 2 L
L7z, VT VHDEAE Regitz 7 VHEEMIC X > TITH LT3 &, ZDHIEKAE LT (2)-
geissoschizine ((£)-36) 23X ETE %, 36 DRGMITEE D /' Vv — TG L THH 2432
3, tryptamine (34) X VTR CTAMKAIRETH 5, 313, AR EELT 25, RES
KDSE S 75 Vincent b DEIIE 2 2S5 F I 7 IR TAKZED 52 L L LT,

% 72, Gaussian 163® X U8 CONFLEX 73 # T 7 V{LAYI86 Da vk A—v a vk
FHIL 72 (Figure9) ., 9. 86 D% Gaussianl6 i T B3LYP/6-31G*(d,p) L~/ CHid
L L72%. B bhzmufbifiEic st L T CONFLEX7 IZC MMFF94s 1135 % i\ 72 it B 3R
o7z, T2L. 17T ORERMBHRIRT I N, MOKERDDITF 7V F ¥ VED cis
BB % & B AREMEDS RV Z &I A C. % DFEELDY 95% LA ECTh 5 Z & A3 L 7=,
Lo T, 86 XRIGHTH S 740, 16 (iR A WICHEE LT WHETH 5 & HlT L 72,
Thbb, REEZBRCAEA L 325 2 &<, Fiffi £ COBRUKICEE IC BT 5 Kb E L
DEFEER R Z Vv ) FEMBRR TR 5 & FE 2 T,
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Q
~

b)
Conformers (Population)
-13.5982 kcal/mol (95.9731 %)
-11.2324 kcal/mol (1.7703 %)
-10,9549 kcal/mol (1.1082 %)
-10.6461 kcal/mol (0.6581 %)
-10.374 kcal/mol (0.4158 %)
-9,17236 kcal/mol (0.0547 %)
-8.29742 kcal/mol (0.0125 %)
-7.5218 kcal/mol (0.0034 %)
-7.06468 kcal/mol (0.0016 %)
-6.82276 kcal/mol (0,0010 %)
11 -6.78776 kcal/mol (0.0010 %)
12 -6.27453 kcal/mol (0.0004 %)
13 -4.26304 kcal/mol (0.0000 %)
14 287558 kcal/mol (0.0000 %)
15 2.2841 kcal/mol (0.0000 %)
16 4.36407 kcal/mol [0.0000 %)
17 5.52732 kcal/mol (0.0000 %)

L=T == R R R L I o

_
=

Figure 9. Each energy and population of 17 conformers (a), and the predicted

most stable conformation of diazo compound 86 (b).

LI, EBOABICOWTHRT 5,
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B—H @BIVR/ A Vv ou o Lokt

¥ 3. 34 % 1-bromo-2-iodobut-2-ene (20) D I X o TT A F AL LT I v 87 %2157
(Scheme 61) , KIZ, 87 D 7'\ vk Vg X F )~D aza-Michael K. #t < Pictet-Spengler JX
JIGERTIT ATV 88 Z AWM L7z, 13517z 88 Z KRS T, DIBAL IC X o THBMEITL
7-%. Horner-Wadsworth-Emmons & (LAF, HWE KJG) ICff3 2 & ok L. AEIRl—
AT 89 ~E LTz, KT, 89 ICKT L Ni(cod), % F\» 7232 TTHY Heck IGZ WA L7z & &
5. FTED cis WELEEZ &> TWdF 2 VFT Y 90 B3MEoN7ed 0D, AT AE S
trans-¥ 7V FY vV 91 THolzo TNHALEYIZ, FFEAST P LT — ZHCHME D & R
W—HERLZZ L ENL DEKEMERL 72,

Methyl propiolate, rt;

’

Iz
4
I
N
IN H
o
Iz
I
- P-4

MeCN, rt SN then TFA, DCM, rt
y. 60% quant. (one pot)
Tryptamine (34) 87
| 1) DIBAL
N N Toluene, -78 °C
H -
2) (MeO),P(O)CH,CO,Me
X
Me0,C I:l\] NaH, THF, 0 °C

y. 48% (2 steps)

Ni(cod)z, Et3N
MeCN, rt;

L
’

then Et3SiH, rt

undesired C3 inversion desired
y. 55% y. 31%

Scheme 61. Synthesis of ester 90 according to Vincent’s report.
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T AERX IV FY VI D3INERUELEGETT S & TEDOVKRILE % KL L.
LDV FE TR HT 2 90 ~Efad 3L L L7z,

9. 911C BuOCl #{EH & ¥ 3-7uuf v FL=vi L=tk BEZELKED X X
— VIR TS % 2 & T4 I = v LK 92 #5372 (Table 9) . Ht\>T. 92 ITEICHI %
EFHZR® 2 2L TYT AT LAERNREITA R A 7, BH; ¥ NaBHs Z{EH & ¢ 728561
trans IR CTH % 91 BEER L L<THEO, HWD 90 1313 & A EERL nd o7, 72,
Ti(OPr)s D X 9 7 T AT ABHIRED v A ZAFEZ AL 72 D . LS-Selectride @ X 95 72 &5
WIRTCHIZ V72 0 LG 91 OERBMER L2 d 00, BEIRESSGE L 72, T HICE
TCElIZ R 7 ) —= v 7L, BHROKEBEIMIGIC L > T cis KTH 3 90 L TELNS
TEexEM L7, £/, entry 5, 6 TENENXND VALY Z S DY v FoEHL L 72 B
IRARIE & WRET L 724550, 2 ORFINAL T OB IIARKIED Y T AT L A& R 2
L LB L 72, ROCEMEZ A L 2858, 30°C icT, v A4 AL LT Ti(OPr)s %
W22 LT, 531 OFERETHND 90 2 E4Y & L T2,

1) BBUOCI, Et3N
DCM, -20 °C

2) HCI, MeOH, rt

91 B h

undesired desired
Ratio of
Entry Reductant and Additive Temp. 91:902

1 BH3* THF 0°C 1:0

2 NaBH,4 30:1

3 NaBH,4, Ti(OPr)4 3:1

4 LS-selectride 3:1

5 RuCI[(R,R)-Tsdpen](p-cymene), HCO,H/Et;N 1:2

6 RuCI[(S,S)-Tsdpen](p-cymene), HCO,H /EtsN Y 1:2

7 RuCI[(R,R)-Tsdpen](p-cymene), HCO,H/Et;N 30°C 1:4
8 RuCI[(R,R)-Tsdpen](p-cymene), HCO,H/Et3N, Ti(O'Pr), 30°C 1:5.3°

2 The ratio was determined by "H-NMR. ® 90 was obtained in 65% overall yield.

Table 9. Attempts at reduction of iminium intermediate 92.
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A I=27 LFER 2 ICITT 2EICO Y T AT LAERMEIZRD X 9 I1CEZL L 72 (Scheme
62), T72bb. BH;® NaBH, D X 5 e v 4 A H T 22T = 270 LHHEER L
BHEOBHH»OA I =y LHHRERICESES 2% (Path b) « FEBWNE trans A TH % 91 &
5% &EZ T, £, @ CIRICHIZ W72 BR T 15 ArEE & D AR EARR & 220 | o T
FERE~NDFENRRELS Ao bE 2Tz, b, WHOKFEBE S ZEH L 7285613, %
DIFFITR Z 703G MEREDS 15 ACEH & DR E Z BT 2 X 5 IC o H2bELT 22
(Patha) . EEBPIE LCcisthTH 2 90 o7 ER LT, I HIT, VA REEZ M
LGB, ZNRZ AT VICENLT 22 TR ER 20, o MHERENS M ELZ L
EEL T,

B mE:
91 B - 90
undesired desired
L P
Path b o
H I _Ti(0i-Pr),

Scheme 62. Contemplation on the diastereoselective reduction of iminium intermediate 92.

T LAY 86 OAKICHIFT, 90 XL LDA Z{EH ¥, AKXl T/ 7—L %
HCO,Me THUE$ 2 Z & T, (£)-36 A L 72 (Scheme 63) ., (£)-36 (X, HEJEE % R &4E
AR MAT—=ZBPRBPDOH D20 L R n—FERL7=Z &0 FDEMEMRL 7=, it
WT, ()36 1 TsN; Z{Efl &8 % Z & T Regitz ¥ 7 VIR KIGHETL, BIDO Y 7 V1L
W) 86 #1572, 86 1L IR A7 FAITHEWT YTV EITRHEIN W (2086 cm™) 7R L
722 &, ¥72. ESI-MS A7 b AitEBWT 351 [M+H]Y DG T A A v v —27 28Il L
722 o2 DR EMREL 72,
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LDA, HCO,Me

_—
THF, -20 °C
y. 80%
(¥)-Geissoschizine 86
((%)-36)

Scheme 63. Synthesis of cyclopropanation precursor 92.

T 2107 e b VICHRE T L BT R bV EENOEMBEAEZRLZZ 2L, VT
JAEEYI 86 DX ) ) F Y VERIT cis BB L 5T\ 5 L EZ L 72 (Figurel0) , 2D Z &
3. B LERRIC X3 a vk A= a VIRITORER Z S L T 5,

cis form

Figure 10. Conformational analysis of quinolizidine in diazo compound 86.

FTEDa vk X—vayiefd 2BILATEME 86 AKX TR 72720, &ALV 4 P
a7 uaNALEBE L7z (Table 10) . &R O PRSI v oY L0 Z 5K % 7F
X232 &T, VT VEBDRINEBAINSN ) 4 FHRER L, LA Lo, HD
vru7uosNy 93 3 fGoNnT | - N U NEEAZOMET L 22 A BRI = X 7 v 94 BR3¢
TL 7= L BELAEY 95 T 96 DAL 2 H5HR & 7o 7z, 7. BF;-EuO DFFAE I, fIEk
KXo TV T VEHODEERAATZDDOD 93 1ZfFONT . BRILKL 7= 95 MEKT 2HEHR L
motze TNHAEMPNIFE RICNMR 227 ML RFIT L, % OfEZE L 7=,
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Metal cat.

|
|
DCM, rt |
[/ |
|
or :
BF3+Et,0 |
DCM, 80 °C |
95:y. 16% |
|
Result (%) |
0, |
Entry  Metal cat. (mol%) 04 95 96 ‘
|
1 JohnPhosAu(MeCN)SbFg (15) 36 — 36 |
2 AgSbFg (10) 3 8 8
|
3 Rh,(OAc), (10) — — 54 . 95(R'=CO,Me, R2=H)
[ 1= 2_
4  Rhy(cap), (10) Decomp. - 96(RT=H,R"=CO,Me)
5 Rhy(esp), (10) Decomp.
6 (PPh3)3RhCI (10) N.R.
7 CuBF, (10) N.R.
‘Bu, Bu sbFe
P—Au—MeCN
Q e
o 4
JohnPhosAu
(MeCN)SbFg Rhy(cap),

Table 10. Results of metal carbenoid cyclopropanation using 86.

AKIIETIZ, AW IC K > TEKT 248N 2 T roffiiEe z b OIER MU
b, & SICIRBRIER SR Z A AEEIRMEICD =R A b Nz, £ DIRKIZERK L 7248E 7 v
X)) A FoORE\EFHEOER L0 BbNE 2, FHLWHAIIAHTS 3,

T BIERDOAHD=Z AL EZLLT DX 51CELZL L7z (Scheme6d) ., ThabbH, LU ERE
AN A FD 1447 15 fLRIDFES DY 1,2-8667 40 U (Path a) « "E U7z 15 i h VB AF A
VERET S XS 2 AL ETT TS 2 LT 95 BERKT B, [FERIC, 15 L 20 fZH D
FEA DURAL L i A ZNALDSEFTT 2 2 & T (Pathb) . 96 DMLz & B 7z,
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M = Metal cat. Path a 1,2-Alkyl shift Path b

Demetalation

Scheme 64. Plausible mechanism of unexpected ring expansion of metal carbenoid.

J5RE 86 D F ) V) F P VERIZ cis BIRIER & o T3 B, FrE 0BT L R WRRA %
T XHIcEZLT (Scheme65) ., T7abb, BEAINR ) A FEIEKT HEE, V7 Vi
CEREE RO AREEICKRNLTCF )V F Y VEBRARIET 25, AL EBAIL AN
W trans-¥ 7 VF Y VI E R D OGN TH L4 v F—=r @@~/ 4 F ol
RKEL o TCLEIZLDBERTHE LEEK LT, £ZT, 8 %27 IV - K7 VEEEFE
BT IVvAFEIAERLT 2L T, ZDcis-F /7 VF Y VREEREETE, @EALR)
A FIBHERICE T 2% 7 ) F Y VBRORIEEZN T2 L FEX e LEEBoT TIV - KIV
PR 97 U7 I v A F o F 98 A7z A BRUATER (R & L CEGE L 72,
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M%G/COZMG
6 .. 15:. H

IZ/
w

trans form
M = Metal cat.

97 (X = BH;) cis form
98 (X =0)

Fixed cis-quinolizidine

Scheme 65. Considerations of cyclopropanation and new precursors.

72, T IV - KT VEERD T Y HE - KKRFEAICEEA LR A FFAL 7241 4D 2358k
BINTVER, 9T ldcisMox ) VF L VBICHL, v V7 V2 ESOAIBEA T W
CantifLiE% L > TWB 2 e b, ERLEBEI VR 4 F2350 1N B-HFAKIC %
TFCLiF Ve EE L, —J7. 77 B-H HASICIHRIRE CRICZTT 5 2 L #ifl<
X5LEZT,

KIAT T, BRIl L 728 72 BRALRTERAR &2 F v 22 REHS D W CREl S 2,
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FTIH VT VLAY OEBRREE#K I C-mavacurine 7 v h v 4 FOLERK

9. VT VLAY 86 IC BHs 5\ 13 mCPBA Z{EMH &2, H7- e BRLRTER{K 97 K UF 98
ZE L7 (Scheme66) . 72, &b oLDLEWD 21BLL7 v b VIS 32 & 6pL 7w
FYEENOEMBEZRLAZC 20, ZNODF 7 Y F ¥ VERIT 86 & [AFRIC cis TUACHE %
EoTWBZ L %EERLT,

97 (X =BHs3): y. 59% cis form
98 (X =0):y. 58%

Scheme 66. Preparation of cyclization precursors 97 and 98.

fenw<, 7IVvERZVEEEK 97 A EEHICEEAILNR A4 Py on Ta X Lz iat L
(Table11) ., B4 & EE AL L CHW/AZb DD, ZDIRE ALY TB-t F U Fiipfiioit
1T L= ABI = 2 7 v 100 RERILA L 2 L BERILAEY 101 2K L, FRED Y 7 m Fuox
V99 3G b N d o 7z, F 72, Rhy(cap)s X Rho(esp) & 2o 72 8 ¥y LdERE H W72 FRIZ
B L 72BB AN A FH N, EH - KEBEICHA L 72BLR 102 234K L 7=,
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Result (%)
100 101 102

Entry Metal cat. (20 mol%)

1

2 IPrAuNTf, — 23—

3 AgSbFg N.R.

4 Rhy(OAc), 39 16 —

5 Rhy(cap)s — — 55 BH,3
6 Rhy(cap); * DCE, 60 °C — 9 21

7 Rhy(esp), 20 — 7 Me0,C ' 3

8 Cu(acac), — 10 — 102

9 (p-cymene)Ru,Cly 81 — — dr. at C16 = 7:1

(inseparable)

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
JohnPhosAu(MeCN)SbFg N.R. :
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Table 11. Attempts at metal carbenoid cyclopropanation using amine—borane complex 97.

—fRIC, B LA EDY A FOBFHREREPERT2IC L2 oT, vY T LAANR)
AFORKEFEIIMET T2 Zehb, PIMT LYY LEHRIC K > TEBRYI R 2
HHZUTOX I ICER L, $hbb, EFHERESHBIIKE WA 70 T 7 2 L&A
FIZDH D Rho(capys #H W2 EIE, AL 2aYy v LX) 4 FOKREFEIMENE, K
B ETH 5 B-t F U FEALCERILRITE C D ic < <, N-H ARG HET L 72 & F
ATeo —77. BTG RED HE/N & e WFIEASBLAT L 72 Rho(OAc) Z FH W25, 2L 3%
BT LANR) A FOREFER LY E L B-v F Y FIEALRPERILK & v o 7o Sk 72
JOBMBR L 72 ER L, £7/-. MiFOHRNARE T HRESEZ2 7RI gaa’,0’-7 8 7 X F -
13-_Ryv vy 7 a et VEEHRENL L 72 Rho(esp), Z I L 7235412, Rha(cap)s & Rha(OAc)s
EHOZ5G0BORKISHEEZ R L7 L i L 72.

68



FSN72 100 XN 101 (X, MesNO DFFE T A & 7 — AR TINEL., % Z EEEER
L&) 94 J Tr 95 I a5 2 & C. #DEMEMEZ L7 (Scheme 67) .

Me3NO°2H20 M63N0‘2H20

101

100

MeOH, reflux MeOH, reflux

MeOZC
94 95

MeO,C

Scheme 67. Cleavage of the amine—borane coordination bond in compounds 100 and 101.

Feun T BLIK 102 ORGSR 21T - 720 102 3R 7 257 LA ~—DRAW &
LCHELNZD, 5., £ RICNMR 2227 + A RENTT 3 2 LAY O Fihiks
EUSETE 72, KIC, 7 NOE MR & 16 (AT (kAL 2 9E L 7= (Figure 11) o 102
lefii7m b v Iiclig 2 & 187w b v e B Z R L2 2 e ichnax, JFRH cis-% 7 U F
CUVEEER L BT b, FAERYO 670 b IR pRLEE & B L EEL 7,

Figure 11. Selected diff. NOE correlations and relative configuration of 102.

T BEAINR A FEHOEHARKICIZY T AT LA BRIICHET L, 2 0FRMEX
FIGCRDPEEET 2R EICE > CT—FBNCIRET 22 LR ONTVE D T ehb, RKEIG
DT AT LAEREZRZLLITFD X 5 ICEL L7 (Scheme 68) . T 7ab b, BRALHIEKIAE 97 1%
Na KB AN B =V ilFR L KERE A ZTER L 72 IREECHEAE T 2 2 L S HEE T X, 16 7D Re
2 OARICBERZ 52 LT, ZDOVMMMEFEEZREFEL 72 102 BFELEEYE LR onsk
EEELT,
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Rhy(cap)s

R
DCM, rt
y. 55%
97 dr.at C16 =7:1 102
/N-:I insertion
and
demetalation

\ L, H
H® \__ Hydrogen bond

Scheme 68. Contemplation on diastereoselectivity of the N—H insertion using 97.

BT, TIVAFL RIS 2B LTCREILR 4 P 7 u 7 a X AUKIG % et
L7 (Table12) . L 2> L7235, - CRERAZ BN L €T RICILETR 3, k%2 BT %
R o7z, T2, V0 Py LEEEZHGZEAL. 56 & FRRIC N-H A SG5ET L
7o BRAUAR 104 23R L . T O ERAUIR 103 1315 5 kb o 72,

Metal cat.

DCM, rt

103

Result (%)

Entry Metal cat. (20 mol%) W

1 JohnPhosAu(MeCN)SbFg N.R.
2 IPrAUNTf, N.R.
3 AgSbFg N.R.
4 Rh,(OAc), — 28
5 Rhy(cap)s — 37
6 Rhs(esp), — 30

Table 12. Attempts at metal carbenoid cyclopropanation using amine oxide 98.
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¥ 72, 5o N8R 102 X O 104 (X C-mavacurine B4 v F—= A7 v 4 FOFEK
LD b, AT Aha A VHOSABIREMT 2L L, ZOEEICIE N-H
ARG X O RIICHETT 27 2 v - K7 V5K 102 %3&R L 72 (Scheme 69) . £ 3.
102 % MesNODFHHE F A X 7 — A CIMEL. T I v - K7 VENIAS G 2R T 5 2 & T,
FCRCZRMT S v ~B L7z, BOoNY T AT LA~Y—RAWIZS ) h 7 ic TSl
T3 & THEETE, 105 XU (2)-pleiocarpamine (106) % 7:1 DERLL TH7z, Fi T, 105
DI AT IN%EFRICL (£)-normavacurine (107) & L 7214, =T I v Z@#IRNIC A F LT 5
T & T (+)-C-mavacurine (108) Z AL 72, T b =FHO RKAYIE, TELE % R KRR
R MAVTF—=ZADBHED L RW—EE R L7222 ZDEREHRL.CDOZ LD,
C-mavacurine B 7 v h v 4 FOEERZIZERL 77,

BH,

MegNO 2 Hzo

> +
A _ MeOH, reflux ) >
MeO,C °  { MeO,C °
102 105 (*)-Pleiocarpamine (106)
dr. atC16 = 7:1 y. 84% y. 12%

(inseparable)

LiAlHg4, THF, rt
y. 84%

Me
@, WY
Mel NS e
- I
R MeOH, rt R
HOH,C" '® y.75%  HOH,C '® §{
(¥)-Normavacurine (107) (*)-C-Mavacurine (108)

Scheme 69. Total syntheses of C-mavacurine-type indole alkaloids 106, 107, and 108.

e T N—HREABIGIC X 2 E LB LRIGZ BT 5%, . ERZZIRE L - HE % A
LBV A Vv raFa X b BlERST 2L e Lk, £, ZORESICI,
AT NERZPRETE, EBEIL A FLEICZG ER TR/ E W
Boc % E R L 7z,
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9. INETICHERLAEZEEHO YT JLAEYD N, EFR 2 ZNZ 4 Boc TR L,
BRALATER{A 109-111 Z &5 L 72 (Scheme70) . 72, 7 VL&Y 86 L Y &AL L 72 109 1%,
cis-¥ /) VF Y VIEE EDZCT LAY 110 LU 111 ~FE T3 B TE R EL D,
[FARIC cis BIRCIE % & > T 5 2 & RHERL 72, HtT, IO ERFREICEEHI LR AF

vorua7a X AL ERET L7 D O DRI ET 5 oA T, HINOBR{LAK 112 - 114 2155
I TE D o7,

Boc,0, Et;N Various
DMAP metal salt
—_— —H—>
DCM, rt
y. 40%

13

BH3+ THF, THF, 0 °C
y. 85%

Boc,0, EtsN Various
DMAP metal salt
B — e —f—
DCM, rt
y. 88%
112
mCPBA, DCM, 0 °C
quant.
Boc,0, Et;N Various
DMAP metal salt
—_— —H—
DCM, rt
y. 16%

114
Scheme 70.

Syntheses of new precursors and results of metal carbenoid cyclopropanation.

LLEDRERD S, 16 MLICA P F L ANR=NEEZH/T VT JbEMEREE L T 588
AN APy r7a7ax/ACIENEETH 2 LT L, KBRS Hikyr7u 7oy
LRICHE ZE R L 7.
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BT FEXGHL 729 7 v Fu N VURIGEE O AR E

AIEIC TR 720 v FOEFHEGRELMNCD . W D2 DT 2&EAI LR 4 FD
FOCHEICHE 2 52 5 2RO TV 40 Iz X, BE L 52T VLEYD a i
FOGERAL DEHIE D KRBT, 2 L CIEREF RSP LAEIRTH 5, Fric, EET 288
HANR) A FORBEFHICEREEET L b, VT VR aio@EEECERL 72,

—IT, A fLIC AN RN EEE L OB AL A Vi, IVKRAEDO n BT R EEE
AN A FDZED 2p B2 F-—Fil Eicie <, EBFAEREL LI W e E LY
SHEICX > THL 2 I I N T % 49 (Scheme 71a) , ZHICK L, afficy 7 /7 EE2HT 5
DDEF, T/ HLEAINRI A VO p Bl Rica 77 F—EBx L 5 L bELH
JERTEL LT, IR 4 FORETHEEBRD S EFE 2 LT 5 49 (Scheme 71b) .

Out-of-plane b) _ Co-planar
R - |/ R -
conformation —Rh=x" conformation
0
OR’ / | %

Scheme 71. Conformational considerations of rhodium carbenoids.

ZDOIREREESTT % X 51T, Reisman 513 7 VI o fzo B B 2 —HHEOLEY
KR LEBBANVR ) A VEREIRZLEIA, TNETNRERG)ICEZ R L & 2#E
LT3 % (Scheme 72) , a-¥ 7 V-p-7 P T AT LB L L7254 1F. C-HEAKIGE
BTy rmRyv ) VFEBROBPERL DL, - T V-B-7 b=+ VA ZHWT
i za 7a X AfUBMER L TEITLTCWE T b, &ALV 4 FERKRHT 5K
JGICBWTY T VE o MO EHE OERIIITETH 2 L2 5,

o H

©\/\)H(R Rhy(esp)z <):>/R

_— 4, 0 +

N DCM/DCE \)/ Q
2 -40 °C

R= COgMe
Result (%)
R=CN 70 —

Scheme 72. Influence of diazo substitution on reactivity.
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flic b, a IS W 7 ) BEEFT2E8EALX A F i, CHIFEAKIE L Y B
a7 BB L CETLYS T VW E LI RERH S D, 22T, B 707
a8y 115 BERTE L Z]RFL. YT VE a iy T EEE T 27 RER{CETERE
116 #&%5F L 72 (Scheme 73) , ¥ 7z, 116 1% Regitz ¥ 7 VER)IGEEH T 2 L THA Y
FYVHEBENT LVAKTE L LE T,

Regitz diazo
transfer

Scheme 73. New metal carbenoid cyclopropanation precursor 116.

T3, BICH L7 88 £ b DIBAL #=JT X OF HWE G (Roush-1E571E) & #2C. A AIA]
=P UL 118 ZHH L 72 (Scheme 74) , KT, 118 % FLE T ITHY Heck KIG% 1T H T & T,
FAEBMCTHEAELRS T AT LA—119 & & bic, TN REEZ & 5 B{LA
120 283 o7z, TN HELMARIL, & RIC NMR A<= 72 b v K U7 NOE #HB % filtf 3
32 TXDOMEERREL 72, Hi\vT, LDA & HCO:Me Z T 16 itz &L I AL L,
HAYVFYVEERNT ZEK LT, 11713 'HNMR ICBWWT§ 721, BCNMR ICEWT§
162.1,89.5 iIc /) — ViR > 7 F A ZBMIL 722 &, 72, ESI-MS A7 FLICEWT
320 [M+H]* O FA A v =2 %@L 722 &b 2 DERETER L 72,

1) DIBAL Ni(cod),, EtsN

Il N Toluene, ~78 °C N MeCN, rt;
N
H 2) (Et0),P(O)CH,CN IS then Et3SiH, rt
MeO,C~ IS LiCI, DBU |
DCM, rt NC
88 y. 66% (2 steps) 118

(16E): (16Z) = 2:1

LDA, HCO;Me

THF, =20 °C
y. 40%

119 120
y. 68% y. 26%

Scheme 74. Synthesis of geissoschizine derivative 117.
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117 235 T & 72 %5, Regitz ¥ 7 VIS MG L 72 (Table13) . L2 L7226, HIY
DITIEY 116 FEONT . ) — AR AT ALINZ P T —F 121 KO 122 %
NEBHEDP VT EBAL L 72T RHA VY F 9 ViR 123 AR T 2R L o 72,

Regitz diazo
transfer

——
Applied at rt

121 (16€) OTs

|
|
|
\
\
\
\
\
|
|
|
|
Result (%) |
\
\
\
\
\
|
|
|
|
\
\
\

122 (162)
N3
121 and

Entry source Base Solv. 116 122 123

18 TsN3 EtzN DCM — 20 —

2 EtsN  MeCN — 23 —

3 Pyridine N.R.

4 KoCOg3 — 12 —

5 NaH — — 39

6 ABSA Et;N N.R.

@ After gradual heating, decomposition of 117 was observed at 80 °C.

Table 13. Attempts at Regitz diazo transfer using 117.

FTEDRIGDSHEST Lo fz DIk, v 7 7 Foss 1B REMEIC X > T 16 AL 7 4
VORGGHEDMET L, 7 VR L @ B2 B LM D ic {ho 7 ThH 5 L EEL 7z,
2. VT ) EOMECTT ) — AVBEEIHCREF L LTidz s W RETHSTH S
ANFZNVFRICRIGIRE ST 2Ty 7= b BER LI EE LT, b, WMIEHTH
NaH Z W72 5&1E N, 70 b v ORBEER A U727 =4 v o 17 i~ DRERERKE Z 5
TETIIBEONTEELL -,
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T, INFETLEAED, 16 fflcz ) —AiEER b 720 T LA YIRTERE % AR
Tl L7, UTic, BETRIMED afficz ) =iz b 2 wREW Y T (L
AU R Z ., T TMEEY~ DL L L H IR L7z (Scheme 75) o FTED YT /
BEABEBTRIMEE L, HoEBWIO YT VEk o i sp® IR CTEE S L7261t a) DA T
BHHH, KRBT, b—d) oFERRI T L e L,

Ph/\(CN HCI, NaNO, Ph/\n/CN

NH, a) N>
O O
Ph CF; FN o PPh; o
b) ©
N B N
c) Ph)k& ’ d) Ph ’
(o]
Preparable from the
)]\/Br TsNHNHTs corregponding bromide
Ph DBU

Scheme 75. Representative diazo precursors and transformation methods into diazo compound.

TT.UT7 LA YIRIEA L 72 b 0-7 2/ = bV LEERDO AR EMET L 72 (Scheme 76) .
= F VU120 BuOK ZEFH & ¥, £ L7-= b I AT =4 % DPPH TUH L 7-b DD
HENOGEL. FTED 124 13155 NRD o 77,

BuOK
THF, -78 °C;

Y

7

then DPPH
THF, =78 °C to rt

Decomposed

Scheme 76. Result of a-amination using nitrile 120.

N 7'\ b V3 BuOK I X o TH ERA N BISICZ G 2R LT 2 A[gelEd & o 72 4.
AV F—=N% Boc L CIRELZ=F VUL 125 ZHE L L CHEKRIC -7 2/ =+ U AFHER
~DEHE AR A, B 126 13435 175> 7= (Scheme 77) .
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'BUOK

Boc,O Con o
Et;N, DMAP THF, =78 °C;
— > : >

DCM, rt
y. 39% then DPPH

THF, =78 °C to rt

Decomposed

Scheme 77. Attempt at a-amination of nitrile 125.

LT, =PI 120 K125 VT a-F Y 7rFa7eF A=t U 127 KO 128
DEMEBET L7228, WTFNoGE b RE 590 L 72 (Scheme 78) .

LDA or LIHMDS
THF, =60 °C~0 °C;

/ L
7 ’

then CF3CO,TFE
THF, 0 °C

120 (R=H) Decomposed 127 (R=H)
125 (R = Boc) 128 (R = Boc)

Scheme 78. Results of a-trifluoroacetylation using nitriles 120 and 125.

o, o-7IME= P Y L DOHIRAETDH S -7 BE= b+ Y LDEKZIRAT (Scheme
79) o L2 L7728, JiRZ BN S 2 D AT, HAVY) 129 U 130 DARICIEE S 72d o 7z,

LDA or LIHMDS
THF, =60 °C~0 °C;

.
’

then NBS

THF, 0 °C
120 (R =H) N.R. 129 (R =H)
125 (R = Boc) 130 (R = Boc)

Scheme 79. Results of a-bromination using nitriles 120 and 125.

DEofER2Z T, > T7 /78D o iy 7 VEZE T 2 5RCAIRAEOEKITREECTH 2
EHIBIL, @A APy ruTa bzt T28EINVESBRRIM ST L L
L7,
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B T —DBARUVZEOBRERE L T3B{LRIGORST

TP Lo ToODRERT (C,C7) APUHEL., 207 ¥ —%RET 5 L FRFICHHE
fﬁﬁ (C'-C?) T 5 Fikiix. B X2 FMAATIC Hendrickson & A3 L 727
— ¢ LCAATZ ARG TTE 9 30— L 725 (Scheme 80) , < DftHIC D, 1,2,4-
FYT Y —=A35-UF Y (BUF, TAD) ¥ 2217 7 3 F 4 2JEkIc, O T7¥ Y %2 5H0)
T - RBEEOHIEPH LN TV BT, AV 7 7 I FER w7275k 13 385 Movassaghi

HIC X o THRAICIIIE D 72 T 41, (-)-communesinF Z (X U9 & T 25k 4 ntEMEEIREE T
KD RERICICH I N TWn 5 99,

/

/

Sulfonyl group

P A

/\/S —_— /\)<

Transformation of sulfamide into diazene

Boc NBoc

(-)-Communesin F

Scheme 80. Representative tethering structures for C—C bond formation.
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ARFEEHEZAKBISICH W2 28T, 7 — 2T 257, L VEBLICHFEET 2 DODK
FHRTFEMACTZ2ARRERES B2 LE2OND, 22T, T THKICEE OIS
Rl 23T LI W & 23R & 7n o T 7z akuammiline B 7 vk v 4 N OFREELEIC, K
FEZBEHAL. KT VA v 4 VEOMBEN R ERELHELT 22 e Lz, £3. AHfIO
G WANTK NI T —ICHE L, AR TH 5 strictamine (2) I L, ATICR L7
WA AT % 4T - 72 (Scheme 81)

Formation of
Tether removal chloroindolenine
e Cyclization —

16_CO,Me

E ring
formation

(¥)-Strictamine (2) 131 132

[3,3]-Sigmatropic
rearrangement

Formation
of xanthate

Scheme 81. Retrosynthetic analysis of (+)-strictamine applied ‘tethering strategy’.

IR B 2 R LB OMIBEIC I O KR - REBEFEADEKIC L 2T, Ak v 131 25
AT 25 EE L, 131 DEBGOWREE F 4 — 1 D4y TR Ik < BEfbic X - T 9
ET B b, ZOHEKMAL LT Z7uouf v FL=y 132 BERETES, 132 2F ¥ F— L
133 D[33]-> 7~ tuv—infie 4 v F =1 o EEIRNAERIC X > THERT 2
TrEL, 1IBIERAHROTIATAI =L T4 XV ERTE D EE 2T,

LITF, EBoARICOWTERT 3,
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B—IH ANk v OARRRICH T HMEEREOE AR

T3, LICAHKLZT VT3 —i 74 (p. 50, Scheme 52) % ¥ ¥~ 7 — b 133 ~A41d
LM% T > 72 (Table 14) . L2>L 72230, FIED 133 1336 NT, MERBAF L
NETVEZT L 134 AL 7 4 VHRERMLZFET I AT L= 135 BERKL 72,
135 (FHFE_RITNMR AX7 A RETS 2 2 L TZ OREZIRE L 72,

HO™ 435

|
Base, CS, :
Mel |
ﬁs;» |
|
DMF or THF
|
|
133 0" "SMe 134  OH
|
|
Result (%) |
|
Entry  Base 133 134 135 ‘
|
1 NaH —  Crude? — }
2 KH — — 43 }
3 KHMDS Decomp. }
|
|

a Ammonium 134 was detected by 'H-NMR.

Table 14. Attempts at formation of xanthate 133.

¥ 72, Sun & 235 L 72 1-(methyldithiocarbonyl)imidazole 50 % Fi\» T, /KEEE D §- X F v
VFFAINR MBS L 253 HIUY)IS 57D 5 72 (Scheme 82) .

s
N
N=/ _<;Me
136
KHMDS

7 >

THF, -10°Ctort

74 OH Decomposed 133 O~ "SMe

Scheme 82. Result of S-methyldithiocarbonylation with imidazole derivative 136.
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BT, Ny ERMZETFNIC L2 EEONMREREL T, 74 27 IV - K7 Vikik 137
L L. ARRICKEBRD SSATFAYTFAINFAfbLZBA LoD, FHvyF— 1
138 #1325 Z L X T&7Zh> 57 (Scheme 83) .

Base
BHj « THF CS2, Mel
% ﬁe;»
THF, 0 °C
y. 76% T;HF
-10°Ctort
Decomposed
OH 137 HO 4 138 (o) SMe

Scheme 83. Result of S-methyldithiocarbonylation using amine—borane complex 137.

RIEBRHORMITDH 20D, BIETHNOF Y YT —F 2AKT 52 LIIRETH
LMWL, JIHIOR LR 7y —2 e CREEE 2 ME T L e L,
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BIIH U7V —MIC K B REEERUCEEE OLER B ORE

AV F=AeT VAAXE PTAD ICfiiIL, WIG3 277V —Vi2 525 LrHiboh
T\ 3% 5D (Scheme 84) . Z DR ZFic, ko “fEHOLEEAZ W EN—ETo, &
TJE. PTAD 1Thf LREZAHINS M, ZEREE L EINAEY 7V V2B TE L EHE T2,
Tz, RISHFHICELAIZHML Tl T, ~EHOREMNMMTETZY 7V — 1230
ft& i, PTAD ~® _EOREMINAT7 v Ry b CTHETT 2 LE 2T,

P

h

o-N_o

<7 %
N=N

: : PTAD —NH
|
N —
H N

Ph
PTAD O~ 0
_,d""\\/\snph3 —_— /N—N /
Ph,Sn )—/
Ph
PTAD O~ 0
Oxidant N—N /
LI+ s, o - QL >
N P
H N

Scheme 84. Reported reactivities of PTAD with indole and allyltin, and an ambitious

vision for multi-functionalization of PTAD by one-pot operation.

ARG EHEE U, LUTICR L 2SN 21T > 72 (Scheme 85) . (+)-2 DHISKA L LT
THRLE 16 i3y 7 — NV CRREI N7 139 2F%E L. 139 137 Y L A X 140 I PTAD % {E
ezl T, VVvRy PTHKT LI L Lz, 72, M0 IXBICER LTI LT L
2 — )L 65 (p. 45,Scheme 46) £ V. 7T F ALK Y 7F NV AXELDEAZFFETHRT X
% EEz T,
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Tether removal

E ring
formation

(+)-Strictamine (2) 139 140 "BuzSn

Introduction of

"Bu;Sn group Acetylation

141

Scheme 85. Retrosynthetic analysis of (+)-strictamine using PTAD as a tether.

9. 6527 FA{bL. BoNEZTIAT T —F 141 ZHEIC ) T7F AL ZAXEED
BAZBRI LA TV ARAX 140 350 0T HEL RS 25558 L 72 > 72 (Scheme 86)

Introduction of

n
Ac,0, DMAP Bu3Sn group
. g s
DCM, rt
y. 77%

Scheme 86. Attempts at introduction of n-tributyltin group.

