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Ac acetyl

AIBN 2,2’-azo bisisobutyronitrile

aq aqueous

Ar aryl (substituted aromatic ring)

AZADOL 2-hydroxy-2-azaadamantane

Bn benzyl

Boc t-butoxycarbonyl

brsm based on recovered starting material

BT 2-benzothiazolyl

Bu butyl

Bz benzoyl

cat. catalytic

Chz benzyloxycarbonyl

CMPI 2-chloro-1-methylpyridinium iodide

cod 1,5-cyclooctadiene

Cp cyclopentadienyl

CoOMU 1-[(2-(cyano-2-ethoxy-2-oxoethylideneaminooxy)
dimethylaminomorpholino)] uronium hexafluorophosphate

CSA camphorsulfonic acid

Cy cyclohexyl

dba dibenzylideneacetone

DEAD diethyl azodicarboxylate

DIBAL-H diisobutylaluminium hydride

DMAP 4-dimethylaminopyridine

DME 1,2-dimethoxyethane

DMF N,N-dimethylformamide

DMP Dess-Martin periodinane

DMSO dimethylsulfoxide

DPPA diphenylphosphoryl azide

dppf 1,1°-bis(diphenylphosphino)ferrocene

dr diastereomeric ratio

EDA ethylenediamine

EDCI 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride

ee enantiomeric excess

Et ethyl

eq. equivalent



FDPP
HATU

HMDS
HMPA
HOAt
HOBt
HPLC
HRMS

MOM
mp
MPM
Ms

NMR
NOE
NOESY
Ns

Ph
Pin
ppm
PPTS
Pr

PT
Py
quant.
rt

pentafluorophenyl diphenylphosphinate
1-[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium
3-oxid hexafluorophosphate
1,1,1,3,3,3-hexamethyldisilazane
hexamethylphosphoramide
1-hydroxy-7-azabenzotriazole
1-hydroxybenzotriazole
high-pressure liquid chromatography
high resolution mass spectroscopy
irradiation with light

iSo

2-iodoxybenzoic acid

imidazole

diisopinocampheyl

infrared (spectrum)

lithium diisopropylamide

meta

m-chloroperoxybenzoic acid
methyl

methoxymethyl

melting point

p-methoxybenzyl

mesyl (methanesulfonyl)

normal

nuclear magnetic resonance
nuclear Overhauser effect

NOE correlated spectroscopy
2-nitrobenzenesulfonyl

ortho

para

phenyl

pinacolato

parts per million

pyridinium p-toluenesulfonate
propyl

phenyltetrazole

pyridine

quantitative

room temperature



sat.
SES
Sia

TBAF
TBAI
TBDPS
TBHP
TBS
TEMPO
Teoc
Tf

TFA
THF
THP
Thx
TIPS
TLC
TMS
Ts
9-BBN
9-BBD

saturated
2-[(trimethylsilyl)ethyl]sulfonyl
siamyl: 1,2-dimethylpropyl
tertiary

tetrabutylammonium fluoride
tetrabutylammonium iodide
t-butyldiphenylsilyl

t-butyl hydroperoxide
t-butyldimethylsilyl
2,2,6,6-tetramethylpiperidine 1-oxyl free radical
2-(trimethylsilyl)ethoxycarbonyl
trifluoromethanesulfonyl
trifluoroacetic acid
tetrahydrofuran
2-tetrahydropyranyl

thexyl: 1,1,2-trimethylpropyl
triisopropylsilyl

thin layer chromatography
trimethylsilyl

p-toluenesulfonyl
9-borabicyclo[3.3.1]nonane
9-borabicyclo[3.3.2]decane
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~HUTIVA Q) BDEEINDEVNI DO THD, 72k, FRIKTHL A7 I F (18)
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HEfX LT 5 %,

CHO OHC

|]/ NH;

20 21 Madangamine A (1)
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27 28 Madangamine C (3)

Scheme 4. Marazano 52 K5~ 4 2 VDO AE AR
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Weinreb 513 1997 42, Aza-Claisen 5/ Z 8 i & L7 7 & IR TO ABC BRE Rz A L7z ®

(A¥—246), 77> 350 Aza-Achmatowicz S THEHILD NO-TEHX—/L 36 U Ry b
T, =/ 3T HEM LT, 37 D 1,3-7 % T LD Diels-Alder FKUiZ T BC Br 38 ZH#4E
L7cth, BITROEHBTTATE R39E LTz, 392 VT UNT I E"T Ty Al CULER L
MG 2 L, =F I 40 ZFH LT Aza-Claisen B2 23 HE1T L, HIRIRELHTH A 2 41
EH XTI, TNENMKSRL, TATE K42 &L, &EZIC, 2 0LFE LTIV 48307
T KREE, B BRLRRIC X0 mEICE R L S 7 ABC BR 44 DERRIZAEI L T D,

then
0 BF;-OEt
3 2 0 O
@\/NHSES mCPBA Et;SiH 7/ N\ (12 kbar) -
o — legen V| T o] oo o SESN
CHZC|2 0°C SESN CHzclz, rt ¥
35 0°Ctort 36
OH 68% a7 75% 38
NH
(% |
Y
CHo  cat Pd(OCOCFa), | Py | Z
cat. PPhg =N HCl aq
- —_— _—
SESN benzene, reflux SESN SESN 68% (2 steps)
H H
39 40 a
= MPMO 1.Hg(OCOCF;),  MPMO
CHO — NH, THF, 0 °C - 4 NH
SESN = SESN 2. 0y, NaCl, NaBH, SESN
H (CF3),CHOH, rt H OH
42 43 39% (2 steps) 44

Scheme 6. Weinreb 512 X % ABC Bi#5 D& RAfF4e



AR 51 2004 45 & 20008 41253 1N N,O-7 & # — b & Z OB TG Z L+ ABC B
BEEHRE L TND 8 (RAF—AT7), =/ 45 T DT JERT T VO~ A 7 AN
C-12 (L ENMEIK 46, 47 % 1833 DV T AT LA ~—thThHx7-, TABRMTH D7 b 4T 1338
OB CIELRIREZGTH 48 ERMA L, T/ 7=/ —/L49 L Lz, 49 % PPTS CTHLELS
L&, TEZ=NAVDREIZLDT b 50 DAERKE, AU NATKT LTI 7= ) —dn
O OBRLIEDHEIT U NO-7 X —/L 51l 5.2 7, WIZ, KFELTVI=T ALY NO-TE&
Z— 51 iRt Lic, ZOBE 51 BAECDMEHEMNA I =0 LA F D& (51-52) LIUE
BIRFIZE T D MOM EEOBIRAY7eBRE (52-53) MA—RITHEIT L, WUHkIRFEEHT 5 AC B

SMEMTET, 832X YA L7 154 L LI-#, 54 Ot Rk v Rb-BbLOG I HE—
REMEEE LTT NV a— 55 b 27, £D#%, 53 FHNN-TAFAICTBERZMEEE L, ABC
BRHS 56 OAFKICHKII LT D, RERMIZ, NO-7T X —/NnbAE L SEIBHENA 2 =7 5
AV DIRIEIOEE DRI, REEICHEER L7 ABC BOARICKI LT\ 5, LavL, C-3
LI EBRAKRD N LR EREZALTE LT, ZNEWNEAT 0K E i L
7o TWND,

o CH,(CN)CO,Et
tBuOK .
toluene, 0 °C ? _CO,Et :12 CO,Et —>
OTBS 95% 850 1 EN 850 M CN
45 46:47 = 1:33 46 (dr = 3:1) a7 (= 94)

OMOM
PPTS MOMO
o™ NG e
acetone/H,O
reflux 75% TBSO

A - .
Et,O, rt
2 84%
OBn OBn
MOMO NBoc 9-BBN, THF, rt; - = 7 NH
NaOH, H,0, aq CbzN
3
91% H
54 (single diastereomer) 55 56

Scheme 7. ##k 512 Xk 5 ABC B8O A AT



F7o. B, LIRS 1% 2006 4, X I VHEHOE
HLTND B (AF—148),
—/V58 ZE A L=, 58 DRLT &% — Ak,
A CDEHAN A X =7 LA 2 DIETCSIZ
61 & L7, 61
EL, CEBZAVT v EE
H—RF—h63 L LIth, ZIROE =LA X 64 & DA/
BfERLE LTE
T2 /KEEILDBR L., Boc JEDOFRE, Fi<iET

VD ACE BH 67 DAL LT
ICRANEAN LB 2 G RIETH D, Lo, CHALIC

45+MNN,O-7 &
ZTAC

\Zx3 % Stille-Gennari #£12 &% Z 1#4RAY Horner-Wadsworth-Emmons SCiis 2
SREBIRBITEA LTz, 62 DA F LT AT 2 TRROEET
¥-Stille 77~ 7"V > 7%, B3Ik
BB AR v 7Y 65 A% 7, 650 TBDPS SLABRELTE6 & L7k, L
7 X BICE D REBRT S 2L, ~ & 3
Do RERILE R AX v 7V v & @NARRRA )

BERERLD RHNY &7 5 ERERITE

BREBICAR Y 32 RER T I v OB
vrun~kt ) U570 D CINEMBEEREMLLIEZTI ) 72/
Z—ABIZ &LV 59 & L7z, 59705
B 60 & 1372, RIC 60 DI TR T Ry
2T 62

ATETWRY, £72 BRIFETTE RBAX v /U U A SRERIRAITE AN TE L 0EART
Holz,
o HO
TBSO HCl aq L|AIH4 AICl,
s A
— %
OBn MeOH, reflux Et,0, rt
5 58
57 OBn 51% 84%
Q
OBn OBn (CF3CH20)2P\/C02M8 OBn
BnO N BnO NBoo KHMDS, 18-crown-6 ~ BnO NBoc
A o
OH THF, rt CO,Me
OH o]
60 61 83% (ZIE = 11:1) 62 z
SnBU3 64
OTBDPS
1. DIBAL-H, CH,Cl, OBn = osn /CTEDPS
-78°C, 85% BnO Pd(dba),, LiCl
NBoc BnO NBoc
2. CICO,Me, Py 0COM DMF, rt
o PAUC]
cr‘|)20|2, 0°C 63 92% 65 =
88% (single diastereomer)
OBn OH 1. DMP, CH,Cly, rt
TBAF 2. TFA, CH.Cly, rt BnO
BnO
NBoc
THF, 1t 3. NaBH(OAc),
= MaOH/THF, rt
66 67
97% 35% (3 steps)
Scheme 8. Ak, LI 512 X 5 ACE BRI DA RS




Marazano ©1% 2005 4=, HE LBNEB LI~ X o 0 VHO ALK (A% —24 4) il
LB 285 L Cund 4 (R3%—24 9), Marazano HIE, 1 5238 L= AR IR K O H
R THLT I/ TNATE R2613A I =D LA 42 68 L CHIET D EE X T2, ZORE, 68
DARAI =LA FTEMOETNELTE9 A, 68D/ T — MBLOET/LELTLIT
TRV ANVR YT 70 VT, A E B L7 ABC BRIEHE A EBL L T D,

=AFUBATFTNTRAT NI PO TROERT N-AFY A R 207 AT VA~—iRE
MELTER LT 72% N IAF afiEKY CTURE L P Ret' ) D=0 Al 73 & L,

2L, T RU DAL T— k70 2B &85 EAMBUSAEIT L, DUk SE O AR B
D74 & TS BAER LT, ZNED Ry MITRES Y U A TUET 5 & 75 IXEHE B BRER{b
AT L =B & 78b &, 74 13 A BREBOBAZIC K< BER{t (74—76—>77—78a) M HETT L,
78a b %70, ARERMIL., D BRMEHZ nBu FE~ LR L L TS DD, DT 1 TROEHT
BCERZ —ZFITHE L TV D AITRET XX Th 5,

® E
® . /\//N—§ :
N > N e '
A - A \/NH) ) 6
NH| ¢ P NH ¢ _ Pz | '
26 OHC 68 OHC © EtO,C CO,Et E
_______________________________________________________________________________________ o oM
© Et0,C CO,Et
nPr ) nPr CF3CO; 2 /Y\ 2
MeO,C. O . (CFsCO)0 ® an 70 ONa
\G . F4COCHN SN " T F4COCHN N
7 . CH,Cl, 0 °C < THE, 1t
71 72 73
F3COCHN then F3COCHN nPr
o K,CO3, EtOH
nPr NBn H,0, reflux nPr [\I)Bn BnHN NHCOCFg
EtO,C g CO,Et Et0,C CO,Et EtO,C CO,Et
OH H
74 76 © 77 ©
+
nPr then nPr
£ COCHN K,COj, EtOH
3 <~ +NBn H,0, reflux £ NBn
O N
EtO,C CO,Et
75 OH 0" H § 50% (2 steps) 0" H
L — 78b 78b/78a = 65:35