No EHRAOLE T3 & R ZCEY O RNAE S DIRIR & 72 0 AR O KIGHET L e o7z &
FEZ. 141 O Ny ZFRIMVE SN Z AT Y CRELTHLO P TFARIEZEAT L L
& L7 (Scheme87) ., 3. 141 IC BH; ZFH &, 86077 I v - K7 VK 142 13
L@ R2 77— bR ERHE 22T IUARAR 143 ZIER I AL 72, i,
M3 %Y TR =T IVIFET, AZ 7 —AHhThzE L, HIIDO 7 VLA R 140 ~ZHa L
720 140 [ZEFE T RIC NMR A7 b+ V% T L, ESI-MS A2 b VICE T 583 [M+H]*
DB TAF v =2 2BHIL 722 L5572 OB ZIRE L 72,
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nBU3an

BH3+THF CuCN, "BuLi
e -

THF, 0 °C THF, =78 to 40 °C
y. 87% y. 87%

Diethanolamine

?

MeOH, 50 °C
y. 79%

140 nBU3SI’l

Scheme 87. Preparation of allyltin 140.

¥/, ZNOE 25 140 Da v R A= a v U T DX 5 ICHEEL 7= (Figure 12)
Thbb, 37w b BT L IS A I8 7 e b v B ERL, 2187 E b
ViCHET 2L SR 16 i m b v EMBAZR L2 LA 6. 140 13 D B3 Uit
Weirol trans-F 7V F Y VEEER & 5 T3 LHERL /-,

Irradiation at H3 Irradiation at H21P

Figure 12. Selected diff. NOE correlations and possible conformation of 140.
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140 2SA KT & 725, BEHESE O 21T - 72 (Table15) , PTAD Z%/INEBREIEZN L 7235
AR O — A B L 7223, 2 H8 D PTAD 2{Ef &€ 2 2 &L CRIGATER L7z, 72,
FIGHREZ 0°C L322 L TH¥ DY 77— 139 BHRE DI TR Lz k. LD
BRI 0 °C I TIT o 72, T BLAIDAINIC X o TRIGHEE T N D 2 & ZHARFL .
—FBTRELAIE LTHIS NS CAN % Mn(OAc); Z7RIN L 7223, HE SO+ 2558 L o
oo T2 ARIGHEITT 2L, P TFARIXT A VEWIEFY 7F LA T H AR
LB enTPEING, 22T, ZOHfEAI & LTTEMPO ZH L 7z & Z AUEDGE
L2 &b, RIKEIET Y RIS GERT L T 2 aJREMEA BV & E 2 72, LiCl D X
ST NA Y EEEEZTIMLCTOUEE L A EENL R DIcHf L, CuCl @ X 9 2B
SEEADINT 2 LWL RTE T T2 d, KRR T7 VIR R Tw3 C
EELFFL TV, ELIEKRTRIGEIT) & & TICEDREBINICH E L, H&Mic D
139 Z UK 91% & SR TGS 2 R TE 7, 1356 N7 139 (ZTEFH T XITNMR A7 F v
J U7 NOE B Z it 375 2 & T, 16 fiatfifb¥ 2 &, Z O 2 RIE L 7,

Eh
OQ( \/40
N=N

PTAD (X eq.)
Additive

DCM
Condition

Entry X Additive (eq.) Condition Result (%)
1 1.3 — rt 332
2 2.0 — rt 40
3 — 0°C 62
4 CAN (2.0) Decomp.
5 Mn(OAc); (2.0) Decomp.
6 TEMPO (10) 77
7 LiCl (2.0) 64
8 CuCl, (2.0) \ Trace
9 — -20°C 91

10 TEMPO (10) -20 °C 82

11 Y — ~78 t0 -20 °C 84

@ T.M. was obtained with 26% recovery of S.M.

Table 15. Attempts at construction of the urazole bridge using PTAD.
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—7J7. PTAD ®f\b b iC MTAD %2 Z W CREHEZ A L 25, HIVDOZEER 144
FEPICBLNZD DD, MTAD 7 VAR XES L 72 FKIE L 72 IEEEH oy 5 — L
145 X EARH) & LTS 572 (Scheme 88) . F7-. 354172 145 I MTAD % PTAD % fF
F&ER7228, T OERER 144 ~EHpd 5 2 LT TE b o7,

Rj/le
Oy\ YO
N=N

MTAD (2.0 eq.)

DCM, -20 °C

T MTAD or PTAD

//
77

DCM, -20 °C

Decomposed

Scheme 88. Result of bridge building with MTAD.

D EDKERD S, PTAD ERVNCKIGT 2DIET VNAXTDTH B LE 2, KRRIGD A
N=ALEUTDEHICEE L7 (Scheme 89) ., T7habb, 7 YVNLAXH PTAD K7 VA
MEREICTRINL N-F ) 7 F AR 77— A DE L 2, [ARRIC 7 ¥ 7 VB % % T N-Sn
EVHAEL, YT VY =y LRGSR AERT S RS, ECZ Y TFARRXT N
ABHID PTAD IS 228 TU I —ADIIYANT = VEBPEKT S, Thih
RN OFFHOBMAEF N EEDO TV ANAF VR TOBTORZ LA L
T, HNOZRER 139 5o N7z b E 272, 72, MTAD © X 5 Ic &R 25\ TAD % H
WL AELE M) T VY =y AHEEAIIBIC X 2 RENEZ T R N-F Y TF LR
Ry 7 = NVOERETCRIGHEIEL, TR ks ns c b <, IERBERD
45 BREEFY & LTHRoNZEERL T,
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(N-Hydro urazole)

Scheme 89. Plausible mechanism of formation of the crosslinked urazole.

7o, RRIETIE 16 (72 SEEDY 7YV — V2~V T AT L A= LTHRTED,
ZDOYTATUABEFEZUT DO X HICHEE L 72 (Scheme90) . JFEITH 57 U L XX 140
Da vk A—va vz NOE B (p. 84, Figure 12) 225 TXD X 5 &z L o Twnwb b
HEE L7z, TDEE, PTAD IIKBREAFF—L LTA vV F— A EKEREEZERL TH S
MIGHTH B 16 hicBaE L, TIANAZXDH DR ERZZ T 25 LTI T AT LAER
MWBECEER L, /2, IS THEN-P Y TFARIY T ==y b i34
Y=L BHEAOEES S & T, #ik 7ThLE DB T AT LA BRI ET
L7z&E T,
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! Ph PTAD

PTAD

(N-Tributyltin urazole)

Scheme 90. Contemplation on diastereoselectivity of the bridge building.

BT, VIV —NEREREG Y T Xy ~ET 51 %21T 57 (Scheme91) , 7 7
V= 139 1St L, MWD OS2 R L 72 OO HID Y T X v 146 135 60T,
KAZH & LT NoHy ZEF 2728, REHED L. 50 16 fiie = vz 5
FANBITTINT 147 BEICERT 2R & o 7z,

’I:h
(o) (o)
§( \/4
Synthesis HN-N
of diazene
—H—>

146 147
with N2H4‘H20, y. 14%

Scheme 91. Attempts at transformation of urazole into diazene.
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KIIGICBEBNT 14T PR ONTZ AN =X L E U TD X HICEZ L7 (Scheme92) . £ 77,
NoHs 234 ¥ F L= VERN SRS %5, KRic, £ U7k e F 7Y VviFEARo KRG T 2 v
BrEM LT C LT, NoHy DERICHE G, 4 v F— L DOIK & 326 1E 0 o 23 52210
ICHEFT 7 %, H T B U7z NoHy 28VZARREE /N X v 16 L v = VB2 L 22 IR 10&ETT
L72Z e TT BB L7 FE R T,

HN=NH
—_—
Diimide
reduction

147

Scheme 92. Plausible mechanism of formation of indole 147.

F 72, BUER 139 13 20°C T, RELTWTHOU T XS nrhiiifkZ#&d L. JEZEEH
DU T =N 148 ~fir L C L 5 2 & HEHL 72 (Scheme 93) .

" o | i
o o o o o o
<"F <"¥ <"¥
N-N N-N N—N
16 4/ Stored under 16 // 16/
-20 °C
[ . —

H 148 H

139

Plausible intermediate

Scheme 93. Self-decomposition of urazole bridge.
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PLEDFERD S, A v F L= Vil RN & 7 0 ZERERE SR L T % LR L 72, %
CTC.EFTAVY FL=vif v P ) v~8ILT 52 & L L7z (Scheme94) ., i=ITHI DRI %
BEtL7zdbon, HWDOA v F U v 149 131§ 549, TFA £7E M. NaBH;CN %2 {FH X & 72
BRI, ZEIHEE D D L 724 v F = 150 23R L 7=,

Ph

o N_o
iy

HN

rI:h
O§( 740
N
16 /

TFA
NaBH;CN

L L
7 [

16/

MeOH/DCM (1:1)
0°C

A

150
y. 72%

Scheme 94. Attempts at reduction of indolenine 139.

TDZehb, 2MPKBRFCTEIBRINZA VP VDIALRETHY, 2001 T M
7o b AL L EERSE DR Z D TN L ASRB I NI, £ T, BERGE D iR
M~ 2 fLlie~IT7 I F— VT —TAEEL T 2LV AR EZH %7 (Scheme
95) . £9°. 139 D 16 i = A O(LAEIR R & EIL 2 ET L7z oD, 151 1F
Bohnd. BHRTERE & DAY (p. 89, Scheme 93) 284 L 72, Hiv T, 152 8%
153 DEICY e Fuf bz, 154 oG e F s v Rzl -z ikia 7z, FEo
SR E 5 2 BRERE o Tz,

nh
(o) (o)
T_f Synthesis of
hemiaminal
ether
R

151 (R = H) 153 (R = OH)
152 (R = CH,OH) 154 (R = H)

Scheme 95. Attempts at construction of hemiaminal ethers.

PEDFER»H, 77— 139 13 % DALE S, GRPREEE LCRR@ETH 25 &
L. KIEICRSTH - APk EERL /2,
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BT BB OARKR ISR DOEE

KREE F—fi FHZIE (p. 51) IS THA L7 C/D BERRT 2 Tik% AREAHREL I 3 8
35ZL& L7 (Scheme96) ., T7habb, TUNLAX140 D C/DEREFHA LT 2-T >4
V=155 ZHEHEE O L TA LT, Bons YT — 156 DA v FL= VR
TR R EICHETE 2 2 F 272, £72, 156 £ U strictamine % % U} echitamine & DK
KOG EERT 2L L L,

C/D ring
cleavage

155 "BusSn

Formation of
urazole bridge

Strictamine-type Echitamine-type

Scheme 96. New synthetic approach for the crosslinked urazole 156.

TN BEFOFEHAA L LCr/rmaXBTAFALERE Ld 00, HIVOERMZA
155 3o g, FERET 2455 L 72 o 72 (Scheme 97) .

TrocCl or FmocCl
MgO

\J

THF /H,0

Decomposed

"Bu;Sn

155a (R = Troc)
155b (R = Fmoc)

Scheme 97. Results of C/D ring cleavage with alkyl chloroformates.
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RIT, BICN S % N, 2R OTEHELAI & LTHGW L 25, HINOBRMZE A 157 2 HREE
DINFETIFS Z LB TET- (Scheme 98) . F7-. 157 D 3 (/KK % Dess-Martin it 3%
TET2TINAVYE=NL188%EM L, U7 Py E NaBH4IC X o TEILT S & T
157 D3RP T AT L A< —159 ~E 7=,

BrCN, MgO

’

THF /H,0 (5:1)
rt
y. 71%

DMP NaBH,
e >
DCM, rt THF /H,0 (9:1)
y. 95% 0°C

"BU3SH Y. 71%

158

Scheme 98. Preparation of allyltins 157 — 159.

T, TNH =MD T Vv A X% B ICREHEE OBET 21T o 72, 3 f/KIEEAS R L
BED 157 ° 3 I AR A H T2 158 ZHWZEIE. HIOZUERESERK L 722
S 7z DI L. 3 A/KEERE A S BLiE D 159 #HE & 32 & & T OZEMER 160 % ARk T %
72 (Scheme 99) , 160 (ZFH - KJC NMR A7 b A DfEHT % 47\>, ESI-MS A< 27 kLT
BT 531 [M+Na]" OfFHUA A v — 2 ZEHI L 722 L 25 % OIS % RE L 72,

PTAD
—_—

DCM, -20 °C

160 161
y. 43% y. 47%

Scheme 99. Result of urazole bridge building using allyltin 159.
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St RRISONEROUGE I T TR 2179 FETH 5, £70. 3 MKEE % R
fELT7 P v 156 ~8 itk 77V —A%RET L L TTHL 16 M ofEZIERK L. 162
DEHE HIEF (Scheme 100) .

Extrusion
of urazole

Scheme 100. Future work.
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3

EFL SRR EYITEED RS T T B akuammiline B A4 v F— AT A a4 FoghR
WEBEEZELT 22 62 HNE L, KT Avhv b FEOSAEKMEZIT-> 72,

H—EEClE, (H)-strictamine (2) DIEREEK % 1T o 720 RV OEHE 2 BTSSR ICILA X
N20THN 1LAMINKIEE 2 OFIREMEERICER T2 L L L, fr oBR{LRIGHEE %
AL, FEIREEOMEL G L 72, HINOEEHEERICIIEDS ko o728, AHRIETH
54V FY 21 2T 52 LT, Zhu b OBEALRIERATH 2 4 v FL = 33 ~ZH L,
-2 DR EA R ZEK L 72,

BOETIE, AN A I AT 4 v 7 AE FEHC akvammiline 7 v v A N O G KITSE
TV, UTIWCRL7ZX D lkA A 2152 2 L 3T 7z,

g G R ERE L 2R (bic, EBeEAET VA7 v ALRISRE L 72, BR
(CRIGHEICELEGKTIE, TILFY TFARZAF AT —FT )N 62 #IH & 3 5 LK
HRID[2,3]-Wittig B SIC A EICE CH#EfT T2 52 R L7z, 72, BESET VAT
N F AL RIG TlE . akuammiline B @ B 1% & H 3 2 BRALKIZH 5 Nk b o 72 A5
singaporentinidine OB A D OT VE=V LA T2 25 2 E N TE T2,

FHH BB A P u T uo LR BRIGICERE L 72, BRIVKICEE IC R 2 &
BTl 30E—No 4 I = LR 92 DY T AT LAERN AR T A R L2, 720 7
IV - RTVEEREIEK L 72T VLAY 97 A FVE T, C-mavacurine BT v B A4 B ($)-
pleiocarpamine (106). (£)-normavacurine (107). (£)-C-mavacurine (108) O A %K L 7z,

FEH T DAL Z DRREERR D KR - REMAOEEEZICH L., fEIREiD
A A ATz, BIBRE CATE OBRLARDABICIEE > T AW A, 7 UL AKX 140 2 FH I
707 16 fZfEIC Y 7Y — A DA S N BUEIR 139 2 7 VR v b THBRE /R % BURE Ak
rRET B TE,
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KERDER

FEZEL T, UTORGELZHEHL 72,

uv : V-560; JASCO Corp.

CD : J-1100; JASCO Corp.

'"H NMR : JNM ECA-600 (600 MHz); JEOL Ltd.
: JNM ECZ-600 (600 MHz); JEOL Ltd.
: JNM ECS-400 (400 MHz); JEOL Ltd.
: JNM ECZ-400 (400 MHz); JEOL Ltd.

3C NMR : JNM ECA-600 (150 MHz); JEOL Ltd.

. JNM ECZ-600 (150 MHz); JEOL Ltd.
. JNM ECS-400 (100 MHz); JEOL Ltd.
. JNM ECZ-400 (100 MHz); JEOL Ltd.

"H NMR spectra are referenced from CHCls: & 7.26, CD,HOD: & 3.31, acetone-ds: & 2.05,
DMSO-ds: 8 2.49. BC NMR spectra are referenced from CDCls: § 77.2, CDsOD: & 49.0,
acetone-ds: 6 29.8, DMSO-ds: 6 39.5.

Abbreviations of multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, quin = quintet,

IR

Optical rotation
Melting point
ESI-MS
HR-ESI-MS

SiO, (Flash)
(TLC)

NH-SiO; (Open)

sext = sextet, m = multiplet, br = broadened.

: FT/IR-230; JASCO Corp.
: FT/IR-4700; JASCO Corp.

: P-2200 (with a sodium lamp); JASCO Corp.

: MP-500P; Anatec Yanaco Corp.

: AccuTOF LC-plus IMS-T100GCV; JEOL Ltd.
. AccuTOF LC-plus AccuTOF-GCV; JEOL Ltd.

. Silica gel 60 (spherical, 40—50 um); Kanto Chemical Co., Inc.
. Silicagel 60 F254; Merck KGaA

: Chromatorex NH (100—200 mesh); Fuji Silysia Chemical, Ltd.

(Flash)  : Chromatorex NH (NH-DM2035); Fuji Silysia Chemical, Ltd.

(TLC) : TLC Plates NH; Fuji Silysia Chemical, Ltd.
ALO; . Aluminium oxide 90 active neutral (0.063—0.200 mm); Merck KGaA
Basic AL,O3 : Aluminium oxide 90 active basic (0.063—0.200 mm); Merck KGaA
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MPLC (Column)

(System)

HPLC (Column)

(System)

: C.I.G. Pre Packed Column CPS-HS-221-05 (Si0»); Kusano Kagakukikai

Works Co., Ltd. (currently out of business)

: ULTRA PACK Glass Column NH-40A (NH-Si0,); Yamazen Corp.
: UV detector unit: UV-2075 Plus; JASCO Corp.
: Pump unit: PU-2080 Plus; JASCO Corp.

: CHIRALCEL® OD-H, Lot# ODHOCE-MI057; Daicel Chemical Ind.,

Ltd. (currently Daicel Corp.)

: Chromatography data system: ChromNAV Ver. 2; JASCO Corp.
. A/D interface unit: LC-Netll/ADC

: PDA detector unit: MD-4017; JASCO Corp.

: Column oven unit (with injector): CO-965; JASCO Corp.

: Pump unit: PU-2089 Plus; JASCO Corp.

RIS W72 2T OERE I ATNIC A L 72, Fric, DUT o KaEiEix, AT
LIl Dl Y DI EITVEIRL 720

DCE, DIPA, DIPEA, EtOH,
Et;N, "Hexane, HMPA, MeCN,

Pyridine, TMSCI, Toluene . Distilled from CaHa.

EtOH, MeOH : Distilled from freshly prepared Mg(OMe)s,.

DMF, DMSO . Dried over MS 4A, and then distilled.

CHCl; : Dried and distilled over MS 4A, and then filtrated through
a short pad of basic AL,Os.

POCI; : Distilled from Na wire.

AcOH : Distilled from KMnO4.

TFA : Distilled from TFAA.

DCM, Dioxane, Et,O, THF . Pre-dehydrated by Kanto Chemical Co., Inc.

F7-. LT oI, AR OE Y DEEEZIT - 72,

NBS, NIS, PPh;
‘BuOK

KH

Zn dust

CuCN

: Purified by recrystallization from H>O or EtOH respectively.

. Purified by sublimation technique.

: Washed with "pentane three times, and then dried up under high-vacuum.
. Activated under a HCI acidic condition, and then neutralized.

: Dried up by heating with heat gun under high-vacuum for 30 min.
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SUOGITEE TLC 0 2T VaBIR L 72, AT IS, L 72 TLC HEEHEZ I L 72,
a) 5.0 w/w% Ammonium molybdate —1.0 w/w% Cerium(IV) sulfate in 10% aqueous H2SO4
b) 1.0% p-Anisaldehyde in glacial AcOH
c) 0.05 w/w% BCG in basic EtOH
d) 10 w/w% Molybdatophosphoric acid in 92% EtOH
e) L: ATLC plate was put in mixed powder of iodine and silica gel.

f) 0.05 w/w% KMnOj4 in H,O: A TLC plate was only immersed.

a—d: A TLC plate was immersed in the solution, and then heated (~1 min, ~250 °C).
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B—EICBHT 5 ER

Boc,0, DMAP
L OTES - >
HN,, THF, 0°Ctort
/ quant.

tert-Butyl carbonate (15)

To a stirred solution of 14 (70.8 mg, 181 umol) in dry THF (3.6 mL) were added DMAP (2.2 mg,
18.1 umol) and Boc,O (47.0 pL, 218 umol) at 0 °C under Ar atmosphere, and the reaction mixture

was stirred for 21.5 h at room temperature. The reaction was quenched by adding water, and then the
mixture was diluted with AcOEt. After separation of the two layers, the aqueous layer was extracted
three times with AcOEt. The combined organic layers were washed with water and brine, dried over

MgSOs,, filtered, and evaporated under reduced pressure. The residue was purified by silica gel flash
column chromatography (AcOEt/"hexane = 1/9) to afford 15 (88.7 mg, quant.) as a colorless

amorphous solid.

'H NMR (400 MHz, CDCls, at 55 °C):

13C NMR (100 MHz, CDCL, at 55 °C):

IR (ATR) Vinax cm™":

HRESI-MS (m/z):

TLC (SiO2, AcOEt/"hexane = 1/2) Rf:

§7.93 (1H, d, J = 8.2 Hz), 7.55 (1H, ddd, J = 7.8, 7.8,
1.4 Hz), 7.43 (1H, ddd, J="7.8, 7.8, 1.4 Hz), 7.40 (1H, d,
J=8.2Hz),4.89 (1H, dd, J= 8.5, 8.5 Hz), 4.34 (1H, br-
s), 3.87 (1H, ddd, J = 13.7, 9.1, 6.4 Hz), 3.66 (1H, br-s),
3.32 (1H, br-s), 2.37-1.86 (SH, m), 1.47 (9H, s), 0.76
(9H, t, J= 7.7 Hz), 0.35 (3H, dq, J = 15.4, 7.7 Hz), 0.27
(3H, dq, J = 15.4, 7.7 Hz).

0204.8,154.5,150.1, 134.7, 132.1, 130.6, 128.1, 125.6,
80.5, 75.5, 59.4, 58.6, 41.0, 32.4, 31.5, 28.4, 25.7, 6.6,
4.8.

3020, 2958, 2933, 2877, 1726, 1684, 1528, 1396, 1366,
1356, 1259, 1215, 1159, 1100, 1066, 1018, 856, 805, 748,
665.

calcd. for CsH3sN206SiK [M+K]*: 529.2136;
found: 529.2143.

0.60 (UV, dyeing reagent: a).
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1) PPTS
MeOH, 40 °C

\j

2) DMP

DCM, rt

. 82% (2 steps
15 Y. 82% (2 steps) 13

Diketone (13)
To a stirred solution of 15 (1.10 g, 2.24 mmol) in dry MeOH (23.0 mL) was added PPTS (1.13 g,

4.49 mmol) at room temperature under Ar atmosphere, and the reaction mixture was stirred for 18 h
at 40 °C. The resultant mixture was evaporated under reduced pressure to afford the crude B-keto
alcohol (more than theoretical amount), which was used in the next reaction without purification.

To a stirred solution of the above crude alcohol in dry DCM (23.0 mL) was added DMP (1.90 g,
4.49 mmol) at 0 °C under Ar atmosphere, and the reaction mixture was stirred for 14.5 h at room
temperature. The reaction was quenched by adding saturated aqueous NaHCO3 and saturated aqueous
Na;S,03, and then the mixture was diluted with CHCl;. After separation of the two layers, the aqueous
layer was extracted three times with CHCls. The combined organic layers were dried over MgSOa,
filtered, and evaporated under reduced pressure. The residue was purified by silica gel flash column
chromatography (AcOEt/"hexane = 1/4 to 2/3) to afford 13 (0.69 g, 82% from 15) as a colorless
amorphous solid.

'H NMR (400 MHz, CDCl;, at 55 °C): §8.22 (1H, dd, J= 8.2, 1.4 Hz), 7.71 (1H, ddd, J = 7.8,
7.8, 1.4 Hz), 7.54 (1H, ddd, J = 7.8, 7.8, 1.4 Hz), 7.46
(1H, d, J = 8.2 Hz), 4.80 (1H, br-s), 4.28 (1H, br-d, J =
7.3 Hz),3.50 (1H, ddd, J= 13.7, 13.7, 4.4 Hz), 3.07 (1H,
dd, J=19.9, 9.4 Hz), 2.76 (1H, dd, J = 19.9, 10.1 Hz),
2.71 (1H, d, J = 10.1 Hz), 2.49 (1H, ddd, J = 13.7, 6.5,
6.5 Hz), 2.40-2.15 (2H, m), 1.47 (9H, s).

BC NMR (100 MHz, CDCl3, at 55 °C): 8 206.0,200.9, 154.1, 147.5, 134.1, 131.8, 129.2, 129.1,
126.1, 81.4, 68.5, 58.5,40.3,37.4, 35.9, 28.4, 23.7.

IR (ATR) Vinax cm™ ' 2976, 2935, 1743, 1699, 1526, 1393, 1366, 1346, 1322,
1300, 1240, 1156, 1123, 1031, 1007, 912, 857, 759, 735.

HRESI-MS (m/z): calcd. for C19H2oN>OsNa [M+Na]*: 397.1376;
found: 397.1380.

TLC (SiO2, AcOEt/"hexane = 1/2) Rf: for B-keto alcohol: 0.14 (UV, dyeing reagent: a),
for 13: 0.25 (UV, dyeing reagent: a).
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KHMDS, 18-Crown-6

THF, =78 °C;
then PhNTf,
THF, =78 °Cto 0 °C
y. 78%
13
Enol triflate (16)

BocN,,

O,N

To a stirred solution of 13 (1.33 g, 3.55 mmol) in dry THF (3.5 mL) were added sequentially 18-
crown-6 (3.76 g, 14.2 mmol) and KHMDS (0.5 M in toluene, 7.11 mL, 3.55 mmol) at =78 °C under
Ar atmosphere. After stirring for 30 min at the same temperature, McMurry reagent (3.81 g, 10.7
mmol) in dry THF (12.8 mL) was added to the mixture. After stirring for 12.5 h at 0 °C, the reaction
was quenched by adding saturated aqueous NH4Cl, and the resultant mixture was diluted with AcOEt.
After separation of the two layers, the aqueous layer was extracted three times with AcOEt. The

combined organic layers were washed with brine, dried over MgSOQs, filtered, and evaporated under
reduced pressure. The residue was purified by silica gel flash column chromatography
(AcOEt/"hexane = 1/6 to 2/3) to afford 16 (1.40 g, 78%) as a colorless amorphous solid.

'H NMR (600 MHz, CDCls, at 55 °C):

13C NMR (150 MHz, CDCls, at 55 °C):

IR (ATR) Vinax cm™":

HRESI-MS (m/z):

TLC (SiO2, AcOEt/"hexane = 1/2) Rf:

§ 8.14 (1H, d, J = 8.2 Hz), 7.70 (1H, ddd, J = 8.2, 7.3,
0.9 Hz), 7.57 (1H, ddd, J= 8.2, 8.2, 0.9 Hz), 7.48 (1H, d,
J=7.3Hz), 6.24 (1H, dd, J= 5.7, 2.5 Hz), 4.74 (1H, br-
s), 427 (1H, br-d, J = 11.4 Hz), 3.68 (1H, ddd, J = 13.2,
13.2,3.4 Hz), 2.96 (1H, ddd, J= 18.8, 5.0, 2.7 Hz), 2.83
(1H, dd, J = 13.0, 2.5 Hz), 2.66 (1H, dd, J = 18.8, 5.3
Hz), 2.34 (1H, ddd, J= 12.7, 12.7, 5.3 Hz), 1.47 (9H, s).

6199.2,153.8, 149.7, 142.6, 133.5, 129.7, 129.6, 129.0,
126.2,118.2 (q,J=320Hz), 117.5,81.5,57.4,56.7,38.4,
36.0, 28.9, 28.3.

2980, 2936, 1746, 1694, 1531, 1396, 1367, 1355, 1306,
1285, 1211, 1138, 1056, 1005, 976, 926, 853, 837, 814,
733.

caled. for CyoH21F3N20gSNa [M+Na]*: 529.0868;
found: 529.0873.

0.47 (UV, dyeing reagent: a).
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Pd(0) cat.
Ligand, Base
MeOH (40 eq.)

L.
?

DMF
CO (balloon)

a.f-Unsaturated ester (17)

O,N

BocN,,

To a stirred solution of 16 (562 mg, 1.11 mmol) in dry DMF (15.0 mL) were added
Pdy(dba);-CHCIl3 (115 mg, 111 pumol), PPh; (58.2 mg, 222 umol), DIPEA (0.41 mL, 4.44 mmol), and
dry MeOH (1.80 mL, 44.4 mmol) at room temperature, and CO was bubbled gently through the
reaction mixture for 5 min at the same temperature. After stirring for 6 h at 50 °C under CO atmosphere,

the resultant mixture was filtered through Celite® and the filtrate was evaporated under reduced

pressure. The residue was purified by silica gel flash column chromatography (AcOEt/"hexane = 1/4)

to afford 17 (386 mg, 84%) as a pale yellow amorphous solid.

"H NMR (600 MHz, CDCls, at 55 °C):

13C NMR (150 MHz, CDCls, at 55 °C):

IR (ATR) Vinax cm™":

HRESI-MS (m/z):

TLC (SiO2, AcOEt/"hexane = 1/2) Rf:

$7.90 (1H, d, J= 8.2 Hz), 7.64 (1H, dd, J= 7.6, 7.6 Hz),
7.59 (1H, d, J = 7.6 Hz), 7.45 (1H, dd, J= 8.2, 7.6 Hz),
7.31 (1H, d, J=4.1 Hz), 4.67 (1H, br-s), 4.19 (1H, br-s),
3.50 (3H, s), 3.49-3.42 (1H, m), 3.02 (1H, d, J = 18.6
Hz), 2.88 (1H, d, J = 12.5 Hz), 2.80 (1H, br-d, J = 18.6
Hz), 2.47 (1H, ddd, J = 12.5, 12.5, 5.3 Hz), 1.47 (9H, s).

6202.3, 164.6, 153.9, 149.4, 139.8, 133.4, 132.6, 131.1,
129.8, 128.3, 125.5, 81.1, 57.5, 55.3, 51.7, 39.0, 36.2,
33.5, 28.4.

2978, 2888, 1739, 1690, 1526, 1437, 1391, 1364, 1308,
1281, 1231, 1163, 1137, 1058, 1008, 982, 853, 747.

calced. for C21H24N>O7Na [M+Na]+: 439.1481;
found: 439.1487.

0.26 (UV, dyeing reagent: a).
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MeO,C

N
O Y NBoc

18

Nitrone (18)

o~<

"H NMR (400 MHz, CDCls, at 55 °C):

LRESI-MS (m/z):

TLC (SiO2, AcOEt/"hexane = 3/1) Rf:

$8.03 (1H, d, J= 7.6 Hz), 7.88 (1H, d, J = 7.6 Hz), 7.52
(1H, dd, J = 8.9, 7.6 Hz), 7.44 (1H, dd, J = 7.6, 7.6 Hz),
7.10 (1H, dd, J = 4.1, 2.7 Hz), 5.96 (1H, br-s), 4.09 (1H,
br-d, J = 7.6 Hz), 3.78 (3H, s), 3.19 (1H, ddd, J = 8.9,
8.9, 3.9 Hz), 2.91 (1H, ddd, J = 20.6, 5.4, 2.7 Hz), 2.83
(1H, dd, J = 13.4, 1.7 Hz), 2.72 (1H, dd, J = 20.6, 4.5
Hz), 1.56 (1H, ddd, /= 12.8, 12.8, 5.3 Hz), 1.49 (9H, s).

C21H24N20sNa [M+Na]*: 407.

0.23 (UV, dyeing reagent: a).
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MeO,C MeO,C

TFA
(5 O gar
NBoc DCM, 0 °Ctort NH
o,N° y- 92% o,N©
17 19

Amine (19)

To a stirred solution of 17 (66.0 mg, 159 pmol) in dry DCM (3.0 mL) was added dry TFA (240
pL, 3.17 mmol) at 0 °C under Ar atmosphere, and the reaction mixture was stirred for 2.5 h at room
temperature. The resultant mixture was evaporated under reduced pressure, and then the residue was
purified by amino-silica gel column chromatography (MeOH/CHC]l; = 1/19) to afford 19 (46.3 mg,
92%) as a colorless amorphous solid.

"H NMR (400 MHz, CDCls, at rt): 6793 (1H,dd, J=7.8, 1.4 Hz), 7.67 (1H, ddd, J = 8.2,
7.3, 1.4 Hz), 7.60 (1H, dd, J = 8.2, 1.4 Hz), 7.46 (1H,
ddd,J=7.8,7.3, 1.4 Hz), 7.40 (1H, dd, J = 5.0, 2.8 Hz),
3.51 (3H, s), 3.50-3.43 (1H, m), 3.39 (1H, ddd, J= 14.6,
12.0, 2.8 Hz), 3.15-3.04 (2H, overlapped), 2.95 (1H, br-
d, J=12.4 Hz), 2.83 (1H, ddd, J = 21.9, 5.3, 1.2 Hz),
2.64 (1H, ddd, J=12.4, 12.4, 5.3 Hz).

BC NMR (100 MHz, CDCl3, at rt): 6210.0, 164.8, 148.8, 140.4, 134.6, 132.5, 130.4, 129.8,
128.0, 125.3, 58.1, 55.8, 51.6, 44.4, 39.2, 33.5.

IR (ATR) Vinax cm™ ! 3315, 3024, 2951, 2879, 1711, 1523, 1437, 1408, 1351,
1281, 1256, 1227, 1194, 1172, 1123, 1073, 1038, 991,
916, 852, 664.

HRESI-MS (m/z): calcd. for Ci¢Hi7N2Os [M+H]*: 317.1138;
found: 317.1125.

TLC (SiO2, MeOH/CHCI3 = 1/19) Rf: 0.28 (UV, dyeing reagent: a).
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A Br

12

MeO,C 20 I MeO,C,
‘ DIPEA ‘
) O
O NH MeCN 50 °C \)\/
O,N o y. 93%
19
Vinyl iodide (12)

To a stirred solution of 19 (83.7 mg, 0.265 mmol) in dry MeCN (5.5 mL) were added DIPEA
(70.4 uL, 0.398 mmol) and 20 '? (63.7 pL, 0.530 mmol) at room temperature under Ar atmosphere,
and the reaction mixture was stirred for 26.5 h at 50 °C. After cooling to room temperature, water was
added to the reaction mixture and the resultant mixture was diluted with AcOEt. After separation of
the two layers, the aqueous layer was extracted three times with AcOEt. The combined organic layers
were dried over MgSOQsg, filtered, and evaporated under reduced pressure. The residue was purified by
silica gel flash column chromatography (AcOEt/"hexane = 1/3) to afford 12 (122 mg, 93%) as a

colorless solid.

"H NMR (400 MHz, CDCls, at 55 °C):

13C NMR (100 MHz, CDCL, at 55 °C):

IR (ATR) Vinax cm™":

HRESI-MS (m/z):

TLC (SiO2, AcOEt/"hexane = 1/2) Rf:

§7.91 (1H, d,J=8.2 Hz), 7.62 (1H, dd, J= 7.3, 7.3 Hz),
7.59 (1H, d, J = 7.3 Hz), 7.42 (1H, dd, J = 8.2, 7.3 Hz),
7.31 (1H, t-like, J = 3.9 Hz), 5.87 (1H, q, J = 6.4 Hz),
3.48 (3H, s), 3.40-3.25 (4H, m), 2.92-2.81 (3H, m), 2.69
(2H, dd, J= 8.2, 3.2 Hz), 1.78 3H, d, J = 6.4 Hz).

0 204.9, 165.0, 149.4, 139.3 (J = 6.7 Hz), 134.5, 133.3,
132.4,131.1, 130.1, 128.0, 125.3, 107.7, 65.4, 61.7, 55.7,
51.5,44.3, 38.2, 30.7, 21.6.

3019, 2995, 2947, 2871, 1706, 1641, 1523, 1435, 1352,
1296, 1236, 1215, 1124, 1090, 1067, 1005, 950, 915, 850,
812, 751, 665, 632.

caled. for C2oH2IN2Os [M+H]*: 497.0573;
found: 497.0595.

0.35 (UV, dyeing reagent: a).
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MeOZC

MeO.C In(OAc)s, PhSiH3
‘ I 2,6-Lutidine E I
\ > N\
O N\)V MeCN, rt, open air O = N\)V
H

O,N o y. 64%
12

Indoline (21)

N
H
21

To a stirred solution of 12 (516 mg, 1.04 mmol) in dry MeCN (21.0 mL) were added In(OAc)3
(304 mg, 1.04 mmol), PhSiH3 (0.40 mL, 3.13 mmol), and 2,6-lutidine (0.12 mL, 1.04 mmol) at room
temperature in air, and the reaction mixture was stirred at the same temperature. The mixture was

treated three times (i.e., after 24, 48, and 72

h) with an additional amount of PhSiH; (0.40 mL, 3.13

mmol). After stirring for another 8 h, saturated aqueous NaHCO3; was added to the reaction mixture
and the resultant mixture was diluted with AcOEt. After separation of the two layers, the aqueous layer
was extracted three times with AcOEt. The combined organic layers were dried over MgSOyg, filtered,
and evaporated under reduced pressure. The residue was purified by silica gel flash column
chromatography (AcOEt/"hexane = 1/3) to afford 21 (300 mg, 64%) as a colorless amorphous solid.

'H NMR (600 MHz, CDCls, at rt):

13C NMR (150 MHz, CDCl, at rt):

IR (ATR) Vinax cm™":

UV (MeOH) Amax nm:

HRESI-MS (m/z):

TLC (SiO2, AcOEt/"hexane = 1/2) Rf:

§7.65 (1H, d, J= 7.6 Hz), 7.23 (1H, dd, J= 7.6, 7.6 Hz),
7.13 (1H, d, J = 7.6 Hz), 6.98 (1H, t-like, J = 3.8 Hz),
6.95 (1H, dd, J = 7.6, 7.6 Hz), 5.97 (1H, q, J = 6.2 Hz),
5.95 (1H, br-s), 3.83 (3H, s), 3.58 (1H, dd, J = 5.7, 2.1
Hz),3.42 (1H, d,J=13.8 Hz), 3.37 (1H, d, /= 13.8 Hz),
3.13 (1H, d, J=2.1 Hz), 2.59 (1H, dd, J = 12.3, 4.5 Hz),
2.52 (1H, dd, J = 20.3, 4.5 Hz), 2.46 (1H, ddd, J = 12.3,
12.3,3.0 Hz), 2.26 (1H, ddd, J=20.3, 5.7, 3.0 Hz), 1.96
(1H, br-d, J=13.1 Hz), 1.84 (1H, ddd, J= 13.1, 13.1,4.5
Hz), 1.82 BH, d, J = 6.2 Hz).

0 166.8,153.2, 140.7, 134.2, 133.6, 132.1, 127.7, 124 .4,
122.4, 114.3, 109.3, 75.7, 65.7, 51.6, 48.3, 43.4, 42.1,
32.2,27.0,21.7.

3405, 3015, 2947, 2910, 2813, 1713, 1637, 1458, 1432,
1296, 1252, 1133, 1033, 858, 810, 795, 749, 698.

277.0,238.5, 204.5.

caled. for CooH24IN2O, [M+H]": 451.0882;
found: 451.0887.

0.49 (UV, dyeing reagent: a).
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MeOZC

MeOZC

‘ I Air oxidation Q I
— >
O ’\N \)V O 2 ’\N \)V
N

HH

21

N-Hyvdroxy indoline (22a)
"H NMR (600 MHz, CDCl3, at 55 °C):

13C NMR (150 MHz, CDCL, at 55 °C):

LRESI-MS (m/z):

TLC (SiO2, AcOEt/"hexane = 1/2) Rf:

N g NoE
OH
22a

67.45(1H,d,J=7.6 Hz), 7.20 (1H, dd, /= 7.6, 7.6 Hz),
7.08 (1H, br-s), 7.02 (1H, d, J= 7.6 Hz), 6.98 (1H, dd, J
=17.6,6.9 Hz), 5.90 (1H, q, /= 6.2 Hz), 5.51 (1H, br-s),
3.58 (3H, s), 3.51 (1H, br-s), 3.47 (1H, br-s), 3.40 (1H,
d,J=13.7Hz), 3.32 (1H, d, /= 14.4 Hz), 2.72 (1H, br-
d, /= 10.3 Hz), 2.55-2.45 (2H, m), 2.45-2.40 (2H, m),
2.04-1.99 (1H, overlapped), 1.80 (3H, d, /= 6.2 Hz).

6166.2,154.3, 140.3, 132.5,131.2, 130.7, 127.9, 125.6,
122.7, 113.6, 110.2, 78.7, 66.3, 51.1, 50.9, 44.8, 43.0,
31.6,24.3,21.7.

CooHo4IN-O3 [M+H]+: 467.

0.37 (UV, dyeing reagent: a).
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Me02c Me02C

PivCl I V
DPEA DMAP
DCM rt

y. 86%

\\\
\\\

u
I

21 22b

N-Pivaloyl indoline (22b)

To a stirred solution of 21 (16.0 mg, 35.5 pmol) in dry DCM (0.72 mL) were added DMAP (0.9
mg, 7.1 pmol), DIPEA (15.5 pL, 88.8 umol), and PivCl (9.2 pL, 71.1 pmol) at 0 °C under Ar
atmosphere, and the reaction mixture was stirred for 8 h at room temperature. The reaction was
quenched by adding water, and then the mixture was diluted with AcOEt. After separation of the two
layers, the aqueous layer was extracted three times with AcOEt. The combined organic layers were
dried over MgSOQys, filtered, and evaporated under reduced pressure. The residue was purified by silica
gel MPLC (AcOEt/"hexane = 1/6) to afford 22b (16.4 mg, 86%) as a colorless amorphous solid.

'H NMR (400 MHz, CDCls, at 55 °C): §7.71 (1H,d,J=7.3 Hz), 7.18 (1H, dd, J= 7.8, 7.3 Hz),
7.01 (1H, dd, J = 7.8, 7.3 Hz), 6.98 (1H, t, J = 3.4 Hz),
6.85 (1H, d, J = 7.8 Hz), 6.01 (1H, q, J = 6.4 Hz), 3.82
(3H, s), 3.55 (2H, br-s), 3.41 (1H, br-d, J= 5.5 Hz), 3.34
(1H, d, J = 1.8 Hz), 2.68-2.60 (2H, m), 2.56 (1H, dd, J
= 19.9, 4.3 Hz), 2.44 (1H, ddd, J = 20.6, 6.1, 3.0 Hz),
1.87 (2H, dd, J = 8.8, 4.4 Hz), 1.78 (3H, d, J = 6.4 Hz),

1.31 (9H, s).
LRESI-MS (m/z): C25H31IN203N3 [M+Na]*: 557.
TLC (SiO2, AcOEt/"hexane = 1/2) Rf: 0.54 (UV, dyeing reagent: a).
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Me02c

TMBCI
DIPEA TBAI
MeCN 65 °C

y. 20%

\\\

u

(TMB = 3,4,5-Trimethoxybenzyl)

N-3.4,5-Trimethoxybenzyl indoline (22c¢)

MeO,C
ﬂ” ‘%

TMB
22c

To a stirred solution of 21 (36.5 mg, 81.1 pmol) in dry MeCN (3.2 mL) were added TBAI (30.0
mg, 81.1 umol), DIPEA (56.7 pL, 324 pmol), and TMBCI (35.1 mg, 162 umol) at room temperature
under Ar atmosphere, and the reaction mixture was stirred for 22 h at 65 °C. After cooling to room
temperature, water was added to the reaction mixture and the resultant mixture was diluted with AcOEt.
After separation of the two layers, the aqueous layer was extracted three times with AcOEt. The
combined organic layers were dried over MgSOQy, filtered, and evaporated under reduced pressure. The
residue was purified by silica gel MPLC (Et;O/"hexane = 3/7) to afford 22¢ (10.2 mg, 20%) as a

colorless solid.

"H NMR (600 MHz, CDCls, at rt):

13C NMR (150 MHz, CDCl, at rt):

LRESI-MS (m/z):

TLC (SiO3, Et,0/"hexane = 3/7) Rf:

§7.59 (1H, d, J = 7.6 Hz), 7.02 (1H, ddd, J = 8.2, 7.6,
1.4 Hz), 6.92 (1H, t, J = 3.4 Hz), 6.70 (1H, dd, J = 8.2,
7.6 Hz), 6.68 (2H, s), 6.51 (1H, d, J= 7.6 Hz), 5.88 (1H,
q.J= 6.2 Hz), 4.53 (1H, d, J= 15.1 Hz), 4.06 (1H, d, J
=15.1 Hz), 3.83 (3H, s), 3.82 (3H, s), 3.78 (6H, s), 3.46
(1H, br-d, J = 3.4 Hz), 3.39 (1H, d, J = 14.5 Hz), 3.34
(1H, d, J = 13.8 Hz), 3.11 (1H, br-s), 2.59 (1H, dd, J =
12.3,2.8 Hz), 2.51 (1H, dd, J = 20.0, 4.1 Hz), 2.39 (1H,
ddd, J=12.3,12.3,2.8 Hz), 2.19 (1H, ddd, J = 20.0, 5.5,
2.8 Hz), 2.06-2.00 (1H, m), 1.96 (1H, d, J = 13.8 Hz),
1.70 3H, d, J = 6.2 Hz).

0167.2,153.4,152.4, 140.1, 137.5, 135.0, 134.3, 134.2,
131.5, 127.4, 124.3, 118.7, 109.6, 108.6, 105.3, 70.3,
67.1, 60.8, 56.3, 51.4, 50.7, 50.0, 44.1, 43.5, 32.1, 28.2,
21.5.

C30H35IN>OsNa [M+Na]*: 653.

0.25 (UV, dyeing reagent: a).
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MeO,C y Intramolecular  MeO,C,
I 1,4-addition 7
Crsn O
N
Piv
22b
MeOZC \\
s
7
N H

24

Propargyl amine (24)
"H NMR (600 MHz, CDCls, at rt):

13C NMR (150 MHz, CDCl, at rt):

LRESI-MS (m/z):

TLC (SiO2, AcOEt/"hexane = 1/2) Rf:

oS

25

Allylic amine (25)
"H NMR (600 MHz, CDCls, at 55 °C):

§7.49 (1H, d, J= 7.6 Hz), 6.99 (1H, dd, J= 7.6, 7.6 Hz),
6.93 (1H, d, J= 6.2 Hz), 6.68 (1H, dd, J= 7.6, 7.6 Hz),
6.55 (1H, d, J = 7.6 Hz), 6.29 (1H, d, J = 9.6 Hz), 5.92
(1H, dd, J = 9.6, 6.2 Hz), 3.93 (1H, br-s), 3.81 (3H, s),
3.59 (1H, d, J= 15.8 Hz), 3.47 (1H, d, J = 15.8 Hz), 2.98
(1H, dd, J = 6.9, 6.2 Hz), 2.90 (1H, d, J = 6.9 Hz),
2.40-2.34 (2H, m), 1.81 (3H, s).

6 167.3,148.4, 133.9, 133.5, 130.4, 129.4, 127.9, 125.5,
119.6, 118.9, 109.5, 87.4, 80.0, 76.2, 58.5, 51.7, 46.5,
41.8,37.0,3.7.

C20H21N,0; [M+H]": 321.

0.23 (UV, dyeing reagent: a).

The spectral and physical properties of 25 are consistent with reported data.>®

67.89(1H,d,J=7.6 Hz), 7.64 (1H, d, J= 7.6 Hz), 7.35
(1H, dd,J=17.6, 7.6 Hz), 7.21 (1H, dd, J= 7.6, 7.6 Hz),
7.03 (1H, t-like, J= 3.4 Hz), 5.61 (1H, dq, J=15.1, 6.9
Hz), 5.47 (1H, m), 4.06 (1H, d, J= 6.2 Hz), 3.75 (3H, s),
3.17 (1H, dd, J = 13.1, 6.2 Hz), 3.04 (1H, dd, J = 13.1,
6.9 Hz), 2.93-2.87 (2H, overlapped), 2.75 (1H, dd, J =
13.7,3.4 Hz), 2.65 (1H, ddd, /= 19.9, 6.2, 2.7 Hz), 2.62
(1H,d,J=13.1 Hz), 1.69 (3H, d, J= 5.5 Hz), 1.60—1.53
(1H, m).

109



13C NMR (150 MHz, CDCls, at 55 °C): 0 183.4,165.9, 156.3, 141.1, 140.3, 130.3, 129.2, 128 4,
128.2, 126.2, 125.4, 120.9, 55.8, 55.4, 55.2, 51.5, 43 .4,
35.4,32.5,17.7.

LRESI-MS (m/z): C20H23N20; [M+H]": 323.

TLC (SiO2, AcOEt/"hexane = 1/2) Rf: 0.07 (UV, dyeing reagent: a).
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A
MeO,C 2;\/TMS MeO,C

T™MS
DIPEA //
50w manoe 30N
S NH  MecN,0°C g N
O,N O,N

y. 73%
19 26

Propargyl silane (26)

To a stirred solution of 19 (9.1 mg, 28.8 umol) in dry MeCN (0.58 mL) were added DIPEA (5.5
pL, 31.6 pmol) and 28 '7 (5.2 pL, 28.8 umol) at 0 °C under Ar atmosphere. After stirring for 23 h at
the same temperature, an additional amount of 28 (0.5 puL, 2.9 pmol) was added to the reaction mixture.
After stirring for 6 h at the same temperature, saturated aqueous NH4Cl was added to the reaction
mixture and the resultant mixture was diluted with AcOEt. After separation of the two layers, the
aqueous layer was extracted three times with AcOEt. The combined organic layers were dried over
MgSO0,, filtered, and evaporated under reduced pressure. The residue was purified by silica gel flash
column chromatography (AcOEt/"hexane = 1/4 to 2/3) to afford 26 (9.2 mg, 73%) as a pale yellow oil.

'H NMR (400 MHz, CDCls, at 55 °C): §7.90 (1H, d, J = 7.8 Hz), 7.64-7.58 (2H, m), 7.42 (1H,
ddd, J = 8.2, 7.3, 0.9 Hz), 7.30 (1H, dd, J = 5.0, 2.3 Hz,
H-15), 3.57 (1H, d, J = 5.0 Hz), 3.48 3H, s), 3.39 (2H,
dd, J = 2.5, 2.5 Hz), 3.26 (1H, ddd, J = 14.9, 10.4, 4.5
Hz), 3.10-3.03 (2H, m), 2.82 (1H, ddd, J = 20.6, 5.5, 2.7
Hz), 2.69-2.60 (2H, m), 1.48 (2H, dd, J = 2.5, 2.5 Hz),

0.10 (9H, s).
LRESI-MS (m/z): C23H2sN>05SiNa [M+Na]*: 464.
TLC (SiO2, AcOEt/"hexane = 1/2) Rf: 0.30 (UV, dyeing reagent: a).
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™S MeO,C
M302c
y BF « Et,0 Q Q
4 A
ok —— oy
N DCM, 0 °C ON
o,N° ’ .
26 29
y. 42%
Undesired allene (29)

To a stirred solution of 26 (6.0 mg, 13.6 pmol) in dry DCM (0.54 mL) was added BF3 - Et,O
(18.1 uL, 68.1 umol) at 0 °C under Ar atmosphere, and the reaction mixture was stirred for 21 h at
room temperature. The reaction was quenched by adding saturated aqueous NaHCO3 and saturated
aqueous Na»S>03, and then the mixture was diluted with DCM. After separation of the two layers, the
aqueous layer was extracted three times with DCM. The combined organic layers were dried over
MgSO0s, filtered, and evaporated under reduced pressure. The residue was purified by silica gel MPLC
(MeOH/CHCI3 = 1/9) to afford 29 (2.1 mg, 42%) as a pale yellow amorphous solid.

"H NMR (600 MHz, CDCls, at 55 °C): 67.71 (1H, d,J=7.6 Hz), 7.55 (1H, d, /= 8.2 Hz), 7.54
(1H, dd,J=7.6,7.6 Hz), 7.37 (1H, ddd, /= 7.6, 7.6, 1.4
Hz), 7.17 (1H, t, J= 3.8 Hz), 4.70 (1H, dt, /= 11.6, 4.8
Hz),4.18 (1H, dt,J=11.6,4.8 Hz),3.91 (1H, dt,J=15.8,
4.8 Hz),3.61 (3H, s),3.42 (1H,d,/J=15.1,3.4 Hz), 3.12
(1H, d, J= 7.6 Hz), 3.04 (1H, br-s), 2.93-2.77 (4H, m),
2.58 (1H, dd, J = 20.6, 4.8 Hz), 1.80 (1H, dd, J= 124,
3.4 Hz).

13C NMR (150 MHz, CDCls, at 55 °C): 6197.7,166.2, 152.6, 135.2, 133.5, 133.2, 130.6, 130.5,
127.3, 125.2, 105.6, 80.9, 80.3, 63.6, 55.2, 51.7, 49.0,
45.6, 30.9, 24.8.

LRESI-MS (m/z): CoH21N»05 [M+H]+Z 369.

TLC (SiO2, MeOH/CHCI3 = 1/19) Rf: 0.14 (UV, dyeing reagent: a).
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2,6-Lutidine

MeO,C / n(OAG)s, PhSiH3 MeO,C /

MeCN, 40 °C, open air

y. 55%

26

Indoline (30)

30

To a stirred solution of 26 (51.0 mg, 116 pmol) in dry MeCN (4.6 mL) were added In(OAc);
(33.8 mg, 116 pmol), PhSiH3 (92.8 puL, 696 umol), and 2,6-Iutidine (13.5 pL, 116 umol) at room
temperature in air, and the reaction mixture was stirred for 3 d at 40 °C. The reaction was quenched

by adding saturated aqueous NaHCO3, and then the mixture was diluted with AcOEt. After separation
of the two layers, the aqueous layer was extracted three times with AcOEt. The combined organic
layers were dried over MgSQys, filtered, and evaporated under reduced pressure. The residue was
purified by silica gel flash MPLC (AcOEt/"hexane = 3/7) to afford 30 (25.3 mg, 55%) as a colorless

amorphous solid.

"H NMR (600 MHz, CDCls, at rt):

13C NMR (150 MHz, CDCls, at rt):

LRESI-MS (m/z):

TLC (SiO2, MeOH/CHCl; = 1/19) Rf:

6 7.66 (1H, d, J= 7.8 Hz), 7.20 (1H, ddd, J = 7.8, 7.3,
1.4Hz),7.08 (1H,d,/=7.8 Hz), 6.97 (1H, t,J=4.1 Hz),
6.94 (1H, ddd, J=17.8,7.3, 1.4 Hz), 6.03 (1H, br-s), 3.94
(1H, dd, J=5.3, 1.6 Hz), 3.82 (3H, s), 3.50 (1H, ddd, J
=16.5,2.7,2.7Hz), 3.44 (1H, ddd, J=16.5,2.7,2.7 Hz),
3.18 (1H, d, J=2.3 Hz), 2.85 (1H, dd, /= 20.6, 4.6 Hz),
2.65 (1H, ddd, /=124, 4.6, 1.4 Hz), 2.48 (1H, ddd, J =
12.3,12.3,3.2 Hz), 2.26 (1H, ddd, /= 20.6, 5.4, 2.7 Hz),
2.04 (1H, br-d, J = 12.8 Hz), 1.80 (1H, ddd, J = 12.8,
12.8, 4.6 Hz), 1.50—1.47 (2H, overlapped).

0 166.8, 153.5, 141.0, 136.2, 134.5, 127.7, 124.4, 122.7,
114.6, 83.5,76.2,74.7,51.1,49.9,44.9,43.5,42.3,32.9,
27.0,7.4,-1.9.

Ca23H31N202S1 [M+H]*: 395.

0.14 (UV, dyeing reagent: a).

113



TMS
MeO,C Lewis or
Bronsted acid

S

Hosomi-Sakurai
-type cyclization

30

12-Chloro indoline (32)

To a stirred solution of 30 (7.3 mg, 18.5 umol) in dry DCM (0.74 mL) was added SnCls (1.0 M
in DCM, 74.0 uL, 74.0 umol) at =78 °C under Ar atmosphere, and the reaction mixture was stirred for
5.5 h at the same temperature. After stirring for another 19.5 h at 0 °C, the reaction was quenched by
adding saturated aqueous NaHCO3 and saturated aqueous Na»S>03, and then the mixture was diluted
with CHCIs. After separation of the two layers, the aqueous layer was extracted three times with CHCls.
The combined organic layers were washed with brine, dried over MgSQys, filtered, and evaporated
under reduced pressure. The residue was purified by silica gel MPLC (AcOEt/"hexane = 3/7) to afford
32 (3.1 mg, 39%) as a pale yellow solid.

'H NMR (600 MHz, CDCL, at rt): §7.56 (1H, d, J= 6.9 Hz), 7.08 (1H, dd, J= 8.2, 1.4 Hz),
6.98 (1H, t, J = 3.8 Hz), 6.70 (1H, dd, J = 8.2, 7.6 Hz),
432 (1H, d, J=2.8 Hz), 3.83 (3H, s), 3.80 (1H, dd, J =
5.6,2.8 Hz), 3.54 (1H, t, J=2.4 Hz), 3.46 (1H, d, J=2.8
Hz), 2.84 (1H, dd, J = 20.3, 4.5 Hz), 2.62 (1H, m), 2.42
(1H, ddd, J=11.7,11.7,4.1 Hz), 2.23 (1H, ddd, J=20.6,
5.5,2.8 Hz), 1.99-1.90 (2H, m), 1.49 (2H, dd, J = 2.8,
2.8 Hz).

BC NMR (150 MHz, CDCl3, at rt): 0 166.8,147.9, 141.2, 136.2, 134.3, 127.3, 123.2, 120.2,
116.9, 81.1, 74.7, 66.2, 51.59, 51.55, 45.2, 44.8, 42.8,
31.6,26.9,7.2,—-1.9.

LRESI-MS (m/z): C23H30CIN,O, [M+H]': 429, 431.
(Peak intensity ratio; 3:1)

TLC (SiO2, AcOEt/"hexane = 1/2) Rf: 0.41 (UV, dyeing reagent: a).
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MeOZC

‘ PCC, A|203
’: DCM rt
H y. 2%

21

Zhu’s strictamine precursor (33)

MeOZC

b

To a stirred solution of 21 (10.1 mg, 22.4 pmol) in dry DCM (0.90 mL) were added PCC (9.7
mg, 44.8 umol) and neutral aluminum oxide silica gel (35.2 mg) at room temperature under Ar
atmosphere, and the reaction mixture was stirred for 27 h at the same temperature. The resultant

mixture was filtered through Celite® and the filtrate was evaporated under reduced pressure. The
residue was purified by silica gel MPLC (AcOEt/"hexane = 1/3) to afford 27 (7.2 mg, 72%) as a pale
yellow solid. The spectral and physical properties of 33 are consistent with previously reported data.>®

'H NMR (400 MHz, CDCls, at rt):

13C NMR (100 MHz, CDCls, at rt):

IR (ATR) Vinax cm™ '

UV (MeOH) Amax nm:

HRESI-MS (m/z):

TLC (SiO2, AcOEt/"hexane = 1/2) Rf:

8791 (1H,dd,J=7.8,0.9 Hz), 7.67 (1H, d, J=7.3 Hz),
7.38 (1H, ddd, J= 7.8, 7.3, 0.9 Hz), 7.23 (1H, ddd, J =
7.8,7.3,0.9Hz),7.06 (1H,dd,J=3.2,3.2 Hz), 5.89 (1H,
q,J=6.4Hz),3.95(1H, d,J=6.0 Hz), 3.76 (3H, s), 3.39
(1H,d,J=14.2 Hz),3.23 (1H, d,J=14.2 Hz), 3.06 (1H,
ddd, /= 14.2, 12.8, 3.2 Hz), 2.93 (1H, dd, J = 20.6, 4.1
Hz),2.78 (1H,ddd, J=20.6,6.4, 3.2 Hz),2.72—-2.62 (2H,
overlapped), 1.79 (3H, d, J=6.4 Hz), 1.57 (1H, ddd, J =
12.8,12.8, 4.6 Hz).

0 183.1, 165.8, 156.0, 141.2, 140.1, 132.9, 129.7, 128 4,
126.3, 125.5, 120.8, 108.5, 65.1, 55.2, 54.7, 51.7, 43.1,
35.8,33.9,21.7.

2950, 2922, 2853, 2813, 1714, 1630, 1598, 1436, 1344,
1282, 1259, 1228, 1196, 1115, 1091, 1063, 1019, 1000,
912, 804, 745, 664.

247.5,203.0.

calcd. for CooH2IN>O, [M+H]": 449.0726;
found: 449.0719.

0.39 (UV, dyeing reagent: a).
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BEICBHT 5 ER

B9 5 KR

4-Pentenoic acid
mH EDCI, DMAP . | wn. o
—_—
N 2 H

H DCM, rt
quant.
Tryptamine (34) 43 =
Amide (43)

To a stirred solution of 34 (2.40 g, 15.0 mmol) in dry DCM (50.0 mL) were added DMAP (183
mg, 1.50 mmol), EDCI (3.23 g, 16.5 mmol), and 4-pentenoic acid (1.84 mL, 18.0 mmol) at room
temperature under Ar atmosphere. After stirring for 10 h at the same temperature, water was added to
the reaction mixture and the resultant mixture was diluted with CHCl;. After separation of the two
layers, the aqueous layer was extracted three times with CHCI3. The combined organic layers were
dried over MgSOQys, filtered, and evaporated under reduced pressure. The residue was purified by silica
gel flash column chromatography (MeOH/CHCIl; = 1/19) to afford 43 (4.39 g, quant.) as a pale brown
solid.

'H NMR (400 MHz, CDCL, at rt): §8.02 (1H, br-s), 7.61 (1H, d, J= 7.8 Hz), 7.39 (1H, d, J
= 8.2 Hz), 7.22 (1H, ddd, J= 8.2, 6.9, 0.9 Hz), 7.12 (1H,
ddd, J=8.2, 6.9, 0.9 Hz), 7.05 (1H, d, J= 1.8 Hz), 5.78
(1H, dddd, J = 17.2, 10.3, 6.9, 6.9 Hz), 5.49 (1H, br-s),
5.01 (1H, dd, J = 16.9, 1.8 Hz), 4.97 (1H, dd, J = 10.1,
1.8 Hz), 3.62 (2H, dd, J = 12.8, 6.9 Hz), 2.98 (2H, dd, J
= 6.9, 6.9 Hz), 2.35 (2H, dq, J = 1.4, 5.9 Hz), 2.20 (2H,
ddd, J=6.9, 6.9, 1.4 Hz).

TLC (Si02, MeOH/CHCI3 = 1/19) Rf: 0.23 (UV, dyeing reagent: b).
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N —_
H

MeCN, reflux
y. 89%
43 V

3.4-Dihydro-B-carboline (44)

To a stirred solution of 43 (3.35 g, 13.8 mmol) in dry MeCN (138 mL) was added dry POCI3
(6.66 mL, 69.1 mmol) at room temperature under Ar atmosphere, and the reaction mixture was stirred
for 3 h at 90 °C. The reaction was quenched by adding saturated aqueous NaHCOs3, and then the
mixture was diluted with CHCIls. After separation of the two layers, the aqueous layer was extracted

three times with CHCIls. The combined organic layers were dried over MgSQOy, filtered, and evaporated
under reduced pressure. The residue was purified by silica gel flash column chromatography
(MeOH/CHCI; = 1/6) to afford 44 (2.75 g, 89%) as a pale brown amorphous solid.

'H NMR (600 MHz, CDCls, at rt): §8.35 (1H, br-s), 7.60 (1H, d, J = 7.6 Hz), 7.40 (1H, d, J
= 8.3 Hz), 7.28 (1H, ddd, J= 8.3, 6.9, 1.4 Hz), 7.16 (1H,
ddd, J=8.3,6.9, 1.4 Hz), 5.92 (1H, dddd, /= 17.2, 10.3,
6.9, 6.9 Hz), 5.09 (1H, dd, J = 17.2, 1.4 Hz), 5.02 (1H,
dd, J=9.7, 1.4 Hz), 3.88 (2H, dd, J = 8.3, 8.3 Hz), 2.86
(2H, dd, J = 8.3, 8.3 Hz), 2.75 (2H, dd, J = 7.9, 7.9 Hz),
2.50 (2H, dd, J = 14.5, 7.6 Hz).

13C NMR (150 MHz, CDCls, at rt): 6 160.1, 137.5, 136.5, 128.6, 125.6, 124.5, 120.4, 120.0,
117.0, 115.4, 111.9, 48.2, 34.6, 30.7, 19.3.

IR (ATR) Vinax cm™ ' 3065, 2935, 2837, 1601, 1547, 1444, 1320.

UV (MeOH) Amax nm: 340.5, 322.0, 235.5.

LRESI-MS (m/z): CisHi7N, [M+H]": 225.

TLC (SiO2, MeOH/CHCl; = 1/9) Rf: 0.66 (UV, dyeing reagent: b).
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RuClI-[(R,R)-Tsdpen](p-cymene)
HCO,H/Et3N (5:2)

DMF, 0 °C
y. 93%, >99% ee

Amine (45)

To a stirred solution of 44 (2.73 g, 12.2 mmol) in dry DMF (61.0 mL) were added RuCI-[(R,R)-
Tsdpen](p-cymene) (0.39 g, 0.61 mmol) and HCO,H/Et;N [5/2 v/v, 6.10 mL (0.5 mL/1.0 mmol of 44)]
at 0 °C under Ar atmosphere, and the reaction mixture was stirred for 12 h at the same temperature.
The reaction was quenched by adding saturated aqueous NaHCO3, and then the mixture was diluted
with AcOEt. After separation of the two layers, the aqueous layer was extracted three times with
AcOEt. The combined organic layers were washed with water and brine, dried over MgSOs, filtered,
and evaporated under reduced pressure. The residue was purified by silica gel flash column
chromatography (MeOH/CHC]l; = 1/30) to afford 45 (2.57 g, 93%, >99%) as a pale yellow oil. The
determination of enantiomeric excess (ee) of 45 was performed by chiral HPLC analysis under the
following conditions: CHIRALCEL® OD-H, Lot# ODHOCE-MI057 (column), "hexane : ‘PrOH : DIPA
= 80:20:0.1 (eluent), 0.8 mL/min (flow), 34 °C (temperature), frr = 11.3 (major), 13.0 (minor) min
(retention time).

'H NMR (600 MHz, CDCls, at rt): §7.74 (1H, br-s), 7.49 (1H, d, J= 7.6 Hz), 7.32 (1H, d, J
=7.6Hz),7.15 (1H, dd, J= 8.2, 6.9 Hz), 7.10 (1H, dd, J
= 6.9, 6.9 Hz), 5.90 (1H, dddd, J = 17.2, 10.3, 6.9, 6.9
Hz), 5.10 (1H, ddd, J = 16.8, 2.1, 2.1 Hz), 5.03 (1H, dd,
J =103, 2.1 Hz), 4.10 (1H, ddd, J = 8.9, 4.1, 2.1 Hz),
3.35 (1H, ddd, J = 12.4, 4.8, 4.8 Hz), 3.04 (1H, ddd, J =
13.1,8.2, 4.8 Hz), 2.79-2.70 (2H, m), 2.36-2.23 (2H, m),
1.96 (1H, dddd, J = 16.8, 10.3, 6.2, 4.1 Hz), 1.79 (1H,
dddd, J=14.4,9.6, 9.6, 5.5 Hz).

13C NMR (150 MHz, CDCls, at rt): 6 138.2,136.1, 135.6, 127.5, 121.6, 119.4, 118.1, 115.2,
110.7,109.2, 52.1, 42.4, 34.2, 30.1, 22.8.

IR (ATR) Vinax cm™ ! 3408, 3168, 3059, 2931, 2844, 1640, 1451, 1316, 1300.
UV (MeOH) Amax nm: 289.0 (sh), 280.0, 222.5.

LRESI-MS (m/z): CisHioN, [M+H]*: 227.

TLC (Si02, MeOH/CHCI3 = 1/9) Rf: 0.16 (UV, dyeing reagent: b).
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Enyne (47)

To a stirred solution of 45 (31.2 mg, 0.138 mmol) in dry MeCN (1.3 mL) were added DIPEA
(25.3 pL, 0.145 mmol) and 46 (16.8 pL, 0.138 mmol) at room temperature under Ar atmosphere. After
stirring for 20 h at the same temperature, water was added to the reaction mixture and the resultant
mixture was diluted with AcOEt. After separation of the two layers, the aqueous layer was extracted
three times with AcOEt. The combined organic layers were dried over MgSQsa, filtered, and evaporated
under reduced pressure. The residue was purified by silica gel flash column chromatography
(AcOEt/"hexane = 1/4) to afford 47 (24.6 mg, 64%) as a pale yellow oil.

"H NMR (600 MHz, CDCls, at rt):

13C NMR (150 MHz, CDCls, at rt):

IR (ATR) Vinax cm™ '
UV (MeOH) Amax nm:
LRESI-MS (m/2):

TLC (SiO2, AcOEt/"hexane = 1/2) Rf:

67.70 (1H, br-s), 7.48 (1H, d, J=8.2 Hz), 7.30 (1H, d, J
=7.6 Hz), 7.14 (1H, dd, J= 8.2, 6.9 Hz), 7.09 (1H, dd, J
=17.6, 6.9 Hz), 5.86 (1H, dddd, J=17.2, 10.3, 6.9, 6.9
Hz),5.04 (1H,dd,/=17.2,2.1 Hz),4.97 (1H,d,J=10.3
Hz), 3.97 (1H, dd, J= 5.2, 5.2 Hz), 3.52 (1H, ddd, J =
16.5,4.1, 2.1 Hz), 3.43 (1H, ddd, /= 16.5, 4.1, 2.1 Hz),
3.16 (1H, ddd, J=12.4, 12.4, 5.5 Hz), 3.07 (1H, ddd, J
=12.4, 12.4, 5.5 Hz), 2.79 (1H, m), 2.70 (1H, m), 2.25
(1H, m), 2.08 (1H, m), 1.94 (1H, dddd, J = 144, 10.3,
10.3, 5.5 Hz), 1.85 (1H, overlapped), 1.83 (3H, dd, J =
2.1,2.1 Hz).

0 138.8, 136.0, 134.6, 127.2, 121.4, 119.3, 118.0, 114.7,
110.7,108.6,80.4,74.9,55.4,46.8,42.9,32.3,29.3,19.0,
3.6.

3408, 3057, 2918, 2844, 1638, 1449, 1323.
291.0 (sh), 281.5, 226.0.
Ci9H23N, [M+H]": 279.

0.60 (UV, dyeing reagent: ).
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0s04, NMO
THF/H,0 (5:1), rt;

\/

then NalOy4
THF/H,0 (1:1), rt
y. 37%

Hemiaminal (48)

To a stirred solution of 47 (120 mg, 0.431 mmol) in a mixed solvent of THF/H>O (5/1, 10.3 mL)
were added sequentially NMO (50% v/v in water, 207 puL, 0.991 mmol) and OsO4 (0.05 M in #~-BuOH,
345 uL, 17.3 pumol) at room temperature under Ar atmosphere, and the reaction mixture was stirred

for 22 h at the same temperature. The reaction was quenched by adding saturated aqueous Na»S,03,
and then the mixture was diluted with AcOEt. After separation of the two layers, the aqueous layer
was extracted three times with AcOEt. The combined organic layers were washed with brine, dried
over MgSOQy, filtered, and evaporated under reduced pressure to afford the crude diol (more than
theoretical amount), which was used in the next reaction without purification.

To a stirred solution of the above crude diol in a mixed solvent of THF/H,O (1/1, 28.8 mL) was
added NalO4 (304 mg, 1.42 mmol) at 0 °C under Ar atmosphere, and the reaction mixture was stirred
for 24 h at room temperature. The reaction was quenched by adding saturated aqueous NaHCO3, and
then the mixture was diluted with CHCIls. After separation of the two layers, the aqueous layer was
extracted three times with CHCls. The combined organic layers were dried over MgSOy, filtered, and
evaporated under reduced pressure. The residue was purified by silica gel flash column
chromatography (MeOH/CHCl; = 1/19) to afford diastereomer mixture of 48 (57.1 mg), which was
further purified by silica gel flash MPLC (AcOEt/"hexane = 1/1) for separation of the mixture of 48
to afford more polar compound (21.3 mg, 18%) and less polar compound (23.5 mg, 19%), both as a
pale yellow amorphous solid.

For more polar compound

"H NMR (600 MHz, CDCl3, at rt): 6745 (1H,d,J=7.6 Hz), 7.40 (1H, d, /= 8.3 Hz), 7.18
(1H, ddd, J = 8.3, 6.9, 1.4 Hz), 7.13 (1H, ddd, J = 8.3,
6.9, 1.4 Hz), 5.99 (1H, dd, J = 2.8, 2.8 Hz), 3.67 (1H,
ddd, /=17.2,4.1, 2.1 Hz), 3.66—3.64 (1H, overlapped),
3.56 (1H,ddd,J=17.2,4.1,2.1 Hz), 3.16 (1H, ddd, J =
9.0, 9.0, 5.8 Hz), 2.99-2.91 (2H, m), 2.76 (1H, m), 2.30
(1H, m), 2.22 (1H, dddd, J = 13.8, 13.8, 2.8, 2.8 Hz),
2.11 (1H,ddd, J=12.4,7.6,4.1 Hz), 1.86 (3H, t,J=2.4
Hz), 1.76 (1H, dq, /= 2.8, 9.9 Hz).

BC NMR (150 MHz, CDCls, at rt): 0 136.2,133.9, 128.8, 121.4, 120.4, 118.6, 110.1, 107.2,
81.7,74.4,72.6,55.6,51.2,42.6,30.1, 21.4,20.6, 3.5.

LRESI-MS (m/z): Ci3H21N,O [M+H]*: 281.

TLC (Si02, MeOH/CHCI3 = 1/9) Rf: 0.48 (UV, dyeing reagent: ).
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For less polar compound

"H NMR (600 MHz, CDCl3, at rt): 67.65(1H,d,J=7.6 Hz), 743 (1H, d, J= 6.9 Hz), 7.14
(1H, ddd, J=17.6, 7.6, 1.4 Hz), 7.12 (1H, ddd, J = 7.6,
6.9, 1.4 Hz), 5.40 (1H, dd, J = 9.6, 5.5 Hz), 3.58 (1H,
ddd, J=17.2, 4.8, 2.1 Hz), 3.54 (1H, overlapped), 3.51
(1H, ddd, J = 17.2, 4.8, 2.1 Hz), 3.12 (1H, q, J = 10.8
Hz), 2.91 (1H, overlapped), 2.90 (1H, overlapped), 2.73
(1H, q, J=11.2 Hz), 2.45 (1H, dddd, J = 13.8, 5.5, 4.8,
2.1 Hz), 2.12 (1H, ddd, /= 11.7, 7.6, 4.1 Hz), 1.87 (3H,
t,J=2.4Hz), 1.70 (1H, ddd, /= 13.8, 9.6, 2.8 Hz), 1.24
(1H, ddd, J=11.7, 11.7, 2.8 Hz).

3C NMR (150 MHz, CDCls, at rt): 6 138.0, 135.3,128.2, 121.4, 120.2, 118.1, 111.9, 106.9,
81.6,78.8,72.9,55.3,50.7,42.7, 33.2, 25.6, 21.5, 3.6.

LRESI-MS (m/z): CisH21N>O [M+H]+: 281.

TLC (SiO2, MeOH/CHCI3 = 1/9) Rf: 0.46 (UV, dyeing reagent: ).
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CICO,Me, NaH

— NH
DMF, 0 °C to rt MeO,C
y. 80% \\
49
Methyl carbamate (49)

To a stirred solution of 47 (2.96 g, 10.6 mmol) in dry DMF (36.0 mL) was added NaH (60% in
paraffin ligand, 0.85 g, 21.3 mmol) at 0 °C under Ar atmosphere. After stirring for 30 min at the same
temperature, CICO>Me (1.03 mL, 12.8 mmol) was added to the mixture. After stirring for 11 h at room
temperature, water was added to the reaction mixture and the resultant mixture was diluted with AcOEt.
After separation of the two layers, the aqueous layer was extracted three times with AcOEt. The
combined organic layers were washed with water and brine, dried over MgSQOs, filtered, and
evaporated under reduced pressure. The residue was purified by silica gel flash column
chromatography (AcOEt/"hexane = 1/9) to afford 49 (2.86 g, 80%) as a pale yellow amorphous solid.