Scheme 9. Marazano 2 & 5 ABC B D& R FE



Bonjoch, Quirante & 1% 2008 4, 43N~ A 7 /AT & 45 FNICIER S 2RI L7- ABC B e
WAL (A%—2A10), By-REaF17 b2 79 2 NaOEt TALEET 2 & o f-AfaFn7 ko~d
B, Fi DTN~ A VIR HETT L, BC B30 80 233 b7z, 80 L E L=/ VLT
X K 8L DO FNIERGIC T ABRAREEE L, = BRIEEH 82 2 Ak L7,

Bn
N. O DEAD, PPhy
\E NaOEt Et3
CN
EtOH rt NHNs benzene rt
o 77%
79

42%
82

Scheme 10. Bonjoch, Quirante ©(Z & % ABC R D& R4

% 72, Bonjoch, Diaba © (3 2015 4. 70 N 7 U W NVERAL G &k H Uiz~ & > 5 2 > D-F(4-6)
(X35 ABCD BREIcBh L7z ™ (A% —2411), Y7 rua7 2 R X7 /L 83 % BusSnH,
AIBN CTHLEET 2 & T P I VEBALSOE LT L C-ONL HERIL L7285 &2 A & L TH 272,
— . CONLT I HND 15 KBEEERE L THEL LI DL T U HunbE LT 84 23EI4E
L LCTAELRE, 2O, BRBEIRTH D 85 1% C-5 MLc W THIREMEKTH -T2,
FEWNT, 85 % /LT X R 86 & LTctk, o FIIGIERUG & IiiRa#E 2%l L T ABC & 87 &K
L7z, &I, N-7 ik (87—88) LPHER A ¥ A (88—89), AKFERMKi<~rnaF
Z LDIETE (89—90) 2T, vF U HIF (6). D (4), E (5) IZx ¥ 2 KRBT T 2 90a,
90b, 90c & ZALEAILARL LTz, AARITTER 7 LAARBPIE THULEHR ABC BR DA RIZAED LT
WD C3NLIT EBRMEGED RN Y & R D ERREINEATE TRV E W) RERENH D,

EtOzC EtOZC =
CbEPONBn  BusSnH, AIBN HO NBn
/IC( benzene, reflux EtOZC NsHN

NC
91% H
83 (84:85 = 1:5.5) 86
1. DEAD, PPh3
benzene, rt, 86% 88a: 76% (n = 3)
7k 88b: 75% (n = 2)
2. PhSH, K,CO3 Et3N, CH,Cly, rt 88c:67% (n=1)

DMF, 70 °C, 78%

1. Hy, Pd/C
Grubbs I 89a: 66% (n = 3) EtOH, rt 90a: 47% (n = 3)
89b: 66% (n = 2) 90b: 37% (n = 2)
CHZCIZ reflux 89c:43% (n=1) 2. LiAlH, 90c: 54% (n = 1)
E only THF, rt (2 steps)

Scheme 11. Bonjoch, Diaba %2 & % ABCD B DA A5
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Wardrop 5 (%2017 = A D A F ¥ 7 I ROBILIBALSZ F\Wie~ 22 5 X VD ABC
RO BT EHE L TND 8 (AF—212), A I RADLLFEELILA T TIRNR &
=R BU NI Aue T T — N TUET L A ML=UAA A 93, TVIY
=LA A 94 R L CERALHEIT L. A BRBRLIR 95 2 5. X 72 8, ARSI H— IR B
ELTHRILKR B 2 5%, 77 LA — L TORKNBAETH ST, 5D N ZAdmnr T /L
RafriLl, 96 & L7, oM 96 O TR THE L 97 03 URR 8 L DT /LF/UEIC
FO~Z I D@4) DD BREICHY T DT VXA EA L Uk FEE AT D5 99 2157,
99 DA MXTTIRNEZFNZRATNORTG, 7 IVNEORELZELE TRAET 100 Z#%H LT
101 ~EFFE LT, &i2IC, F v T — b 101 ZHRPESRAE T OB 5 & B BRER(L23ETT L, ABC
BR 102 OERRIZEED LTz, ARG RKIL, Wardrop & 23 FZBHZE L7e Kb & 7 T DA — W2 CH
W, FERRNRERETABCERAEM L TWDE WO RN H L, ~X I D 4) O
R A FRIA L 7o KB ATRE 2 A RIS T d 523, D BRI B A Z A RO FHRIZIT > TV D72
~ & VW VORI A RITREECH B,

Ts<y PhI(CF5CO,), | 0®
_/— \/LN -OMe CF,CO,H ~~L-N-OMe
CH,Cl,, 40 °C Ts

N
H
92 [gram scale] 93
| N OM
H \”/ Ty e N OMe NH N OMe
— > TsN 5
r ‘W@ TN MeOH, rt L)
OCOCF4
CF3CO, 86% (2 steps)
94 single diastereomer
98
I oen
| EtO,C K,CO;4 1. AICly, LiAIH, BnO
‘\ N—-OMe 18 -crown-6 l EtOZC N OMe Et20 0°C | TsO N-OMe
TN — \O) " acetone N 2.p-TsCL py, it 1o
o) 08% \) 73% (2 steps) \)
97 99 100

1. cat. RhClg-H,0 BnO_ % BnO_}

nProH, 98 °C TsO N-OMe NaH 7~ NOMe
2. (CH,0H), TSHN o) THF, reflux TsN o

p-TsOH, benzene H O\) 0 H O\)

94% (2 steps) 92%

101 102

Scheme 12. Wardrop ©(Z X % ABC B O A 7L
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I AT D DOEER

2014 4£{Z Amat, Bosch 623~ Z X D (4) ORYOEEMRZHRE Lz, £913 Amat,
Bosch 575 2012 FIZ |t L~ # o I A (1) IZHIET % D » E BREROEKAFZED AR
%% (AF%—L413), Hflize BERE 1034 104 &y 7 U7 L, RV A 105 #7157, 105 (%
vvraaxv R vERvzE Rl v, # <7 hbARIZ LY A%y 7 R 106
~ LR L T2, 106 D TIPS M4 [k Lo, £ U7o/KEg % Dess-Martin 2k T7 /L7 & K 107
& L7z, 107 @ Kraus-Pinnick B&{b T /LR 2 108 & L7zt Boc JEDFRE LK<~/ mn T 7 X
LABIZT D B 109 M5 L7,

2

\\ Br
OTIPS 104 (Cy).BH, THF;
—_—
B Nal, CU', K2CO3 CH3002H

Boc-N

85%

NaClO,, NaH,PO, 1. CF3CO,H
2-Me-2-butene 2. EDCI, HOBt
MeCN/H,O CH,Cl,/DMF
(0]
0,
51% (3 steps) 108 35% (2 steps) 108

Scheme 13. Amat HIZ LB~ Z U H I A (1) @ D BEHOERMZE

Amat H 1% ACE BR OSMIREIRAI A HIC B EY MLATE * (R F—24 14), Bk <7z AC B
110 o Still-Gennnari (2 X % Horner-Wadsworth-Emmons SO Z AR L, =/ > E-111 % £/
e L, RINERTE X7, —JF. ACBRES 112 DA A7k =17 LM 113 & 0 Wittig SOt T 37 145
PRIIZHEIT L, AX 7Yy 27114 %5 272, &#HIZ, 2,2-114 O~ 70T 7 2 MerkEte
ZHUZ X0 ACE B 115 ¥R o= 0D, D TIRINE TH o 72,

Il
(CF3CH,0),P~_CO,Me

NB NBoc
7 NBoc KHMDS, 18-crown-6 A o¢ A
@ CO,Me
THEF, rt

0 z E
. CO,Me
110 10-50% (Z/E = 35:65) 7411 E11

1. Na, Naphthalene

13 M ’

eio MeO,C THF, ~78 °C, 98% o
A NTs BrPhsP = 4 NTs 2. LiOH, THF . N

o KHMDS, THF = 3. EDCI, HOBt =

0°Cto60°C z DMF/CH,Cl,
112 45% (ZIE = 10:1) (2,214 13% (2 steps) 115

Scheme 14. Amat 2 X % ACE B D& A7t
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Amat, Bosch &% 2014 45, H & H203B% LB SR 2 0Bl 2 e~ X > D

(4) DHIDOARF A AW Lz %abde (2% —2 15, 16), 91T ABC BRREEIZ W Tl
L (A¥—2n515), ZEIEKOT AT K16 EX TN T ==V T U ) —/W(R)-117 2GS
W5 &, BRI EINEIT L, 118a & 118b ZZENE 4 10%, 71% CTh x 7= 2, Hip
SR ARG T D 118 & 119 ~ LA LTtk 7V VEOSIIRRIRA 7~ A VAN & PABR A
X U ARGIZ T BC B 120 Ak Lz, ZOES, 120 1% C-12 (LIl DWW TH— TR B & L
T BT, IRIZ 120 13 121 & DONLARRI 72 7 A F A CARFNRIRE H T 5H 122 & LT,
122 D7 = =)L 7' Y ¥ ) — VERLIE Birch 350 (122—123) & LiAlHs & AW 2380 ThrE L, 124
LL7e, Bom 12476 2 TIRTT YV FEAZEAL 125 28 L7z, 125 D CEREA L7 1
I mCPBA % W T AEBRIRAIC =R 2 21k L 727, Staudinger SUG DS CULEE % & =R ¥
¥ ROBBRA ML D BLAEIT L, BRI 126 2 5 2 7=,

Ph, Ph,
MeO,C CHO
2 Ph,,.K\OH Na,SO,, Et,0,0°C; 0. _N._ ,O 0. _N_.O
+ + >
B B B
NH» 15 mmHg, 75 °C
X \\
(£)-116 (racemate) (R)-117 118a: 10% 1M8a 1M8b
118b: 71%
o}
Ph, [ >_/_\Br
"/,\ 1. AllyIMgBr, LiCl (o] 121
O«_N_.O Cul, THF, -78 °C NaH, TBAI
B
1BUO,C N 2. Grubbs II, CH,Cl, DMF, rt
12 rt, 66% (2 steps)
X 90%
119 122
3 5 1. LiAlH,, 1,4-dioxane g Boc 1. MsCl, EtzN
Na o reflux N CH,Cly, rt

lig. NHz, THF, 33°C 15,5, c” > 2. Boc,0, CH,Cl,

45% (3 steps)

2. NaN3, DMF, 90 °C
79% (2 steps)

123 124
o O
1. m-CPBA, CH,Cl,, rt
o 2. Me3P, THF, rt; H,0 o
= . N 7~ NTs
BocN 3. Z;):/SC(; Et3N,)CH2C|2, rt BocN
o (3 steps H
H H ©
125 125 126

Scheme 15. Amat, Bosch 51Z & % ABC Brff4e
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TODORBRIRT 2 DEBRMEIIARA X U ANKG, BE O~ 7 n T 7 ¥ MUIZTER SN
7z (R¥F—2A16), ABC B 126 705 127 A% L72 5 TREOZH T D BRAHAEA L, K
F VT 4128 57z, 128 Z AR Grubbs il TP 2 & PABRE A # & o ARUSELT L,
D BRER(LIA 129 # EIZ IREME L TH 2 7=, WIT, 129 2 HKFEIRIMMZ R THE L=/ b 130
ERAR =T LM 113 & D Wittig SSICE Y AFx v 7P 2,713l G L, ~FZ B I D
4) ITHIET A RETORBZEEKREZEA L, ZO, 2AF v 7 VT O AR P I
TE» 7o (ZIE=221), ZZ131 D~/ v F7 7 X MuaETr3 TR TERZMEEL, HEEMET
B 132 215372, WIRIZ 1R D DO~ a T 7 X he—F 8T, v XTI D (4) OF)
DG EER LTz, ARG AT Amat, Bosch 5 23 B (2 i U 7= B0 B GR 0 E 208 2 v ¢
BY ., WA ABCERMEE I N TS, o, GlLic~Z I D (4) OAEMIENEH]
ST L =& v H 2 HEOTENE & D B & OB O EZ R T AR 25T\ 5D, LavL,
D Rl ZAWMOFHETHEL TWDH D, v~ & U H I VHOMRRENEARIINEETH D, £z,
ESRI B Z AL 7 4 v EELAF v 7 VT VAR O N RRPE K < | B TRIGER O KIE 2
KFZ2HNTND,