'H NMR (400 MHz, CDCL;, at rt): §8.12 (1H, d, J = 8.2 Hz), 7.41 (1H, d, J= 7.6 Hz), 7.28
(1H, dd, J= 8.2, 6.9 Hz), 7.24 (1H, dd, J = 7.6, 6.9 Hz),
5.92 (1H, dddd, J=17.2,10.3, 6.9, 6.9 Hz), 5.08 (1H, dd,
J=17.2, 1.4Hz), 498 (1H, d, J= 10.3 Hz), 4.33 (1H, d,
J=9.6 Hz), 4.04 (3H, s), 3.40 (1H, ddd, J = 15.8, 4.1,
2.1 Hz), 3.35 (1H, ddd, J= 15.8, 4.1, 2.1 Hz), 3.24 (2H,
dd, J = 10.3, 3.4 Hz), 2.80 (1H, ddd, J = 17.2, 8.6, 8.6
Hz), 2.48 (1H, ddd, J= 17.2, 3.1, 3.1 Hz), 2.40 (1H, m),
2.33 (1H, dd, J = 15.1, 7.6 Hz), 2.25 (1H, m), 1.83 (3H,
dd, J=2.1, 2.1 Hz), 1.68 (1H, m).

13C NMR (100 MHz, CDCls, at rt): 6 152.0, 139.0, 138.9, 136.4, 135.7, 129.5, 124.1, 122.9,
117.9, 115.7, 114.5, 114.4, 80.4, 74.9, 57.2, 53.4, 42.9,
41.2,33.6,31.3,16.5, 3.6.

IR (ATR) Vinax cm™ ' 3072, 2952, 2918, 2843, 1739, 1638, 1457, 1442, 1362,
1328.

UV (MeOH) Amax nm: 293.0 (sh), 266.5, 228.5.

LRESI-MS (m/z): C21H25N,0; [M+H]": 337.

TLC (SiO2, AcOEt/"hexane = 1/9) Rf: 0.37 (UV, dyeing reagent: e).

122



OSO4, NaIO4

L

> NS
70% AcOH, 0 °C MeO,C

y. 97%

Aldehyde (50)
To a stirred solution of 49 (0.57 g, 1.69 mmol) in 70% aqueous AcOH (22.5 mL) were added

sequentially OsOj4 (0.1 M in toluene, 0.51 mL, 0.051 mmol) and NalOy4 (1.45 g, 6.78 mmol) at 0 °C
under Ar atmosphere, and the reaction mixture was stirred for 24 h at the same temperature. The
reaction mixture was neutralized by adding saturated aqueous NaHCOs3 (pH 5 — 6), and then the
mixture was diluted with CHCIs. After separation of the two layers, the aqueous layer was extracted
three times with CHCIl3. The combined organic layers were dried over MgSOy, filtered, and evaporated
under reduced pressure. The residue was purified by silica gel flash column chromatography
(AcOEt/"hexane = 4/1) to afford 50 (0.56 g, 97%) as a pale yellow oil.

'H NMR (600 MHz, CDCls, at rt): §9.83 (1H, s), 8.07 (1H, d, J= 8.3 Hz), 7.42 (1H, d, J =
7.6 Hz), 7.30 (1H, ddd, J = 8.3, 6.9, 1.4 Hz), 7.25 (1H,
dd, J = 7.6, 7.6 Hz), 4.34 (1H, br-d, J = 10.3 Hz), 4.06
(3H, ), 3.37 (1H, dq, J = 16.2, 2.4 Hz), 3.33 (1H, dq, J
=162, 2.4 Hz), 3.14 (2H, dd, J = 9.0, 3.4 Hz), 2.80 (1H,
dddd, J=17.2,8.3,8.3, 1.4 Hz), 2.69 (1H, dddd, J= 15.8,
6.9, 6.9, 2.1 Hz), 2.59 (1H, dddd, J = 16.5, 6.5, 6.5, 1.4
Hz),2.51 (1H, ddd,J=16.5,3.1,3.1 Hz), 2.21 (1H, dddd,
J=145,7.2,7.2,2.8 Hz), 1.98 (1H, dddd, J = 14.5, 10.3,
6.9, 6.9 Hz), 1.82 (3H, dd, J = 2.4, 2.4 Hz).

13C NMR (150 MHz, CDCls, at rt): 6 202.1, 152.1, 135.61, 135.56, 129.3, 124.3, 123.0,
118.1, 115.8, 115.2, 80.0, 75.6, 57.0, 53.6, 42.9, 41.53,
41.47,27.9,16.8, 3.6.

IR (ATR) Vinax cm™ ' 2952,2919, 1731, 1718, 1456, 1440, 1361, 1323.
UV (MeOH) Amax nm: 293.0 (sh), 264.5, 228.5.

LRESI-MS (m/z): C20H23N>03 [M+H]*: 339.

TLC (SiO2, AcOEt/"hexane = 1/2) Rf: 0.22 (UV, dyeing reagent: ).
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LiIHMDS, HMPA
THF, -78 °C;

then TIPSCI
THF, -78 °C
y. 26%

(Z2)-Silyl enol ether (42)

To a stirred solution of 50 (427 mg, 1.26 mmol) in dry THF (16.0 mL) were added sequentially
HMPA (1.00 mL, 5.67 mmol) and LIHMDS (1.0 M in THF, 2.52 mL, 2.52 mmol) at =78 °C under Ar
atmosphere. After stirring for 30 min at the same temperature, TIPSCI1 (0.79 mL, 3.78 mmol) was

added to the mixture. After stirring for 12.5 h at the same temperature, saturated aqueous NaHCO3
was added to the reaction mixture and the resultant mixture was diluted with AcOEt. After separation
of the two layers, the aqueous layer was extracted three times with AcOEt. The combined organic
layers were washed with brine, dried over MgSOQs, filtered, and evaporated under reduced pressure.
The residue was purified by silica gel flash column chromatography (AcOEt/"hexane = 1/9 to 3/2) to
afford 42 (162 mg, 26%) as a colorless oil, together with recovered 50 (95.0 mg, 23%).

'H NMR (400 MHz, CDCls, at rt):

13C NMR (100 MHz, CDCl, at rt):

LRESI-MS (m/z):

TLC (SiO2, AcOEt/"hexane = 1/2) Rf:

68.12(1H,d,J=7.8 Hz), 7.41 (1H, dd, /= 7.8, 1.4 Hz),
7.28 (1H, ddd, J= 8.2, 7.3, 1.4 Hz), 7.23 (1H, ddd, J =
7.3, 7.3, 1.4 Hz), 6.30 (1H, ddd, J = 5.5, 1.8, 1.8 Hz),
4.62 (1H,dd, /=124, 6.4 Hz), 4.44 (1H, br-dd, J=8.7,
2.7 Hz), 4.01 (3H, s), 3.45 (1H, dd, J = 15.6, 2.3 Hz),
3.38 (1H, dd, J = 15.6, 2.3 Hz), 3.27 (1H, dd, J = 10.5,
5.0 Hz), 3.23 (1H, dd, J = 12.8, 5.0 Hz), 2.81 (1H, ddd,
J=174,10.8, 6.6 Hz), 2.65 (1H, m), 2.55-2.47 (2H, m),
1.82 (3H, t, J = 2.3 Hz), 1.08 (3H, overlapped), 1.03
(18H, d, J= 6.0 Hz).

0 152.1,139.4, 136.5, 135.9, 129.5, 124.0, 122.8, 117.9,
115.6, 114.8, 107.3, 79.7, 76.0, 57.6, 53.3, 43.1, 41.5,
28.5,17.7,17.3,11.9, 3.7.

C9H43N>03S1 [M+H]+: 495.

0.62 (UV, dyeing reagent: e).
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Au(l) cat.

(Ag cat.)
NNA
—H— N I o
| mecN/Ho - MeOC N™ N—=
(10:1) MeO,C
41a O H 51

Ring-expanded product (51)

To a stirred solution of 42 (18.9 mg, 38.2 umol) in a mixed solvent of MeCN/H,O (10/1, 0.50
mL) were added IPrAuCl (2.4 mg, 3.82 pmol) and AgBF4 (0.8 mg, 3.82 umol) at room temperature
under Ar atmosphere, and the reaction mixture was stirred for 11 h at 40 °C. The reaction was quenched
by adding saturated aqueous NaHCO3, and then the mixture was diluted with AcOEt. After separation
of the two layers, the aqueous layer was extracted three times with AcOEt. The combined organic
layers were dried over MgSOQs, filtered, and evaporated under reduced pressure. The residue was
purified by silica gel MPLC (MeOH/CHCI3 = 1/30) to afford 51 (1.6 mg, 13%) as a pale yellow oil,
together with recovered 42 (4.7 mg, 25%).

"H NMR (600 MHz, CDCls, at rt): 89.10 (1H, d,J=8.2 Hz), 8.15 (1H, d, /= 8.2 Hz), 7.50
(1H, d, J= 7.6 Hz), 7.39 (1H, dd, J= 7.6, 6.9 Hz), 7.32
(1H, dd, J=17.6, 7.6 Hz), 7.01 (1H, br-d, J = 12.4 Hz),
6.03 (1H,dd, /=7.6,6.9 Hz), 5.44 (1H,dd, /= 124,89
Hz), 4.03 (3H, s), 3.98 (1H, dd, J = 14.8, 5.8 Hz), 3.65
(1H, dd, J = 13.4, 5.2 Hz), 3.38 (1H, dd, J=15.1, 9.6
Hz), 3.28 (1H, dd, J = 14.4, 5.5 Hz), 3.15 (1H, dd, J =
12.4,11.7Hz),2.48 (1H, dd,J=13.7, 11.7 Hz), 2.04 (3H,
s).

13C NMR (150 MHz, CDCls, at rt): 0 189.6, 159.5, 151.8, 136.6, 136.4, 134.5, 129.0, 125 .4,
123.4, 121.9, 119.2, 118.3, 115.9, 101.8, 53.91, 53.89,
47.1,25.8,22.5.

LRESI-MS (m/z): C1oH20N203K [M+K]*: 363.

TLC (SiO2, MeOH/CHCl; = 1/19) Rf: 0.26 (UV, dyeing reagent: e).
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3-Butenoic acid
| EDCI, DMAP I HN. .0
NH, > N
N DCM, rt H
y. 90% |

Tryptamine (34) 55

Amide (55)

To a stirred solution of 34 (3.50 g, 21.8 mmol) in dry DCM (73.0 mL) were added DMAP (0.29
g, 2.40 mmol), EDCI (4.48 g, 22.9 mmol), and 3-butenoic acid (2.05 mL, 24.0 mmol) at room
temperature under Ar atmosphere. After stirring for 16 h at the same temperature, water was added to
the reaction mixture and the resultant mixture was diluted with CHCIs. After separation of the two
layers, the aqueous layer was extracted three times with CHCIs. The combined organic layers were
dried over MgSOys, filtered, and evaporated under reduced pressure. The residue was purified by silica
gel flash column chromatography (MeOH/CHClz = 1/30 to 1/19) to afford 55 (4.48 g, 90%) as a pale
brown solid.

'"H NMR (400 MHz, CDCls, at rt): 6 8.15 (1H, br-s), 7.60 (1H, d, J=7.8 Hz), 7.38 (1H, d, J
=8.2Hz),7.22 (1H, ddd, /=8.2,8.2,0.9 Hz), 7.13 (1H,
ddd, /=8.2,8.2,0.9 Hz), 7.03 (1H, d, /= 2.3 Hz), 5.85
(1H, dddd, J=17.2, 10.1, 7.2, 7.2 Hz), 5.69 (1H, br-s),
5.16 (1H, d,J= 8.7 Hz), 5.13 (1H, dd, /= 16.9, 1.4 Hz),
3.59 (2H, q, J= 6.4 Hz), 2.99-2.94 (4H, overlapped).

LRESI-MS (m/z): C14H17N,0 [M+H]*: 229.

TLC (SiO2, MeOH/CHCI3 = 1/19) Rf: 0.27 (UV, dyeing reagent: b).
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1) NaH, PMBCI

N F PMB
H

2) AllylMgBr, BF5+Et,0
THF, =30 °C |
58 y. 73% (2 steps) 57

Homoallylic amine (57)

To a stirred solution of 5824 (10.6 g, 62.4 mmol) in dry DMF (200 mL) was added NaH (60% in
paraffin ligand, 4.49 g, 112 mmol) at room temperature under Ar atmosphere. After stirring for 40 min
at the same temperature, PMBCI (8.67 mL, 62.4 mmol) was added to the mixture at —20 °C. After
stirring for 6 h at the same temperature, water was added to the reaction mixture and the resultant

mixture was diluted with AcOEt. After separation of the two layers, the aqueous layer was extracted
three times with AcOEt and twice with DCM. The combined organic layers were dried over MgSQOs,
filtered, and evaporated under reduced pressure to afford the crude imine (more than theoretical
amount), which was used in the next reaction without purification.

To a stirred solution of the above crude imine in dry THF (120 mL) was added BF3 * Et,0O (8.50
mL, 68.7 mmol) at —30 °C under Ar atmosphere. After stirring for 10 min at the same temperature,
allylmagnesium bromide (1.0 M in Et;O, 187 mL, 187 mmol) was added to the reaction mixture. After
stirring for 12 h at the same temperature, saturated aqueous NaHCO3 was added to the reaction mixture
and the resultant mixture was diluted with AcOEt. After separation of the two layers, the aqueous layer
was extracted three times with AcOEt. The combined organic layers were dried over MgSOyg, filtered,
and evaporated under reduced pressure. The residue was purified by silica gel flash column
chromatography (AcOEt to MeOH/CHCIl; = 1/19) to afford 57 (15.2 g, 73% from 58) as a pale yellow
oil.

'H NMR (400 MHz, CDCL, at rt): §7.52 (1H, m), 7.17-7.07 (3H, m), 6.90 (2H, d, J = 8.7
Hz), 6.79 (2H, d, J = 8.7 Hz), 5.83 (1H, dddd, J = 16.9,
9.6,7.8, 6.4 Hz), 5.23 (2H, ABq, Adas=0.10, Jap = 16.9
Hz), 5.12 (1H, d, J = 10.6 Hz), 5.10 (1H, dd, J = 16.9,
1.4 Hz), 4.04 (1H, dd, J=9.6, 2.7 Hz), 3.75 (3H, 5), 3.22
(1H, ddd, J=13.3,9.1, 5.0 Hz), 3.10 (1H, ddd, J= 13.3,
5.5,4.1 Hz), 2.83 (1H, dddd, J = 15.6, 9.1, 5.5, 1.4 Hz),
2.75 (1H, ddd, J = 15.6, 4.6, 4.6 Hz), 2.52 (1H, m), 2.40

(1H, m).

13C NMR (100 MHz, CDCls, at rt): 0 158.7,136.9, 136.7, 135.2, 129.6, 127.2, 127.1, 121 .4,
119.2, 118.1, 117.9, 114.1, 109.6, 108.8, 55.2, 50.4, 46 .4,
38.6, 38.3, 22.5.

LRESI-MS (m/z): CH2sN,O [M+H]*: 333,

TLC (SiO2, MeOH/CHCI; = 1/9) Rf: 0.50 (UV, dyeing reagent: e).
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OH

"
60

| DIPEA |
N N DIPEA N
PMB MeCN, rt PM
m y. 98%
57 54

Diene (54)

To a stirred solution of 57 (15.2 g, 45.8 mmol) in dry MeCN (150 mL) were added DIPEA (10.4
mL, 59.5 mmol) and 60 > (5.89 mL, 50.3 mmol) at room temperature under Ar atmosphere. After
stirring for 36 h at the same temperature, saturated aqueous NaHCO3 was added to the reaction mixture
and the resultant mixture was diluted with AcOEt. After separation of the two layers, the aqueous layer
was extracted three times with AcOEt. The combined organic layers were dried over MgSOyg, filtered,
and evaporated under reduced pressure. The residue was purified by silica gel flash column
chromatography (AcOEt/"hexane = 1/1) to afford 54 (diastereomer mixture at C3, 18.7 g, 98%) as a

pale yellow oil.

'H NMR (400 MHz, CDCl, at rt):

13C NMR (100 MHz, CDCls, at rt):

LRESI-MS (m/z):

TLC (SiO2, AcOEt/"hexane = 1/2) Rf:

6 7.55 (1H, d, J = 7.3 Hz), 7.26—7.22 (1H, overlapped),
7.17 (1H, dd, J=8.7,6.9 Hz), 7.13 (1H, dd, /= 8.3, 6.9
Hz), 6.86 (2H, d, J= 8.2 Hz), 6.79 (1H, d, J = 8.7 Hz),
6.78 (1H, d, J= 8.7 Hz), 5.86 (1H, m), 5.30 (1H, d, J =
16.9 Hz), 5.16—5.06 (3H, overlapped), 4.94 (1H, d, J =
16.9 Hz), 4.61 (0.5H, s), 4.50 (0.5H, s),4.43 (1H, q, J=
5.9 Hz), 3.86 (1H, m), 3.753 (1.5 H, s), 3.749 (1.5 H, s),
3.51(0.5H,d,J=11.9Hz),3.36 (0.5H,d,/J=11.9 Hz),
3.37-3.19(2H, m), 3.20 (0.5H, d, J=11.9 Hz), 3.02 (0.5
H,d,J=11.9 Hz), 2.98 (1H, overlapped), 2.71-2.60 (1H,
m), 2.57-2.39 (2H, m), 1.31 (1.5H,d,/J=6.9 Hz), 1.30
(1.5H, d, J= 6.4 Hz).

§158.9, 146.8, 137.1, 135.0, 129.5, 127.1, 126.8, 121.8,
119.4, 1182, 117.6, 114.4, 114.2, 109.63, 109.58, 106.6,
70.9, 57.3 (0.5C), 56.9, 56.4 (0.5C), 55.2, 46.2,41.9 (0.5
C),41.0(0.5C),39.4(0.5C), 39.3 (0.5C),22.5,16.2 (0.5
C), 16.1 (0.5C).

C27H33N,0; [M+H]": 417.

0.41 (UV, dyeing reagent: ).
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HCI, Et,O, rt; || H

> N

NN OH
PMB _>/_< then G-Il cat., DCE, 80 °C; PMB [ | on

| then amino-silica gel

54

Cyeclic allylic alcohol (53)

53

To a stirred solution of 54 (0.90 g, 2.16 mmol) in dry THF (1.10 mL) was added HCI (1.0 M in
Et;0, 10.8 mL, 10.8 mmol) at room temperature under Ar atmosphere. After stirring for 30 min at the
same temperature, the resultant mixture was evaporated under reduced pressure to afford the crude

ammonium hydrochloride salt (more than theoretical amount), which was used in the next reaction

without purification.

To a stirred solution of the above crude salt in a degassed dry DCE (75.0 mL) was added G-II
(91.7 mg, 0.108 mmol) at room temperature under Ar atmosphere, and the reaction mixture was stirred

for 10 h at 80 °C. The resultant mixture was evaporated under reduced pressure, and then the residue

was purified by amino-silica gel flash column chromatography (AcOEt) to afford 53 (diastereomer

mixture at C3, 0.78 g, 93%) as a beige solid.

'H NMR (400 MHz, CDCl, at rt):

13C NMR (100 MHz, CDCls, at rt):

LRESI-MS (m/z):

TLC (SiO2, AcOEt) Rf:

6 7.54 (1H, m), 7.12—7.08 (3H, overlapped), 6.92 (2H, d,
J=28.7Hz), 6.81 (2H, d, /= 8.7 Hz), 5.67 (1H, m), 5.24
(2H, ABq, Adas = 0.07, Jag = 16.9 Hz), 4.26 (1H, q, J =
6.4 Hz), 3.77 (3H, s), 3.67-3.62 (1H, m), 3.44 (1H, d, J
= 16.9 Hz), 3.34-3.25 (1H, m), 3.21-3.15 (1H, m),
3.08-3.00 (1H, m), 2.87-2.80 (1H, m), 2.71 (1H, ddd, J
=10.1,10.1, 3.7 Hz), 2.48-2.37 (1H, m), 2.25-2.15 (1H,
m), 1.32 (3H, d, /= 6.9 Hz).

§158.7,140.4, 140.1, 137.8, 136.5 (0.5C), 136.4 (0.5C),
129.6, 126.9, 121.4, 119.5, 119.3, 118.3 (0.5 C), 118.2
(0.5C), 114.1, 109.6, 109.2 (0.5 C), 109.1 (0.5 C), 70.2
(0.5C), 69.6 (0.5C), 55.3 (0.5C), 55.2 (0.5C), 54.1, 53.3,
51.0 (0.5C), 50.9 (0.5C),47.2,31.5(0.5C),31.2 (0.5C),
22.0(0.5C),21.9 (0.5C), 21.4.

C25H29N>0> [M+H]*: 389.

0.08 (UV, dyeing reagent: ).
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"BuzSn—,

[ H 61 1 H
N N KH N N
—_—
PME [ | Lon our PvB [ _| o sn"Bu
quant.
53 62

Allylic ("tributylstannyl)methyl ether (62)

To a stirred solution of 53 (15.7 g, 40.4 mmol) in dry DMF (400 mL) was added KH (6.48 g, 260
mmol) at 0 °C under Ar atmosphere. After stirring for 30 min at room temperature, 61?7 (15.6 mL,
50.6 mmol) was added to the mixture at 0 °C. After stirring for 20 h at room temperature, saturated

aqueous NaHCO3 was added to the reaction mixture and the resultant mixture was diluted with AcOEt.
After separation of the two layers, the aqueous layer was extracted three times with CHCIl;. The
combined organic layers were dried over MgSOQy, filtered, and evaporated under reduced pressure. The
residue was purified by silica gel flash column chromatography (AcOEt/”hexane = 1/3) to afford 62
(diastereomer mixture at C3, 28.0 g, quant.) as a pale brown oil. (The mixture of diastereomers was
able to be divided by taking advantage of the difference in solubilities of those in "hexane. However,
in most cases, it was divided in the next reaction due to the ease of separation.)

For (35)-62
'"H NMR (600 MHz, CDCls, at rt): 6 7.54 (1H, m), 7.12—7.07 (3H, overlapped), 6.93 (2H, d,

J=8.9 Hz), 6.81 (2H, d, /= 8.9 Hz), 5.57 (1H, br-d, J=
4.8 Hz), 5.25 (2H, ABq, Adas = 0.06, Jag = 17.2 Hz),
3.76 (3H, s), 3.69 (1H, d, J=9.6 Hz), 3.66 (1H, m), 3.58
(1H, q,J=6.2 Hz), 3.52 (1H, d, J=10.3 Hz), 3.40 (1H,
d, J=15.8 Hz), 3.19-3.11 (2H, m), 3.05 (1H, m), 2.84
(1H, br-d, J=14.4 Hz), 2.69 (1H, ddd, J=11.0, 11.0, 3.4
Hz), 2.43 (1H, m), 2.19 (1H, m), 1.50 (6H, quint, J=7.6
Hz), 1.29 (6H, sext, J= 7.6 Hz), 1.23 (3H, d, /= 6.2 Hz),
0.90-0.86 (15H, m).

13C NMR (150 MHz, CDCls, at rt): 6 158.7,137.8, 137.7, 136.8, 129.7, 127.0, 126.9, 121 .4,
120.5,119.3,118.2,114.1,109.7, 109.0, 82.1, 58.7, 55.2,
53.2,50.8,47.2,31.4,29.2,27.3,22.1,19.9, 17.5, 13.8,
9.0.

LRESI-MS (m/z): C33Hs7N20,'2Sn [M+H]*: 693.

TLC (SiO2, AcOEt/"hexane = 1/1) Rf: 0.76 (UV, dyeing reagent: ¢).
(Si02, MeOH/CHCIl; = 1/9) Rf: 0.38 (UV, dyeing reagent: e).

Physical properties: A colorless solid.
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For (3R)-62
"H NMR (400 MHz, CDCl3, at rt): 6 7.54 (1H, m), 7.11-7.08 (3H, overlapped), 6.91 (2H, d,

J=8.2Hz), 6.80 (2H, d, J= 8.2 Hz), 5.57 (1H, br-d, J=
4.1 Hz), 5.24 (2H, ABq, Adxg = 0.05, Jap = 17.2 Hz),
3.76 3H, s), 3.70 (1H, d, J= 10.3 Hz), 3.67 (1H, dd, J =
11.0, 3.4 Hz), 3.55 (1H, q, J = 6.2 Hz), 3.48 (1H, d, J =
10.3 Hz), 3.36 (1H, d, J= 15.8 Hz), 3.28 (1H, d, J= 17.2
Hz), 3.18 (1H, ddd, J= 11.0, 4.8, 4.8 Hz), 3.03 (1H, m),
2.86 (1H, ddd, J = 15.1, 4.1, 4.1 Hz), 2.70 (1H, ddd, J =
11.0, 8.9, 4.8 Hz), 2.35 (1H, m), 2.25 (1H, m), 1.50 (6H,
quint, J = 8.2 Hz), 1.30 (6H, sext, J = 8.2 Hz), 1.21 (3H,
d, J=6.2 Hz), 0.90-0.87 (15H, m).

BC NMR (150 MHz, CDCl3, at rt): 0 158.7,138.1, 137.6, 137.0, 129.7, 127.0, 126.9, 121.3,
120.8,119.3,118.2,114.1,109.6, 108.8, 81.9, 58.7, 55.2,
53.0,50.4,47.1, 30.9, 29.2, 27.3,22.1, 19.8, 17.5, 13.8,

9.0.
LRESI-MS (m/z): C33H57N202'2°Sn [M+H]*: 693.
TLC (SiO2, AcOEt/"hexane = 1/1) Rf: 0.76 (UV, dyeing reagent: ).
(Si02, MeOH/CHCI; = 1/9) Rf: 0.38 (UV, dyeing reagent: e).
Physical properties: A pale yellow oil.
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[2,3]-Wittig

|| H rearrangement
N
N —_—
PMB P 0
Sn"Buj
62

Homoallylic alcohol (52) and its diastereomer (3-epi-52)

To a stirred solution of 62 (345 mg, 0.50 mmol) in dry "hexane (4.80 mL) was added PhLi (1.01
M in cyclohexane and Et,O, 3.46 mL, 3.50 mmol) at —78 °C under Ar atmosphere. After stirring for
12 h at room temperature, saturated aqueous NaHCO3 was added to the reaction mixture and the
resultant mixture was diluted with AcOEt. After separation of the two layers, the aqueous layer was
extracted three times with CHCls. The combined organic layers were dried over MgSQy, filtered, and
evaporated under reduced pressure. The residue was purified by amino-silica gel flash column
chromatography (AcOEt/"hexane = 1/1 to MeOH/CHCIl; = 1/6) to afford 52 (80.8 mg, 40%, a pale
yellow amorphous solid) and 3-epi-52 (82.8 mg, 41%, a colorless solid).

For 52
"H NMR (600 MHz, CDCls, at rt):

13C NMR (150 MHz, CDCls, at rt):

IR (ATR) Vinax cm:

CD (MeOH, 40.0 nM) Amax nm:

LRESI-MS (m/z):

TLC (NH-Si02, AcOEt/"hexane = 1/1) Rf:

6 7.50 (1H, m), 7.10-7.08 (3H, overlapped), 6.90 (2H, d,
J=9.0Hz), 6.80 (2H, d,J=9.0 Hz), 543 (1H, q,J=6.9
Hz), 5.22 (2H, ABq, Adas = 0.07, Jas = 17.2 Hz), 3.77
(3H, s), 3.73 (1H, ddd, J=13.8, 2.1, 2.1 Hz), 3.59 (1H,
dd, /= 10.3, 4.1 Hz), 3.56 (1H, dd, J=10.3, 3.4 Hz),
3.53(1H,dd,/=10.3,6.2 Hz),3.19 (1H, d,/J=13.8 Hz),
3.09 (1H, ddd, J = 11.7, 4.8, 3.4 Hz), 3.03 (1H,
overlapped), 3.00 (1H, overlapped), 2.79 (1H, d, J=15.1
Hz), 2.61 (1H, ddd, J = 10.3, 10.3, 4.1 Hz), 2.33 (1H,
ddd, J=13.1,9.6,6.2 Hz), 1.91 (1H, ddd, /=13.1, 10.3,
2.8 Hz), 1.62 (3H, d, J = 6.9 Hz).

6 158.7,137.7, 136.6, 135.0, 129.5, 127.0, 126.7, 121.5,
119.9,119.4,118.2,114.1,109.7, 108.7, 67.1, 60.1, 55.2,
54.1,50.4,47.2,35.5,33.5,21.7, 12.8.

3376, 2926, 2851, 1613, 1512, 1465, 1246.

296.8 (0.0), 293.4 (~1.1), 291.4 (0.0), 236.4 (+23.0),
227.8 (0.0), 221.8 (~11.2), 207.8 (0.0), 204.0 (+3.3).

C26H31N202 [M+H]": 403.

0.26 (UV, dyeing reagent: a).
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For 3-epi-52
"H NMR (600 MHz, CDCl3, at rt):

3C NMR (150 MHz, CDCls, at rt):

IR (ATR) Vinax cm™":

CD (MeOH, 40.0 nM) Amax nm:

LRESI-MS (m/z):

TLC (NH-SiO2, AcOEt/"hexane = 1/1) Rf:

§7.50 (1H, d, J= 8.2 Hz), 7.15 (1H, d, J= 7.6 Hz), 7.11
(1H, dd, J = 6.5, 6.5 Hz), 7.08 (1H, dd, J = 6.5, 6.5 Hz),
6.93 (2H, d, J = 8.9 Hz), 6.79 (2H, d, J = 8.9 Hz), 5.55
(1H, q, J = 6.9 Hz), 5.22 (2H, ABq, Adxg = 0.10, Jap =
17.2 Hz), 3.95 (1H, dd, J = 11.7, 2.1 Hz), 3.75 3H, s),
3.72 (1H, dd, J=9.6, 9.6 Hz), 3.66 (1H, dd, J= 10.3, 8.2
Hz), 3.60 (1H, d, /= 13.7 Hz), 3.19 (1H, d, J= 13.7 Hz),
3.13 (1H, ddd, J=11.7, 7.6, 5.5 Hz), 2.99 (1H, q, J= 6.9
Hz),2.92 (1H, ddd, J= 15.1, 5.5, 5.5 Hz), 2.86 (1H, ddd,
J=15.1,6.2, 6.2 Hz), 2.68 (1H, ddd, J = 11.0, 5.5, 5.5
Hz), 1.98 (1H, d, J = 14.4 Hz), 1.83 (1H, ddd, J = 11.7,
6.2, 6.2 Hz), 1.64 (3H, d, J = 6.9 Hz).

6 158.8, 137.6, 136.8, 132.5, 129.8, 127.1, 127.0, 123.1,
121.3,119.2,118.1, 114.1, 109.5, 108.4, 62.6, 59.7, 55.2,
52.4,47.2,46.8,37.0,29.4,22.0, 12.5.

3597, 2927, 2839, 1739, 1511, 1463, 1372, 1246.

309.2 (0.0), 301.2 (=0.9), 297.2 (0.0), 294.4 (+1.4),
286.8 (0.0), 268.8 (—6.3), 260.2 (—4.7), 239.0 (~30.9),
232.8 (0.0), 222.4 (+15.0), 217.6 (+15.4).

C26H31N,0, [M+H]": 403.

0.14 (UV, dyeing reagent: a).
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SO3 - Pyridine
DMSO, DIPEA VinylMgBr

DCM, -10 °C THF, 0 °C
y. 46% (2 steps)

and 15-epi-40 (y. 17%)

Allylic alcohol (40)

To a stirred solution of 52 (431 mg, 1.07 mmol) in dry DCM (21.4 mL) were added DIPEA (0.56
mL, 3.21 mmol) and DMSO (0.29 mL, 4.06 mmol) at room temperature under Ar atmosphere. Then
the reaction mixture was added SOs - pyridine (>45% SOs3, 341 mg, 1.93 mmol) at —20 °C, and stirred
for 2.5 h at =10 °C. The reaction was quenched by adding saturated aqueous NH4Cl, and then the
mixture was washed twice with aqueous phosphate buffer (pH 6.86 at 25 °C), dried over Na>SOg,
filtered, and evaporated under reduced pressure to afford the crude B,y-unsaturated aldehyde (more
than theoretical amount), which was used immediately in the next reaction without purification.

To a stirred solution of vinylmagnesium bromide (1.0 M in THF, 5.35 mL, 5.35 mmol) in dry
THF (5.40 mL) was added the above crude aldehyde in dry THF (16.0 mL) at 0 °C under Ar
atmosphere, and the reaction mixture was stirred for 6 h at the same temperature. The reaction was
quenched by adding saturated aqueous NH4Cl, and then the mixture was diluted with AcOEt. After
separation of the two layers, the aqueous layer was extracted three times with AcOEt. The combined
organic layers were dried over MgSOs, filtered, and evaporated under reduced pressure. The residue
was purified by amino-silica gel flash column chromatography (AcOEt/’hexane = 1/3 to 2/3 to 1/1) to
afford 40 (211 mg, 46% from 52, pale yellow solid) and 15-epi-40 (not shown, 75.9 mg, 17% from 52,
yellow oil).

For 40

"H NMR (600 MHz, CDCls, at rt): 6 7.53—7.50 (1H, m), 7.11-7.05 (3H, overlapped), 6.91
(1H, d, J= 8.2 Hz), 6.87 (1H, d, /= 8.2 Hz), 6.81 (1H,
d,/J=8.2Hz), 6.79 (1H, d, J= 8.2 Hz), 5.75 (0.5H, ddd,
J=16.5,10.3, 6.2 Hz), 5.70 (0.5H, ddd, /= 17.2, 10.3,
4.8 Hz), 5.50 (0.5H, q, /= 6.9 Hz), 5.40 (0.5H, q, /= 6.9
Hz), 5.27-5.15 (3H, overlapped), 5.02 (0.5H, d, /=10.3
Hz), 5.00 (0.5H, dd, J=10.3, 1.4 Hz), 4.09 (0.5H, dd, J
= 4.8, 2.1 Hz), 4.03 (0.5H, dd, J = 6.2, 2.1 Hz), 3.84
(0.5H, ddd, J = 13.7, 1.4, 1.4 Hz), 3.77 (1.5H, s), 3.76
(1.5H, s), 3.76—3.72 (0.5H, overlapped), 3.50 (0.5H, t, J
= 8.2 Hz), 3.44 (0.5H, t, J=8.2 Hz), 3.17-3.09 (2H, m),
3.07-3.00 (1.5H, m), 2.95 (0.5H, d, J = 9.6 Hz),
2.80-2.75 (1H, overlapped), 2.59-2.54 (1H, m), 2.38
(0.5H, ddd, J=13.1, 10.3, 6.2 Hz), 2.10 (0.5H, ddd, J =
13.7, 9.6, 6.2 Hz), 2.03 (0.5H, overlapped), 2.00 (0.5H,
dd, J = 12.4, 2.1 Hz), 1.63 (1.5H, d, J = 6.9 Hz), 1.57
(1.5H,dd, J=6.9, 2.7 Hz).
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13C NMR (150 MHz, CDCls, at rt):

IR (ATR) Vinax cm™":

LRESI-MS (m/z):
TLC (SiO2, AcOEt) Rf:
(NH-Si0,, AcOEt/"hexane = 1/2) Rf:

For 15-epi-40
"H NMR (600 MHz, CDCls, at rt):

13C NMR (150 MHz, CDCls, at rt):

[a]p™=:
LRESI-MS (m/z):

TLC (NH-Si02, AcOEt/"hexane = 1/2) Rf:

§ 158.7 (1C), 141.2 (0.5C), 140.6 (0.5C), 137.64 (0.5C),
137.62 (0.5C), 136.7 (0.5C), 136.5 (0.5C), 135.5 (0.5C),
132.4 (0.5C), 129.53 (0.5C), 129.47 (0.5C), 127.0 (1C),
126.9 (1C), 126.72 (0.5C), 126.69 (0.5C), 121.6 (0.5C),
121.5 (0.5C), 121.1 (0.5C), 119.5 (0.5C), 119.4 (1C),
118.23 (0.5C), 118.20 (0.5C), 114.4 (0.5C), 114.09 (1C),
114.06 (1C), 114.0 (0.5C), 109.8 (1C), 108.69 (0.5C),
108.67 (0.5C), 76.2 (0.5C), 74.6 (0.5C), 60.3 (0.5C),
59.8 (0.5C), 55.2 (1C), 54.0 (0.5C), 53.6 (0.5C), 50.9
(0.5C), 50.6 (0.5C), 47.31 (0.5C), 47.25 (0.5C), 38.8
(0.5C), 38.1 (0.5C), 34.9 (0.5C), 28.8 (0.5C), 21.6 (1C),
13.3 (0.5C), 12.8 (0.5C).

2913, 2835, 2812, 1613, 1586, 1511, 1465, 1439, 1372,
1339, 1304, 1291, 1245, 1216, 1175, 1140, 1033, 988,
921, 822, 741, 678, 665, 649, 633, 623, 607.

CasH33N20, [M+H]*: 429.

for B,y-unsatd. aldehyde: 0.44 (UV, dyeing reagent: ¢).
for 40: 0.27 (UV, dyeing reagent: a).

6 7.51 (1H, m), 7.14=7.07 (3H, overlapped), 6.93 (2H, d,
J=8.2Hz), 6.77 (2H, d, J=8.2 Hz), 5.84 (1H, ddd, J =
17.2, 11.0, 6.2 Hz), 5.46 (1H, q, J = 6.9 Hz), 5.26 (2H,
ABQq, Adag = 0.11, Jap = 17.2 Hz), 5.20 (1H, d, /= 16.5
Hz), 5.08 (1H, d, /= 10.3 Hz), 4.42 (1H, dd, /=8.9, 5.5
Hz),4.17 (1H, d, J=11.7 Hz), 3.75 (3H, s), 3.63 (1H, d,
J=13.7Hz), 3.20 (1H, d, J=13.7 Hz), 3.15 (1H, ddd, J
=11.7, 6.9, 4.8 Hz), 2.94-2.84 (2H, overlapped), 2.75
(1H, dd, J = 8.9, 4.1 Hz), 2.71 (1H, ddd, J = 11.0, 5.5,
5.5 Hz), 2.40 (1H, d, J = 13.7 Hz), 1.73 (1H, ddd, J =
13.1, 11.7, 5.5 Hz), 1.57 (3H, d, J= 6.9 Hz).

0 158.7, 140.1, 137.4, 137.0, 133.1, 130.0, 127.1 (3C),
122.3, 121.2, 119.1, 118.1, 114.7, 114.0, 109.6, 108.0,
72.0, 60.1, 55.2,52.0,47.2,46.6,41.0, 28.7,21.8, 12.9.

=31.0 (¢ 0.79, MecOH).
C2sH33N,0, [M+H]": 429.

0.12 (UV, dyeing reagent: a).
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PhOMe
4>
TFA/DCM (3:1)
0°C,y. 78%

Allylic alcohol (65)

To a stirred solution of 40 (383 mg, 0.894 mmol) and PhOMe (2.03 mL, 17.9 mmol) in dry DCM
(2.25 mL) were carefully added dry TFA (6.75 mL) at —10 °C under Ar atmosphere, and the reaction
mixture was stirred for 17 h at 0 °C. The reaction was quenched by adding saturated aqueous NaHCOj3,
and then the mixture was diluted with CHCls. After separation of the two layers, the aqueous layer
was extracted three times with CHCl;. The combined organic layers were dried over NaxSQg, filtered,
and evaporated under reduced pressure. The residue was purified by silica gel flash column
chromatography (MeOH/CHCIl; = 1/30 to 1/19) to afford 65 (216 mg, 78%) as a yellow solid. [The
mixture of diastereomers (2.5 mg) was able to be divided by preparative thin-layer chromatography
under the following conditions: 10x10 ¢m (dimensions), MeOH/AcOEt = 1/200 x4 (eluent), more
polar compound (1.2 mg) and less polar compound (0.6 mg).]

For more polar compound
"H NMR (400 MHz, CDCls, at rt):

LRESI-MS (m/z):

TLC (SiO2, MeOH/AcOEt = 1/200) Rf:

For less polar compound
"H NMR (400 MHz, CDCls, at rt):

LRESI-MS (m/z):

TLC (SiO2, MeOH/AcOEt = 1/200) Rf:

§8.01 (1H, br-s), 7.48 (1H, d, J= 7.3 Hz), 7.33 (1H, d, J
=7.8 Hz), 7.16 (1H, dd, J= 7.3, 6.9 Hz), 7.11 (1H, dd, J
= 7.8, 6.9 Hz), 5.76 (1H, ddd, J = 16.0, 10.5, 5.0 Hz),
5.51 (1H, q,J= 6.9 Hz), 5.12 (1H, d, J = 16.5 Hz), 5.01
(1H, d,J= 11.0 Hz), 3.90 (1H, dd, J = 4.6, 4.6 Hz), 3.76
(1H, m), 3.24 (1H, dd, J= 11.0, 5.0 Hz), 3.09 (1H, d, J =
12.8 Hz), 3.06-2.92 (3H, overlapped), 2.87 (1H, m),
2.72 (1H, br-d, J= 15.6 Hz), 2.34 (1H, m), 2.14 (1H, ddd,
J=14.6,8.2,7.3 Hz), 1.65 (3H, dd, J = 6.9, 2.3 Hz).

C24H2sN>O [M+H]*: 309.

0.13 (UV, dyeing reagent: e).

§7.70 (1H, br-s), 7.47 (1H, d, J= 7.8 Hz), 7.30 (1H, d, J
=7.8Hz),7.15 (1H, dd, J=7.8, 7.3 Hz), 7.10 (1H, dd, J
= 7.8, 7.3 Hz), 5.80 (1H, ddd, J = 16.9, 10.5, 6.4 Hz),
5.56 (1H,q,J=6.9 Hz), 5.26 (1H, ddd, J=16.9, 1.4, 1.4
Hz), 5.08 (1H, ddd, /= 10.5, 1.4, 1.4 Hz), 4.03 (1H, dd,
J=4.1,4.1 Hz), 3.76 (1H, m), 3.59 (1H, dd, /= 8.0, 8.0
Hz), 3.16 (1H, ddd, J = 11.4, 5.5, 1.4 Hz), 3.13 (1H,
overlapped), 3.07 (1H, d, J = 13.3 Hz), 3.02-2.93 (1H,
m), 2.72 (1H, m), 2.64 (1H, ddd, J=11.4, 11.4, 4.1 Hz),
2.47 (1H, ddd, J = 13.3, 9.6, 6.4 Hz), 2.10 (1H, dd, /=
13.3, 9.6 Hz), 1.63 (3H, m).

C24H2sN>0O [M+H]*: 309.

0.13 (UV, dyeing reagent: ).
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OO O Stirred
o vrgorously o \
1/4 [Ir(cod)Cl], + 0:P—N | \P P\o
in approprlate
OO O solvent C

(R)-66 Ir-complex
General procedure for preparation of the complex of iridium metal and Carreira licand (R)-66
(All operations were manipulated in Glove box!)

To a mixture of [Ir(cod)Cl]> (10.0 mg, 14.9 pmol) and (R)-66 (30.2 mg, 59.5 pmol) were added
degassed dry solvent (toluene or dioxane, 1.45 mL) at room temperature in a glove box, and the
resultant mixture was stirred vigorously for 20 min at the same temperature (/r-Sol.).

General procedure for iridium-catalyzed allylic substitution
(All operations were manipulated in Glove box!)

Method A:  To a stirred solution of substrate (10.0 pmol) in degassed dry solvent (toluene or
dioxane, 100 pL) were added sequentially /7-Sol. {100 pL, 1.03 umol of [Ir(cod)Cl], and 4.10 pmol
of (R)-66} and appropriate amount of additive at room temperature in a glove box. After stirring for
several hours at room temperature ~ 70 °C, the resultant mixture was evaporated under reduced
pressure, and then the residue was purified by silica gel preparative thin-layer chromatography (with
appropriate eluent).

Method B:  To a stirred solution of substrate (10.0 pmol) in degassed dry solvent (toluene or
dioxane, 100 uL) were added sequentially degassed dry MeOH (1.64 pmol, 40.0 pmol), I-Sol. {100
uL, 1.03 umol of [Ir(cod)Cl]; and 4.10 umol of (R)-66} and appropriate amount of additive at room
temperature in a glove box. After stirring for several hours at room temperature ~ 70 °C, the resultant
mixture was evaporated under reduced pressure, and then the residue was purified by silica gel
preparative thin-layer chromatography (with appropriate eluent).
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KHMDS, Boc,0

THF, =10 °C
y. 75%

Allylic tert-Butyl carbonate (70)

To a stirred solution of 40 (31.3 mg, 73.0 umol) in dry THF (0.73 mL) was added KHMDS (0.5
M in toluene, 292 uL, 146 pmol) at —78 °C under Ar atmosphere. After stirring for 30 min at the same
temperature, BocoO (1.0 M in THF, 80.3 pL, 80.3 pmol) was added to the mixture. After stirring for
16 h at —10 °C, water was added to the reaction mixture and the resultant mixture was diluted with
AcOEt. After separation of the two layers, the aqueous layer was extracted three times with AcOEt.
The combined organic layers were washed with brine, dried over MgSQOs, filtered, and evaporated
under reduced pressure. The residue was purified by silica gel flash column chromatography (AcOEt)
to afford 70 (29.0 mg, 75%) as a colorless amorphous solid.

"H NMR (600 MHz, CDCls, at rt):

IR (ATR) Vinax cm™":

LRESI-MS (m/z):

TLC (SiO5, AcOEt) Rf:

6 7.51 (1H, m), 7.12-7.06 (3H, m), 6.89 (1H, d, J=9.0
Hz), 6.87 (1H, d, J= 9.0 Hz), 6.78 (1H, d, J= 9.0 Hz),
6.77 (1H, d, J = 9.0 Hz), 5.73-5.62 (2H, overlapped),
5.24-5.08 (5H, overlapped), 3.89 (0.5H, d, J=11.0 Hz),
3.86 (0.5H, d, J=11.0 Hz), 3.75 (1.5H, s), 3.74 (1.5H,
s), 3.51 (0.5H, d, /= 13.1 Hz), 3.49 (0.5H, d, /= 14.5
Hz), 3.37 (0.5H, m), 3.36 (0.5H, m), 3.01-2.82 (5H, m),
1.99 (0.5H, ddd, J=13.8, 8.3, 2.8 Hz), 1.92—1.86 (0.5H,
m), 1.80 (0.5H, ddd, J = 14.5, 8.3, 2.1 Hz), 1.71 (1.5H,
dd, J=6.9, 1.4 Hz), 1.66 (0.5H, m), 1.63 (1.5H, dd, /=
6.9, 1.4 Hz), 1.44 (4.5H, s), 1.43 (4.5H, s).

2933, 2917, 2836, 2804, 1737, 1653, 1613, 1586, 1512,
1465, 1441, 1368, 1340, 1275, 1246, 1218, 1173, 1112,
1071, 1033, 988, 930, 887, 822, 741, 660, 634, 624, 613,
607.

C33H4IN2O4 [M+H]™: 529.

0.39 (UV, dyeing reagent: e).

138



Transition metal
-catalyzed
allylic alkylation

L.

y

Triene (71)
"H NMR (600 MHz, CDCls, at rt):

13C NMR (150 MHz, CDCls, at rt):

LRESI-MS (m/z):

TLC (SiO2, AcOEt) Rf:

69 (X = OMe)

87.54 (1H, dd, J=8.2, 1.4 Hz), 7.18 (1H, d, J= 7.6 Hz),
7.14 (1H, ddd, J = 8.2, 7.6, 1.4 Hz), 7.11 (1H, ddd, J =
8.2,7.6,1.4Hz), 6.96 2H, d, /= 8.9 Hz), 6.83 (2H, d, J
= 8.9 Hz), 6.16 (1H, ddd, J = 16.5, 11.0, 10.3 Hz), 5.87
(1H, d,J=11.0 Hz), 5.45 (1H, q, /= 6.9 Hz), 5.27 (2H,
ABq, Adag =0.06, Jag = 17.2 Hz), 5.19 (1H, d, J=16.5
Hz), 5.04 (1H, d, J=10.3 Hz), 3.97 (1H, br-dd, /= 11.7,
2.1 Hz), 3.77 (3H, s), 3.63 (1H, br-d, J=13.7 Hz), 3.38
(1H, d, J=13.1 Hz), 3.18 (1H, ddd, J = 12.4, 6.2, 6.2
Hz), 2.95-2.91 (2H, m), 2.79-2.74 (2H, overlapped),
2.17 (1H, dd, J = 13.1, 13.1 Hz), 1.71 (3H, dd, J = 6.9,
1.4 Hz).

6 158.8, 137.6, 136.7, 135.9, 135.8, 131.8, 129.8, 127.2,
127.01,126.97,121.4,121.3, 119.3, 118.3, 117.1, 114.2,
109.5,108.2,63.7,56.5,55.3,46.5,46.3,32.4,22.2, 14.4.

CasH31N20 [M+H]*: 411.

0.68 (UV, dyeing reagent: e).
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Allylic ammonium (72)
"H NMR (600 MHz, CDCl3, at rt):

3C NMR (150 MHz, CDCls, at rt):

LRESI-MS (m/z):

TLC (SiO», AcOEt) Rf:

6 7.52 (1H, d, J = 8.3 Hz), 7.25-7.20 (2H, overlapped),
7.18 (1H, ddd, /= 8.3, 7.6, 1.4 Hz), 6.98 (2H, d, /= 8.3
Hz), 6.83 (2H, d, J = 8.3 Hz), 5.89-5.82 (2H,
overlapped), 5.77 (1H, m), 5.68 (1H, q,J= 6.9 Hz), 5.57
(1H, dd, J = 6.9, 6.9 Hz), 5.20 (2H, ABq, Adas = 0.04,
Jag = 17.2 Hz), 4.76 (1H, d, J = 15.1 Hz), 4.16 (1H,
overlapped), 4.12 (1H, overlapped), 4.03 (1H, ddd, J =
13.1, 13.1, 4.8 Hz), 3.77 (3H, s), 3.65 (1H, dd, /= 13.1,
4.8 Hz), 3.40 (1H, br-d, /= 2.8 Hz), 3.17 (1H, dd, J =
15.1,5.5Hz),3.02 (1H,dddd, /=172, 12.4,5.5, 2.8 Hz),
2.41 (1H, dd, J=11.7, 9.0 Hz), 2.05 (1H, ddd, J= 11.0,
5.5,5.5Hz), 1.72 (3H, dd, /= 6.9, 2.1 Hz).

6159.1, 138.3,130.8, 130.1, 129.9, 128.5, 127.2, 125 .4,
125.3, 123.5, 121.5, 120.6, 118.6, 114.4, 110.6, 103.5,
74.7,67.1, 65.1,55.3, 50.6, 47.4,42.6, 36.1, 17.7, 14.5.

CasH3 N2 [M]: 412.

0.11 (UV, dyeing reagent: e).
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1) SO+ Pyridine, DMSO
DIPEA, DCM, -10 °C;
then PhsP=CHCO,Me

(One pot)
2) DIBAL
DCM, 0 °C
y. 46% (2 steps)
52
Allylic alcohol (74)

To a stirred solution of 52 (403 mg, 1.00 mmol) in dry DCM (20.0 mL) were added DIPEA (0.52
mL, 3.00 mmol) and DMSO (0.27 mL, 3.80 mmol) at room temperature under Ar atmosphere. Then
the reaction mixture was added SOs - pyridine (=45% SOs3, 318 mg, 1.80 mmol) at —20 °C, and stirred
for 2 h at —10 °C. After completion of the reaction, methyl(triphenylphosphoranylidene)acetate (409
mg, 1.20 mmol) was added to the mixture at the same temperature. After stirring for 18 h at 0 °C,
saturated aqueous NH4Cl was added to the reaction mixture and the resultant mixture was diluted with
CHCIs. After separation of the two layers, the aqueous layer was extracted three times with CHCl;.
The combined organic layers were dried over Na>SOy, filtered, and evaporated under reduced pressure
to afford the crude a,B-unsaturated ester (<362 mg, <0.793 mmol), which was used in the next reaction
without purification.

To a stirred solution of the above crude ester in dry DCM (16.0 mL) was added DIBAL (1.02 M
in "hexane, 1.93 mL, 1.98 mmol) at 0 °C under Ar atmosphere, and the reaction mixture was stirred
for 4 h at the same temperature. The reaction was quenched by adding saturated aqueous Rochelle salt
and stirred for 1 h, and then the mixture was diluted with AcOEt. After separation of the two layers,
the aqueous layer was extracted three times with AcOEt. The combined organic layers were dried over
NaxSOys, filtered, and evaporated under reduced pressure. The residue was purified by silica gel flash
column chromatography (AcOEt to MeOH/AcOEt = 1/98) to afford 74 (195 mg, 46% from 52) as a
colorless solid.

"H NMR (400 MHz, CDCls, at rt): 6 7.51 (1H, m), 7.15-7.05 (3H, m), 6.89 (2H, d, J= 8.7
Hz), 6.78 (2H, d, J=8.7 Hz), 5.80 (1H, ddt, J=15.6, 7.8,
1.4 Hz), 5.54 (1H, ddt, J=15.6, 0.9, 5.9 Hz), 5.47 (1H,
q, J = 6.9 Hz), 5.19 (2H, ABq, Adag = 0.07, Jag = 16.9
Hz), 4.07 2H, d, J=5.5Hz), 3.95 (1H, dd, J=10.5, 3.2
Hz), 3.75 (3H, s), 3.49 (1H, d, /= 12.8 Hz), 3.26 (1H, d,
J=12.8Hz),3.16 (1H, br-dd, /=16.5. 8.2 Hz),3.02 (1H,
m), 2.90-2.84 (2H, overlapped), 2.79 (1H, m),
1.87-1.72 (2H, m), 1.65 (3H, d, /= 6.9 Hz).

13C NMR (100 MHz, CDCls, at rt): 0 158.8,137.4, 136.0, 134.0, 133.9, 129.7, 127.8, 127.2,
126.9, 122.4, 121.4, 119.2, 118.2, 114.2, 109.7, 108.3,
63.3, 62.0, 55.2, 54.0, 46.8, 46.6, 42.4, 34.0, 21.6, 13.8.

IR (ATR) Vinax cm ™' 2931, 2838, 2800, 2744, 1670, 1613, 1586, 1512, 1465,
1439, 1344, 1306, 1291, 1247, 1176, 1102, 1032, 984,
824,745, 696, 666, 652, 634, 618, 609.

LRESI-MS (m/z): C23H33N20, [M+H]™: 429.

TLC (SiO2, AcOEt) Rf: for o,B-unsatd. ester: 0.33 (UV, dyeing reagent: e).
for 74: 0.04 (UV, dyeing reagent: ¢).
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PhOMe

L
-

TFA/DCM (3:1)
-10°C, y. 89%

Allylic alcohol (75)

To a stirred solution of 74 (810 mg, 1.89 mmol) and PhOMe (4.30 mL, 37.8 mmol) in dry DCM
(16.0 mL) were carefully added dry TFA (48.0 mL) at —10 °C under Ar atmosphere, and the reaction
mixture was stirred for 9 h at the same temperature. The reaction was quenched by adding ca. 30%
aqueous NH3, and then the mixture was diluted with DCM. After separation of the two layers, the
aqueous layer was extracted three times with DCM. The combined organic layers were dried over
NaxSOys, filtered, and evaporated under reduced pressure. The residue was purified by silica gel flash
column chromatography (MeOH/DCM = 1/19 to 1/9) to afford 75 (516 mg, 89%) as a pale yellow

solid.

"H NMR (600 MHz, CDCl; + 2 drops of CDsOD, at rt):

6 8.16 (1H, br-s), 7.46 (1H, d, J=7.6 Hz), 7.31 (1H, d, J
=8.2Hz),7.12 (1H, dd, J=7.6, 7.6 Hz), 7.07 (1H, dd, J
=8.2,7.6 Hz), 5.68 (1H, dd, /= 15.8, 7.6 Hz), 5.58 (1H,
ddd,J=15.1,6.2,6.2 Hz), 548 (1H, q, J= 6.9 Hz), 3.97
(1H, dd, J = 12.4, 5.5 Hz), 3.89 (1H, dd, J=12.4, 5.5
Hz), 3.84 (1H, m), 3.43 (1H, d, /= 12.4 Hz), 3.23 (1H,
t-like, J= 6.2 Hz), 3.14 (1H, ddd, /= 12.4, 5.5, 2.1 Hz),
2.99 (1H, d, J = 12.4 Hz), 2.98 (1H, overlapped), 2.85
(1H, ddd, J=11.7, 5.5, 5.5 Hz), 2.69 (1H, br-d, J=15.8
Hz),2.33 (1H, br-s),2.17 (1H, ddd,J=13.1,4.1,4.1 Hz),
1.91 (1H, ddd, /= 13.1,8.2,8.2 Hz), 1.65 (3H,d, J=6.9
Hz).

13C NMR (150 MHz, CDCl; + 2 drops of CDsOD, at rt):

IR (ATR) Vinax cm™:

LRESI-MS (m/z):

TLC (SiO2, MeOH/CHCl; = 1/9) Rf:

0 135.8,135.1, 134.7, 133.7, 129.7, 127.5, 121.3, 121.2,
119.0, 117.9, 110.7, 107.2, 62.9, 58.7, 56.1, 55.2, 40.7,
35.5,19.5, 13.4.

3267, 2937, 2917, 2849, 2826, 2747, 1674, 1453, 1369,
1329, 1291, 1270, 1230, 1201, 1182, 1136, 1092, 1025,
982, 881, 800, 741, 672, 652, 637, 629, 619, 608.

C24H2sN>O [M+H]*: 309.

0.42 (UV, dyeing reagent: e).
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SO3 - Pyridine
DMSO, DIPEA VinylIMgBr

DCM, -10 °C THF, 0 °C
y. 74% (2 steps)

Allylic alcohol (3-epi-40)

To a stirred solution of 3-epi-52 (26.2 mg, 65.1 pmol) in dry DCM (0.65 mL) were added DIPEA
(56.8 uL, 325 pmol) and DMSO (23.1 pL, 325 pmol) at room temperature under Ar atmosphere. Then
the reaction mixture was added SOj3 - pyridine (>45% SOs3, 28.8 mg, 163 pmol) at —20 °C, and stirred
for 3 h at —10 °C. The reaction was quenched by adding saturated aqueous NaHCOs3, and then the
mixture was diluted with DCM. After separation of the two layers, the aqueous layer was extracted
three times with DCM. The combined organic layers were dried over MgSQyg, filtered, and evaporated

under reduced pressure to afford the crude aldehyde (<25.2 mg, <62.9 pmol), which was used in the
next reaction without purification.

To a stirred solution of vinylmagnesium bromide (1.0 M in THF, 315 pL, 315 pmol) was added
the above crude aldehyde in dry THF (0.53 mL) at 0 °C under Ar atmosphere, and the reaction mixture
was stirred for 12 h at the same temperature. The reaction was quenched by adding saturated aqueous
NH4Cl, and then the mixture was diluted with AcOEt. After separation of the two layers, the aqueous
layer was extracted three times with CHCls. The combined organic layers were dried over MgSOa,
filtered, and evaporated under reduced pressure. The residue was purified by amino-silica gel flash
column chromatography (AcOEt/"hexane = 1/1) to afford 3-epi-40 (20.6 mg, 74% from 3-epi-52) as
a pale yellow amorphous solid.

"H NMR (600 MHz, CDCl3, at rt): 6 7.51 (1H, m), 7.14-7.07 (3H, overlapped), 6.93 (2H, d,
J=82Hz),6.77 2H, d, J=8.2 Hz), 5.84 (1H, ddd, J =
17.2, 11.0, 6.2 Hz), 5.46 (1H, q, J= 6.9 Hz), 5.26 (2H,
ABq, Adag = 0.11, Jag = 17.2 Hz), 5.20 (1H, d, /= 16.5
Hz), 5.08 (1H, d,/=10.3 Hz), 4.42 (1H, dd, J=8.9, 5.5
Hz),4.17 (1H, d,J=11.7 Hz), 3.75 (3H, s), 3.63 (1H, d,
J=13.7Hz),3.20 (1H, d, /= 13.7 Hz), 3.15 (1H, ddd, J
=11.7, 6.9, 4.8 Hz), 2.94-2.84 (2H, overlapped), 2.75
(1H, dd, J= 8.9, 4.1 Hz), 2.71 (1H, ddd, J = 11.0, 5.5,
5.5 Hz), 2.40 (1H, d, J = 13.7 Hz), 1.73 (1H, ddd, J =
13.1, 11.7, 5.5 Hz), 1.57 (3H, d, /= 6.9 Hz).

13C NMR (150 MHz, CDCls, at rt): 6 158.7, 140.1, 137.4, 137.0, 133.1, 130.0, 127.1 (3C),
122.3, 121.2, 119.1, 118.1, 114.7, 114.0, 109.6, 108.0,
72.0, 60.1, 55.2,52.0,47.2,46.6,41.0, 28.7,21.8, 12.9.

[a]p®: +39.5 (¢ 1.03, MeOH).
LRESI-MS (m/z): CasH33N,0; [M+H]: 429.

TLC (NH-Si02, AcOEt/"hexane = 1/2) Rf:  0.12 (UV, dyeing reagent: a).

143



TrocCl, MgO
THF/H,0 (5:2), rt
y. 67%

3-epi-40

2.2.2-Trichloroethyl carbamate (78a)

To a stirred solution of 3-epi-40 (17.5 mg, 40.8 umol) in a mixed solvent of THF/H,O (5/2, 1.61
mL) were continuously added MgO (82.3 mg, 2.04 mmol) and TrocCl (167 pL, 1.22 mmol) until
starting material was disappeared at room temperature under Ar atmosphere. After stirring for 23 h at

the same temperature, the reaction mixture was filtrated to remove suspended MgO, added water, and
then the mixture was diluted with AcOEt. After separation of the two layers, the aqueous layer was
extracted three times with AcOEt. The combined organic layers were dried over MgSQOyg, filtered, and
evaporated under reduced pressure. The residue was purified by amino-silica gel flash column
chromatography (AcOEt/"hexane = 1/1) to afford 78a (16.4 mg, 67%) as a pale yellow oil.

"H NMR (400 MHz, CDCls, at rt): 6759 (1H,d,J=7.8 Hz), 7.18 (1H, d,J= 7.8 Hz), 7.12
(1H, ddd, J=17.8,6.9,0.9 Hz), 7.06 (1H, dd, /= 7.8, 6.9
Hz), 6.89 (2H, d, J= 8.7 Hz), 6.77 (2H, d, J = 8.7 Hz),
5.87 (1H, ddd, J = 16.9, 10.5, 5.5 Hz), 5.77 (1H, q, J =
6.9 Hz), 5.42-5.30 (4H, overlapped), 5.13 (1H, d, J =
10.5Hz), 4.76 (1H, t-like, /= 4.1 Hz), 4.52 (1H, m), 4.42
(1H,d,J=11.9Hz),4.15(1H,d,J=11.9 Hz), 4.00 (1H,
br-s), 3.74 (3H, s), 3.66 (1H, d, J = 13.3 Hz), 3.49 (1H,
m), 3.40-3.22 (3H, overlapped), 2.59 (1H, m), 2.45 (1H,
br-d, /J=13.3 Hz), 1.71 (3H, d, J= 6.9 Hz).

13C NMR (100 MHz, CDCls, at rt): 6 158.7, 155.0, 138.1, 137.8, 136.6, 135.3, 130.3, 128.5,
128.0, 127.1, 122.1, 119.2, 118.7, 115.6, 114.0, 110.2,
109.3,95.4,81.1, 74.4,73.0,55.3,54.9,48.3,46.2,44.3,
35.4,23.8, 14.2.

LRESI-MS (m/z): C31H34C13N204 [M+H]': 603, 605, 607.
(Peak intensity ratio; 3:3:1)

TLC (SiO2, AcOEt) Rf: 0.79 (UV, dyeing reagent: ¢).
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Na,CO3

Methyl carbamate (78b)

78b
y. 43%

To a stirred solution of 3-epi-40 (50.0 mg, 0.117 mmol) in dry CHCl; (1.20 mL) were added
NaxCOs3 (37.5 mg, 0.351 mmol) and CICO,Me (28.3 puL, 0.351 mmol) at 0 °C under Ar atmosphere,
and the reaction mixture was stirred for 24 h at room temperature. The reaction was quenched by
adding water, and then the mixture was diluted with CHCls. After separation of the two layers, the
aqueous layer was extracted three times with CHCls. The combined organic layers were dried over
MgSO0s, filtered, and evaporated under reduced pressure. The residue was purified by amino-silica gel
flash column chromatography (AcOEt/*hexane = 3/7 to 1/1 to AcOE?) to afford 78b (24.7 mg, 43%, a
pale yellow oil) and S1 (20.4 mg, 36%, a pale yellow amorphous solid).

For 78b
'H NMR (600 MHz, CDCls, at rt):

13C NMR (150 MHz, CDCls, at rt):

LRESI-MS (m/z):

TLC (SiO», AcOEt) Rf:

87.59 (1H, d,J=8.3 Hz), 7.16 (1H, d, /= 8.3 Hz), 7.12
(1H, ddd, J = 8.3, 8.3, 1.4 Hz), 7.09 (1H, ddd, J = 8.3,
8.3, 1.4 Hz), 6.86 (2H, d, J = 8.3 Hz), 6.76 2H, d, J =
8.3 Hz), 5.86 (1H, ddd, /=172, 10.3, 5.5 Hz), 5.72 (1H,
g, J=6.9 Hz), 5.45-5.33 (4H, overlapped), 5.13 (1H, d,
J=10.3 Hz), 4.74 (1H, t-like, J = 5.5 Hz), 4.48 (1H, br-
d, J=13.1 Hz), 4.00 (1H, ddd, J = 13.8, 6.9, 6.9 Hz),
3.76-3.70 (1.1H, overlapped), 3.73 (3H, s), 3.56 (1H, d,
J=15.1 Hz), 3.32 (1H, ddd, J = 9.6, 4.8, 4.8 Hz), 3.27
(1H, overlapped), 3.27-3.22 (2H, overlapped), 2.87
(1.9H, br-s), 2.59 (1H, ddd, /= 10.3, 10.3, 10.3 Hz), 2.55
(1H,ddd,J=13.8,3.1,3.1 Hz), 1.71 (3H, d, /= 6.9 Hz).

0 158.6, 157.2,138.2, 136.5, 135.1, 130.5, 128.7, 127.5,
127.1, 121.9, 118.9, 118.7, 116.0, 113.9, 110.4, 109.2,
80.4, 73.3,55.2,54.4,51.5,47.2,46.2,44.5,35.2, 24.2,
14.3.

C30H34N>04Na [M+Na]+: 509.

0.80 (UV, dyeing reagent: ).
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For S1
"H NMR (600 MHz, CDCl3, at rt):

13C NMR (150 MHz, CDCLs, at rt):

LRESI-MS (m/z):

TLC (SiO,, AcOEt) Rf:

3 7.49 (1H, m), 7.08-7.02 (3H, m), 6.91 2H, d, /= 8.3
Hz), 6.79 (2H, d, J = 8.3 Hz), 5.73 (1H, ddd, J = 17.2,
10.3, 6.9 Hz), 5.52 (2H, overlapped), 5.28 (1H, d, J =
17.2Hz),5.17 (1H,d,J=11.0 Hz), 5.16 (2H, ABq, AdaB
= 0.08, Jag = 17.2 Hz), 426 (1H, d, J = 11.7 Hz),
3.78-3.72 (1H, overlapped), 3.75 (3H, s), 3.71-3.66 (1H,
overlapped), 3.69 (3H, s), 3.21 (1H, d,/J=13.8 Hz), 3.13
(1H, ddd, J=11.7, 6.2, 6.2 Hz), 3.01 (1H, dd, J = 9.6,
4.8 Hz), 2.91-2.87 (2H, m), 2.72 (1H, ddd, /= 11.0, 5.5,
5.5 Hz), 2.03 (1H, d, J = 14.5 Hz), 1.83 (1H, ddd, J =
14.5,12.4, 5.5 Hz), 1.59 (3H, dd, /= 6.2, 1.4 Hz).

0 158.7,155.4,137.4, 136.8, 134.4, 131.4, 129.8, 127.1,
126.9, 123.6, 121.2, 119.1, 118.1, 117.8, 114.0, 109.9,
108.1, 78.3, 60.6, 55.2, 54.8, 52.0, 46.7, 46.5, 38.9, 29.0,
22.1,12.9.

C30H35N204 [M+H]+: 487.

0.48 (UV, dyeing reagent: ).

146



KHMDS, Boc,0

THF, -10 °C
y. 85%

Allylic fert-Butyl carbonate (80)

To a stirred solution of 3-epi40 (16.8 mg, 39.2 pmol) in dry THF (0.79 mL) was added KHMDS
(0.5 M in toluene, 156 pL, 78.0 umol) at —78 °C under Ar atmosphere. After stirring for 30 min at the
same temperature, Boc,O (13.0 pL, 78.3 pmol) was added to the mixture. After stirring for 13 h at

—10 °C, water was added to the reaction mixture and the resultant mixture was diluted with AcOEt.
After separation of the two layers, the aqueous layer was extracted three times with AcOEt. The
combined organic layers were washed with brine, dried over Na>SOs, filtered, and evaporated under
reduced pressure. The residue was purified by silica gel flash column chromatography (AcOEt) to
afford 80 (17.7 mg, 85%) as a pale yellow amorphous solid.

"H NMR (600 MHz, CDCls, at rt): 0 7.49 (1H, m), 7.10-7.03 (3H, m), 6.94 (2H, d, J= 8.7
Hz), 6.77 (2H, d, J = 8.7 Hz), 5.73 (1H, ddd, J = 16.9,
10.1, 6.9 Hz), 5.51 (1H, q,J=6.9 Hz), 5.45 (1H, dd, J =
10.1, 6.9 Hz), 5.27 (1H, d, J = 16.9 Hz), 5.22-5.11 (3H,
overlapped), 4.25 (1H, d, /J=10.5 Hz), 3.74 (3H, s), 3.67
(1H,d,J=14.2 Hz),3.20 (1H, d, J=13.7 Hz), 3.13 (1H,
ddd, /=119, 5.5, 5.5 Hz), 3.02 (1H, dd, J = 10.1, 5.5
Hz), 2.91-2.85 (2H, m), 2.70 (1H, ddd, /= 11.9,5.5, 5.5
Hz), 2.14 (1H, d, /= 14.2 Hz), 1.82 (1H, ddd, J = 14.2,
12.4, 5.5 Hz), 1.59 (3H, dd, J = 6.9, 1.8 Hz), 1.48 (9H,

s).
LRESI-MS (m/z): C33H41N204 [M+H]+: 529.
TLC (SiO2, AcOEt) Rf: 0.59 (UV, dyeing reagent: e).
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2.2.2-Trichloroethyl carbamate (81)

TrocCl, MgO
RN S
THF/H,0 (5:1)
rt, y. 98%

To a stirred solution of 80 (320 mg, 0.605 mmol) in a mixed solvent of THF/H>O (5/1, 30.0 mL)
were added MgO (296 mg, 7.26 mmol) and TrocCl (166 pL, 1.21 mmol) at room temperature under
Ar atmosphere, and the reaction mixture was stirred at the same temperature. The mixture was treated
two times (i.e., after 2 and 4 h) with an additional amount of TrocCl (166 puL, 1.21 mmol). After stirring
for another 3 h, the reaction mixture was filtrated to remove suspended MgO, added water, and then

the mixture was diluted with AcOEt. After separation of the two layers, the aqueous layer was

extracted three times with AcOEt. The combined organic layers were dried over MgSQOyg, filtered, and

evaporated under reduced pressure. The residue was purified by amino-silica gel flash column
chromatography (AcOEt/"hexane = 1/6) to afford 81 (430 mg, 98%) as a colorless amorphous solid.

'H NMR (600 MHz, CDCls, at rt):

13C NMR (150 MHz, CDCl, at rt):

LRESI-MS (m/z):

8 7.66 (1H, dd, J = 7.2, 2.7 Hz), 7.11-7.08 (2H,
overlapped), 7.06 (1H, m), 6.78 (2H, d, /= 8.9 Hz), 6.58
(2H, d,J=8.9 Hz), 591 (1H, d,J=17.2 Hz), 5.77 (1H,
q,J=6.9 Hz), 540 (1H, d, J= 17.2 Hz), 5.24 (1H, m),
5.22-5.16 (2H, overlapped), 5.04 (1H, d, J= 16.5 Hz),
4.84 (1H, overlapped), 4.80 (1H, d, J = 14.4 Hz), 4.77
(1H,d,J=10.3 Hz),4.65 (1H,d,J=11.7 Hz), 3.75 (3H,
s), 3.25 (1H, dd, J = 144, 4.8 Hz), 3.17-3.11 (2H,
overlapped), 3.04 (1H, dd, /= 14.4, 4.1 Hz), 2.55 (1H, d,
J=11.7Hz),2.47 (1H, ddd, J=13.1, 13.1, 4.1 Hz), 2.19
(1H, ddd, /= 13.7,4.1,4.1 Hz), 2.01 (1H, ddd, /= 13.1,
4.8, 4.8 Hz), 1.91 (3H, d, J= 6.9 Hz), 1.80 (1H, br-s),
1.42 (9H, s).

0 158.6, 155.3, 152.9, 137.5, 136.8, 136.1, 134.5, 130.5,
127.5, 127.4, 126.2, 122.1, 120.1, 119.5, 115.8, 114.3,
110.6,109.9,95.9, 81.5,77.9,73.2,65.7,58.7,55.3,48.4,
47.0,40.2,31.5,27.8,24.8, 14.6.

C36H43C13N20O7Na [M+Na]+: 743, 745.
(Peak intensity ratio; 1:1)

TLC (NH-Si02, AcOEt/"hexane = 1/2) Rf:  0.18 (UV, dyeing reagent: a).

148



2-Acyl indole (82)

To a stirred solution of 81 (450 mg, 0.623 mmol) in dry DCM (8.80 mL) was added DMP (320
mg, 0.686 mmol) at room temperature under Ar atmosphere, and the reaction mixture was stirred for
4 h at the same temperature. The reaction was quenched by adding saturated aqueous NaHCO3 and
saturated aqueous Na>S>03, and then the mixture was diluted with DCM. After separation of the two
layers, the aqueous layer was extracted two times with DCM. The combined organic layers were dried

over MgSOy, filtered, and evaporated under reduced pressure. The residue was purified by silica gel
flash column chromatography (AcOEt/*hexane = 1/3) to afford 82 (417 mg, 93%) as a colorless
amorphous solid.

("H NMR spectra were broadened uniformly regardless of the usage of various deuterated solvents
and the setting of various measurement temperatures.)

UV (MeOH) Amax nm: 311.0, 220.0, 201.0.
LRESI-MS (m/z): C36H41C13N2O7Na [M+Na]+: 741, 743.

(Peak intensity ratio; 1:1)
TLC (SiO2, AcOEt/"hexane = 1/2) Rf: 0.53 (UV, dyeing reagent: e).
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—HTC BT B KR

Ni(cod),, EtsN
MeCN rt;
then Et3SiH, rt

Me02C

Tetracyclic esters (90 and 91)

To a stirred solution of 89 (3.21 g, 7.12 mmol) in degassed dry MeCN (475 mL) were added
degassed dry Et;N (9.88 mL, 71.2 mmol) and Ni(cod), (7.84 g, 28.5 mmol) at room temperature in a
glove box, and the reaction mixture was stirred for 30 min. After the addition of Et3SiH (3.47 mL, 21.4
mmol) in one portion, the reaction mixture was stirred for 3 h at the same temperature. The reaction
was quenched by adding saturated aqueous Na>COs, and then the mixture was diluted with AcOEt.
After separation of the two layers, the aqueous layer was extracted three times with DCM. The
combined organic layers were washed with brine, dried over Na,SOs, filtered, and evaporated under
reduced pressure. The residue was purified by silica gel flash column chromatography (MeOH/CHCl3
= 1/99) to afford cis-quinolizidine-containing 90 (0.725 g, 31%, a pale yellow amorphous solid) and
trans-quinolizidine-containing 91 (1.27 g, 55%, a yellow amorphous solid). The spectral and physical
properties of 90 and 91 are good agreement with previously reported data.??