O O
1. BnBr, NaH, TBAI

0 DMF, rt, 80% o
A NTs NTs

.
2. TFA, CH,Cly, 1t /\@WN
127 OBn

3. CICO(CH,)sCH=CH,

1. HCI, THF, rt

2. tBUOK, CH4PPh3Br

THF, 80% (2 steps)
126 q OH N O H
92% (2 steps)
Z /
/ NTs Grubbs 1st (10 mol%) D NTs 1. H,, Pd/C, EtOH, rt
(0]
4 N CH,Cl,, reflux N 2. DMP, CH,Cly, rt
0 H OBn OBn

H 75% (3 steps)
129 (E/Z = 1:2)

128
113 MeOzC
BrPh,P =

. Na, naphthalene

MeO,C THF, 78 °C
. NTs NaHMDS . NTs 2. aq. LOH, THF
N THF, 0 °C to 60 °C 3. EDCI, HOBt
=
H 0 2 DMF, CH,Cl,

70% (ZIE=2.2:1)

75% (3 steps)

LiAIH,

THF, rt

68%
132 Madangamine D (4)

Scheme 16. Amat, Bosch b k5 ~Z I D (4) OARFEAK
PLED X 51Tk 2 R BT ZE N s SN TE D, KR E L TAR EDBREITE STV 5,
ABC BRIEEICONWTIES L DT 7 —F BN SN TE =0, BICA T v 7o U OSLAREN
A RIIRMRTH D, ~F o H I VHEEZMREOICAE L. 2T ORI AR Z - S iz
TX D8N 722 A — F OB RD BTV 5,
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B XN UEEE PR O ARF B

FH INFETOTEIGMITEBIT DIES & FHAF ARG E

~ BT VEOEERIIE T1,3-O T U T N CRENSEAFAET H ABCBROREEE) & [ =&
HaZ AL 7 4 BB ERBAT Y ST OSNREIR 7 A . TR E RS AT RE 70 A kAR
EOBF ] L) 3 ODFMEDIRNVIETH D,

YIRE T~ X I VEOAMIEE L D A & OO A B L.~ X v T VM
DERWIFENTTONTE T2, £OHT 2015 £, TV AT T HWERIGBUSIZ L D 71 K
TO ABC BRI Z ML L2 9 (AF—L4 17, 137-139), L, AAGRIZTEIAKTHD .
BELV— FORFCIIRMR ChH o7z (HEAD), £/, TV AT T UBRIETHE LN 139 7
LTI, AFy 7V OBRLE VI REZWIRTE -7, ABC Bt 139 DA L7 1 kS
U Chkx 72 B R A AT 3, C-320 fifillc =@\ Z AL 7 o VA EATE T (MEAO,
139—140) . HEFREIA 141 OGHRILTE ed o7z (HERO), ~ & v 0 HHORREN I A5
EAEREERT DL, ABBROF T LAEmE LTORE, 7T U LY T VBRI D C BBk
BSOS DRI T > T,

Boc

MeC(OMe)s s
0 o \I\ tBUCO,H
—> TP 9
H,N - . X TIPSO
2 \)J\OH o-xylene, 160 °C | N
HO . M602C
133 134 81% (£)-135
Eoc Eoc
.~ TIPSO — . T“
CH,CI,/EtOH, rt
TeocHN TeocN H zre
(¥)-136 (#)-137 66%
ﬁo\c TIPSO TIPSO
® T™S
| NBoc A NBoc -
TIPSO , 57 ~3/\Boc N/ - B
B H f TeocN TeocN R ~T7°7° >
TeocN eoC 4 ¥ 3
20
(#)-138 H #)-139 H (+)-140 z
HO
\ 0 ARERKIL— NORIESR
T @ ARZBDAFAL
TeocN
o9 Z @ SBRZAL T 1 > DEA
H ® BRNAREEOHT
HBARE ((£)-141) Madangamines A-E

Sheme 17. Y472 T L7 ABC Br & Rkis & = O
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U EDIOOBBEREZREZ T, 7ua XLy 7 VBbE VW~ 2 0B I HEORBRAR
FAWAEZNYRE LT (AF—2418), ABROD CONAFIMIRIKHE TR T /L F/L1L & Johnson-
Claisen #(f CHEZT 5 (AF—LA18A), T UAT A a— L 134 %L L THELNAT LT E R
142 DARFTIAFNMBIC LY, T2 T a—)L 143 #15%, 143 @ Johnson-Claisen #&{71Z &
D ARFHRG U CRFIUMRIRTE 144 & Licth, ABRES 136 & RA AT 23 HI TH D, CEROME
IS TNT L= bz g (AF—L4 18B), 136 M HAE T& 57/ vF Ly 7 145
DoyFNT L=/t (145—147) 2T, CBRBR{b & RIRFIC C-3,20 fif —EHRS A3 —Z 10
ATE D, BILTALDT L2 147 ORI E Ra X 2k, fid By 7Y v 7 ROG (147
—Z-148—Z,Z-149) (2L ERMIZEAL CAX v 7V Ty ZZ-149 PR TE D L E 2T,
BRI, Z,2-149 b~ 27 m T 7 Z MU T E RAMEE L CH@E PR 141 & L7, 4 D BRH
ARV 3, v X AE (1-5) RIS ARFRERT 25 TH D (AF—L4 18C),

(A) Boc Boc ] Boc
asymmetric

N N N
\l\ Ox. \l\ alkylation \l\
TIPSO X - > TIPSO Xy - > TIPSO AN
142 o~ :

134 HO 143 (chiral) HO" "Et
Boc
Johnson-Claisen N ﬁoc
rearrangement \l\ ________ N a
------------- - TIPSO LN LT TIPSO >
J\ 9
144 (chiral) MeO,C Et 136 (chiral) TeocHN
(B) Boc Boc
N | intramolecular g\
A TMS allenylation T™MS
136 (chiral) ___2 TIPSO™ > N~ ] > [TIPSO™ >~ N~ ] |- >
B H H
TeocN // TeocN 4
145 H 146 H
TIPSO TIPSO
NBoc H=[M]
B A/ e
TeocN TeocN
3
147 H 20 (2-148 M

(C) macro-
lactamization
(22149 I (IIIIIIIIIIT (+)-Madangamines A-E

SHEDRIA (141)

H
Madangamine A (1) Madangamine B (2) Madangamine C (3) Madangamine D (4) Madangamine E (5)

Scheme 18. ~ &' > 7 3 VO FH AT S AL
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B AREOEK

¥—IE  Johnson-Claisen BN 1T X 2 RF DUk 35 DR

~ BT VO ABRBEIZIE T 2RI, AR UK R OB L OO ERIRAE N HIE
AT LHNTHD, £ TEBRRFE2—DF7T 570133 2 M E Lz (A% —1419),
RHENRRFZIL T Y v 13B3 O FEETEX A7 AT K142 ORZET AX L (142—143) . %
< 143 ? Johnson-Claisen #5017 (143—144) |2 X D2 R FEE CTHETE LB 2, “DHOER
JF1% 144 @ Hofmann #4724 Z e TRETEAL T 150 & L, 150 DR A Z £ AGT A
B 136 25T 2 TH D,

Boc Boc )
asymmetric Johnson-Claisen

N N
Q \l\ alkylation \l\ rearrangement
HzN\)J\OH DT Tieso N e ~ TIPSO bl .
o~ HO" “Et
142 143

133
Boc Hofmann Boc Boc
N N N
rearrangement RCM

npso%k I npso%j\ --------- ~ T|Pso/\/?Q)

I\ TeocHN J\
MeO,C Et eoc Et TeocHN
144 150 136 (chiral)

Scheme 19. A BR L D& Rkt

TP ap- AT ATV 155 Z AR LT (AF—2420), 7V 133 025D 3 TR
TBoc-7'V v 151, B-7 P AT /L1682 kM L C b 77— M 163 ~EFFE L7210, KT h v
77— 1 163 &, 154 % 9-BBN Tt FrA U RIS THIZAER VR LED L OEAR-EIH T~
TV IR RIRECH#EIT L, of-RAgfi= A 7L 165 & -z 72 1,

o) (Boc),0, NaOH aq o) (Im),CO, THF, rt; O O
H,N BocHN BocHN
2 \)LOH dioxane/ H,0, rt \)LOH Et0,C._COK \)J\/lLOEt
133 97% 151 MgCl,, 50 °C 152

89%

TIPSO N 154

NHBoc NHBoc
LDA, Ts,0 9-BBN, THF;
TIPSO
THF, 50 °C to rt Ts0 PdCly(dppf) (4 mol%)
COoEt Cs,C03, THF, H,0 COEL
92% 153 60 °C 155

83%

Scheme 20. — / > 155 D&k
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155 |% BF3-OEt: f#{£ . DIBAL-H TiEid % &, o,p-Nafi— A7 /LD 1,2-i%

=)

WZHEFT L. 7 U LT L 3— L 166 D3 E IR T5

TEDMLE R

bz 12 (A% —L421A), 156 DKIEILZ T & F
JMMELTI57 & L7, N-7T U MRIC K DR LTc, £D%, A% ) =LV ERMLTY Ry b
FIGTT v FAREEZREL, TIUATAa—1 134 6 LT, 57~ 134 Z IBX TR L.
THATE K142 245372, KIZ, 142 12k U CT/MKRIEE B 3R L 72 A5 = F A B Z2 3R 7 7 13,
ZJVIR T X R T, Ti(OiPr)s & ¥ F /L High TUERT % & RF T AT /LA HEIT L, I
R 100%, 97%ee THF T ART VAT L a—/L 143 NEKTE -,
BB, FHNTT Va3 —)L 143 O SLARLE XS R Mosher {EZ W TIRE L7 ¥ (A F—
2 21B), 143 7 BB L 7= Mosher = 2 7 /1(S)-158, (R)-159 D& RFEF 2B D71 kD7
SANTT SO (3s-O0rfl) ZFM LTz, 8s-0rEAY A BR L D BHAIBIZARY 3~ 2 fHE TIEDMH &
20 BEtIEICBWTHADE L 2272 2 &6 e ARBLE T 143 (R L2 Kb TH D Lk

E LT,
A
) NHBoc o NHBoc Ac,0, Py
1PSO DIBAL-H, BF3-OEt; TIPSO DMAP (10 mol%)
CH,Cl,, -78 °C CH,Cly, 1t
CO,Et HO
94% 99%
155 156
CH=CHCH,Br, NaH Boc
NHBoc TBAI (10 mol%) N
DMF, 0 °C; IBX
TIPSO TIPSO \I\
MeOH DMF, rt
AcO HO
0, 0,
157 85% 134 89%
NHTF
Boc Boc
N . N
\l\ 'NHTf (10 mol%) \I\
TIPSO N TIPSO N
Ti(OiPr)y, EtpZn
0% toluene, 78 °C to —30 °C HO" “Et
142 143
100% (97% ee)
B) ,
: 700850 350 (ppm) |
Roc Roc ! H(a): +0.0252 < Boc ;
\l\ \l\ ! H(b): +o.o112\v ) 10,0006 '
TIPSO N TIPSO N | TIPSO N '
o" “Et o “Et 5 NN 4N H(a): -0.0590
Me©, Ph : MeQ M H(b): -0.0514
Phi 0 Me%- o) i Ph o i
() l *
(5)-158 CF3 (R)-159 CFs : CF3 -0.0745

Scheme 21. (A)RF 7 /L% AL EUR, (B) 7 /L 21— /L 143 Ofbseh SEAKEL & O E
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REFT WV NMABIZOWT Knochel 513, kD X 95 7a SOGHERE 2 #2/E L T2 B89 (A % — 4 22),
EFF. ANBCT I RAL & TiOP)s BAROE L, A2 252 %, ZOES, iPr AT TF £ & DR
FEAWET DRI, 7 mAFH AT U THE L 72 5, IRIT, A2 75 ZnEL ICEZ L A3 & 78D,
ZZ T, 7Tk K160 DR = VO I B A HINARIEE O/ S VKBRS | iPr
Fe & OSITRRORZRET 2 L O ICTF Z VIRA~EBALT D, ZORER, AT RT & 05 Et N
MINT 52 &T, BT F U FABRRETT L a— 1 162 DERTEDL L EZLNTWVD

R
ZnEt, O)\H 160

R -mel

¥ N

oy :

T

Ti(OiPr), <t Y Nt Y g

=T e St +—0 Et

NHTf /Tf

A1 L )\

) W ~
R H,0 R
Bt Bt 4 EtznoiPr Ti(OPr)4

HO” H (iPrO);Ti0” H
162 161

Scheme 22. RF 7 L3 MU G D STAREIR

Wi, 143 OAFEG 2l le (A% —24 23), 143 ZfkE AL MEIE N U A F/LTREIL T
#9425 & Johnson-Claisen BA(ZANHEAT L, RA MUK R 144 ZHEH TE 72, LML, ¥ 7L HPLC
IZBWT UL DS T ~v—ALEO—27 35 CET, ee ZWETE D oTc, AFNTR
TV 144 DINKGR, MEAINTH VR Uk 163 %%l LCT—#&7 I K 164 & L7t . Hofmann #5
PEIZ &Y 150 & Lz, WRIC 150 DFABR A ¥ & ¥ ARRIC T ABRES 136 Gk L7, ZOF, 136
1L 92% ee T 7= Z & 725 Johnson-Claisen 57 TP ee DIK FHRB I Tz, ZDT2D, 2R
REFEE CARFURRFE AR TE DBy — MR T2 2 LT L,

Ree MeC(OMe)s Roc
\I\ 2-nitrophenol TMSOK
TIPSO TIPSO N
o-xylene, 160 °C L Et,0, rt
MeOzC Et
143 (97% ee) 7% 144 91%
Boc Boc
N NH,CI, EDCI, HOBt 5 PhI(OAc),
\l\ Et,N \I\ TMS(CH,),0H
TIPSO N TIPSO N
]\ THF, rt ]\ (CH,Cl),, 60 °C
HO,C H,NOC
163 Et 91% 164 Et 78%
Boc
N ’%oc
\l\ Grubbs Il (5 mol%) )
TIPSO AN TIPSO e
]\ CH,Cly, rt
TeocHN Et TeocHN
150 93% 136 (92% ee)

Scheme 23. Johnson-Claisen #&/i7. % F U 7= A BREB 136 D ARF AL
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BTH SN2EUSIT X A REF VU R 35 DO RESL

Johnson-Claisen {7\ {40 D RE MR R FAEGE L LT, SN2’ U d AW 7= A akatm 2 2 L
72 (R¥F—2A024), TEFY /2165 & 7% 166 D[4+2JBALAT IS AT, L iE#
T hZ7e RrEY VR 16TaDNE LETER TE S, 167TaD 7 h 2R RFET LTI /ba—b
168 & L7-1%. 168 2> HifE T 5 169 (12X 5 SN2’ S TRA MM IR 3 136 % #5584 5 3

ThDH, REKFHETIX A BRES 136 DAL & B TERALBRIRFICEI T 5 E MR LT,

BocNi>:O

Boc : Boc
asymmetric
165 [4+2]-cycloaddition N reduction
L E \A ----------------- E S )
0 "“OH
TeOCHN‘/\\$S§ TeocHN TeocHN
166 167a 168
Boc ﬁoc
N S\2' reaction A
""""""""" > N, Tttt TIPSO =
X TIPSO” "M
TeocHN TeocHN
169 136

Scheme 24. SN2’ SOt VN2 A BR S 136 OFTHA T & RCEF

F. B+2BRILMOBEHT AW T V% > 166, 171, 174, 175 Ak L7- (A% —L4 25),
Tas X T X170 DEFRF% Teoc L TRFE L, 166 AR L7, 166 DT /LF Kl
TMS L&A L, 171 287, F£/2, TAF U 174130 DT 2 % Teoc HCHE#E L7,
N-7 a2 VXA L D AR LT, £72. 174 O T VX VK TMS JEA2EA LT 175 & LT,

triphosgene, py

Et,0, —45 °C to rt; nBuLi, TMSCI
' TéocHN‘/\\<§§\
HNT TeocHN N s
2-TMS-ethanol THF, -78 °C
170 0°Ctort 166 171
91% 84%
triphosgene, py
Et,0, 45 °C to rt; B Ny
TMS/A\V/OH TeocBnNH TeocBnN/A\S§§
BnNH,, 0 °C to rt NaH, TBAI (10 mol?
172 2 173 an, (10 mol%) 174
DMF, 0 °C
80% 98%
nBuLi, TMSCI TeocBNN /\
THF, -78 °C ™S

175
98%

Scheme 25. 7 /L% - 166, 171, 174, 175 DAL
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AR LI=T %> (166, 171, 174, 175) L7 EF T/ 165 LD, Louie HHE Lz = v
7 VAR A BN T2 [A+20BRAE AT IS Bt LTz 5 (A— 14 26), PLE PZOWT UK ER
FTaEHT LT F 166, 171, 174 2 W TZBRIZIE A B OBALAINERIISE ST, 7% o n =
2 L7 179 WE &SN (ESI-MS) ([Z TRl (= FU—1, 2, 3), —J7, P*% Bn 4,
P2 % TMS JETIHICPRi L7277 0% o 175 TIFBRALAIINEOG 2N ST L, BRAKAT A 178a & 178b
% 93% & EIRIZ T, DBEERFRERIEAME LTH X7 (= U —4, RO TFET 178a:178b =
11:1 ERGE)

BOCN%O 165 Boc Boc

Ni(cod), (10 mol%) N p
A
PPh; (20 mol%) x
Teocl\llr\ . 3 ° /g/\\l\o + p2 0
P P .
toluene, 60 °C TeocP'N P2 NP'Teoc
167a: P'=H, P2=H 167b: P'=H,P2=H
176a: P' = H, P2 = TMS 176b: P' = H, P2 = TMS
177a: P'=Bn, P2=H 177b: P' =Bn, P2=H
178a: P' = Bn, P2 = TMS 178b: P' = Bn, P2 = TMS
Ik i
entry alkyne yield NP Teoc
1 166 (P' = H, P2 = H) 167: 0% p2 p2
2 171 (P' = H, P2 = TMS) 176: 0% TeocP 'N NP'Teoc
3 174 (P' = Bn, P2 = H) 177: 0% p?
178: 93% (178a:178b = 11:1 179
4 175 (P! = Bn, P2 = TMS) b ( )

(inseparable mixture)

Scheme 26. [4+2]E:ALATINBG DR

= TVl 2 D T2 BRAEAT NS TR D Rk 178a, 178b IZIR G O E %
Corey-Bakshi-Shibata (CBS) ZmTLOSMTHMEE L= 16 (R —1427), v U J—/Lfifif 180 &
B(OMe); % iV 7= CBS & T IT S MABIN A HEI T L, LTeBR LIk 181a % 78%., 95% ee D Tk
ELTH AT, MLERMEAR 181b 1% 7.2%, 95% ee DRI & L TH 5N, CBS ETkICH
BRI BED FTRE T o 72,

O Ph
N~ Cph

Boc Boc
Boc N H OH Boc N
180 (20 mol%)

+ N + NS “

N NN v, /
o ™S O B(OMe); (24 mol%) OH ™S OH

TeocBnN ~ TMS TeocBnN BH;-Me,S, THF, rt  TeocBnN  TMS TeocBnN

178a 178b 181a: 78% (95% ee) 181b: 7.2% (95% ee)

Scheme 27. CBS & 7tI2 £ 5 R4k



= v & VAR 2 T2 BRAGAHIN B O SO HRE & AR IZ DUV T, Louie B OEIZHE 5
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DSR2 5, LU, Z OBBE TR AR E I X522 ICITIRE TEF, RiKERY TH
DT VOB & RO IEENE & e U QIR E Lz, $£72, 7 U AT ba—)u
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NBnTeoc NBnTeoc
93% 97%
188 189
Boc Boc
N
Na A
TIPSO / TIPSO >
NH4/THF/tBuOH
TeocBnN _78°C TeocHN
191 99% 136 (95% ee)
(B) prTTTTTTT e e
: -0.058 7 * \i/ 0s-0r (pPM) |
: 0._0 :
Boc Boc ' \f / H(a): -0.015 .
N : N :
o 0w 5 +0016 0 ;
)S/CF;; NS ':,O)J>_/I/CF3 E S . CF, :
MeO ph’ OMe T™MS (0) A
NBnTeoc NBnTeoc ! H(a): +0.176 _MeO Ph :
! H(b): +0.023 N”WPh :
(8)-192 (R)-193 | (b) ] \J H(a): +0.071 |
! Teoc H(b): +0.190 |
: ~0.029 5
|| 850z (pPm) o ;
Boc Boc E o} O (a): —0.088 E
0 E H b) -0.025 |
N AL CF P ABLCFy !
o” OJ>-/:, . +0. 028 !
NBnTeoc MeO Ph NBnTeoc FPh~ OMe |
(S)-194 (R)-195 i MG PR
| +0.004 W ‘\ 0118 :
: 0 !
! TMS/\< H(a): +0.055 :
: H(b): +0.017 !
! +0.006 :

Scheme 30. (A) Sn2° it

XD ABRH

25

[ 136 DARFARL (B) 181b, 188 st STAKHR! &



F=Hi BIREIDERL
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AT Y 2197 OFAFNEARELE IR O L S I L THEE L7z (A%—2433), Trost X AT
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FERRIZ Micalizio & ORI » 7V T RIGERABL DT, =F I 197 ZRE LT (XF
— A 36), 197 IZxfLCTx=4 / — LR CSA Z/EM SETMEVT % & NO-7 & ¥ —/1 198 &
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—2 37), NO-7t&4#—/L 198 (T 9-BBN Zf/EM SO HIZHALANIZALEL T 5 &, T/ra—L
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2T, BT MEE 154 Z VTR v 7Y T ROSE G LT (A% — 4 38), AL
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T = M TR BARIC D D R & LT, Trost B L72/3T U Al 2 v
TEBRACEMEALROSNIZEH Lz 8 (A% —A4 39A), Trost Hik, 7/AF =)L AT )L 220 /3T
U LR KR TUBLL T ATH Y 221 1G5 TV D, £ 2T ARUSERMM L7EH7 2 8
FHEi ATl (A% —239B), TF=/L= AT/l 196b DEALBMELSUGIZ L D AB BRER 222
WEBND EEZT-, RIT, wp-REFIT 2T L 222 D 14587012 C B B LEOETONIKLE %
iz 72 223 Z BT DRIEITH D,
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CO,Me H
k/ (CH,CI),/MeCN, 40 °C
OZMe
220 92% 221
B Boc
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A __!__]_,T”’SO ___________ . TIPSO
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Scheme 39. (A) Trost 512 XK 5737 2w Al 2 F 7 B3 L BAE L ROS
(B)/3 T ¥ Al A = AB BRSO A Rk R

£, 136 O N-T' /UL FIAIC K DR 2 MG L7z (XF—24 40), KRE A 224a & DI
ST SR 96% TT /L% o 1968 & 5- 2 T %, —J7, BREAL S 47z 224b,c 2 HIW - BRICITBOS
WHETT L7aho 7o, 224d,e TIEFRREDOIERTT L2 196d,e MMF OIS, Z D% OB
DR ERREETH -T2, ZD7=8, 196a & W TE OB OEHE KRG LT,

R

Roc Br\/ 224a-¢ Roc
TIPSO A/ NaH, TBAI (10 mol%) TIPSO P <
TeocHN DMF, 0 °C TeocN /
136 196a-e

(0)
R= a:H b : CO,Me c:ﬁ@/ d:% OMPM e: % “OBn
()
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FEWT, TAF= LA )L 196b OEKERAT (AF—L4 41), =5 DOFRMBITHEV, TV
¥ 196a [C—{LRBFHKCT NI U LEAZEHSES L, BOT L F =)L X7 )L
196b AR TE 220 (2 b U =1, LU, RISDART =7 v 72X 5 LIRMET L, L
ROFHMEME o7, HEELE L TEGN 25 & Glaser 7 v 7'V > 7 K& TH L D EIAERY
THHIA 225 PR RWTAELZ (= FU—2), —J5, nBuLi &7 v A F /L% UE
SHIEMHTIET 7 LA —VZB W TR 70%, JFEHEIN A 11% Th -7 (= h U —3), &
r—NVT T ORS S EWEOHBIMEOE I D = Y —3 st & L TEREED T,
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TIPSO = TIPSO Z
e ~COMe TIPSO =
TeocN \// TeocN \/ e
196a 196b TeocN =
2
entry conditions result 225
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nBuLi, CICO,Me, THF, -78 °C 196b: 70%, 196a: 1%
(brsm 79%)