For 90

"H NMR (400 MHz, CDCl3, at rt): 6 8.75 (1H, br-s), 7.46 (1H,d, /= 7.8 Hz), 7.35 (1H, d, J
=7.8 Hz), 7.14 (1H, ddd, J=17.8, 7.8, 1.4 Hz), 7.09 (1H,
ddd,/=7.8, 7.8, 1.4 Hz), 549 (1H, q, J= 6.9 Hz), 4.29
(1H, m), 3.68 (3H, s),3.56 (1H, d, /= 12.4 Hz), 3.27 (1H,
ddd, /=12.8,5.5, 1.4 Hz), 3.19-3.10 (2H, overlapped),
3.03 (1H, overlapped), 3.00 (1H, d, J = 12.4 Hz), 2.66
(1H, m), 2.30 (1H, ddd, /= 14.2,4.2, 4.2 Hz), 2.21 (1H,
ddd, J=14.2,5.5, 5.5 Hz), 2.17-2.14 (2H, overlapped),
1.63 (3H, dd, J=6.9, 1.4 Hz).

LRESI-MS (m/z): C20H25N,0, [M+H]": 325.

TLC (SiO2, MeOH/CHCIs = 1/9) Rf: 0.25 (UV, dyeing reagent: e).
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For 91
"H NMR (600 MHz, CDCl3, at rt):

LRESI-MS (m/z):

TLC (SiO2, MeOH/CHCL; = 1/9) Rf:

§7.74 (1H, br-s), 7.46 (1H, d, J= 7.6 Hz), 7.30 (1H, d, J
= 7.6 Hz),7.13 (1H, ddd, J= 7.6, 7.6, 1.4 Hz), 7.08 (1H,
ddd, J=17.6,7.6, 1.4 Hz), 5.49 (1H, q, J = 6.9 Hz), 3.72
(3H, s), 3.59 (1H, d, J = 12.4 Hz), 3.47 (1H, q, J = 6.9
Hz), 3.21 (2H, s), 3.08 (1H, dd, J = 11.0, 5.5 Hz), 3.01
(1H, m), 2.73 (1H, br-dd, J= 14.5, 4.1 Hz), 2.67 (1H, dd,
J=14.5,8.3 Hz), 2.64 (1H, ddd, J= 11.0, 11.0, 4.1 Hz),
2.55 (1H, dd, J = 15.1, 6.9 Hz), 2.09 (1H, ddd, J= 13.1,
1.4, 1.4 Hz), 1.84 (1H, ddd, J = 13.1, 13.1, 5.5 Hz), 1.65
(3H, d, J= 6.9 Hz).

C20H2sN202 [M+H]*: 325.

0.41 (UV, dyeing reagent: ).
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1) 'BuOCI, Et3N
DCM, -20 °C

-

2) HCI, MeOH, rt

3) Reductant
—

undesired desired

Conversion of 91 into 90

To a stirred solution of 91 (30.2 mg, 93.1 umol) and dry EtsN (19.4 uL, 140 pmol) in dry DCM
(0.84 mL) was added dropwise a solution of zerz-butyl hypochlorite (21.5 pL, 186 umol) in dry DCM
(0.40 mL) over a period of 5 min at —20 °C under Ar atmosphere, and the reaction mixture was stirred

for 1 h at the same temperature. The reaction was quenched by adding water, and then the mixture was
diluted with DCM. After separation of the two layers, the aqueous layer was extracted two times with
DCM. The combined organic layers were dried over Na>SOg, filtered, and evaporated under reduced
pressure to afford crude chloroindolenine (more than theoretical amount), which was used in the next
reaction without purification.

To the above crude chloroindolenine was added 5 M methanolic HCI (0.42 mL, 1.55 mmol) at
0 °C under Ar atmosphere, and the reaction mixture was stirred for 15 min at room temperature. The
resultant mixture was added 3.0 mL of dry Et,O to form a precipitate, and then it was filtered and
washed with dry Et;O to afford the crude iminium intermediate 92 (more than theoretical amount),
which was used immediately in the next reaction without purification.

To a stirred solution of the above crude 92 in dry DMF (0.93 mL) were added sequentially
Ti(O'Pr)s (54.6 pL, 186 umol), HCO>H/Et:N [5/2 v/v, 23.3 puL (0.25 uL/umol of 91)] and RuCI-[(R,R)-
Tsdpen](p-cymene) (5.9 mg, 9.31 umol) at room temperature under Ar atmosphere, and the reaction
mixture was stirred for 18 h at 30 °C. The reaction was quenched by adding saturated aqueous NaHCOs3,
and then the mixture was diluted with DCM. After separation of the two layers, the aqueous layer was
extracted two times with DCM. The combined organic layers were dried over Na,SOs, filtered, and
evaporated under reduced pressure. The residue was purified by silica gel flash column
chromatography (MeOH/DCM = 1/99) to afford 90 (19.5 mg, 65%, a pale yellow amorphous solid)
and 91 (3.7 mg, 12%, a yellow amorphous solid).

TLC (Si02, MeOH/CHCI3 = 1/9) Rf: for chloroindolenine: 0.57 and 0.64 (dyeing reagent: ).
for 92: 0.12 (UV, dyeing reagent: e).
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LDA, HCO,Me
e
THF, -20 °C
y. 80%

(*)-Geissoschizine

(£)-Geissoschizine

To a stirred solution of dry DIPA (3.17 mL, 22.6 mmol) in dry THF (10.0 mL) was added "BuLi
(2.76 M in "hexane, 8.10 mL, 22.4 mmol) at 0 °C under Ar atmosphere, and the reaction mixture was
stirred for 20 min at the same temperature. After cooling to —60 °C, the prepared solution of LDA was
added dropwise a solution of 90 (725 mg, 2.24 mmol) in dry THF (12.4 mL) over 10 minutes, and the
reaction mixture was stirred for 30 min at the same temperature. Then HCO,Me (7.28 mL, 112 mmol)
was added to the mixture at —60 °C, and the reaction mixture was stirred for 14 h at —20 °C. The
reaction was quenched by adding saturated aqueous NH4Cl, and then the mixture was diluted with
AcOEt. After separation of the two layers, the aqueous layer was extracted three times with CHCl;.
The combined organic layers were dried over Na>SOs, filtered, and evaporated under reduced pressure.

The residue was purified by silica gel flash column chromatography (MeOH/CHCIl; = 3/97) to afford
(£)-geissoschizine (629 mg, 80%) as a yellow solid. The spectral and physical properties of (+)-
geissoschizine are good agreement with previously reported data.?

'H NMR (400 MHz, CDCL, at rt): 5 7.85 (1H, br-s), 7.84 (1H, s), 7.48 (1H, d, J = 8.2 Hz),
7.31 (1H, d, J= 8.2 Hz), 7.17 (1H, ddd, J= 8.2, 8.2, 1.4
Hz), 7.11 (1H, ddd, J = 8.2, 8.2, 1.4 Hz), 5.41 (1H, q, J
= 6.9 Hz), 4.49 (1H, br-d, J = 11.0 Hz), 3.95 (1H, ddd, J
=13.7,2.3,2.3 Hz), 3.84 (1H, dd, /= 11.0, 5.9 Hz), 3.68
(3H, s), 3.22 (1H, dd, J=11.9, 4.6 Hz), 3.18 (1H, d, J =
13.7 Hz), 3.12-3.02 (1H, m), 2.82 (1H, dd, J = 16.0, 4.1
Hz),2.72 (1H, ddd, J=11.9, 11.9, 4.1 Hz), 2.63 (1H, m),
2.10 (1H, ddd, J = 13.7, 11.0, 1.8 Hz), 1.82 (3H, dd, J =

6.9, 2.3 Hz).
LRESI-MS (m/z): C21H25N,03 [M+H]": 353.
TLC (Si02, MeOH/CHCIs = 1/9) Rf: 0.33 (broadened, UV, dyeing reagent: a).
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(*)-Geissoschizine

Diazo compound (86)

To a stirred solution of (£)-geissoschizine (629 mg, 1.79 mmol) in dry DCM (23.8 mL) were
added sequentially dry EtsN (1.04 mL, 7.20 mmol) and TsN3 (0.29 mL, 1.88 mmol) at room
temperature under Ar atmosphere, and the reaction mixture was stirred for 16 h at the same temperature.
The reaction was quenched by adding ca. 0.5 M aqueous KOH, and then the mixture was diluted with
DCM. After separation of the two layers, the aqueous layer was extracted two times with DCM. The
combined organic layers were dried over Na,SOy, filtered, and evaporated under reduced pressure.
The residue was purified by silica gel flash column chromatography (MeOH/DCM = 3/97) to afford
86 (373 mg, 60%) as a pale yellow amorphous solid.

'H NMR (400 MHz, CDCl, at rt):

13C NMR (150 MHz, CDCls, at rt):

IR (ATR) Vinax cm™ '

UV (MeOH) Amax nm:

HRESI-MS (m/z):

TLC (SiO2, MeOH/CHCl; = 1/9) Rf:

87.76 (1H, br-s), 7.47 (1H, d, J="7.6 Hz), 7.29 (1H, d, J
=8.3 Hz), 7.14 (1H, ddd, /= 8.3, 8.3, 1.4 Hz), 7.09 (1H,
ddd, J = 7.6, 7.6, 1.4 Hz), 5.60 (1H, q, J = 6.9 Hz),
3.85-3.79 (1H, m), 3.77 (3H, s), 3.66 (1H, m), 3.43 (1H,
d, J=12.4 Hz), 3.14 (1H, overlapped), 3.13 (1H, d, J =
12.4 Hz), 3.01 (1H, dddd, J = 14.5, 11.0, 5.5, 2.8 Hz),
2.80 (1H, ddd, J=11.0, 11.0, 4.8 Hz), 2.70 (1H, m), 2.31
(1H, ddd, J=13.1,4.8,4.8 Hz), 2.16 (1H, m), 1.71 (3H,
d,J=6.9 Hz).

0 167.9,136.0, 133.5, 132.5, 127.3, 122.6, 121.5, 119.4,
118.2, 110.7, 108.2, 60.2, 56.4, 52.0, 51.6, 33.2, 31.6,
20.2, 12.2 (No diazo carbon signal was observed due to
quadrupole broadening 3*).

3312, 2952, 2924, 2851, 2086, 1692, 1614, 1437, 1334,
1295, 1275, 1194, 1181, 1160, 1138, 1086, 1017, 927,
911, 879, 813, 741, 677, 657, 647.

289.5 (sh), 283.0, 265.0, 224.0.

calcd. for CyoH23N402 [M+H]+: 351.1821;
found: 351.1825.

0.44 (UV, dyeing reagent: e).
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Metal cat.
DCM, rt

—
or
BF3+Et,0
DCM, 80 °C

93

General procedure for decomposition reaction of diazo compound (Table 10, entry 1)

To a stirred solution of 86 (1.5 mg, 4.28 pumol) in dry DCM (0.18 mL) was added
JohnPhosAu(MeCN)SbFs (0.5 mg, 0.64 pmol) at room temperature under Ar atmosphere, and the
reaction mixture was stirred for 15 h at the same temperature. The resultant mixture was evaporated

under reduced pressure, and then the residue was purified by amino-silica gel preparative thin-layer
chromatography [10%10 ¢cm (dimensions), MeOH/CHCIl; = 3/97 (eluent)] to afford 94 (shown below,
0.5 mg, 36%, a pale yellow solid) and 96 (shown below, 0.5 mg, 36%, a yellow solid).

ao.B-Unsaturated ester (94)

"H NMR (600 MHz, CDCl3, at rt): 6 7.72 (1H, br-s), 7.48 (1H,d,J=7.6 Hz), 7.32 (1H, d, J
=7.6 Hz),7.16 (1H, ddd, J=7.6, 7.6, 1.4 Hz), 7.10 (1H,
dd, J=7.6,7.6 Hz), 5.94 (1H, d, /= 1.4 Hz), 5.72 (1H,
q,J=6.9Hz),3.71 (3H, s), 3.64 (1H, m), 3.51 (1H, d, J
=11.7 Hz), 3.31 (1H, d,J=11.7 Hz), 3.16 (1H, ddd, J =
11.7, 5.5, 2.7 Hz), 3.02 (1H, dddd, J = 15.1, 10.3, 5.5,
2.1 Hz), 2.78 (1H, br-d, J = 15.1 Hz), 2.81-2.65 (2H,
overlapped), 2.56 (1H, dd, J=11.7, 11.7 Hz), 1.57 (3H,
dd, /= 6.9, 2.1 Hz, overlapped with H,0).

BC NMR (150 MHz, CDCl3, at rt): 61659, 151.9, 136.1, 133.4, 132.5, 127.2, 125.1, 121.7,
119.6, 118.3, 116.5, 110.8, 108.8, 64.0, 60.7, 51.4, 51.3,
42.0,21.8, 14.9.

IR (ATR) Vinax cm 3735, 3703, 3624, 3594, 3357, 3059, 2947, 2916, 2848,
2804, 2737, 1707, 1639, 1600, 1452, 1437, 1387, 1320,
1288, 1277, 1257, 1212, 1178, 1160, 1125, 1077, 1030,
994, 803, 748, 685, 671, 655, 631, 622, 607.

UV (MeOH) Amax N 290.0 (sh), 267.5, 224.5.

HRESI-MS (m/z): caled. for Co0H23N-0» [M+H]+: 323.1760;
found: 323.1757.

TLC (Si02, MeOH/CHCI3 = 1/9) Rf: 0.47 (UV, dyeing reagent: a).
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Ring-expanded product (95)
"H NMR (600 MHz, CDCl3, at rt):

3C NMR (150 MHz, CDCls, at rt):

IR (ATR) Vinax cm™ :

UV (MeOH) Amax nm:

HRESI-MS (m/z):

TLC (SiO2, MeOH/CHCl; = 1/9) Rf:

§7.83 (1H, br-s), 7.70 (1H, s), 7.47 (1H, d, J = 7.6 Hz),
7.30 (1H, d, J = 8.2 Hz), 7.14 (1H, dd, J = 8.2, 7.6 Hz),
7.08 (1H, dd, J = 8.2, 7.6 Hz), 6.00 (1H, q, J = 6.9 Hz),
4.38 (1H, d, J= 9.6 Hz), 3.81 (3H, s), 3.49 (2H, m), 3.05
(1H, d, J = 17.9 Hz), 3.01 (1H, ddd, J = 11.7, 4.8, 4.8
Hz), 2.95-2.87 (2H, m), 2.87-2.80 (2H, m), 1.85 (3H, d,
J=6.9 Hz).

6 168.5,137.9, 136.3, 135.0, 134.8, 133.2, 130.2, 127.0,
121.7,119.4, 118.2, 110.8, 108.9, 60.6, 57.0, 52.2, 48.8,
29.3,21.2, 14.4.

3726, 3693, 3625, 3594, 3386, 3056, 3015, 3006, 2949,
2927, 2848, 2817, 1706, 1626, 1606, 1452, 1436, 1387,
1324, 1254, 1194, 1165, 1130, 1088, 806, 750, 666, 626.

290.0 (sh), 272.0, 225.0.

caled. for C2oH23N>0, [M+H]*: 323.1760;
found: 323.1787.

0.47 (UV, dyeing reagent: a).
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CO,Me

96

Ring-expanded product (96)
"H NMR (600 MHz, CDCl3, at rt):

13C NMR (150 MHz, CDCLs, at rt):

IR (ATR) Vinax cm™":

UV (MeOH) Amax nm:

HRESI-MS (m/z):

TLC (Si02, MeOH/CHCl; = 1/9) Rf:

8 7.66 (1H, br-s), 7.47 (1H, d, J=7.6 Hz), 7.29 (1H, d, J
=7.6 Hz), 7.14 (1H, dd, J=7.6, 7.6 Hz), 7.08 (1H, dd, J
=17.6,7.6 Hz), 7.02 (1H, dd, J = 7.6, 4.1 Hz), 5.93 (1H,
q, J = 6.9 Hz), 4.27 (1H, d, J = 10.3 Hz), 3.78 (3H, s),
3.54 (1H,d,J=12.4Hz),3.47 (1H, d, J=12.4 Hz), 3.08
(1H, ddd, /= 11.7, 5.5, 5.5 Hz), 2.90 (1H, ddd, J = 9.6,
5.5, 5.5 Hz), 2.89-2.83 (3H, overlapped), 2.53 (1H, dd,
J=17.2,7.6 Hz), 1.58 (3H, d, J= 6.9 Hz).

0 167.4, 140.6, 136.3, 136.2, 134.9, 131.1, 130.8, 127.1,
121.7,119.5, 118.3, 110.7, 109.1, 63.4, 54.7, 52.1, 48.2,
32.9,21.7, 15.6.

3726, 3707, 3625, 3595, 3368, 3055, 3006, 2947, 2914,
2849, 1715, 1623, 1452, 1436, 1326, 1254, 1198, 1163,
1050, 752, 666, 626.

290.0 (sh), 267.5, 224.5.

caled. for C2oH23N>0, [M+H]*: 323.1760;
found: 323.1748.

0.36 (UV, dyeing reagent: a).
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BHg+ THF
—_—
THF, 0°C
y. 59%

Amine—borane complex (97)

To a stirred solution of 86 (29.2 mg, 83.3 umol) in dry THF (0.83 mL) was added BH; - THF (1.0
M in THF, 83.3 pL, 83.3 umol) at 0 °C under Ar atmosphere, and the reaction mixture was stirred for
1 h at the same temperature. The reaction was quenched by adding saturated aqueous NaHCO3, and
then the mixture was diluted with AcOEt. After separation of the two layers, the aqueous layer was
extracted two times with AcOEt. The combined organic layers were washed with brine, dried over
NaxSOy, filtered, and evaporated under reduced pressure. The residue was purified by silica gel flash
column chromatography (AcOEt/"hexane = 3/17 to 3/7) to afford 14 (17.9 mg, 59%) as a colorless
amorphous solid.

'"H NMR (400 MHz, CDCls, at rt): 6791 (1H, br-s), 7.49 (1H,d, J=7.8 Hz), 7.27 (1H, d, J
=7.8Hz),7.18 (1H, dd, /=17.8, 7.8 Hz), 7.12 (1H, dd, J
=17.8,7.8 Hz), 5.85 (1H, q, J= 6.9 Hz), 4.37 (1H, br-dd,
J=4.6,4.6Hz),3.90 (1H, dd, /=5.0,5.0 Hz), 3.71 (3H,
s), 3.56 (1H, br-d, J = 12.8 Hz), 3.41-3.37 (2H,
overlapped), 3.32 (1H, d, J= 12.8 Hz), 3.02-2.91 (3H,
overlapped), 2.64 (1H, m), 1.70 (3H, dd, /= 6.9, 1.8 Hz).

13C NMR (100 MHz, CDCls, at rt): 0 168.1, 136.3, 130.1, 129.9, 127.0, 126.5, 122.5, 119.9,
118.4, 110.7, 106.4, 58.8, 58.2, 57.3, 51.8, 28.0, 27.1,
17.7, 13.3 (No diazo carbon signal was observed 3*).

IR (ATR) Vinax cm 3355, 3056, 2978, 2950, 2930, 2915, 2858, 2386, 2364,
2349, 2341, 2327, 2283, 2088, 1738, 1689, 1464, 1450,
1437, 1396, 1366, 1333, 1311, 1271, 1217, 1180, 1169,
1119, 1093, 1069, 1040, 1015, 912, 823, 744.

UV (MeOH) Amax nm: 290.0 (sh), 283.0 (sh), 266.0, 224.0.
HRESI-MS (m/z): calcd. for CooH2sBN4O2Na [M+Na]*: 387.1968;
found: 387.1951.
TLC (SiO2, AcOEt/"hexane = 1/2) Rf: 0.52 (UV, dyeing reagent: ¢).
(Si02, MeOH/CHCIl; = 1/9) Rf: 0.68 (UV, dyeing reagent: e).
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L\ diff: NOE
\\0
N\

mCPBA 21p
—_—
DCM, 0 °C
MeO,C” SN, y. 58% MeO,C” SN,
86 98

Amine—oxide (98)

To a stirred solution of 86 (36.0 mg, 0.103 mmol) in dry DCM (1.03 mL) was added mCPBA
(23.0 mg, 0.103 mmol) at 0 °C under Ar atmosphere, and the reaction mixture was stirred for 1 h at
the same temperature. The resultant mixture was evaporated under reduced pressure, and then the

residue was purified by amino-silica gel flash column chromatography (DCM to MeOH/DCM = 1/49)
to afford 98 (21.9 mg, 58%) as a pale yellow solid.

"H NMR (400 MHz, CDCls, at rt): 09.98 (1H, br-s), 7.37 (1H, d, J="7.6 Hz), 7.29 (1H, d, J
=7.6 Hz), 7.15 (1H, dd, J=7.6, 7.6 Hz), 7.08 (1H, dd, J
=17.6, 7.6 Hz), 5.83 (1H, q, J = 6.9 Hz), 4.68 (1H, m),
4.18 (1H, d, J=13.1 Hz), 3.86 (1H, br-d, /= 11.7 Hz),
3.80-3.70 (3H, m), 3.70 (3H, s), 3.00 (1H, m), 2.94—2.87
(2H, overlapped), 2.53 (1H, m), 1.58 (3H, d, /= 6.9 Hz).

3C NMR (100 MHz, CDCls, at rt): 6 167.5,136.9, 132.3, 129.7, 127.6, 125.8, 122.5, 119.7,
118.3, 111.4, 104.6, 69.1, 63.5, 57.2, 51.9, 29.0, 22.6,
18.7, 13.2 (No diazo carbon signal was observed 34).

IR (ATR) Vinax cm™ ! 3355, 3196, 3060, 2952, 2860, 2089, 1690, 1497, 1454,
1438, 1320, 1267, 1238, 1191, 1120, 1068, 1013, 956,
903, 874, 838, 820, 811, 744.

UV (MeOH) /oy n1: 289.5 (sh), 282.5 (sh), 264.0, 221.5.

HRESI-MS (l’Il/Z)Z calcd. for Co0H23N4O3 [M+H]+: 367.1770;
found: 367.1768.

TLC (Si02, MeOH/CHCI3 = 1/9) Rf: 0.13 (UV, dyeing reagent: e).
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Undesired cyclized product (102)

Meo,C '®

102
dr. atC16 =7:1

To a stirred solution of 97 (47.4 mg, 0.130 mmol) in dry DCM (8.7 mL) was added Rhx(cap)s
(8.8 mg, 13.0 umol) at room temperature under Ar atmosphere, and the reaction mixture was stirred
for 12 h at the same temperature. The resultant mixture was evaporated under reduced pressure, and

then the residue was purified by silica gel flash column chromatography (AcOEt/"hexane = 3/17) to
afford 102 (23.9 mg, 55%, inseparable mixture of diastereomers at C16) as a colorless amorphous

solid.

For major diastereomer
'"H NMR (400 MHz, CDCls, at rt):

13C NMR (100 MHz, CDCls, at rt):

IR (ATR) Vinax cm™":

UV (MeOH) Amax nm:

HRESI-MS (m/z):

TLC (SiO2, AcOEt/"hexane = 1/2) Rf:

6 7.59 (1H, dd, J = 7.8, 1.4 Hz), 7.26 (1H, overlapped
with CHCl3), 7.24—7.14 (2H, overlapped), 5.28 (1H, q, J
= 6.9 Hz), 4.57 (1H, s), 4.14 (1H, br-s), 3.91 (3H, s),
3.72-3.65 (2H, overlapped), 3.18-3.02 (3H, overlapped),
2.85 (1H, d, J=13.7 Hz), 2.70 (1H, ddd, J = 13.7, 8.2,
8.2 Hz), 2.21 (1H, ddd, J= 14.6, 3.7, 1.8 Hz), 1.79 (1H,
br-d, J=13.7 Hz), 1.70 (3H, dd, /= 6.9, 1.8 Hz).

8 170.6, 140.1, 135.0, 130.3, 127.8, 125.8, 123.0, 121.1,
119.2, 111.2, 110.7, 61.3, 61.1, 60.4, 56.6, 53.1, 31.7,
19.6 (2C), 12.9.

3726, 3704, 3626, 3595, 3052, 2954, 2920, 2859, 2385,
2277, 1750, 1711, 1454, 1375, 1353, 1312, 1264, 1211,
1193, 1171, 1129, 1084, 1063, 1043, 1015, 998, 978, 914,
886, 820, 744.

294.0 (sh), 284.0, 226.0.

calcd. for CooH2sBN2O2K [M+K]™: 375.1646;
found: 375.1633.

0.50 (UV, dyeing reagent: a).
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MesNO+*2H,0
.
MeOH, reflux

Me3NO 2 Hzo
—_— >
MeOH, reflux

General procedure for cleavage of amine—borane coordination bonds

To a stirred solution of substrate (100 umol) in dry MeOH (5.00 mL) was added trimethylamine
oxide (44.5 mg, 400 pmol) at room temperature under Ar atmosphere, and the reaction mixture was
refluxed for several hours. The resultant mixture was evaporated under reduced pressure, and then the
residue was purified by appropriate chromatography to afford the corresponding terf-amine. The
spectral and physical properties of that are good agreement with previous synthetic ferf-amines 94 and
95.

TLC (SiO2, MeOH/CHCl; = 1/9) Rf: for 100: 0.54 (UV, dyeing reagent: e).
for 94:0.47 (UV, dyeing reagent: a).
for 101: 0.72 (UV, dyeing reagent: e).
for 95:0.47 (UV, dyeing reagent: a).
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Metal cat.

——>
DCM, rt

M902c N2
98 103

Undesired cyclized product (104)
To a stirred solution of 98 (3.5 mg, 9.55 umol) in dry DCM (0.96 mL) was added Rha(cap)s (1.2
mg, 1.91 pumol) at room temperature under Ar atmosphere, and the reaction mixture was stirred for 12

h at the same temperature. The resultant mixture was evaporated under reduced pressure, and then the
residue was purified by amino-silica gel preparative thin-layer chromatography [10x10 cm
(dimensions), MeOH/DCM = 3/97 (eluent)] to afford 104 (1.2 mg, 37%) as a pale yellow solid.

"H NMR (400 MHz, CDCls, at rt): 07.59 (1H, d, J= 7.8 Hz), 7.30-7.20 (3H, m), 5.41 (1H,
dq, J = 1.8, 6.9 Hz), 4.63 (1H, s), 4.55 (1H, br-s), 3.95
(1H, ddd, J=12.8, 2.7, 2.7 Hz), 3.92 (3H, s), 3.63—3.60
(1H, m), 3.55-3.41 (2H, overlapped), 3.30—3.19 (2H,
overlapped), 3.14 (1H, d, J = 14.2 Hz), 2.26 (1H, ddd, J
=13.7,2.7,2.7Hz),2.20 (1H, ddd, /= 14.2,2.3, 2.3 Hz),
1.73 (3H, dd, /= 6.9, 2.3 Hz).

BC NMR (100 MHz, CDCl3, at rt): 6170.3, 140.4, 134.3, 128.7, 128.2, 127.9, 123.7, 121.5,
119.6, 111.3, 110.9, 69.4 (2C), 64.5, 60.4, 53.3, 31.6,
19.8, 18.4, 13.1.

IR (ATR) Vinax cm™ ' 3724, 3702, 3626, 3595, 3357, 3232, 3053, 2954, 2926,
2858, 1748, 1454, 1436, 1372, 1350, 1281, 1257, 1213,
1179, 1128, 1061, 1045, 1013, 991, 960, 919, 887, 863,
831, 799, 751, 662, 631, 621.

UV (MeOH) /max n1: 294.0 (sh), 279.0, 225.0.

HRESI-MS (m/z): caled. for C2oH23N>03 [M+H]*: 339.1709;
found: 339.1700.

TLC (SiO2, MeOH/CHCI; = 1/9) Rf: 0.14 (UV, dyeing reagent: a).
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Me3sNO «2H,0

J— . _|_
MeOH, reflux A g
MeO,C '
102 105 (*)-Pleiocarpamine (106)
dr. at C16 = 7:1 y. 84% y. 12%

(£)-16-¢pi-Pleiocarpamine (105) and (+)-pleiocarpamine (106)

To a stirred solution of 102 (21.0 mg, 62.5 pmol) in dry MeOH (3.10 mL) was added
trimethylamine oxide (27.8 mg, 250 pmol) at room temperature under Ar atmosphere, and the reaction
mixture was refluxed for 4 h. The resultant mixture was evaporated under reduced pressure, and then
the residue was purified by amino-silica gel preparative thin-layer chromatography [10x10 cm
(dimensions), AcOEt/"hexane = 1/4 (eluent)] to afford 105 (17.0 mg, 84%, a colorless oil) and 106
(2.5 mg, 12%, a colorless solid). The spectral and physical properties of 106 are good agreement with
previously reported data.4°

For 105

'"H NMR (400 MHz, CDCls, at rt): 67.58 (1H,dd,J=6.9, 1.4 Hz),7.25 (1H, d, J= 6.9 Hz),
overlapped), 7.18 (1H, ddd, J = 6.9, 6.9, 1.4 Hz), 7.14
(1H, ddd, J=6.9,6.9, 1.4 Hz), 5.21 (1H, dq, /= 1.8, 6.9
Hz), 4.59 (1H, s), 3.89 (3H, s), 3.84 (1H, br-dd, /= 3.2,
3.2 Hz), 3.66 (1H, br-dd, /= 1.8, 1.8 Hz), 3.29 (1H, ddd,
J=13.3,10.5,3.2 Hz), 3.16 (1H, ddd, /= 15.6, 8.7, 3.2
Hz), 2.66 (1H, ddd, J=15.6, 10.5, 5.5 Hz), 2.55 (1H, d,
J=13.3 Hz), 2.45 (1H, ddd, J=13.7, 4.1, 2.3 Hz), 2.26
(1H,ddd,/=13.3,8.7,5.5 Hz), 2.02 (1H, dddd, J=13.7,
2.7,2.7,1.4Hz),1.63 (3H,dd,J=6.9,2.7 Hz), 1.08 (1H,
br-ddd, /= 13.7, 2.3, 2.3 Hz).

BC NMR (150 MHz, acetone-ds, at rt): 6 171.7, 140.6, 138.6, 135.9, 130.0, 122.1, 121.7, 120.8,
118.8, 111.3, 109.5, 61.4, 55.4, 53.0, 52.1, 50.1, 32.9,
25.8,21.1, 12.6.

IR (ATR) Vinax cm™ ' 3726, 3703, 3626, 3594, 3006, 2952, 2929, 2868, 2804,
2107, 1749, 1734, 1611, 1477, 1455, 1437, 1366, 1351,
1310, 1279, 1257, 1208, 1175, 1124, 1096, 1060, 1038,
1013, 995, 913, 824, 807, 753, 666, 632, 613.

UV (MeOH) /oy n1: 295.5 (sh), 286.0, 228.5.

HRESI-MS (m/z): caled. for Co0H23N-0» [M+H]+: 323.1760;
found: 323.1757.

TLC (Si02, MeOH/CHCI3 = 1/9) Rf: 0.34 (UV, dyeing reagent: e).
(NH-Si03, AcOEt/"hexane = 1/2) Rf:  0.32 (UV, dyeing reagent: a).
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For (+)-pleiocarpamine (106)

"H NMR (600 MHz, CDCl3, at rt): 6 7.56 (1H, m), 7.13—7.07 (2H, m), 6.97 (1H, m), 5.32
(1H, dq, J= 1.4, 6.9 Hz), 5.23 (1H, d, /= 4.1 Hz), 3.86
(1H, br-s), 3.58 (3H, s), 3.53 (1H, dd, /= 6.9, 4.1 Hz),
3.38 (1H, ddd, /= 13.1, 10.3, 2.7 Hz), 3.17 (1H, ddd, J
=15.8, 8.9, 2.7 Hz), 2.69 (1H, ddd, J = 15.8, 10.3, 6.2
Hz), 2.61 (1H, d, J=12.4 Hz), 2.52 (1H, ddd, J = 13.1,
2.7,2.7 Hz), 2.30 (1H, ddd, /= 13.8, 8.9, 6.2 Hz), 2.21
(1H, ddd, J = 13.1, 4.1, 2.1 Hz), 1.74 (1H, d, J = 12.4
Hz), 1.50 (3H, dd, /= 6.9, 2.1 Hz).

BC NMR (150 MHz, CDsCl, at rt): 0169.1, 137.5,136.9, 133.1, 128.6, 122.8, 120.6, 119.9,
118.3, 112.3, 108.0, 61.2, 56.5, 51.9, 50.6, 49.9, 33.7,
28.5,20.7, 12.5.

IR (ATR) Vinax cm™ ! 3726, 3691, 3626, 3594, 3050, 3004, 2950, 2926, 2867,
2813, 1760, 1732, 1612, 1454, 1435, 1367, 1316, 1303,
1281, 1256, 1207, 1161, 1127, 1092, 1074, 1060, 1031,
1017, 995, 973, 885, 858, 813, 754, 667, 622.

UV (MeOH) Amax nm: 293.5 (sh), 284.0, 228.5.

HRESI-MS (m/z): calcd. for C2oH23N>0> [M+H]*: 323.1760;
found: 323.1756.

TLC (Si02, MeOH/CHCI3 = 1/9) Rf: 0.29 (UV, dyeing reagent: e).
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LiAIH,
—_—
THF, rt
y. 84%

(+)-Normavacurine (107)

HOH,C '

(x)-Normavacurine (107)

To a stirred solution of 105 (17.0 mg, 52.7 umol) in dry THF (1.05 mL) was added LiAlH4 (5.0
mg, 0.131 mmol) at 0 °C under Ar atmosphere, and the reaction mixture was stirred for 10 min at room
temperature. After adding saturated aqueous Rochelle salt at 0 °C, the resultant mixture was stirred for

1 h at the same temperature, and then the mixture was diluted with AcOEt. After separation of the two
layers, the aqueous layer was extracted two times with AcOEt. The combined organic layers were
washed with brine, dried over Na,SOy, filtered, and evaporated under reduced pressure. The residue
was purified by amino-silica gel preparative thin-layer chromatography [20%10 cm (dimensions),
AcOEt (eluent)] to afford 107 (13.0 mg, 84%) as a colorless amorphous solid. The spectral and

physical properties of 107 are good agreement with previously reported data.

'H NMR (600 MHz, CDCls, at rt):

13C NMR (150 MHz, CDCls, at rt):

IR (ATR) Vinax cm:

UV (MeOH) Amax nm:

HRESI-MS (m/z):

TLC (NH-Si02, AcOEt/"hexane = 1/2) Rf:
(NH-Si02, MeOH/CHCI; = 1/9) Rf:

44c

87.57(1H, d,J=17.6 Hz), 7.50 (1H, d, /= 8.3 Hz), 7.17
(1H, dd, J=17.6, 7.6 Hz), 7.13 (1H, dd, J= 8.3, 8.3 Hz),
5.12 (1H,dq,J/=1.4,6.9 Hz),4.21 (1H, dd, J=11.0, 6.9
Hz),4.09 (1H, dd,J=6.9,6.9 Hz),4.03 (1H, dd,J=11.0,
6.9 Hz), 3.76 (1H, br-s), 3.27-3.22 (2H, overlapped),
3.15 (1H, ddd, J= 15.1, 8.3, 2.8 Hz), 2.62 (1H, ddd, J =
15.1, 10.3, 6.2 Hz), 2.53 (1H, br-ddd, J = 13.8, 2.8, 2.8
Hz), 2.46 (1H, d, J=13.8 Hz), 2.13 (1H, ddd, J = 13.8,
8.3, 6.2 Hz), 1.96 (1H, br-ddd, J = 13.8, 2.8, 2.8 Hz),
1.58 (3H,dd,J=6.9,2.1 Hz), 1.01 (1H, br-ddd, /= 13.8,
2.1,2.1 Hz).

0 140.6, 138.4, 135.3, 129.0, 121.5, 120.8, 120.2, 118.3,
111.1,109.2,65.1, 60.5, 55.6, 51.5,49.4, 30.1, 24.4,20.7,
12.5.

3369, 3055, 2934, 2871, 2818, 1659, 1610, 1476, 1454,
1370, 1350, 1316, 1298, 1249, 1227, 1189, 1177, 1157,
1124, 1092, 1072, 1041, 1013, 1002, 984, 957, 930, 896,
828, 811, 749.

295.5 (sh), 287.0, 230.5.

calcd. for C19H23N-O [M+H]": 295.1810;
found: 295.1820.

0.06 (UV, dyeing reagent: a).
0.77 (UV, dyeing reagent: a).
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Mel N
R MeOH, rt R
HOH,C ' y. 75% HOH,C '
(¥)-Normavacurine (107) (¥)-C-Mavacurine (108)

(£)-C-Mavacurine (108)

To a stirred solution of 107 (12.8 mg, 43.5 umol) in dry MeOH (1.09 mL) was added Mel (0.28
mL, 4.35 mmol) at 0 °C under Ar atmosphere, and the reaction mixture was stirred for 18 h at room
temperature. The resultant mixture was evaporated under reduced pressure, and then the residue was

purified by recrystallization from MeOH to afford 108 (14.3 mg, 75%, a colorless granular crystal).
The spectral and physical properties of 108 are good agreement with previously reported data.*4 4

"H NMR (600 MHz, CD;0D, at rt):

13C NMR (150 MHz, CD;0D, at rt):

IR (ATR) Vinax cm™":

UV (MeOH) Amax nm:
Melting point (plate) °C:

HRESI-MS (m/z):

TLC (NH-SiO,, MeOH/CHCI; = 1/9) Rf:

67.68 (1H,d,J="7.6 Hz), 7.59 (1H, d, J= 7.6 Hz), 7.31
(1H, dd, J=17.6, 7.6 Hz), 7.21 (1H, dd, /= 17.6, 7.6 Hz),
5.61 (1H, dq, J=2.1, 6.9 Hz), 4.88 (1H, br-s), 4.20 (1H,
dd, J=11.0, 4.8 Hz), 4.12 (1H, m), 4.07 (1H, dd, J =
11.0, 8.3 Hz), 3.87 (1H, dd, /= 12.4, 9.0 Hz), 3.62 (1H,
br-s), 3.46—-3.32 (2H, m), 3.26 (3H, s), 3.26—3.21 (2H,
overlapped), 2.87 (1H, br-d, J=15.8 Hz), 2.56 (1H, ddd,
J=15.8,3.4,2.8 Hz), 1.82 (1H, br-d, J = 14.5 Hz), 1.77
(3H,dd,J=6.9,2.1 Hz).

0 142.3, 134.0, 131.6, 129.6, 128.4, 125.1, 122.5, 120.6,
113.0,112.5,65.9, 64.6, 63.9, 62.2,62.0,47.3,29.9,20.2,
18.8, 13.2.

3734, 3723, 3435, 2958, 2923, 2888, 2296, 2116, 1636,
1452, 1380, 1353, 1308, 1254, 1185, 1163, 1129, 1071,
1042, 1015, 977, 930, 883, 846, 826, 802, 754.

296.0 (sh), 279.0, 223.0.
231.6—233.2 (decomp.).

calcd. for CooH2sN>0 [M]*: 309.1967,
found: 309.1964.

0.16 (UV, dyeing reagent: a).
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BOCzo, Et3N

DMAP
—_—
DCM, rt
Me0,C” SN, Y. 88% Me0,C” SN,
86 109

General procedure for /N-tert-butoxy carbonylation

To a stirred solution of 86 (4.0 mg, 11.4 umol) in dry DCM (0.46 mL) were added dry Et;N (4.7
puL, 34.2 pmol), DMAP (0.3 mg, 2.28 umol) and Boc,O (8.9 pL, 39.9 pmol) at room temperature
under Ar atmosphere, and the reaction mixture was stirred for 44 h at the same temperature. The

reaction was quenched by adding saturated aqueous NaHCO3, and then the mixture was diluted with
DCM. After separation of the two layers, the aqueous layer was extracted two times with DCM. The
combined organic layers were dried over MgSOQy, filtered, and evaporated under reduced pressure. The
residue was purified by silica gel flash column chromatography (MeOH/DCM = 1/49) to afford 109
(4.5 mg, 88%) as a colorless amorphous solid.

"H NMR (600 MHz, CDCls, at rt): 6 8.08 (1H, d, /J=8.3 Hz), 7.40 (1H, d,J= 7.6 Hz), 7.27
(1H, ddd, J = 8.3, 8.3, 1.4 Hz), 7.22 (1H, ddd, J = 7.6,
7.6, 1.4 Hz), 5.51 (1H, q, J = 6.9 Hz), 4.41 (1H, br-s),
3.77 3H, s), 3.64 (1H, dd, J=9.0, 6.2 Hz), 3.56 (1H, d,
J=13.1 Hz), 343 (1H, d, J= 13.1 Hz), 3.01 (1H, m),
2.81-2.70 (3H, overlapped), 2.46 (1H, m), 1.80—1.73
(1H, m), 1.73 (3H, d, /= 6.9 Hz), 1.68 (9H, s).

LRESI-MS (m/z): CosH31N404 [M+H]+Z 451.

TLC (SiO2, MeOH/CHCl; = 1/9) Rf: 0.63 (UV, dyeing reagent: e).
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—_——
THF, 0 °C
0,
Me0,C”~ SN, y- 85%
109

Amine—borane complex (110)

To a stirred solution of 109 (21.0 mg, 46.6 umol) in dry THF (0.93 mL) was added BH3 - THF
(1.0 M in THF, 46.6 pL, 46.6 pmol) at 0 °C under Ar atmosphere, and the reaction mixture was stirred
for 1 h at the same temperature. The reaction was quenched by adding saturated aqueous NaHCO3,

and then the mixture was diluted with AcOEt. After separation of the two layers, the aqueous layer
was extracted two times with AcOEt. The combined organic layers were washed with brine, dried over
NaxSOy, filtered, and evaporated under reduced pressure. The residue was purified by silica gel flash
column chromatography (AcOEt/"hexane = 1/4) to afford 110 (18.4 mg, 85%) as a colorless
amorphous solid.

'H NMR (600 MHz, CDCL, at rt): $8.01 (1H, d, J=8.3 Hz), 7.43 (1H, d, J= 7.6 Hz), 7.28
(1H, ddd, J=8.3, 7.6, 1.4 Hz), 7.24 (1H, dd, J= 7.6, 7.6
Hz), 5.97 (1H, q, J= 6.9 Hz), 4.59 (1H, d, J= 11.0 Hz),
3.78 (1H, dd, J = 13.1, 13.1 Hz), 3.76 (3H, s), 3.51 (1H,
br-d, J= 12.4 Hz), 3.26 (1H, ddd, J = 16.5, 8.3, 8.3 Hz),
3.12-3.07 (2H, overlapped), 2.77 (1H, ddd, J=15.8, 2.8,
2.8 Hz),2.59 (1H, ddd, J = 14.5, 6.2, 1.4 Hz), 1.86 (1H,
br-d, J=13.8 Hz), 1.78 (3H, d, J= 6.9 Hz), 1.71 (9H, s).

LRESI-MS (m/z): C25H33BN4O4sNa [M+Na]*: 487.

TLC (SiO2, MeOH/CHCl; = 1/9) Rf: 0.86 (UV, dyeing reagent: e).
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mCPBA
B

DCM, 0 °C
MeO,C N, quant.
109

Amine—oxide (111)

To a stirred solution of 109 (59.6 mg, 132 pmol) in dry DCM (5.28 mL) was added mCPBA (29.7
mg, 132 pmol) at 0 °C under Ar atmosphere, and the reaction mixture was stirred for 2 h at the same
temperature. The resultant mixture was evaporated under reduced pressure, and then the residue was
purified by silica gel flash column chromatography (MeOH/DCM = 1/30 to 1/9) to afford 111 (61.7
mg, quant.) as a pale yellow amorphous solid.

"H NMR (400 MHz, CDCls, at rt): 6 8.00 (1H, d, J = 8.2 Hz), 7.46 (1H, d, J = 7.3 Hz),
7.34—-7.24 (2H, overlapped), 6.15 (1H, q, J = 6.9 Hz),
5.21(1H,d,J=11.4Hz),4.82 (1H, d,J=13.7 Hz), 4.56
(1H, br-d, J=11.4 Hz), 3.84 (1H, dd, J=11.4, 5.0 Hz),
3.78 (3H, s), 3.71 (1H, m), 3.52 (1H, ddd, /= 15.1, 11.9,
5.9 Hz), 2.94 (1H, dd, J = 16.5, 4.1 Hz), 2.86 (1H, m),
1.96 (1H, m), 1.82 (3H, d, /= 6.9 Hz), 1.70 (9H, s).

LRESI-MS (m/z): CosH31N405 [M+H]+Z 467.

TLC (SiO2, MeOH/CHCl; = 1/9) Rf: 0.37 (UV, dyeing reagent: e).
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1) DIBAL

I N Toluene, ~78 °C
N
H 2) (Et0),P(O)CH,CN
MeO,C~ I7°% LiCl, DBU
DCM, rt
88 y. 66% (2 steps) 118

(16E):(162) = 2:1

a.pf-Unsaturated nitrile (118)

To a stirred solution of 88 (25.4 mg, 59.9 pmol) in dry toluene (0.60 mL) was added dropwise a
solution of DIBAL (1.03 M in "hexane, 119 pL, 116 umol) at —78 °C under Ar atmosphere, and the
reaction mixture was stirred for 30 min at the same temperature. The reaction was quenched by adding

saturated aqueous Rochelle salt and stirred for 1 h, and then the mixture was diluted with AcOEt. After
separation of the two layers, the aqueous layer was extracted three times with AcOEt. The combined
organic layers were dried over Na>SQOy, filtered, and evaporated under reduced pressure to afford the
crude o,B-unsaturated aldehyde (more than theoretical amount), which was used in the next reaction
without purification.

To a stirred suspension of LiCl (3.0 mg, 70.8 pmol) in dry DCM (0.60 mL) were added
sequentially diethyl cyanomethylphosphonate (11.5 pL, 70.7 umol), DBU (9.4 pL, 63.0 pmol), and
above crude aldehyde solution in DCM (0.60 mL) at room temperature under Ar atmosphere. After
stirring for 15 h at the same temperature, saturated aqueous NH4CI was added to the reaction mixture
and the resultant mixture was diluted with AcOEt. After separation of the two layers, the aqueous layer
was extracted three times with AcOEt. The combined organic layers were washed with brine, dried
over NaxSOy, filtered, and evaporated under reduced pressure. The residue was purified by silica gel
flash column chromatography (AcOEt/"hexane = 1/9 to 1/3) to afford (16E)-118 (11.0 mg, 44% from
88, yellow oil) and (162)-118 (5.4 mg, 22% from 88, yellow oil).

For (16E)-118

'H NMR (400 MHz, CDCL, at rt): §7.63 (1H, br-s), 7.50 (1H, d, J= 7.8 Hz), 7.32 (1H, d, J
=8.2Hz),7.19 (1H, ddd, J= 7.8, 7.3, 1.4 Hz), 7.12 (1H,
ddd, J=8.2, 7.8, 1.4 Hz), 6.99 (1H, ddd, J = 16.5, 7.3,
7.3 Hz), 5.81 (1H, q, J = 6.4 Hz), 5.44 (1H, d, J = 16.5
Hz), 3.78 (1H, dd, J = 8.2, 5.5 Hz), 3.42 (2H, m), 3.18
(1H, ddd,J=13.7,10.5, 5.0 Hz), 2.97 (1H, ddd, J=13.7,
5.0,2.7 Hz), 2.83 (1H, dddd, J= 15.4, 10.1, 5.5, 0.9 Hz),
2.78-2.65 (2H, m), 2.61 (1H, ddd, J = 16.0, 5.0, 2.7 Hz),
1.82 (3H, d, J = 6.4 Hz).

LRESI-MS (m/z): C1oH21IN3 [M+H]: 418.

TLC (Si02, MeOH/CHCIs = 1/9) Rf: for a,B-unsatd. aldehyde: 0.49 (UV, dyeing reagent: e).
(Si02, AcOEt/"hexane = 1/2) Rf: for (16E)-118: 0.50 (UV, dyeing reagent: ¢).
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For (167)-118
"H NMR (400 MHz, CDCl3, at rt):

LRESI-MS (m/z):

TLC (SiO2, AcOEt/"hexane = 1/2) Rf:

§7.76 (1H, br-s), 7.49 (1H, d, J= 7.8 Hz), 7.34 (1H, d, J
= 8.2 Hz), 7.18 (1H, ddd, J=8.2, 7.3, 1.4 Hz), 7.11 (1H,
ddd, J = 7.8, 7.3, 1.4 Hz), 6.94 (1H, ddd, J = 11.0, 6.9,
6.9 Hz), 5.81 (1H, q, J = 6.4 Hz), 5.39 (1H, d, J= 11.0
Hz), 3.83 (1H, dd, J=8.7, 4.6 Hz), 3.47 (1H, d, J= 13.7
Hz), 3.40 (1H, d, J = 13.7 Hz), 3.23 (1H, ddd, J = 13.7,
9.1, 4.6 Hz), 2.96-2.85 (3H, m), 2.82 (1H, m), 2.63 (1H,
ddd, J= 16.0, 4.1, 4.1 Hz), 1.81 3H, d, J = 6.4 Hz).

CioH21IN; [M+H]": 418.

0.60 (UV, dyeing reagent: e).
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Ni(cod),, EtzN
MeCN, rt;

then Et3SiH, rt

NC 16

18
(16E):(162) = 2:1

Tetracyclic nitriles (119 and 120)

_—_— >

H
diff. NOE oN

N
H

119 120
y. 68% y. 26%

To a stirred solution of 118 (6.34 g, 15.2 mmol) in degassed dry MeCN (760 mL) were added
degassed dry EtsN (21.1 mL, 152 mmol) and Ni(cod), (16.0 g, 58.2 mmol) at room temperature in a
glove box, and the reaction mixture was stirred for 30 min. After the addition of Et3SiH (6.17 mL, 38.0
mmol) in one portion, the reaction mixture was stirred for 3 h at the same temperature. The reaction
was quenched by adding saturated aqueous Na,CO3, and then the mixture was diluted with AcOEt.
After separation of the two layers, the aqueous layer was extracted three times with CHCls. The
combined organic layers were washed with brine, dried over Na>SOs, filtered, and evaporated under
reduced pressure. The residue was purified by silica gel flash column chromatography (MeOH/CHCl3
=1/99 to 1/49) to afford trans-quinolizidine-containing 119 (3.01 g, 68%, a yellow amorphous solid)
and cis-quinolizidine-containing 120 (1.16 g, 26%, a yellow amorphous solid).

For 119
'"H NMR (400 MHz, CDCls, at rt):

13C NMR (100 MHz, CDCls, at rt):

IR (ATR) Vinax cm L:

LRESI-MS (m/z):

TLC (SiO2, MeOH/CHCl; = 1/9) Rf:

§7.92 (1H, br-s), 7.47 (1H, d, J= 7.8 Hz), 7.33 (1H, d, J
=7.8 Hz), 7.16 (1H, ddd, J=7.8, 7.8, 1.4 Hz), 7.09 (1H,
ddd, J=7.8,7.8, 1.4 Hz), 5.61 (1H, q, J = 6.9 Hz), 3.50
(1H, br-d, J = 12.4 Hz), 3.36 (1H, ddd, J = 7.8, 7.8, 5.9
Hz), 3.26 (1H, d, J = 12.8 Hz), 3.14 (1H, br-d, J = 12.8
Hz), 3.07 (1H, m), 2.99 (1H, m), 2.74 (1H, m), 2.68 (1H,
dd, J=16.9, 9.6 Hz), 2.63 (1H, ddd, J = 11.0, 11.0, 4.1
Hz), 2.54 (1H, dd, J = 16.9, 7.3 Hz), 2.24 (1H, ddd, J =
13.3, 1.8, 1.8 Hz), 1.89 (1H, ddd, J= 13.3, 13.3, 5.5 Hz),
1.70 (3H, dd, J= 6.9, 1.4 Hz).

6136.1, 133.3, 132.9, 127.1, 123.8, 121.6, 119.5, 118.7,
118.1, 110.9, 108.9, 59.4, 54.7, 52.7, 33.4, 31.0, 21.6,
20.1, 12.7.

3350, 3056, 2941, 2918, 2848, 2800, 2741, 2250, 1624,
1454, 1383, 1370, 1335, 1321, 1288, 1276, 1254, 1163,
1130, 1103, 1078, 1060, 1009, 958, 910, 830, 790, 737.

Ci9H2oN3 [M+H]": 292.

0.52 (UV, dyeing reagent: ).
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For 120
"H NMR (400 MHz, CDCl3, at rt):

3C NMR (100 MHz, CDCls, at rt):

IR (ATR) Vinax cm™":

LRESI-MS (m/z):

TLC (SiO2, MeOH/CHCl; = 1/9) Rf:

§8.05 (1H, br-s), 7.49 (1H, d, J= 7.8 Hz), 7.40 (1H, d, J
=7.8 Hz), 7.19 (1H, ddd, J= 7.8, 7.8, 0.9 Hz), 7.13 (1H,
ddd, J=17.8,7.8,0.9 Hz), 5.59 (1H, q, J = 6.9 Hz), 4.26
(1H, t-like, J= 5.0 Hz), 3.56 (1H, br-d, J= 12.8 Hz), 3.27
(1H, m), 3.17-3.07 (1H, m), 3.10 (1H, m), 3.06 (1H, m),
3.00 (1H, d, J = 12.8 Hz), 2.64 (1H, br-d, J = 12.4 Hz),
2.33 (1H, ddd, J = 14.2, 14.2, 5.5 Hz), 2.30 (1H, dd, J =
8.2, 5.5 Hz), 2.25 (1H, d, J= 5.5 Hz), 2.23 (1H, d, J =
8.2 Hz), 1.68 3H, dd, J= 6.9, 1.4 Hz).

6135.7,133.5, 132.9, 127.3, 122.5, 121.9, 119.8, 119.4,
118.1, 111.2, 107.8, 52.7, 52.5, 51.3, 31.2, 31.0, 21.5,
17.9, 12.9.

3348, 3059, 2925, 2854, 2805, 1671, 1635, 1614, 1452,
1330, 1288, 1238, 1140, 1109, 1010, 909, 823, 735.

Ci9H2N; [M+H]": 292.

0.13 (UV, dyeing reagent: e).
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LDA, HCO,Me
_—
THF, -20 °C
y. 40%

16-Cyano geissoschizine derivative (117)

To a stirred solution of dry DIPA (108 pL, 0.770 mmol) in dry THF (0.36 mL) was added "BuLi
(2.76 M in "hexane, 276 pL, 0.762 mmol) at 0 °C under Ar atmosphere, and the reaction mixture was
stirred for 20 min at the same temperature. After cooling to —60 °C, the prepared solution of LDA was
added dropwise a solution of 120 (22.2 mg, 76.2 pmol) in dry THF (0.40 mL) over 2 minutes, and the
reaction mixture was stirred for 30 min at the same temperature. Then HCO,Me (248 pL, 3.81 mmol)
was added to the mixture at —60 °C, and the reaction mixture was stirred for 20 h at —20 °C. The
reaction was quenched by adding saturated aqueous NH4Cl, and then the mixture was diluted with
AcOEt. After separation of the two layers, the aqueous layer was extracted three times with AcOEt.
The combined organic layers were dried over Na>SOs, filtered, and evaporated under reduced pressure.
The residue was purified by silica gel flash column chromatography (MeOH/CHCl; = 1/49 to 1/24) to
afford 117 (9.8 mg, 40%) as a brown solid.

'"H NMR (400 MHz, acetone-ds, at rt): 6 10.1 (1H, br-s), 7.45 (1H,d,J=7.8 Hz), 7.33 (1H, d, J
= 8.2 Hz), 7.21 (1H, s), 7.08 (1H, ddd, /= 7.8, 7.8, 0.9
Hz), 7.01 (1H, ddd, /=7.8, 7.8, 0.9 Hz), 5.52 (1H, q, J
= 6.9 Hz), 3.93 (1H, dd, J=9.6, 5.5 Hz), 3.90 (1H, ddd,
J=14.2,2.3, 2.3 Hz), 3.77 (1H, dd, J = 10.1, 2.7 Hz),
3.36 (1H,d, /=142 Hz), 3.30 (1H, dd, /=9.1, 5.5 Hz),
2.99-2.92 (1H, m), 2.87-2.77 (3H, overlapped), 2.10
(1H, ddd, /= 14.2, 11.4, 2.7 Hz), 1.76 (3H, dd, J = 6.9,
0.9 Hz).

13C NMR (100 MHz, acetone-ds, at rt): 6 162.1, 137.8, 133.80, 133.75, 127.4, 123.5, 122.2,
121.8, 119.8, 118.7, 111.9, 107.6, 89.5, 59.1, 55.1, 51.1,
34.2,32.5,20.9, 13.0.

LRESI-MS (m/z): C20H22N30 [M+H]*: 320.

TLC (Si02, MeOH/CHCIs = 1/9) Rf: 0.20 (UV, dyeing reagent: ).

174



Regitz diazo
transfer

121 (16£) OTs
122 (162)

Enol tosylates (121 and 122)

To a stirred solution of 117 (7.8 mg, 24.4 umol) in dry DCM (0.50 mL) were added sequentially
dry EN (17.9 puL, 131 umol) and TsN3 (4.1 pL, 26.8 pmol) at room temperature under Ar atmosphere,
and the reaction mixture was stirred for 15 h at the same temperature. The reaction was quenched by

adding water, and then the mixture was diluted with DCM. After separation of the two layers, the
aqueous layer was extracted two times with DCM. The combined organic layers were dried over
NazSOq, filtered, and evaporated under reduced pressure. The residue was purified by silica gel
preparative thin-layer chromatography [10%10 cm (dimensions), MeOH/DCM = 1/19 X2 (eluent)] to
afford 121 (1.4 mg, 12%, a pale brown oil) and 122 (0.9 mg, 8%, a pale brown oil).

For 121

"H NMR (400 MHz, CDCls, at rt): 6 7.86 (2H, d, J=8.7 Hz), 7.65 (1H, br-s), 7.47 (1H, d, J
= 7.8 Hz), 7.44 2H, d, J= 8.7 Hz), 7.31 (1H,d, J=17.8
Hz), 7.17 (1H, s), 7.16 (1H, ddd, J = 7.8, 7.8, 1.4 Hz),
7.10 (1H, ddd, J=17.8,7.8, 1.4 Hz), 5.53 (1H, q, J= 6.9
Hz), 3.68-3.61 (2H, overlapped), 3.44 (1H, dd, J=12.8,
0.9 Hz), 3.16 (1H, d, J = 12.8 Hz), 3.08-3.02 (1H, m),
3.00—2.92 (1H, m), 2.76 (1H, m), 2.72 (1H, m), 2.50 (3H,
s), 2.00—1.94 (2H, overlapped), 1.46 (3H, d, /= 6.9 Hz).

13C NMR (150 MHz, CDCls, at rt): 6 147.0, 1459, 136.1, 133.2,131.5, 131.1, 130.5, 128.2,
127.2, 123.4, 121.7, 119.6, 118.3, 115.9, 110.8, 108.9,
107.7,62.2,56.7,51.2,35.4, 34.5, 21.8, 21.1, 13.0.

LRESI-MS (m/z): Co7H2gN303S [M+H]+: 474.

TLC (SiO2, MeOH/CHCl; = 1/9) Rf: 0.43 (UV, dyeing reagent: a).
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For 122
"H NMR (400 MHz, CDCl3, at rt):

3C NMR (150 MHz, CDCls, at rt):

LRESI-MS (m/z):

TLC (SiO2, MeOH/CHCL; = 1/9) Rf:

0 7.78 (1H, br-s), 7.65 (2H, d, J=8.7 Hz), 7.47 (1H, d, J
=69 Hz), 7.33 (1H,d, J="7.8 Hz), 7.27 (2H, d, J= 8.7
Hz),7.16 (1H, dd,J=7.8,6.9 Hz), 7.11 (1H, dd, J=17.8,
6.9 Hz), 7.06 (1H, d, J = 1.4 Hz), 5.65 (1H, q, /= 6.9
Hz), 3.84 (1H, m), 3.43-3.36 (2H, overlapped),
3.15-3.05 (2H, overlapped), 2.94 (1H, ddd, /= 15.1, 5.5,
2.3 Hz), 2.83 (1H, m), 2.70 (1H, d, J = 16.0 Hz), 2.45
(3H, s), 2.27-2.12 (2H, overlapped), 1.53 (3H, d, J=6.9
Hz).

o 146.45, 146.42, 136.0, 132.7, 131.6, 131.1, 130.2,
127.9, 127.1, 124.4, 121.8, 119.6, 118.2, 114.2, 110.9,
108.4,104.4,58.9,55.5,51.3,36.9,33.8,21.8,20.0, 13.2.

C27H2sN303S [M+H]*: 474.

0.38 (UV, dyeing reagent: a).

16-Cvano apogeissoschizine derivative (123)

"H NMR (600 MHz, CDCls, at rt):

13C NMR (150 MHz, CDCls, at rt):

UV (MeOH) Amax nm:
LRESI-MS (m/z):
TLC (SiO2, MeOH/CHCI; = 1/9) Rf:

Physical properties:

6 7.58 (1H, br-s), 7.50 (1H, d, J=7.6 Hz), 7.47 (1H, d, J
=17.6 Hz), 7.30 (1H, dd, J=17.6, 7.6 Hz), 7.27 (1H, d, J
=17.6,7.6 Hz), 5.49 (1H, q, J= 6.9 Hz), 4.13 (1H, br-s),
3.80 (1H, br-d, J = 5.5 Hz), 3.61 (1H, br-dd, J = 11.7,
11.7Hz),3.11 (1H, ddd, /= 16.5, 8.3, 2.8 Hz), 2.81-2.71
(3H, overlapped), 2.62 (1H, ddd, J = 16.5, 8.3, 8.3 Hz),
2.44-2.34 (2H, overlapped), 1.79 (3H, d, /= 6.9 Hz).

6139.2, 138.5, 136.8, 131.0, 128.0, 124.7, 123.5, 123.1,
121.4, 118.3, 118.2, 111.0, 97.1, 55.7, 53.2, 49.8, 34.3,
31.7,20.0, 13.2.

316.5,259.0, 222.0 (sh), 204.0.
C0H20N; [M+H]": 302.
0.47 (UV, dyeing reagent: a).

A brown oil.
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Boc,0
Et;N, DMAP
—_—
DCM, rt
y. 39%

tert-Butyl carbonate (125)

To a stirred solution of 120 (150 mg, 0.516 mmol) in dry DCM (5.16 mL) were added dry Et:N
(0.286 mL, 2.06 mmol), DMAP (12.6 mg, 0.103 mmol) and Boc,O (0.287 mL, 1.29 mmol) at room
temperature under Ar atmosphere, and the reaction mixture was stirred for 12 h at the same temperature.
The reaction was quenched by adding saturated aqueous NaHCO3, and then the mixture was diluted
with DCM. After separation of the two layers, the aqueous layer was extracted two times with DCM.
The combined organic layers were dried over Na>SOs, filtered, and evaporated under reduced pressure.

The residue was purified by amino-silica gel flash column chromatography (AcOEt/"hexane = 1/4 to
1/1) to afford 125 (78.4 mg, 39%) as a beige solid.

"H NMR (400 MHz, CDCls, at rt): 08.05(1H, d,J=8.2 Hz), 7.41 (1H, dd, J="7.8, 1.4 Hz),
7.27 (1H, ddd, J= 7.8, 7.8, 1.4 Hz), 7.23 (1H, ddd, J =
7.8,7.8, 1.4 Hz), 5.58 (1H, q, J = 6.9 Hz), 4.29 (1H, dd,
J=11.0,3.7 Hz), 3.52 (1H, d, /= 13.3 Hz), 3.41 (1H, d,
J=13.3 Hz), 3.13 (1H, d, J = 14.2, 7.3, 7.3 Hz), 2.96
(1H, m), 2.83—2.68 (4H, overlapped), 2.55 (1H, dd, J =
16.5, 7.8 Hz), 2.46 (1H, ddd, J=13.3, 7.3, 3.7 Hz), 1.75
(3H, d, J=6.9 Hz), 1.70 (1H, m), 1.67 (9H, s).

LRESI-MS (m/z): Co4H30N302 [M+H]+: 392.

TLC (NH-SiO2, AcOEt/"hexane = 1/2) Rf:  0.44 (UV, dyeing reagent: a).
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BUOK

THF, -78 °C;
then DPPH
THF, =78 °C tort
120 (R=H) 124 (R =H)
125 (R = Boc) 126 (R = Boc)

Typical procedure for a-amination of electron withdrawing group

To a stirred solution of substrate (100 umol) in dry THF (1.00 mL) was added ‘BuOK (11.2 ~
28.1 mg, 100 ~ 250 pmol) at =78 °C under Ar atmosphere. After stirring for 30 min at the same
temperature, DPPH (>90%, 31.1 mg, 120 umol) was added to the mixture. After stirring for several

hours at room temperature, aqueous phosphate buffer (pH 6.86 at 25 °C) was added to the reaction
mixture and the resultant mixture was diluted with AcOEt. After separation of the two layers, the
aqueous layer was extracted three times with AcOEt. The combined organic layers were washed with
brine, dried over Na,SOs, filtered, and evaporated under reduced pressure. The residue was purified
by appropriate chromatography.

LDA or LIHMDS
THF, -60 °C~0 °C;

L
Y

then CF3CO,TFE
THF, 0 °C

120 (R = H) 127 (R = H)
125 (R = Boc) 128 (R = Boc)

Typical procedure for a-trifluoroacetylation of electron withdrawing group

To a stirred solution of dry DIPA (142 pL, 1.01 mmol) in dry THF (0.48 mL) was added "BuLi
(2.76 M in "hexane, 362 pL, 1.00 mmol) at 0 °C under Ar atmosphere, and the reaction mixture was
stirred for 20 min at the same temperature. After cooling to —60 °C, the prepared solution of LDA was
added dropwise a solution of substrate (100 pmol) in dry THF (0.52 mL) over 2 minutes, and the

reaction mixture was stirred for 30 min at the same temperature. Then CF3CO,TFE (279 pL, 2.00
mmol) was added to the mixture at —60 °C, and the reaction mixture was stirred for several hours at
0 °C. The reaction was quenched by adding saturated aqueous NH4Cl, and then the mixture was diluted
with AcOEt. After separation of the two layers, the aqueous layer was extracted three times with DCM.
The combined organic layers were dried over Na>SOs, filtered, and evaporated under reduced pressure.
The residue was purified by appropriate chromatography.
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LDA or LiHMDS
THF, -60 °C~0 °C;

7 >

then NBS
THF, 0 °C
120 (R=H) 129 (R=H)

125 (R = Boc) 130 (R = Boc)

Typical procedure for a-bromination of electron withdrawing group

To a stirred solution of dry DIPA (29.5 pL, 210 umol) in dry THF (0.48 mL) was added "BuLi
(2.76 M in "hexane, 72.5 pL, 200 pmol) at 0 °C under Ar atmosphere, and the reaction mixture was
stirred for 20 min at the same temperature. Thus prepared solution of LDA was added a solution of
substrate (100 pmol) in dry THF (0.52 mL) at 0 °C, and the reaction mixture was stirred for 30 min
at the same temperature. Then NBS (23.1 mg, 130 mmol) was added to the mixture at 0 °C, and the
reaction mixture was stirred for several hours at room temperature. The reaction was quenched by
adding water, and then the mixture was diluted with AcOEt. After separation of the two layers, the
aqueous layer was extracted two times with AcOEt. The combined organic layers were dried over
NaxS0Oys, filtered, and evaporated under reduced pressure. The residue was purified by appropriate
chromatography.
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Base, CS,
Mel

—
DMF or THF

Isomerized diene (135)

To a stirred solution of 74 (10.9 mg, 25.5 pmol) in degassed dry DMF (0.50 mL) was added KH
(4.1 mg, 10.2 pmol) at room temperature in a glove box. After stirring for 30 min at the same
temperature, carbon disulfide (3.10 pnL, 51.0 pmol) was added to the mixture, and the reaction mixture
was stirred for 1 h at the same temperature. After the addition of dry Mel (1.9 pL, 30.6 pmol) in one
portion, the reaction mixture was stirred for 14 h at the same temperature. The reaction was quenched
by adding saturated aqueous NaHCOs3, and then the mixture was diluted with AcOEt. After separation
of the two layers, the aqueous layer was extracted three times with AcOEt. The combined organic
layers were dried over Na,SOs, filtered, and evaporated under reduced pressure. The residue was
purified by silica gel preparative thin-layer chromatography [10%20 cm (dimensions), AcOEt x2
(eluent)] to afford 135 (4.7 mg, 43%) as a pale yellow solid.

"H NMR (600 MHz, CDCls, at rt):

13C NMR (150 MHz, CDCls, at rt):

LRESI-MS (m/z):

TLC (SiO2, AcOEt) Rf:

§7.53 (1H, dd, J = 7.6, 2.1 Hz), 7.16 (1H, dd, J = 7.6,
2.1 Hz), 7.13 (1H, ddd, J = 7.6, 7.6, 2.1 Hz), 7.10 (1H,
ddd, J=7.6,7.6,2.1 Hz), 6.95 (2H, d, J = 9.0 Hz), 6.82
(2H, d, J= 9.0 Hz), 5.41 (1H, q, J = 6.9 Hz), 5.28 (2H,
ABQq, Adas = 0.04, Jag = 16.9 Hz), 5.24 (1H, ddd, J =
7.6, 7.6, 2.1 Hz), 3.89 (1H, dd, J = 11.7, 2.1 Hz), 3.76
(3H, s), 3.58 (1H, ddd, J = 13.8, 2.1, 2.1 Hz), 3.57-3.50
(2H, m), 3.36 (1H, d, J = 13.1 Hz), 3.18 (1H, ddd, J =
11.7,7.6, 5.5 Hz), 2.94-2.90 (2H, m), 2.75 (1H, ddd, J=
11.7, 5.5, 5.5 Hz), 2.65 (1H, dd, J = 13.8, 2.8 Hz),
2.15-2.02 (3H, m), 1.68 (3H, dd, J = 6.9, 2.1 Hz).

o 158.7, 137.6, 136.8, 136.3, 136.2, 130.0, 127.03,
126.95, 122.5, 121.4, 120.6, 119.3, 118.3, 114.2, 109.5,
108.2, 64.0, 62.1, 57.0, 55.3, 46.6, 46.4, 32.3,30.9, 22.1,
14.2.

C2sH33N,0, [M+H]": 429.

0.26 (UV, dyeing reagent: e).
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BH; « THF
—_—
THF, 0 °C
y. 76%

137

Amine—borane complex (137)

To a stirred solution of 74 (1.67 g, 3.88 mmol) in dry THF (77.6 mL) was added BH3 - THF (1.0
M in THF, 7.78 mL, 7.78 mmol) at 0 °C under Ar atmosphere, and the reaction mixture was stirred for
14 h at the same temperature. The reaction was quenched by adding MeOH (8.0 mL) and stirred for
30 min, and then the mixture was added water and diluted with AcOEt. After separation of the two
layers, the aqueous layer was extracted two times with AcOEt. The combined organic layers were
washed with brine, dried over Na>SOg, filtered, and evaporated under reduced pressure. The residue
was purified by silica gel flash column chromatography (AcOEt/"hexane = 3/7 to 1/1) to afford 137
(1.31 g, 87%) as a colorless amorphous solid.

'"H NMR (400 MHz, CDCls, at rt): 6 7.52 (1H, m), 7.13-7.07 (3H, m), 6.96 (2H, d, J = 8.7
Hz), 6.81 (2H, d, J= 8.7 Hz), 5.83 (1H, q, J= 6.9 Hz),
5.57 2H, ABX, Jag = 15.6 Hz, Jax = 4.6 Hz, Jgx = 4.1
Hz), 5.15 (2H, ABq, Adas = 0.05, Jag = 16.9 Hz), 4.10
(2H,m), 3.97 (1H, d,J=12.4 Hz), 3.75 (3H, s), 3.68 (1H,
d, J = 12.4 Hz), 3.36 (1H, dd, J = 10.9, 6.9 Hz),
3.35-3.27 (2H, m), 3.18-3.09 (2H, overlapped), 2.87
(1H, ddd, J=15.6, 3.7, 1.8 Hz), 1.96 (1H, ddd, J= 15.1,
6.9, 1.8 Hz), 1.68 (3H, d, J = 6.9 Hz), 1.67 (1H,

overlapped).
LRESI-MS (m/z): CsH35BN>O2Na [M+Na]*: 465.
TLC (SiO2, AcOEt) Rf: 0.67 (UV, dyeing reagent: e).
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Ac,0, DMAP
T
DCM, rt
y. 77%

141

Allylic acetate (141)

To a stirred solution of 65 (176 mg, 0.570 mmol) in dry DCM (7.60 mL) were added DMAP (7.0
mg, 57.0 pumol) and Ac,O (2.03 mL, 0.627 mmol) at 0 °C under Ar atmosphere, and the reaction
mixture was stirred for 19 h at room temperature. The reaction was quenched by adding saturated
aqueous NaHCOs3, and then the mixture was diluted with CHCIs. After separation of the two layers,
the aqueous layer was extracted two times with CHCls. The combined organic layers were dried over
NayS0q, filtered, and evaporated under reduced pressure. The residue was purified by silica gel flash
column chromatography (MeOH/CHCl; = 1/19) to afford 141 (154 g, 77%) as a colorless amorphous
solid.

For major diastereomer

'"H NMR (400 MHz, CDCls, at rt): 6 8.11 (1H, br-s), 7.46 (1H,d, J=7.3 Hz), 7.31 (1H, d, J
=7.8Hz),7.14 (1H,dd,J="7.8, 7.3 Hz), 7.09 (1H, dd, J
=17.8, 7.3 Hz), 5.67 (1H, ddd, J = 17.4, 11.0, 6.4 Hz),
5.63 (1H, q,J=6.9 Hz), 5.08 (1H, ddd, /=10.5,1.4, 1.4
Hz), 5.06 (1H, ddd, J=16.9, 1.4, 1.4 Hz), 4.13 (1H, dd,
J=5.9,59 Hz), 3.77 (1H, br-s), 3.53 (1H, ddd, J=12.4,
1.8, 1.8 Hz), 3.37 (1H, m), 3.18 (1H, d, J = 12.4 Hz),
3.15-2.91 (4H, overlapped), 2.73—2.67 (1H, overlapped),
2.14 (1H,dd, J=4.6,4.6 Hz), 2.05 (3H, s), 1.64 (3H, dd,

J=06.9, 1.8 Hz).
LRESI-MS (m/z): C2H27N,0, [M+H]": 351.
TLC (SiO2, AcOEt) Rf: 0.12 (UV, dyeing reagent: e).

For minor diastereomer

"H NMR (400 MHz, CDCl;, at rt): 6 7.88 (1H, br-s), 7.47 (1H,d,J=7.3 Hz), 7.27 (1H, d, J
=7.8Hz), 7.14 (1H, dd, J=7.8, 7.3 Hz), 7.09 (1H, dd, J
=17.8, 7.3 Hz), 5.83 (1H, ddd, J = 17.4, 10.2, 7.8 Hz),
5.63 (1H, q,J=6.9 Hz), 5.32 (1H, dd, /=10.1, 1.4 Hz),
5.24 (1H,d,J=16.9 Hz),4.15 (1H, dd, /J=4.6,4.6 Hz),
4.00 (1H, br-s), 3.61 (1H, ddd, J = 12.8, 1.8, 1.8 Hz),
3.25(1H, m), 3.18 (1H, d, /= 12.8 Hz), 3.17-2.89 (4H,
overlapped), 2.73—2.67 (1H, overlapped), 2.14 (1H, dd,
J=59,59Hz),1.91 (3H, s), 1.69 (3H, dd, /=69, 1.8

Hz).
LRESI-MS (m/z): C2oH27N2O2 [M+H]*: 351.
TLC (SiO2, AcOEt) Rf: 0.12 (UV, dyeing reagent: ).
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BH3+THF
—_—
THF, 0 °C
y. 87%

Amine—borane complex (142)

To a stirred solution of 141 (134 mg, 0.382 pmol) in dry THF (1.92 mL) was added BH3 - THF
(1.0 M in THF, 0.382 mL, 0.382 mmol) at room temperature under Ar atmosphere, and the reaction
mixture was stirred for 1 h at the same temperature. The reaction was quenched by adding MeOH (0.5

mL) and stirred for 30 min, and then the mixture was evaporated under reduced pressure. The residue
was purified by silica gel flash column chromatography (AcOEt/"hexane = 1/4 to 3/7) to afford 142
(121 mg, 87%) as a yellow amorphous solid.