Scheme 41. 7 /LF¥=,L.= A5 )L 196b D& K

WIT, BALEMEALROGIZ XD AB Bl 222 DA A RA Tz (A% — 21 42), Trost b & [FAERDS:
f:C(CH.CI), & MeCN DIRATABET, 196b IZFKFR L /T U0 A2 EH S5 L UER 46% T
BAIR 222 G o 8de (= R U —1), REOSZEEMESRMCHEITT 5720, REOSHERMK
WEOFRTH L EHZ XTI, T T, BUHEELZIZ 5720, L 0IRBHEREECTHD hro %
D SR m E L, AB BRES 222 Z I 79%, Teoc 726 7 /L% Akt L ToFNER{L L7
RIZER 226 ZUNE 13% T H- 272 (= b U—2), —J, MUGEZ 40 °C 225 60°C 12T 5 &
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TEARFHETILZ T DA — BT, fillliEs 2mol%E TIR FESE5 2 N TE T,

EOC Boc
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A HCO,H TIPSO TIPSO/\/?()
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TeocN \/ %\—\NICOZMG
196b 222 CO,Me 226 O o)
yield
entry Pd solvent temperature time  ------------------
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1 4 mol% (CH,CI),/MeCN 40 °C 2h 46% 0%
2 4 mol% toluene/MeCN 40 °C 2h 79% 13%
2 mol% toluene/MeCN 60 °C 1h 87% 0%
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DT NFL A VT 4 ACEAMILT228 L7e%, 220 bE RT3 TF — g UHRMIERIRIC
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Pd]”

196b MeO,C meo,c—X [Pl
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o Roc T\eoc :
E | = s
PO — — Meozc/ﬁ/\f
TeocN 5H CO,Me CO,Me &HﬂfNBoc E
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V137 B X ) — LT CSA THLER L, N,O-7 & % —/L 236 ~ZHi L7-, 236 % BFs-OEt, T
PRS2 & A I =0 LA F IR 138 28l L CERIEDHETT L. ABC BR 139 23U 55% THk
HKCTE, —J. TINYT 2 137 =X ) —)VIF(E F BFs-OEt 21EH &85 & BRI
DHETT L. 66% CBALIA 139 MG bilc, Z OB, RLEZR NO-7 & & —/1 236 Z HflET 52 &
<, =F 137 225 1 TFET ABC B8 139 3 Bz,

Boc Boc OFEt

N
Al T™S T™S
TIPSO CSA TIPSO
B °
TeocN H EtOH, 40 °C TeocN H
529
(#)-137 H % (4)-236 H
BF3'Et20, CH2C|2
BF3-Et,0, EtOH —78°C, 55%
CH,Cly, rt, 66%
TIPSO 2 @ Boc
Yy TMS
7/ B0e - TIPSO
TeocN H
/ TeocN
(%139 H ()-138 H

Scheme 47. /v A A% W=7 U AKIZ L D C BRI

INOORMNE T v VTN T 145 2 LTe (A% — 4 48), 145 O N,O-7 & % —/u1t
13 201 2527273, TIPS EEABRE SN 237 56Tz, FLZOB, 7 UL T T VEIETIR
Bohienofe, —2IZBLE THETT L7z ABC B8 147 2R 6% CHEE Sz, 55472 N,O-
7 % —/L 201 & BFs-OEt, THLEET % & BRAGIZHEST L7228, 26% & KILRTH ~ 7=, &I, =F
VU5 B OEBEN B ER AT, ¥ ) —VAF(E T BFs-OEt, TEET 2% LN 47% CThr
bR 147 3G D722, TIPS EEABRE S 7z 238 IR 31% TR b AT,

™
TIPSO
TeocN EtOH, 40°C TeocN

201: 36%, 237: 29%

147: 6% 201: P = TIPS, 237:P=H
BF5-Et,0, EtOH BF3-Et;0, CHoCly, —78 °C
CH,Cl,, rt 147: 26%
147: 47%, 238: 31%
PO Boc
@ N ~
TMS
7 \Boc TIPSO
TeocN H
TeocN 4
H 146 H

147: P =TIPS, 238: P=H

Scheme 48. /LA A% AW+ HNT L=z L 5 C Brfkse
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DTNT L= AL DIRRSRFEZHT- D | 145 D N,O-T & & — UL OBRIZERALIR 147 MED 23
HULER 6% THOLNIZZ LICER L (R¥—Ah 48), 2T, 7u bzl +N7T L
=bERE LT (AF—2549), 3. T 0T T 0 145 B XEECALE L7~ BRI I35 b
IFET Lo (= MY —1), FBLVBHEEOSmWI v alfigz s & L7% TRIBER
147 3ot (= bV —2), BICBEEORWY 7 o afiiez EH S E 25 L 147 BPRED
INRTHELNT, FRVERYE LT, BARITHET L7722 TMS D frES N7 T L=
T 2908 ELNT (2 FU—3), bU ZLAaEERAE VD SRS K E E L, R
76% T 147 WA TE N, TL=1v T 0239 bfFohie (= b —4), B IEOM
AL, TINFIZBRE L, BALT DB TMS M4 REECR4 2 IRINA 2 0 2 00T, Bk
RAEEZND L FIRFC TMS B RETE D EE X, £ CT2X ) —VFEFICNY 704 afE
fe 2 UsINLC 50 °CITIMEAT 5 & HIFFICK L TCRIFIR T L, 7 L= T 2 239 DR L
il c& otz FINO-TEX—L 201 bEFONT (= MU —5), RIZHEEA Y I/ A ¥
PBTE R R UAANEFTLH L T L= T 239 DA S U, IR 52% TERALA
147 % -z 7=, Z OFE TIPS BEAFRE Sz 238 BN 2% T Lz (= U —6), £ Z T,
OSSR OBRMEZ X 572012 J — )L ETIML T 50 °C IZMEAT 5 &, 85% & =R T
ABC 8§ 147 SEFCTE T (i U —=T7), LLED X 5 W & Al 2 8 U A S e 5 2
& CTERALDIRME & SOSR R OBRMEE AT L, @R TOHFNT L =/bx FE TE 7,

TIPSO/\/&/ = eq) \ﬂ
solv. /addltlve = TeocN
TeocN (10 mM) 147: P = TIPS

238:P=H
yield
entry acid solv. additive temp. -
147 239 201 238
1 HCO,H CH,Cl, - rt no reaction
2 H,CICCO,H CH,Cl, - rt 1.7%
3 HCI,CCO,H CH,Cl, - rt 60% 26%
4 F3CCO,H CH,ClI, - rt 76% 12%
5 F3CCO,H CH,Cl, EtOH 50 °C 25% 33% 22%
6 F3CCO,H CH3CN - rt 52% - - 32%
F3CCO,H CH3CN EtOH 50 °C 85%
TIPSO B¢ Het
NBoc TIPSO T™MS
Teoc T™MS TeocN H //
239 H 201 H

Scheme 49. '@ k U & HW =00+ T L = /LD e
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AT E B OSSR G R

—IH DO TN—TIC LD ATy ST A RO ELTH

ABC BRESNAM TE /DT, & U H I VHOARIZBIT 2R OFEEIT [E B = #E# Z
FVT 4 EaFURAF Yy TV DNAREREK] Thd, H—HTIE, o7 v—70182hn
FCICHME L TERLAF Yy TV U BROFTATHN DN T E & D7, Bk 5I1TE T /L AC BRES 61
o Still-Gennari 15 (61—62) & 45 H-/Mz-Stille 57>~ 7'V > 7 (63+64—65) ZFlAGHHE, AF
v PV e SEGEIR I CHESE L T2 ® (R — 2 50A), Amat 5 EHI7Z AC BT 112 @ Wittig
FOGTAF y IV ZZ-114 38 A LT % (AF—AL50B), L22L, Amat HIZ LD~ & 0]
2D (4) OEARICBITS, XM ABCD BEER 130 (2432 Wittig SO& Tl, SRR
PEDSHBRSRHIZAR T L7z % (AF—L4 50C), 2D LT, MEICHERAMLINZEHIZBNTAF
Y TV SERIEIRAIE A U7 BN EE < | SERRIRBY R R & v 7V = UEEUE O BT 1T AR
Wi ETH - T,

A I
(A) OBn (CF3CH0)P~_COMe OBn 1. DIBAL-H, CH,Cl,
KHMDS, 18-crown-6 —78 °C, 85%
BnO NBoc BnO NBoc °
A, come  #CE0Me
61 o =11 62 2Cl2,
83% (ZIE = 11:1) 7 88%
OBn SnBuj OTEDPS 0B OTBDPS
BnO X 3 64
NBoc BnOQ NBoc
Pd(dba),, LiCl, DMF, rt
OCO,Me
63 92% 65 ~
(single diastereomer) 4

(B)
113 MeO,C MeO,C
NTs BrPh,P = NTs
A A
ﬁo KHMDS, THF =

0°Cto 60 °C z
12 45% (ZIE = 10:1) (z.2-14
MeO,C
13 \Z/D MeO,C
BrPhyP =
NTs
0

NaHMDS, THF N /

0°Cto60°C 5
70% (ZJE = 2.2:1) 2.2131

Scheme 50. D 7 —71Z XD A% v VT UREE D JLATHI
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HTIH T LLrOb RaRX UL SERET 5 EBH oA

SRR SR Z AL 7 4 VB EDAX y TV AR T AFEE LT T L 14T D
ERa X2 bl by 7Y IR EETR L. (A% —A51), 7L 147D Ra X H )L
LI XV ZBIREGIC =BT U L A X ALEY) Z-148 %155, Z-148 DT 2 v LMl 2 7=

BTV TRIGICE D AXy PO R 27149 & LTtk ~7a T 7 Z MMEIC XL D EBRE
AT, v~ X HEHOIE PR 141 2 5T Dt EITH 5,

TIPSO

TIPSO

TeocN

(2,2)-149

TIPSO

TeocN
(2)-148

H

NBoc

M]

HIEPRK (

141)

Scheme51. & Rz X X )AL & #H L7= E BRE O S RETHH

FPT. T L0 Ra XX ALRIGIZ L D Z-148 DAEFRICEY fLATE, 7LDk Fa X 4L
LTI Mm@ SR - e ) ORIENEE L 0L, FPERIRMECO W TERAT S (X%
—A552), TV IATIZBWTE Y FEQBRBINT 208X A-D ITRT 480 F(ET D,
INHDH L, BNifkE 5 2 HACEBIRMET A (147-148A) ThHDH, TDH, TLrORK
UV A B RS BRI 2 BORRIEN B & 72 D,

(A) PO PO (B) PO PO
NBoc NBoc NBoc NBoc
TeocN TeocN M] TeocN TeocN H
H r H H Y H
147 ; 148A H 147 , 148B M]
H~[m Ml~p
(C) PO PO (D) PO PO
NBoc NBoc NBoc NBoc
TeocN| |  7°°° > TeocN TeocN| | 777 TeocN
S LI V) He S (U
147 H~M] 148C 147 M~y 148D

Scheme52. 7L > ®t Rua X X )AIZI T DAL EERME
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WIZHEIEPPEIZ DN T 5 (AF—A453), & Fr A Z AT, N3 28 280 (7
fET 5, AX—L 52A OERIRMETE Ka 22 UERETT 25848 272&%, 7LD
N-Boc &% 479 2 Bk & [7 U O 2 S AT 5 & E-148 52 % (Path A), — 7.,
N-Boc 254 3 D E#i I & SO A H AT iU, LSBT 26T 5 Z-148 G H D
(PathB), 7L oDt Fu X Z AT, (L& - IERMEA BT 2 & 8 FIE O RMARD A
EZ B, TS OBV EZ W NTHIET S 0N EHETH 5,

TIPSO undesired

NBoc

M]

desired

NBoc

M]
z148 H zZ

Scheme53. 7L > DOt Rua A X )AKIZEBIT 5 EiR ok

PLEDOALE « mEIREEZHET A6 E LT, 7ok Ra XX =/ bLSIZER Lic, 7
LDt FaRZ = bO@EGNID NS DD, T VTN, A ABREIE, /8T D7 Ll
BEZ FAWNTE SR TIE, 7 VAT DALERIRME N 2N EN R D Z LR BTV 24, K
BEOII7TLrDT7VHNEIE Ra A F =) bz @il Lo 20 (RF—LAL54), 7122402 h U=
FNURT AHAET, bV 7 ==Lt FU RAXZIRINT 5 & ZEH = /L2 X 241 H5ERAIICHS
bNDZ xR LTS, ZOBIPRITLERT VLT D HVHRIK 245, 246 Z kM3 53
RN, B =T DAV 284 T O N A LD SEE L THEITT 5 2 LICHRT O EEA LN T
Wb,

nCqoHa1 \\H Et3B, Ph3SnH nCyoHa4 H nCoHo1 nCioHyy H
+ +
H H benzene, rt H SnPh; H SnPhj H SnPh;
240 241:51%, E/Z = 1.5:1 242: 10% 243: 5%, E only
s