For major diastereomer

'"H NMR (400 MHz, CDCls, at rt): 6 7.78 (1H, br-s), 7.49 (1H, d, /= 7.8 Hz), 7.30 (1H, d, J
=7.8Hz),7.18 (1H,dd,J=7.8, 7.8 Hz), 7.12 (1H, dd, J
=17.8,7.8 Hz), 5.86 (1H, q,J=6.9 Hz), 5.71 (1H, ddd, J
=17.4,10.5,5.9Hz),5.16 (1H,d,/=10.5 Hz), 5.08 (1H,
d, J=16.9 Hz), 4.17-4.10 (1H, overlapped), 3.78 (1H,
br-s), 3.49 (1H, br-d, /=119 Hz), 3.43 (1H, d, /=119
Hz), 3.31-3.07 (4H, ovelapped), 2.87 (1H, m), 2.42 (1H,
ddd, /= 15.6, 7.3, 3.7 Hz), 2.10-2.01 (1H, overlapped),
1.99 (3H, s), 1.76 (3H, dd, /= 6.9, 1.4 Hz).

LRESI-MS (m/z): C2H29BN>O,;Na [M+Na]*: 387.

TLC (SiO2, AcOEt/"hexane = 1/1) Rf: 0.61 (UV, dyeing reagent: e).

For minor diastereomer

"H NMR (400 MHz, CDCls, at rt): 87.61 (1H, br-s), 7.51 (1H, d, J=7.8 Hz), 7.28 (1H, d, J
=7.8 Hz), 7.18 (1H, dd, /=7.8, 7.8 Hz), 7.12 (1H, dd, J
=17.8,7.8 Hz), 5.86 (1H, q, J= 6.9 Hz), 5.80 (1H, ddd, J
=16.9,10.1,6.9Hz),5.32 (1H,d,J=10.1 Hz), 5.22 (1H,
d, J=16.9 Hz), 4.17-4.10 (1H, overlapped), 4.01 (1H,
br-s), 3.67 (1H, br-d, J = 13.3 Hz), 3.59 (1H, br-d, J =
13.3 Hz), 3.31-3.07 (4H, ovelapped), 2.93 (1H, m), 2.51
(1H, ddd, J = 15.6, 7.3, 3.7 Hz), 2.10-2.01 (1H,
overlapped), 1.94 (3H, s), 1.80 (3H, dd, /= 6.9, 1.4 Hz).

LRESI-MS (m/z): C2H20BN>,O,Na [M+Na]™: 387.

TLC (SiO2, AcOEt/"hexane = 1/1) Rf: 0.61 (UV, dyeing reagent: e).
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"Bu3SnH
CuCN, "BuLi
THF, =78 to -40 °C
y. 87%

143 "BusSn

Allylic "tributylstannane (143)

To a stirred suspension of CuCN (0.862 g, 9.44 mmol) in dry THF (22.7 mL) was added dropwise
a solution of "BuLi (2.80 M in "hexane, 6.74 mL, 18.9 mmol) over 7 min at —78 °C under Ar
atmosphere, and the reaction mixture was stirred for 2 h at —60 °C. After recooling to —78 °C, "BusSnH
(5.35 mL, 19.3 mmol) was added dropwise to the mixture over 6 min. After stirring for 20 min at the
same temperature, a solution of 142 (1.38 g, 3.77 mmol) in dry THF (15.0 mL) was added dropwise
to the reaction mixture over 15 min. After stirring for 16 h at —40 °C, a buffered solution (pH 8.0 at
25 °C) of saturated aqueous NH4Cl and ca. 30% aqueous NH4OH was added to the reaction mixture
and the resultant mixture was diluted with AcOEt. After separation of the two layers, the aqueous layer
was extracted three times with AcOEt. The combined organic layers were dried over Na>SOg, filtered,

and evaporated under reduced pressure. The residue was purified by silica gel flash column
chromatography ("hexane to AcOEt/"hexane = 1/4 to 1/2) to afford 143 (1.96 g, 87%) as a pale yellow
oil, together with recovered 142 (49.3 mg, 4%).

"H NMR (600 MHz, CDCls, at rt): 6 7.68 (1H, br-s), 7.49 (1H, d, J=7.6 Hz), 7.32 (1H, d, J
=8.2 Hz), 7.18 (1H, ddd, J=8.2, 8.2, 1.4 Hz), 7.12 (1H,
dd, J=8.2, 7.6 Hz), 5.65 (1H, q, J= 6.9 Hz), 5.50 (1H,
ddd, J=15.8, 9.0, 9.0 Hz), 4.85 (1H, dd, J = 15.1, 6.9
Hz),4.21 (1H, dd, J=8.2,4.1 Hz), 3.57 (1H, d, J=11.7
Hz), 3.39 (1H, q, J= 6.9 Hz), 3.32 (1H, d, /= 11.7 Hz),
3.31-3.23 (2H, overlapped), 3.10 (1H, ddd, /=158, 5.5,
5.5 Hz), 2.91 (1H, ddd, J=16.5, 5.5, 5.5 Hz), 2.63 (1H,
ddd, /=15.1,6.2,4.1 Hz), 1.84 (1H, ddd, /= 15.1, 7.6,
7.6 Hz), 1.66 (3H, dd, J = 6.9, 2.1 Hz), 1.48 (2H, m),
1.40 (6H, quint, J= 7.3 Hz), 1.24 (6H, sext, J= 7.3 Hz),
0.86 (9H, t,J="7.6 Hz), 0.76 (6H, dd, J= 8.3, 7.6 Hz).

13C NMR (150 MHz, CDCls, at rt): §136.3,131.3,131.2,129.6 (t, J=21.7 Hz), 126.7, 126.4,
124.9 (t, J=21.7 Hz), 122.2, 119.8, 118.3, 110.9, 106.9,
61.0, 59.1, 56.9, 37.6, 32.9, 29.1 (3C, t, J = 10.1 Hz),
27.3 3C, t,J=26.0 Hz), 18.2, 14.1, 13.7 (3C), 13.1, 9.1
(3C, dt, J= 7.2, 150.3 Hz).

LRESI-MS (m/z): C3Hs4BN2'2Sn [M+H]*: 597.

TLC (SiO2, AcOEt/"hexane = 1/1) Rf: 0.75 (UV, dyeing reagent: e).
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Diethanolamine
MeOH, 50 °C
y. 79%

143 "BuzSn 140 "BuzSn

Allylic "tributylstannane (140)

To a stirred solution of 143 (101 mg, 0.169 mmol) in dry MeOH (8.46 mL) was added
diethanolamine (164 pL, 1.69 mmol) at room temperature under Ar atmosphere, and the reaction
mixture was stirred for 24 h at 50 °C. After removal of the solvent, the residue was diluted with DCM

and water. After separation of the two layers, the aqueous layer was extracted three times with DCM.
The combined organic layers were washed two times with water, dried over Na,SOs, filtered, and
evaporated under reduced pressure. The residue was purified by silica gel flash column
chromatography (MeOH/AcOEt = 1/99) to afford 140 (78.0 mg, 79%) as a pale yellow oil

"H NMR (600 MHz, CDCls, at rt): 8 7.69 (1H, br-s), 7.47 (1H,d, J=7.6 Hz), 7.30 (1H, d, J
=7.6 Hz), 7.13 (1H, dd, J= 8.3, 6.9 Hz), 7.09 (1H, dd, J
=8.3,6.9 Hz), 5.59 (1H, dt, /= 14.5, 9.0 Hz), 5.46 (1H,
q,J=6.9 Hz), 5.32 (1H, dd, J=15.1, 9.0 Hz), 3.71 (1H,
br-d, J= 8.3 Hz), 3.37 (1H, d, /= 11.7 Hz), 3.15-3.09
(2H, overlapped), 3.03 (1H, d, J = 11.7 Hz), 3.00 (1H,
overlapped), 2.78 (1H, dt, J = 4.1, 11.0 Hz), 2.72 (1H,
br-d, J=16.5 Hz), 2.07 (1H, dt, /= 13.1, 4.1 Hz), 1.77
(1H, dt, J=13.1,9.6 Hz), 1.71 (3H, d, /= 6.9 Hz), 1.66
(2H,t,J=9.0 Hz), 1.47 (6H, quint, /= 7.6 Hz), 1.29 (6H,
sext, J=17.6 Hz), 0.89 (9H, t, /= 7.6 Hz), 0.84 (6H, dd,
J=18.3,7.6 Hz).

13C NMR (150 MHz, CDCl, at rt): § 136.0 (2C), 134.3, 128.4, 128.3, 127.5, 121.4, 121.0,
119.4, 118.1, 110.7, 108.2, 61.6, 57.4, 51.8, 43.0, 37.4,
29.2 (3C, t,J=10.1 Hz), 27.4 (3C, t, J = 26.0 Hz), 20.6,
14.1, 13.82, 13.76 (3C), 9.2 (3C, dt, J = 7.2, 150.3 Hz).

IR (ATR) Vinax cm™": 3234, 2955, 2923, 2871, 2849, 1511, 1464, 1455, 1375,
1344, 1328, 1245, 1008, 968, 871, 738, 685, 661, 633,
609.

LRESI-MS (m/z): C3HsiN2'2°Sn [M+H]": 583.

TLC (SiO2, AcOEt) Rf: 0.18 (UV, dyeing reagent: e).
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Eh
o
<O
N=N

PTAD (X eq.)
Additive

DCM
Condition

140 "Bu3Sn

Crosslinked urazole (139)

To a stirred solution of 140 (20.9 mg, 35.9 umol) in dry DCM (1.44 mL) was added PTAD (12.6
mg, 71.9 umol) at —20 °C under Ar atmosphere, and the reaction mixture was stirred for 13 h at the
same temperature. The resultant mixture was evaporated under reduced pressure, and then the residue
was purified by silica gel flash column chromatography (AcOEt/"hexane = 3/2 to 4/1 to AcOEt to
MeOH/AcOEt = 1/24) to afford 139 (15.2 mg, 91%) as a yellow solid.

"H NMR (600 MHz, CD;0D, at rt): 6 7.65—7.20 (9H, overlapped), 5.96 (1H, ddd, J = 17.9,
10.3, 7.6 Hz), 5.70 (1H, q, /= 6.9 Hz), 5.23 (1H, d, J =
17.2 Hz), 5.22 (1H, d, J = 11.0 Hz), 5.08 (1H, dd, J =
11.7, 7.6 Hz), 3.89 (1H, dd, J = 7.6, 5.5 Hz), 3.81 (1H,
br-d, J=13.1 Hz), 3.47 (1H, ddd, J=11.7, 7.6, 3.4 Hz),
3.25 (1H, d, J = 13.1 Hz), 3.19-3.13 (2H, overlapped),
3.05(1H, br-d, J=12.4 Hz), 2.66 (1H, ddd, /= 14.5, 9.0,
4.1 Hz), 2.31 (1H, ddd, /= 13.8, 8.3, 5.5 Hz), 1.75 (3H,
d,J=69Hz), 1.51 (1H, dt,J=4.1, 15.1 Hz).

3C NMR (150 MHz, CD;0D, at rt): 6 180.3, 154.9, 154.6, 139.0, 135.0, 132.8, 131.0, 130.1,
130.0, 129.0, 128.0, 127.5, 127.2, 126.6, 123.6, 122.4,
119.3,72.9, 63.8, 59.0, 57.8, 50.6, 36.7, 34.9, 27.5, 14.0.

UV (MeOH) Amax nm: 383.0,261.0,217.5.
LRESI-MS (m/z): CogH2sN502 [M+H]+: 466.
TLC (Si02, MeOH/ CHCl3 = 1/9) Rf: 0.39 (UV, dyeing reagent: e).
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MTAD (2.0 eq.)

DCM, -20 °C

A

140 "BusSn 144
y. 19% y. 63%

Crosslinked urazole (144) and non-crosslinked urazole (145)

To a stirred solution of 140 (15.5 mg, 26.7 umol) in dry DCM (1.33 mL) was added MTAD (6.0
mg, 53.4 umol) at —20 °C under Ar atmosphere, and the reaction mixture was stirred for 14 h at the
same temperature. The resultant mixture was evaporated under reduced pressure, and then the residue
was purified by silica gel flash column chromatography (AcOEt/"hexane = 3/2 to 4/1 to AcOEt to
MeOH/AcOEt = 1/24 to 1/7) to afford 144 (2.0 mg, 19%, a yellow solid) and 145 (6.8 mg, 63%, a
yellow solid).

For 144

"H NMR (600 MHz, CD;0D, at rt): 67.61(1H,d,J=7.6 Hz), 7.51 (1H, d, J= 7.6 Hz), 7.43
(1H,dd,J=17.6, 7.6 Hz), 7.25 (1H, dd, J= 7.6, 7.6 Hz),
5.86 (1H, ddd, J = 16.5, 10.3, 7.6 Hz), 5.63 (1H, q, J =
6.9 Hz), 5.15 (1H, d,J=10.3 Hz), 5.14 (1H, d, J=16.5
Hz), 498 (1H, dd, J = 103, 7.6 Hz), 3.75-3.68 (2H,
overlapped), 3.37 (1H, m), 3.11 (1H, d, J = 13.1 Hz),
3.04 (1H, m), 3.00 (1H, d, J = 12.4 Hz), 2.91 (1H, m),
2.83 (3H, s), 2.58 (1H, ddd, J = 13.8, 8.3, 3.4 Hz), 2.18
(1H, ddd,J=13.8, 8.3,6.2 Hz), 1.72 (3H, d, /= 6.9 Hz),
1.59 (1H, ddd, J=14.5, 12.4, 3.4 Hz).

LRESI-MS (m/z): C23H26NsO2 [M+H]": 404.

TLC (SiO2, MeOH/ CHCl; = 1/9) Rf: 0.19 (UV, dyeing reagent: e).
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For 145

"H NMR (600 MHz, CD;0D, at rt): 8745 (1H,d,J=7.6 Hz), 7.33 (1H, d, J= 8.3 Hz), 7.13
(1H, ddd, J = 8.3, 8.3, 1.4 Hz), 7.03 (1H, ddd, J = 8.3,
7.6, 1.4 Hz), 5.96 (1H, q, J= 6.9 Hz), 5.93 (1H, ddd, J=
17.2,10.3, 7.6 Hz), 5.09 (1H, d, J= 10.3 Hz), 5.02 (1H,
d,J=17.2Hz),4.54 (1H, dd,/=10.3,2.1 Hz), 4.50 (1H,
dd, /= 10.3, 8.3 Hz), 3.90 (1H, br-d, J= 12.4 Hz), 3.82
(1H, br-d, J = 12.4 Hz), 3.64-3.51 (3H, overlapped),
3.10 (1H, ddd, J=16.5, 5.5, 5.5 Hz), 2.99 (3H, s), 2.97
(1H, overlapped), 2.33 (1H, ddd, /= 15.1, 8.3, 3.4 Hz),
2.21 (1H, ddd, J=17.9, 10.3, 8.3 Hz), 1.79 (3H, d, J =
6.9 Hz).

BC NMR (150 MHz, CD;0D, at rt): 0 158.1, 155.2, 138.5, 135.5, 133.0, 129.9, 129.4, 127.2,
123.4,120.5,119.0,118.4,112.5,107.2,60.8, 56.7, 55.3,
50.4, 38.3, 29.3, 25.5, 19.7, 14.6.

LRESI-MS (m/z): Co3H28N502 [M+H]+: 406.
TLC (SiO2, MeOH/ CHCI; = 1/9) Rf: 0.10 (UV, dyeing reagent: ).
Me Ne
(o} (0] o (0]
< <
HN—N N—N

/

/ MTAD or PTAD

—F—
DCM, -20 °C

A A

145 144

Attempts at conversionof 145 into 144
Method A:  To astirred solution of 145 (6.8 mg, 16.8 umol) in dry DCM (0.84 mL) was stirred
at 0 °C under O; atmosphere, and the reaction mixture was stirred for 10 h at the same temperature.

The resultant mixture was evaporated under reduced pressure, and then the residue was purified by
silica gel flash column chromatography (MeOH/AcOEt = 1/24 to 1/7) to recover 145 (6.5 mg, 96%).

Method A:  To a stirred solution of 145 (6.5 mg, 16.0 umol) in dry DCM (0.80 mL) was added
PTAD (5.6 mg, 32.0 umol) at —20 °C under Ar atmosphere, and the reaction mixture was stirred for
10 h at 0 °C. The resultant mixture was evaporated under reduced pressure, and then the residue was
purified by silica gel flash column chromatography (AcOEt/’hexane = 3/2 to 4/1 to AcOEt to
MeOH/AcOEt = 1/24 to 1/7): decomposed.
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Synthesis
of diazene

y. 14%

Typical procedure for solvolysis of urazole

To a stirred solution of 139 (5.4 mg, 11.6 umol) in dry EtOH (0.58 mL) was added N>H4 * 2 H,O
(28.2 uL, 580 pmol) at room temperature under Ar atmosphere, and the reaction mixture was stirred
for 24 h at the same temperature. The resultant mixture was evaporated under reduced pressure, and
then the residue was purified by silica gel preparative thin-layer chromatography [10x20 cm
(dimensions), MeOH/CHCIs = 1/30, 1/19, and 1/9, once for each mixed solvent (eluent)] to afford 147
(0.8 mg, 14%) as a pale yellow oil.

"H NMR (600 MHz, CDCls + 5 drops of CD3OD, at rt):

6 7.43-7.38 (3H, overlapped), 7.36-7.31 (2H,
overlapped), 7.29 (1H, d, /= 8.3 Hz), 7.24 (1H, dd, J =
7.6,7.6Hz),7.11 (1H, dd, J= 8.3, 6.9 Hz), 7.04 (1H, dd,
J=1.6,6.9 Hz), 5.72 (1H, q, J = 6.9 Hz), 4.15 (1H, m),
3.97 (1H, br-t, J = 8.3 Hz), 3.70 (1H, d, J = 12.4 Hz),
3.40 (1H, m), 3.32 (1H, m), 3.26 (1H, m), 3.08 (1H, m),
2.97 (1H,dd,J=15.1,6.9 Hz), 2.83 (1H, d, /= 15.8 Hz),
2.61 (2H, m), 2.35 (1H, m), 2.08 (1H, m), 1.67 (3H, d, J
=6.9 Hz), 1.46 (1H, m), 0.73 (3H, t, /= 7.6 Hz).

3C NMR (150 MHz, CDCl; + 5 drops of CD30D, at rt):
0 154.8, 153.3, 136.6, 132.5, 130.6, 128.9, 127.6, 126 4,
125.8,122.1,119.5,118.1, 111.6, 106.7, 59.8, 56.1, 53.7,
50.2,36.2,29.7,28.7,23.7,19.1, 13.8, 10.8.

UV (MeOH) Amax nm: 371.0, 289.5 (sh), 277.0, 220.0.
LRESI-MS (m/z): C23H3N50, [M+H]": 470.
TLC (SiO2, MeOH/ CHCl; = 1/9) Rf: 0.06 (UV, dyeing reagent: e).

189



Stored under
=20 °C

139 H

Self-decomposition of urazole bridge
"H NMR (600 MHz, CD;0D, at rt):

13C NMR (150 MHz, CD;0D, at rt):

UV (MeOH) Amax nm:

LRESI-MS (m/z):

TLC (SiO2, MeOH/ CHCl; = 1/9) Rf:

6 7.71 (1H, d, J = 8.3 Hz), 7.46—7.42 (2H, overlapped),
721 (1H, dd, J = 83, 7.6 Hz), 7.18-7.13 (3H,
overlapped), 7.02—6.97 (2H, overlapped), 6.09 (1H, ddd,
J=17.2,10.3, 7.6 Hz, H-17), 5.87 (1H, q, /= 6.9 Hz, H-
19), 5.31 (1H, d, J = 17.2 Hz, H-22), 5.23 (1H, d, J =
10.3 Hz, H-22), 4.76 (1H, br-d, /= 17.9 Hz, H-21), 4.71
(1H, dd, J = 11.0, 8.3 Hz, H-16), 443 (1H,d, J=17.9
Hz, H-21), 4.18 (1H, ddd, J = 13.8, 8.3, 8.3 Hz, H-5),
4.05 (1H, m, H-5), 3.79 (1H, d, J=11.0 Hz, H-15), 3.39
(1H, dd, J=11.0, 8.3 Hz, H-6), 3.33 (1H, m, H-6), 1.80
(3H,dd,J=6.9,2.1 Hz, H-18). No protons at Cl14
position were observed in a 'H-NMR spectrum probably
due to iminium—enamine tautomerization in CD30D.

0 165.9 (C-3), 157.3, 153.7, 143.0, 135.2, 134.8, 130.1,
129.9, 129.6, 128.0, 127.9, 127.5, 127.4, 127.3, 125.6,
124.3, 122.9, 122.7, 119.0, 114.3, 57.4 (C-16), 57.0 (C-
21), 53.2 (C-5), 35.1 (C-15), 20.3 (C-6), 13.2 (C-18).

No carbon at C14 position was observed in a '3C-
NMR spectrum probably due to iminium—enamine
tautomerization in CD3;0D.

357.5,251.0, 218.5.

for iminium form: ngHngst [MT: 466.
for enamine form: C,sH2sNsO, [M+H]*: 466.

0.24 (UV, dyeing reagent: e).
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TFA
NaBH;CN

—

MeOH/DCM (1:1)
0°C

Bridge-broken indole (150)

150
y. 72%

To a stirred solution of 139 (28.8 mg, 61.9 umol) in a mixed solvent of dry MeOH/ dry DCM
(1/1, 4.12 mL) were added sequentially NaBH3CN (16.4 mg, 248 umol) and dry TFA (5.2 uL, 68.1
pmol) at 0 °C under Ar atmosphere, and the reaction mixture was stirred for 1.5 h at the same

temperature. The resultant mixture was evaporated under reduced pressure, and then the residue was
purified by silica gel preparative thin-layer chromatography [20%x20 cm (dimensions), MeOH/CHCl;
= 1/9 x2 (eluent)] to afford 150 (20.9 mg, 72%) as a pale yellow solid.

'H NMR (600 MHz, DMSO-d, at rt):

13C NMR (150 MHz, DMSO-dq, at rt):

UV (MeOH) Amax nm:
LRESI-MS (m/z):

TLC (SiO2, MeOH/CHCl; = 1/9) Rf:

6 10.72 (1H, s), 7.38=7.33 (5H, overlapped), 7.29 (1H,
q,J=4.1 Hz), 7.25 (1H, d, J= 7.6 Hz), 7.00 (1H, dd, J
=17.6,7.6 Hz), 6.93 (1H, dd, J = 7.6, 7.6 Hz), 5.78 (1H,
ddd, J=17.2, 11.0, 8.2 Hz), 5.52 (1H, q, J = 6.9 Hz),
5.08 (1H,d, J=11.0 Hz), 5.05 (1H, d, J=17.2 Hz), 4.69
(1H, dd, J=11.0, 8.2 Hz), 3.70 (1H, br-d, J = 13.1 Hz),
3.65 (1H, m), 3.39 (1H, dd, J=10.3, 10.3 Hz), 3.05 (1H,
dd,/=11.0,4.8 Hz), 3.03 (1H, d,J=13.1 Hz), 2.80 (1H,
m), 2.59 (1H, br-d, /= 16.5 Hz), 2.55 (1H, ddd, J=11.0,
11.0, 4.1 Hz), 2.25 (1H, ddd, J=13.7, 8.9, 5.5 Hz), 1.85
(1H, dd, J=13.7,11.0 Hz), 1.67 (3H, d, /= 6.9 Hz).

6 152.7,152.6, 136.2, 135.6, 134.5, 133.7, 132.3, 128.6,
127.2, 126.5, 125.8, 121.7, 120.4, 118.3, 117.9, 117.5,
111.1,105.6,61.9,57.4,53.0, 50.9, 34.3, 30.6, 20.3, 13.2.

370.5, 289.0 (sh), 279.0 (sh), 272.0, 219.5.
C2sH30NsO> [M+H]": 468.

0.05 (UV, dyeing reagent: e).

191



Synthesis of
hemiaminal
ether

——>

139 151 (R = H) 153 (R = OH)
152 (R = CH,OH) 154 (R = H)

Typical procedure for chemo-selective dihydroxylation

To a stirred solution of 139 (4.4 mg, 9.45 umol) in a mixed solvent of acetone/H>O (5/1, 0.48
mL) were added sequentially OsO4 (0.01 M in toluene, 4.8 pL, 0.048 umol) and NMO (1.3 mg, 10.4
pmol) at room temperature under Ar atmosphere. After stirring for 19 h at the same temperature, the

reaction mixture was evaporated under reduced pressure: decomposed into 148 (p. 190).

A procedure for chemo-selective dihydroxylation with phenyl boronic acid >°

To a stirred solution of 139 (2.5 mg, 4.25 umol) in a mixed solvent of dry DCM/dry ‘BuOH (1/1,
0.43 mL) were added sequentially OsO4 (0.01 M in toluene, 4.3 pL, 0.043 umol), NMO (0.9 mg, 7.65
pmol) and PhB(OH), (1.6 mg, 12.8 pmol) at room temperature under Ar atmosphere. After stirring

for 19 h at the same temperature, the reaction mixture was evaporated under reduced pressure:
decomposed into 148 (p. 190).

Typical procedure for chemo-selective hydroboration

To a stirred solution of 139 (3.5 mg, 7.52 umol) in dry THF (0.75 mL) was added BH3 - THF (1.0
M in THF, 15.0 pL, 15.0 umol) at 0 °C under Ar atmosphere. After stirring for 5 h at the same
temperature, the reaction mixture was evaporated under reduced pressure: decomposed.

TrocCl or FmocCl
MgO

—H—
THF/H,0

"Bu3Sn

155a (R = Troc)
155b (R = Fmoc)

Typical procedure for carbamation—ring cleavage sequence
To a stirred solution of 140 (10.0 pmol) in a mixed solvent of THF/H,O (5/1, 0.40 mL) were

added MgO (2.0 mg, 50.0 pmol) and alkyl/ chloroformate (alkyl = 2,2,2-trichloroethyl or 9-
fluorenylmethyl, 20.0 pmol) at 0 °C or room temperature under Ar atmosphere. After stirring for

several hours at the same temperature, the reaction mixture was filtrated to remove suspended MgO,
added water, and diluted with AcOEt. After separation of the two layers, the aqueous layer was
extracted three times with AcOEt. The combined organic layers were dried over NaxSQg, filtered, and
evaporated under reduced pressure. The residue was purified by appropriate chromatography:
decomposed.
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BrCN, MgO

_—
THF /H,0 (5:1)
t
0,
"Bu,Sn y-71%
140

(BR)-Cyanamide (157)

To a stirred solution of 140 (13.5 mg, 23.2 umol) in a mixed solvent of THF/H>O (5/1, 0.24 mL)
were added MgO (6.6 mg, 164 pmol) and BrCN (5.1 mg, 46.4 pumol) at room temperature under Ar
atmosphere. After stirring for 16 h hours at the same temperature, the reaction mixture was filtrated to
remove suspended MgO, added water, and diluted with AcOEt. After separation of the two layers, the
aqueous layer was extracted three times with CHCls. The combined organic layers were dried over
NaxSOys, filtered, and evaporated under reduced pressure. The residue was purified by silica gel flash
column chromatography (AcOEt/"hexane = 3/7) to afford 157 (10.3 mg, 71%) as a yellow oil.

"H NMR (600 MHz, CDCls, at rt):

13C NMR (150 MHz, CDCls, at rt):

LRESI-MS (m/z):

TLC (SiO2, AcOEt/"hexane = 1/3) Rf:

6 8.32 (1H, br-s), 7.41 (1H,d,J=8.3 Hz), 7.30 (1H, d, J
=8.3Hz), 7.17 (1H, dd, J= 8.3, 8.3 Hz), 7.09 (1H, dd, J
=8.3,8.3 Hz), 5.56 (1H, dt, /= 15.1, 8.3 Hz), 5.17 (1H,
dd, J=15.1, 6.9 Hz), 5.05 (1H, br-t, J = 4.8 Hz), 4.99
(1H, q, J= 6.9 Hz), 3.73 (1H, m), 3.57 (1H, d, /= 14.5
Hz), 3.36 (1H, m), 3.12 (1H, d, J = 14.5 Hz), 3.06 (1H,
m), 2.94 (2H, overlapped), 2.41 (1H, dt,J=6.9, 13.1 Hz),
2.23 (1H, m), 2.12 (1H, d-m, J = 13.9 Hz), 1.66 (2H, d,
J=28.3 Hz), 1.56 (3H, d, J= 6.9 Hz), 1.45 (6H, quint, J
=17.6 Hz), 1.27 (6H, sext, J = 7.6 Hz), 0.88 (9H, t, J =
7.6 Hz), 0.82 (6H, dd, /= 8.3, 7.6 Hz).

§ 138.4, 135.6, 1353, 129.6 (t, J = 21.7 Hz), 127.9,
127.0, 125.4 (t, J=23.1 Hz), 122.2, 119.4, 118.8, 117.9,
110.8, 108.0, 66.5, 60.4, 53.9, 42.3, 40.8, 29.1 (3C, t, J =
10.1 Hz), 27.3 3C, t, J= 26.0 Hz), 24.0, 14.2, 14.1,13.7
(3C), 9.2 (3C, dt, J= 7.2, 150 Hz).

C33H5:N30'20Sn [M+H]*: 626.

0.29 (UV, dyeing reagent: e).
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2-Acyl indole (158)

To a stirred solution of 157 (5.9 mg, 9.44 pmol) in dry DCM (0.51 mL) was added DMP (5.4 mg,
12.2 umol) at room temperature under Ar atmosphere, and the reaction mixture was stirred for 15 h at
the same temperature. The reaction was quenched by adding saturated aqueous NaHCO3 and saturated
aqueous Na»S,03, and then the mixture was diluted with DCM. After separation of the two layers, the
aqueous layer was extracted two times with DCM. The combined organic layers were dried over
NaxSOy, filtered, and evaporated under reduced pressure. The residue was purified by silica gel flash
column chromatography (AcOEt/"hexane = 1/3) to afford 158 (5.6 mg, 95%) as a colorless amorphous

solid.

"H NMR (600 MHz, CDCls, at rt):

13C NMR (150 MHz, CDCls, at rt):

UV (MeOH) Amax nm:
LRESI-MS (m/z):

TLC (SiO2, AcOEt/"hexane = 1/3) Rf:

69.20 (1H, br-s), 7.61 (1H, d,J=8.2 Hz), 7.39 (1H, d, J
=8.2 Hz), 7.33 (1H, dd, /=8.2, 8.2 Hz), 7.14 (1H, dd, J
=8.2,8.2 Hz), 5.64 (1H, q, J= 6.9 Hz), 5.61 (1H, dddd,
J=15.1,8.2,8.2, 1.4 Hz), 525 (1H, dd, /= 15.1, 5.5
Hz), 4.13 (1H, br-ddd, J=11.0, 4.8, 4.8 Hz), 3.58 (1H,
d, J = 124 Hz), 3.56 (1H, dd, J = 144, 11.7 Hz),
3.52-3.45 (2H, overlapped), 3.42 (1H, d, J = 12.4 Hz),
3.32 (1H, m), 3.06 (1H, m), 2.55 (1H, dd, J= 144, 4.1
Hz), 1.74 2H, dd, J=11.0, 2.7 Hz), 1.72 (3H, d, /= 6.9
Hz), 1.49 (6H, quint, J= 7.6 Hz), 1.31 (6H, sext, J=7.6
Hz), 0.90 (9H, t, J= 7.6 Hz), 0.86 (6H, dd, /= 8.2, 7.6
Hz).

§192.3, 136.0, 134.4, 132.8, 131.4, 129.9, 127.7, 127.5,
126.4,125.4,120.5, 120.0, 116.8, 112.3, 53.8, 52.7, 41.9,
38.2,29.1 (3C, t, J=10.1 Hz), 27.3 (3C, t, J = 26.0 Hz),
24.4,14.4,13.7 (3C), 13.2,9.2 (3C, dt, J= 7.2, 150 Hz).

314.0, 227.0 (sh), 202.0.
C33H50N3012()Sl’1 [M+H]+: 624.

0.40 (UV, dyeing reagent: e).
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NaBH,
_—

THF/H,0 (9:1)

(35)-Cyanamide (159)

To a stirred solution of 158 (13.6 mg, 21.9 umol) in a mixed solvent of THF/H>O (9/1, 0.77 mL)
was added NaBH4 (1.4 mg, 36.3 umol) at 0 °C under Ar atmosphere. After stirring for 12 h hours at
the same temperature, water was added to the reaction mixture and the resultant mixture was diluted

with AcOEt. After separation of the two layers, the aqueous layer was extracted three times with a
mixed solvent of MeOH/AcOEt (1/19). The combined organic layers were dried over Na,SOs, filtered,
and evaporated under reduced pressure. The residue was purified by silica gel flash column
chromatography (AcOEt/"hexane = 3/7) to afford 159 (9.7 mg, 71%) as a colorless amorphous solid.

"H NMR (600 MHz, CDCls, at rt): 6 8.25 (1H, br-s), 7.48 (1H,d,J=7.6 Hz), 7.34 (1H, d, J
=8.3Hz), 7.19 (1H, dd, J=8.3, 7.6 Hz), 7.10 (1H, dd, J
=8.3,8.3 Hz), 5.49 (1H, dt, /= 15.1, 8.9 Hz), 5.46 (1H,
q,J=6.9Hz),5.17 (1H, dd, J=15.1, 7.6 Hz), 5.04 (1H,
ddd, /=11.0,4.1, 2.1 Hz), 3.64 (1H, br-dt, /J=4.1, 12.4
Hz),3.53 (1H,d,J=14.5Hz), 3.47 (1H, dt,J=14.5, 4.1
Hz), 3.37 (IH, d, J = 14.5 Hz), 3.03-2.94 (2H,
overlapped), 2.70 (1H, m), 2.61 (1H, dt,J=4.1, 13.1 Hz),
2.07-2.01 (2H, overlapped), 1.77 (3H, d, J = 6.9 Hz),
1.63 (2H, dd, J = 9.0, 4.8 Hz), 1.44 (6H, quint, J = 7.6
Hz), 1.27 (6H, sext, J= 7.6 Hz), 0.87 (9H, t, /= 7.6 Hz),
0.81 (6H, t, J=17.6 Hz).

13C NMR (150 MHz, CDCl, at rt): § 138.0, 136.6, 136.1, 129.9 (t, J = 20.2 Hz), 127.5,
125.3,124.9 (t, J=23.1 Hz), 122.5, 119.7, 118.9, 118.4,
111.2, 108.8, 65.0, 61.3, 53.3 (t, J = 305 Hz), 41.0, 40.0,
29.1 3C, t, J = 10.1 Hz), 27.3 (3C, t, J = 26.0 Hz), 24.1,
14.2, 14.0, 13.7 (3C), 9.2 (3C, dt, J = 7.2, 150 Hz).

LRESI-MS (m/z): C33Hs52N30'208n [M+H]*: 626.

TLC (SiO2, AcOEt/"hexane = 1/3) Rf: 0.24 (UV, dyeing reagent: ).
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PTAD
—_————

DCM, -20 °C

160 161
y. 43% y. 47%

Crosslinked urazole (160) and non-crosslinked urazole (161)

To a stirred solution of 159 (6.0 mg, 9.61 umol) in dry DCM (0.96 mL) was added PTAD (2.0
mg, 11.5 umol) at 0 °C under Ar atmosphere, and the reaction mixture was stirred for 14 h at the same
temperature. The resultant mixture was evaporated under reduced pressure, and then the residue was

purified by silica gel preparative thin-layer chromatography [10%13 cm (dimensions), AcOEt/"hexane
= 1/4 %3 (eluent)] to afford 160 (2.1 mg, 43%, a pale yellow solid) and 161 (2.3 mg, 47%, a pale

yellow solid).

For 160
'"H NMR (400 MHz, CD;0D, at rt):

LRESI-MS (m/z):

TLC (SiO», AcOEY) Rf:

For 161
"H NMR (400 MHz, CD;0D, at rt):

LRESI-MS (m/z):

TLC (SiO2, AcOEt) Rf:

6 7.70 (1H, d, J = 8.2 Hz), 7.51-7.44 (3H, overlapped),
7.43-7.35 (3H, overlapped), 7.28 (1H, ddd, /= 8.2, 7.3,
0.9 Hz), 7.09 (1H, m), 6.19 (1H, ddd, /= 16.9, 10.5, 8.3
Hz), 5.73 (1H, q, J= 6.9 Hz), 5.59 (1H, d, /= 16.9 Hz),
5.49 (1H, d, J=11.0 Hz), 4.61 (1H, br-s), 3.97 (1H, m),
3.74 (1H, d, J = 12.8 Hz), 3.73-3.58 (3H, overlapped),
3.56 (1H, d, J= 12.8 Hz), 3.38 (1H, m), 3.03 (1H, m),
2.60 (1H, dd, J=15.6, 4.1 Hz), 1.82 (3H, d, J= 6.9 Hz),
1.13 (1H, dd, J=11.0, 5.9 Hz).

C29H2sN6O3Na [M+Na]*: 531.

0.19 (UV, dyeing reagent: e).

6 7.52—7.47 (5H, overlapped), 7.41 (1H, m), 7.36 (1H, d,
J=8.2 Hz), 7.08 (1H, ddd, J = 8.2, 7.3, 0.9 Hz), 6.99
(1H, ddd, J=17.8, 7.3, 0.9 Hz), 5.91 (1H, m), 5.83 (1H,
q,J=69Hz), 522 (1H, d, J=17.2 Hz), 5.20 (1H, d, J
= 10.1 Hz), 5.01 (1H, dd, J = 11.4, 4.1 Hz), 4.92 (1H,
overlapped with H»O), 3.66—3.51 (4H, overlapped),
3.06-3.00 (2H, overlapped), 2.66 (1H, ddd, J = 12.4,
12.4,4.1 Hz),2.46 (1H,ddd, /= 12.8, 10.1, 4.6 Hz), 2.24
(1H, ddd, J = 12.8, 12.8, 4.6 Hz), 1.97 (3H, d, /= 6.9
Hz).

C29H30N6O3Na [M-+Na]*: 533.

0.10 (UV, dyeing reagent: ).
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