! Et;8+0, — > +OOBEt, + Et — > - SnPh,

nCyoH21 minor  NC10H21 / H major nCioH21 /' nCyoH21
. . ) < s \ (
H; - \ .
H SnPh,

H H H  SnPhg SnPhs
244 240 245 246
lPh3SnH l PhySnH l PhySnH
nCoR21 A ”C10|'$21=(’H nCqoH21 (/
H>=<~SnPh3 H  SnPh, H  SnPhy
243: 5%, E only 241: 51%, E/Z = 1.5:1 242: 10%

Scheme54. KELIZELD T VINFMETOT LoD R AX =114k
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AR B3V A ABRfRIEEE -8 Ra 2 ¥ =) b2 @iis Lz 24f (R —L 55), 7 L 247
2%t LA AE B(CoFs)s fA7E FIC R U 7 F LA RU RERML, @ =1 2 X 248 %
MERIRENZARR LTV D, REISITET, 7L 247 OWNE _EEA VA ZABRDENL LT
249 & 72 o [ RRITRMEA A WA 250 23T %5, ZAUZ HSnBus 22 & RU RANRAZL, 7
— R 251 L 72D, RBICHETRIRT DD AXFA~E R T ARAZ AR HEITL, EHRE
SRR 2 REENDEBZHNTND

B(CFs)3 (20 mol%)

Ph WH nBusSnH Ph \//

H H toluene, 0 °C to rt H  SnBug
247 60% 248
Ph Ph

250 g(CeFe)a
Ph /_& ® SnBujy j\
+
H  SnBu, Ph>_( HSnBu;
248 251 H OB(C4Fe)

................................................................

Scheme 55. [UARGIZ L DA AEfEAZ W=7 Lo O Ru 2 X =4l

FWARGIE, T VT LA W27 L 247 O R AKX =L TIET U LA X 252 %
PLEERICHEZ D Z L2 HEL TS 24 (RXF—A56), ZOMEIERRMEIL, HI@EvI7 Y
ULt RU RFEEA SARRICZENT WD T L KR O ZHRE G @EIRAC RS T 2 T2 DI HBLT 5,
TR, ROGEERE L LTide e T 55— g (247—(253 or 254)—252) )3T B AKX R—
a Uikl (2475255—252) D23 NEZ HIDHA, FEIEE BT - Ty,

Pd(PPh3)4 (25 mol%)
Ph H BusSnH Ph H

H H THF, 65 °C HH—SnBu3
247 60%, £/Z > 19:1 252
| hydropalladation palladastannation
Ph BuzSn-Pd-H Ph '
\I \I
Bu3SnH 247
P Ph Ph Pd-H
' Pd-SnBuj H Pd-SnBuj + SnBuj
253 254 255
\ Ph H /
H>=éL—SnBu3
252

Scheme 56. [LARDIZ L AT V0 A2 AW-=7 Lo Ok K A ¥ =11k
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L EDSATIRFE 2 B E 2 LA DS HE L7837 U0 AMblitz FVW- b Ra 24 =)k % 5@ i
T, T I N ARENERIRICERTE D EBE 2T (AFXF—L57), 7 L2 147 1ZxF LT
T VU LEFE T, ARXREEZEA S TS ERIBTE a2 ¥ =)L (T L, B LR R
KELTTUNAKXZ256 %5272, Zhik, 7L 147 O N-Boc 2k 2T Db Ke A ¥
AT L2720 TH D L& 2=, 7 VLA X Z-256 DSLIR{LSF1E NOESY EBRIC kv Z 1K
ThbHEREL, RIZ, Z-256 £ I 7{bE =)L 257 & OA5H-/MZ-Stille 71 v 7'V o 7 ik dr iz
B, Linl, By TV TRTHDLAF Yy TV 2Z2-149 36N T, T UL ARX Z-256 N
2 hAELTELS 139 B ENLDHTH T2,

MeO,C
TIPSO PA(PPhg), (5 mol%) TIPSO \j
NBoc  BusSnH NBoc 2571 NF
TeocN THF, rt Teoc SnBus  PdCl,(PPhs), (20 mol%)
a7 M 85% 2256 H z LiCI, DMF, 90 °C
(single diastereomer)
TIPSO
TIPSO ; NBoc
NBoc : TeocN SnBu, E
TeocN ' H !
"'l/ : v
(22149 H z 139 H i (2)-256 (500MHz, CD30D)

0% 68%

Scheme 57. SAAEHRAY b Fr 2 % =L {k L Z-256 D NLAKIRE

Fio, TUILARX Z-256 16 OFREEEHR AT (XF—2L4 58), Z-256 D/ 17 ALK
ERATEbLODO, BHIOT I vr a7 A K 258 3G 6h7eno7-, Ubkokoic, 77U LA X
Z-256 OEREHALIZIREETH 7z, ZD=, Z-256 ZfRHTHH5/V— FEB&aL, B Fr X
2= AR DD Fa X Z LIS T+ 5 2 L2 L,

TIPSO TIPSO

CUC|2

NBoc NBoc

TeocN TeocN
SnBuj 1,4-dioxane, rt cl

H H
Z-256 decomposition 258

Scheme 58. 7 U )L A X Z-256 O/~ 7 AV
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B T Ly FuhvBEb-BILSE T 5 E RO AR

b Fr 2% =k, 7LDt RaRvR - bIs 208 m LA G 28 L
7o (AF—L559), 7L 147 O ZIKERB e b R R v E -G 3 ET3E Z-259 2355
Hivd, Z-259 1 —RF— k260 & L7k, E=/LAX 261 & DAfFH-/ME-Stille B>~ 7V 7
IRV AF Y TV 27149 EFETE L LERT, BIZZIhb~vruF 7 2 MuERT,
@ PR 141 25T 23R TH D,

TIPSO TIPSO TIPSO
NBoc H-BRy; NBoc CICO,Me NBoc
A/ meeeeee-- o i E
TeocN Ox. TeocN OH TeocN 0CO,Me
147 H z.250 M z 260 H
TIPSO
Pd macrolactamization

----------------- > B R
"""""""""" > TeocN Tttt

SnBuj 261

(zz2149 H z
> co,Me SLBPRIA (141)

Scheme 59. YIRS E K u ko RbafEH L7z E BREO A ARG

T L DOMRERP E Fr R v RS Z FEELT DI, ACEERME, mEERMEO R D 778
59, 17 UL OFIEINEE E 7225 2%, Brown HiE, 7 L2 9-BBN AN L7=7 ULk
U FACEW LN T U NN T D Z L s L7z ¢ (A% —LA60), 3-AF/L-12-7 X ™
> 262 12 9-BBN #/EFHESHTHELLAT VAR YRILAWMTHD B-3,3-2 AF /LT U /L-9-BBN
(Z-263. E-263) 7 U VHEAL &% L7z 264 & OFHHRAM & L TIFEET 5 Z & % NMR Bk
TN LT,

allylic allylic
rearrangement rearrangement M
~H 9-BBN Me // e
R,B Me Me BR,
262 (Z2)-263 264 (E)-263

Scheme 60. 7 U Lk ELAMD T U JVELAL

T LU DOSARER E R R U FELAOS TIEATE « mRIREEICINZ . 20 [7 U VL) Ol
HRUH L2 D, ZD 3 OOEFLFRBHZHIET 2 OIXREER7-D, 7L ok FakvRbK
PRI HS 2 T LA STV ehioTs 27, BEC, T Lot Rakw R -BERGIC &
BT VT L 3 — L OARITFE E ARSI 5TV AR - 7= 2T,
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TLroe Fuk R b-Bicx LT, 7ot RakvBEb-7 U ALK 18920
HENTEY | SRR RS S B ST & 7o Z¢ikw  Wang & 1374 © FF3K & KOG R E
AT HZLTT LD RrkRyFEE-7 U AL SARERMEO SN LT 2 2ol 7
L2 265 ZZEIR T 9-BBN & SUG S D & 265A ([TRT K 91T TMS J & ONLARKSE 281 CThr
B« EDEIRANAT AT U SRR KEL D T U LR 7 BB Z-266 % LT 5 (X % — 4 61A),
Z-266 (3H00NE T U VIR EFT L, 267 2 TRV ThH 5 E-266 ~HM b5, Th
(ATt T —)L 268 Z N 5 L NEBRERINEE 266A 8 LTT U LR EIT L, RET Y
VT3 —)b 269 IS ENLREIRBICAF HiLTc, —J7, 7 L2 265 ALK NS @Y T 7 |
F VAR T U[Cy.BH] & IR THUG S5 &R B DT U VR v F LG Z-270 726 271,
E-270 ~DO7 U JVHEZIZ K 2 VAL S dv, AR A Z-270 7~ b N EEERBIKTE 270B %
TT VLT LTz 272 DPRRE ORI TH LN (AF—24 61B), Z O, SUGIRE
Z-15 °C &3 2 ESTARERIRPEN M B L, 272 & ENCARRIREIIZHS TV D, Wang B O IEAR 7
FRIEONR 2 SE S ERET 5720 TRIRMEZ PR STV AERLFITH 5,

(A) 9-BBN ‘g\ 9-BBN ] — *g\ ]
TMS allylic

>=-%\\H THF, rt; TMS>=.%H TMS>=/fBR2 rearrangement
_— _
nBu H nBu (\ H nBU wsx
265 265A 9-BBN (2)-266 (Kinetic) ™S
H - nBu BR;
267
OH —
: ncan/,go————BRz T™S =

/ < _
”C5H11/Y\ TMS—_Af—— o ﬁ allylic
TMS hBu )J\ nBu BR; rearrangement

269 nBu 266A nCsHy4 H | (E)-266 (thermodinamic)
89%, dr = 97:3 268 — -
(B)
Cy,BH — ]
Cy,BH, THF \& y2 allylic
T™MS .H temperature; TMS: ~H TMS>:/*BCy2 rearrangement
:m —_— ——
nBu H nBu ( H nBu
265 2658 CyzBH (2)-270 (kinetic) ™S

B nBu BCy,
! 21 \§\
S 4
HCaHy— g —~/BOY2 ™S <
N / -
nC5H11/Y\ nBu—_F—— 0 i
nBd TMs Py nBu BCy>

272 T™S 270B nCgH 14 H | (E)-270 (thermodinamic)

rt: 86%, dr = 70:30 268 — -
—15 °C: 90%, dr = 96:4

Scheme 61. Wang 512k %5 b Ruk v #E(b-7 U ALK G

mQ
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Brown & Roush HiX, 7LDt RukRvFElb-mF o FAERNT UV bz fE L T b,
Brown HIXY A Y E ) B 7 = A NKRT U[CPC)BH]Z Wt Fakv#Eb-R57 U bz
ER LTV D 29 (RF—A62A), 7 L2 273 % YPC,BH CTHLERES 5 & | R XAl Z-274 %
e LT3Rl E-274 BT D0 ZHICNU AT AT b RE2IRINT 5 L ANBERBEBIRE
274A ZREH L TAREFET UMEBEIT L, F TR T o F V4 —/L 276 #4525, —J5T Roush
5% Soderquist & 23 L7z 7 /L7 U Rk FK[10-TMS-9-BBD-H]?™8 Z W=7 LoDt R
1R T FE-RFT Vb e L2 20 (A% — 4 62B), 7 L2 277 % 10-TMS-9-BBD-H THLER
T 5 LR KB DR 2-278 BT D, ZOB, AUFE EOBBEONSEHSIZL T Y
IVEENZIZ X DB 5B D E-278 ~D BMALMIH S e, D72, MR Th 5 Z-278
DS BEERBIRE 278B 2 CARK T U ULDSEIT L, F T /0 2 VA —)1 280a % LRI
AR LTS,

LLE. Wang, Brown, Roush & DONAREINEIE Ru kv HE-7 U ULEFRBI LT3, WTho
WMEIZBWTHLT VAR TFELEDNLT VAT a—)L~LBRLRICHEE TE D 0MNI AT
botz, £z, 7L v EOBBHKIZOWTIA ERFT SN TE LT, KIS0 EE IR
RO TN RD T,

(A) allylic
( /o (dIPC)zBH I p rearrangement /O PhCHO
- H — O-B BRy — > O-B -,
== Et,0, 0 °C; >=/7 >:\; ~78°C;
H H H H BR,"
273 (2)-274 (kinetic) (E)-274 (thermodinamic)
OBR,*
" NaOH aq
BR, OH
\//\/,' Ph/k./\ H20>
(RO)ZB _—ﬁo’ _— é — > Pph . AN
Ph 9 76% OH
274A ?
275 276 (>95% ee)
(B)
Ph Ph allylic Ph
Ph, \cph 10-TMS-9 Ph Ph rearrangement P
Ph—‘e\o -BBD-H Ph_e\ i f ph PhCHO
/ _ B — e
O-B H
\FI:\\\ CH,Cl, \F/7 -78°C;
H H -10°C; BR,*
277 (2)- 278 (kinetic) (E)-278 (thermodmam|c)
OBRy*
- * - NaOH a
/ = 22 R :
B NI, X
B Ph Y Ph
Ny 75% OH /\O/H\
B(OR), 2788 ph\\“ Npn 280a:280b
Ph Ph _ 280a (95% ee) 280b
=919
dIPC)zBH 10-TMS-9-BBD-H

Scheme 62. (A) Brown 52557 LoD Ruk B b-AFT U ALK
(B)Roush HIZXk 57 LD RukwHEb-RAET VL
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UL EDSATIESI 2 E 2. 7LDk RuRvRb-ILRIGIZ DOV TIRD K 5 7o EER
AT (AF—2563), 7L 14T I E@EWA T F R 2 /B S URNE - mER A E
FERmBL O T U VR T FbAW Z2-281 4 U D, ZOFE, Wang <° Roush 5 O#ED L H 1z, &K
U F# EOBHIES STV, Bi< T U VERAIIC K D 282 AR HT L 72 B E-281 ~ 0 S
PEAEDS I CE 2 & B 27228, A U7z Z-281 A bBCALEE L, i ik Th 5 Z-259 % B

CERT HEHETH D,

desired

PO o J<: H—B
NJ\O NBoc
""""""""" TeocN T TeocN
TeocN sterically- bulky OH
H borane reagent Z H H Z 'y
147 (P = TIPS) kinetic ((Z)-281) (Z2)-259
PO allylic undesired
NBoc rearrangement NBoc NBoc
TeocN -~ TeocN H T "> TeocN H
4 H
H
BR; BR, E —on
thermodinamic ((E)-281) (E)-259

Scheme 63. 7 L > 147 ® & R a7k 7 #Ab-FR{ L O DVEENRGR

F. 7L 147 12 LT 9-BBN Wizt Rk vHElbidikirz (RF—2464), T L
147 % 9-BBN THLEE L | 3 RFEISOG S H72 21K b N U & LOKEHE & e bk 2 v Tl
EHNZRBR LTz, T2 & BERONR A AT 5B 73R E-259 % F/AERM & LT
Bz 7 (83%, ZIE=1:6.1), Z#ux, 7L 1471Zx9 % 9-BBN (C k% b Fukv#E L TER
U 72 3B FERR SR D Z-281 25 7 U JVERAL AN/ ZHES T L, 282 2 CEV)F Kl D E-281 ~H
PRI L, 2D @b ST E-259 MMBEMICA LD THD B 2T (A¥F—24 63), 72k,
Z-259, E-259 ONLAMMEFIEZ L NOESY FEBRIZ L W IRE L7z,

desired undesired
TIPSO TIPSO TIPSO
NBoc  9-BBN, THF, rt, 3 h; NBoc NBoc
+
TeocN NaOH ag, H,0,, rt TeocN OH TeocN
147 H 83% (2-259 H (E)-259 H oH
(ZIE=1:6.1)
TIPSO TIPSO

H .
B P
. “~ ’\) 5
v% P TeocN OH TeocN |
P H XA H ‘\/( :
9-BBN o OH

(2)-259 (500 MHz, CDCl5) (E)-259 (500 MHz, CDCl3)

________________________________________________________________________________

Scheme 64. 9-BBN % A\ \7=7 L > 147 Ot Rk 7 EL-FRLE G & 259 DS AKPE
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ZIZT, T UM EIHI TE 2RV EREZRFT L (AF—24 65), 7FLALRT
[(Thx)BH ] & W5 & ZIE L E L7z b oD, 7 B SR oSmEN AN L CTAR T 5 o4 —
283, 284 nfEHilz (= RU—1, 2), MDIEmWNT T a~F LR T V[Cy.BH]E HW5 &
7 U VERGL I S dv, PRREEOBRIRNMET Z-259 = FEfm e L Thx 7 (= hY—3, ZIE=
47:1), PULFEZ 6 i ~ER 5 & ZIELLDIRTARR O, TV NLNKRUED yfLTFa ko
L L THE LN D EIARY 139 SR 67% THE U (= b U —4, ZIE=23:1), 147 % (“IPC),BH
TR 2 & ENAREIRIIC 2-259 52 /- (= b Y —5, ZIE=9.7:1), RULSKE#Z 6 FfH
ETHE ZIEWDMET L, 7 U MIEANIZ K D B LT 2RI T DR E o7 (= U —
6. ZIE=4.0:1), RUERIHSEVEROBIILELZ AT 57 IR T [(Sia)BH] % H
DL @R - ENREIREIC 22259 52 7e (=2 R U —T7, 93%., Z/E =204 : 1), KGR
RS SR - STRBEPUE IR T L7 (= U —8, ZIE=46:1), YU EDOX D ITHN DR
U FEREONAR RN S E S ZRETH 2 L TT U VIR 2 L, m SRR Z-259 2 A
%95 Z TRk LT,
undesired

TIPSO TIPSO desired TIPSO

NBoc BR,, THF, rt; NBoc . NBoc
TeocN NaOH aq, H,O, rt TeocN OH TeocN
147 M (20250 M (E)-259 oH
entry BR, reaction time 259 ZIE 139 283 284
1 (Thx)BH, 10 min 44%, 1.5:1 15% 0% 3.8%
2 (Thx)BH, 6h 38% 1:13 0% 10% 1%
s CyBH fomn 8% 47:1 0% 0% 0%
4 Cy,BH 6h 21% 23:1 67% 0% 0%
5 (@PCRBH  fomin 6% 971 0% 0% 0%
6 (dIPC)zBH 6h 52% 4.0:1 0% 0% 0%
(7] swsH tomn 9%  204:1 0% 0% 0%
8 (Sia),BH 6h 54% 46:1 0% 0% 0%
TIPSO TIPSO TIPSO
NBoc NBoc NBoc
TeocN ”,/ TeocN OH TeocN OH
139 H 283 H OH 284 H OH
SUORIT
e 00 o vy
H :
(Thx)BH, Cy,BH (IPC),BH (Sia),BH

i

Scheme 65. 7 L > 147 OSAREIRAY & Kok v FBb-FR L EOS OE
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ZARDT VAT va—) Z2-259 PRRAJIZER TE /2D T, A%y TV ORI T,
EFFTEIH TV I E =L AR 261 E LT (A% —L466A), BEFO Z ke =/13
— Y R285 (X tBuLi Z VT U FA L LIz, AXZEALTE=/LAX286 & LIZ%, {Fbh
72286 @ TBS #:#FrE L T7/v2—/L 287 & L7z, Parikh-Doering f&1l1Z#%¢ < Kraus-Pinnick /%
EIZE D 7T K288 Ak L THLR 5289 & L7-, 289 & AF LT AT /L L TE=/b
A X261 HER LT,

W, EBRMAIBHZ R L7z (A% — L4 66B), Z-259 # 1 —RFx— MELT VB —HR 35— b 260
& EAIIC G T2, IRIZ, 260 & B =LA X261 & OFH-/IME-Stille 71 > 7Y TR T, B,
IR B 23 L2k 2 2810 L, "T U0 AEAFAE T 260 & B =L 2 X 261 # G SH 5 &
W TV T RIGINEIT L, AFy TP Z,2-149 SR TH 2 72 030, Z OF%, -
TUNRT Y LEERH LI @R Z AL 7 ¢ OB RS S Z, L L, BT
INBRIZHD 2 5 AU, SRR 2 S ISR I Z,Z2-149 AR T & 72 (Z,Z2-149 1 E,Z-149 =143 : 1),

| tBuLi, BusSnCl SnBus TBAF SnBus DMSO
T e Sor T omenn
WOTBS THF, =78 °C ] 01Bs THF, rt AT oH CH,Cly, 1t
285 286 88% (2 steps) 287
SnBus; NaClO,, NaH,PO,4 SnBuj Mel, K,CO3 SnBug
XA O omethyl-2-butenel COzH DMF, rt 1L co,Me
288 BUOH/H,0 = 1:2:1 289 261
rt 65% (3 steps)
(B) Tipso TIPSO
NBoc CICO,Me, py NBoc
TeocN OH CH,Cl,, 0 °C TeocN 0CO,Me
H H
(2)-259 100% 260
SnBu 261 TIPSO TIPSO
3 MeOZC COZMe
15 co,Me NBoc
TeocN
Pd,(dba)s-CHCl3 (5 mol%) TeocN
LiCl, DMF, rt 221148 H 7 e H E\/
91% ’ '
(Z,2)149 : (E,2)-149
=14.3:1

Scheme 66. (A) B =/L. & X 261 DAK, (B) AF v F VT Z,7-149 DR EIRAIE AL
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B T TR X VB SN Z2,2-149 D A F )L AT )V Z KSR L C VR g 290 &
L7z (Ax—L67), VAR R 290 % 2,6-lutidine 727E T, TMSOTE THLEE$ % & Boc LD RE
PMERE L THEITL, 73 /291 BNEKTE -,

PO tmsots PO HOLG
LiOH aq 2,6-lutidine NH
THF, 60 °C TeocN CH,Cly, 1t TeocN /
97% H 92% H

(2,.2)-149 (P = TIPS) 290 291
Scheme 67. 7 3 /g 291 DAL

RONIT I /8291 O~ a7 Z MURISEHE LTz (A% —2568), WITNOMEEHAI%
AWzttt ~2 a7 7 % MuldET L7, FricmbERE[CMPI R BWERE 52, H
IO TER M HS 292 DARR CTE /3 (= MU —7), ZHUFERMBHIC oD Z2 ALV 7 0 % H
T5Z L CRIGRFAILEAESL L3 < 220 | B b/ EORIBIED IR CE 2l Th b EB %
Too £ T, XU VHOMBERGRCZ B Lo @R R 141 O REMHERMETH -7
7o, AT DEEERZ B L T EORE 2B Lz, e & LTCMPI Z v 5 mM
DEHETIZEBN T 0T 7 2 2MuaikH s L K0 DRNEEERIZRE O T b @R TR S
¥ 292 G (= b U —8), Fio, REMETIE 1 [BIO G THK 360 mg O MUBRMEE# 292
DERMNAIRE TH o7,

TIPSO HO,C
NH conditions, iProNEt
&A360 mgRo—JL
TeocN = solvent, rt
291 H

entry reagent solvent conc. yield : NN, N, o :
vl | N N PhO_1I E
1 HOAt, EDCI  CH,Cl, 1mM C S Vi N PhO N,
OH OH i
2 HOBt, EDCI CH,Cl, 1mM 71% ' i
i HOAt HOBt DPPA !
3 HATU CH,Cl, 1 mM 85% ! . |
4 DPPA DMF 1mM 74% i F F | R E
H (0] @ :
MM 68% | Ph.y o NG
5 FDPP DMF m o E P o E | (|3H3 :
6 comu DMF 1 mM 56% i F :
! FDPP CMPI 5
7 CMPI CH,Cl, 1mM 87% | !
: 0 i
CMPI CH,Cl, 5mM 82% ! N /N/@ / |
i /\O)J\H/ YN\ E
' N. ©) XN i
® O PFg | LN 5
SNTONTY NTN® o
| 9  PFg !
comu o HATU © |

Scheme 68. 7 I V£ 291 O~ 1a T 7 X MEOKES
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~ 71T 7 IMETHEI- B 292 O TIPS £LiX A # 7 — )LiEiEd CSA Z1/Ef S8 ThE
L. @A 141 OSRRICEREI L (AF—1469), ok, Ax v U OV L FITIGEm
RS 141 1I2381F 5 NOESY FEBRIZ L v e LT,

TIPSO
CSA H@E AR (141)
0,
TeocN MeOH, 40 °C 7.8% for 25 steps
0,
292 100%
HO

O :

N :

TeocN RN C ;

H —r :

141 (500 MHz, CDClj, 60 °C)

Scheme 69. i A 141 D&KL & SRR E
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Yaviaw

FAR B EOELD

UTICE —E2ELol, $TABRBEZAFGMLE (AF—2470), 2-TMS-=% / —/)L 172
MOIFE LT VF 2 175 O = v 7 VAl 2 T[4+ 2] B ABAINBORIZ & W = 2 2 178a, 178b
EIRAEWE LT, IZ 178a, 178b @ CBS i#ytil &V Lie( & SIE(R 181a 4 (7 [ SR,
T T ARG R TE T,

triphosgene, py

Et,0, —45 °C to rt; B’ N\
TMS/\/OH TeocBnNH
BnNH,, 0 °C to rt NaH, TBAI (10 mol%)
172 173 DMF, 0 °C
80% 98%

BOCN%O 165

Ni(cod), (10 mol%)

nBuLi, TMSCI PPh; (20 mol%)
TeocBnN /\ TeocBnN /\
THF, —-78 °C ™S toluene, 60 °C
174 175
98% 93%

178a:178b = 11:1
(inseparable mixture)

. Ph
Boc Boc ” gHPh Boc Boc
N N N N
180 (20 mol%)
N + N 1 ¥ X
(0] TMS (0] B(OMe); (24 mol%) OH TMS OH
TeocBnN TMS . TeocBnN TMS
eocen TeocBnN BHj3Me,S, THF, rt eocEn TeocBnN
178a 178b 181a: 78% (95% ee) 181b: 7.2% (95% ee)

Scheme 70. ~ % 5 I U HH A BRI O R FAL

WIZ A B AT IR B AL L. (AX—AT1), FT7L4787 VAT /La—/ 18la 75k
L7zl VR AT )L 189 DT o F SN2 BRI TERRAFERG THEIT L, AR 191
BET S UFERICEE TE 7, 191 ORVONLVIERZREL, X0 I MO A BRES 136
DRI R F B AU A L7z,

,E\lloc ﬁoc 2-PyCO,H, EDCI Boc N
tBUOK, THF, 0 °C; DMAP (10 mol%) N _N
N 0H N HCl N-""0H CH,Cl,, 0 °C N NG
TeocBnN TMS 829% NBnTeoc 93% NBnTeoc
181a (95% ee) 188 189
TIPSO” >""MgBr 190 Boc Boc
Znly, CuBr-Me,S Na A
TIPSO = TIPSO =
THF, 0 °C NH4/THF/tBUOH, —78 °C
TeocBnN TeocHN
97% 99%, 95% ee
191 136

Scheme 71. ~ % 4 X UHH A BRI D AR F WU 2 35 DA
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WIZBC BRI AME L. (AF—A72), ABRIE136 05 2 TRTHKLET VX = Lo AT
JL196b DEALEMALEIGNIZ, AT U » AB Bl 222 @R ThH 2 7=, £7-, BRZE(
5 LIRS, %O CRIEEDO RN L b I 2—RIFATE L, o7 AB BRH
222 O o, B-REAFIT AT L% 14-#50 LT 223 & L, AB B LR TORF KR A @ LARRIRAIC
AL, AFNTAT V2237000 4 TRROBHETHFE LI T 0 vy T 0 14512k L, =
5 )= NAFET b U ZVA uFiliE 2 RIS 25 &7 L=/ AEAETT LS L ICHEER L 72 ABC
BR¥D 147 Z SR TRESL T E T2,

Boc Br E‘oc
T o nBuLi, CICO,Me
TIPSO = TIPSO =
NaH, TBAI (10 mol%) . THF, 78 °C
TeocHN DMF, 0 °C TeocN 7
136 196a 7
96% 70% (brsm 79%)
Boc
Boc Pda(dba)s-CHCls N
(2 mol%), HCO,H TIPSO A | NaBH,, CuCl
TIPSO —
Z_CO:Me  toluene/MeCN, 60 °C TeocN H EtOH, —20 °C
TGOCN\/ 87% 94%, dr=10.8 : 1
196b ° 222 COMe o, ar=19.8-
EOC Eoc
1PSO | MeNHOMe, PrMgCl  T1pso | o DIBAL-H
H 00 ° H g0
TeocN CO,Me THF, 20 °C TeocN Mo THF, -78 °C
223 H 100% 233 H OMe 79%
Q
Boc Boc
B (MeO)zP\n/Ac B
BuLi, ICH,TMS
TIPSO | o N2 TIPSO | fBvH, L
H H -78°
ToooN ] K,CO3, MeOH, rt TeooN ~  THFIHMPA, -78 °C
234 H 94% 235 H 145: 83%, 235: 14%
brsm 97%
Boc
B TIPSO
A T™S
TIPSO | CF3CO,H 7~ NBoc
B H ° TeocN
Tooo] = MeCN/EtOH, 50 °C
H
145 H 85% 147

Scheme 72. ~ % > 77 X ¥ ABC B DA%
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e, IEPEEOMBN AT AR L (AF—2473), DTFAT L=icTHDL
NT=7 L 147 %(Sia),BH TS 2 LA7iE - mEm72 e Rk vB LS HEIT L, Z-259
Z BRI OENLIRRIN T 2 72, 67T VAT v a— L Z-259 & J1—HRx— k260 & L
7o, BE= AR 261 E O M IME-Stlle 17U IR Y mEICEREBRMLSh T EEICER
WTAX v VT Z2,7-149 Z NSRRI DPORINIE AN TE /2, Z,Z-149 InH AT VT AT
JLDINK SR, Boc FEDEIRM 72 BRI < M LIERFE[CMPIZ Wi~ 2 m 7 7 2 LMEIZ XKD E

BRI 292 @R THR LTz, mRICUBERMELEW 292 D TIPS ZFREL, v X I VD

TR 141 O R R 75 A Rl A 2R LTz,

TIPSO TIPSO
NBoc (Sia),BH, THF, rt; NBoc CICO,Me, py
B, A
TeocN
TeocN NaOH ag, H,0, aq °0C OH CH,Cl,, 0 °C
H H z
147 93%, Z/E=204:1  (2)-259 100%
TIPSO SnBuj 261 TIPSO
NBoc 15 co,Me LiOH aq
TeocN 0CO,Me Pdz(dba)s CHCl TeocN THF, 60 °C
5 mol%), LiCI, DMF, rt
260 H ( ) (Z,2-149 " z 97%
91%
(Z,2)149 : (E,Z)-149
=14.3:1
| X
TIPSO HO,C (CMPI) ﬁ/ -
O
TMSOTH, 2,6-lutidine NH iPr,NEt, 1~ CHj
CH,Cly, 1t TeocN / CH,Cly, rt
291 H
92% 82%
CSA B PREMA (141)
MeOH, 40 °C 7.8% for 25 steps

100%

292 (95% ee)

Scheme 73. i@ F A 141 OARF AL
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B X U0 U HOMBERI RS R & TSR

HW—H ~XLHICOEER

B—ET, &0 HEOME P A 141 OB R TSRS Lz, § = ciddhm s
MR 141 B4 %2 O D BESEAED /3iF. ~F 2> A-E (1-5) O EERZ B LT (&
X— A 74),

141 (LB REA)

¥

Madangamine D (4) Madangamine E (5)

Scheme 74. ~ & > 5 3 O MERRNA G

FHHITHY AV C (3) ORARERM LT, ~# AT C (3 OAREMIIKD
B ChD (A%—LT5). HEFRE 141 OKREZBELTT AT K e Lk, Witlig )
RAZ LD A EA L TAF LT AT L2382 8KT 5, 2030~ r a5 7 % MMl, BILAER
LT ¥ o A0 C (@) AR HFETH 5.

macro-
lactamization

MeO,C  H
141 (FHEH ) 293 Madangamine C (3)

Scheme 75. ~ % /732 C (3) OEREHE
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F 9 Wittig SUGIZ WD MIEH 295 2 Ak L7z (A% — 4 76A), BEFDEFEK 294 (2 PPhsy &
ER S8, RAKR =7 LM 295 & EiIR T2 32,

WIZ, ~F 2 HIC (3) OEAMREMRFTI LIz (A% —LA76B), IiEHHIA 141 OKEEELD
FeAL SO TR & R L7253, B B 233 L7z AZADO & W36 Dk, TVT & R 296 %
Bz 728, 296 LA AR =7 LHE 295 & 0O Wittig SOGIT - ERREMER L LT AT )1 293 & 5
27170 293 DA F VT AT IV ENKIIR L CTHR W 297 & LTtk Teoc A FRELTT I/
£ 298 & L7z, KIZ, 298 M EDCI & HOBt # i\ e~ 27 0T 7 Z MMUIXE R T 7 Z 1 299 % 2
TRER 71% TH 2 72, ®EIC, ©ATF 7 X 5299 % LIAIH, TEITL, ~Z v HIC (3) @
MOEAKEER Lz, A LIZ~Z A2 C (3) @ HNMR, BCNMR, HHESEE LKA
LFEAIC—H LT 2,

(A) 4 £
MeO,C™\ /Br MeCN, 85 °C MeO,C 6PPh3Br
294 97% 295

AZADOL (10 mol%)
MeOZC’@éPPMBr 295

PhI(OAC),
CH,Cly, rt NaHMDS, THF, rt
85% 88%
LiOH aq TBAF
THF, 60 °C THF, rt
MeO,C H
293 100% 297
HOBt, EDCI, iPr,NEt LiAIH,
CHQClz, rt THF, rt

71% (2 steps) 76%

Madangamine C (3)
Scheme 76. (A) ARAR =17 LM 295 DAERL, (B) ~Z I C (3) DA
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WO XU EDEERK

I Z o HIVE B) DEEMERIELL, ~¥ U HIVE B) bvF I C Q) &
[FERIC, ~7m 77 2 METDRPBETE L LEZX T (AF—AT77), £7. HLEPHIAK 141
DKRIBIZRFLTI00 & Liztk, /87 D0 M4 V=301 DB v 7Y IRIGIZE Y
DEMISNAEAL 302 45, Zomb~rus 7 2 MM, BrailE LT~ X LIV E (B)
AT HFHBETH D,

Appel reaction

301

Madangamine E (5)

Scheme 77. ~ 7 a7 7 Z MbaEFRAHA LIz~ Z I E (5) OAREH

F P HGE PR 141 & Appel SUSMZ KV BFEALLT300 & Lz (AF—A78), &5472 300
WX L. Fu BOSHAE L7z sp3-spd$aR-BTl 27 v A h v 7Y o 7 h iz 34, RT U7 AMldrfE
T, BFEMEI00 &ETNAFNLRTEEY 0L L 2SS ET2bOD, BWOA v 7Y 7K 302
IR o7,

CBr4, PPh3

CH,Cly, rt
89%

141 (L@ RE)

MeOzC/ﬁG\Q-BBN
301

Pd(OAc), (20 mol%)
PCyj; (40 mol%) MeO,C H
K3POy4, THF, rt 302

0%

Scheme 78. /X 27 Ml A ATz spi-sp® 1 > 7Y
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% 2T, Cahiez b 23 L7eSR:fF 25351 L, RFEA 300 & Grignard 73K 305 & D F » 7Y
7 St il dz 38, FPIXSIRIT O TMIEE 304 25 L7z (A% —L4 T9A), HIRO T V= —
/v 303 & TIPS JE TR L, AR 304 2B LT,

RIZ Cahiez HOWE Lieh v 7V U 7O E AW T ZHE L7z (A% —2479B), filliiE
@ CuCl,-2LiCl 774E F. 84 304 7> 5 %L L 7= Grignard 343K 305 & B3k 300 Z &€ 5 &7
xR IALBHET L, o7V 7K 306 & 92% & EINRThH 2 7, BTz 306 @ TIPS L4 Fk
ELTTa—307 & Lctk, B UKL L L VAR VB8 308 % @R T 7o, /LR
V£ 308 D Teoc HAFRELTT I /R 309 & Lctkic~raT 7 ¥ MMezailksi-, 72 /1% 309
kL, fEiEAle LT HOBt, EDCl Z{EH ¥ 2L ~2r T 7 X2 MEBNHEITL, EXT 7 X A
310 PMERULELR N BEF Lz, ZOFE, 8k LIZRIAER IR 18% TR LT, E£o, i
WEMTIZBW T2 T 7 % MEOFMETUELL TH, E&EROERIIIH TE Iehode, Z
L, ~F A1 E (5) @ D BREARUSESERMEGEZ L TR0, RIS LT L
Wz, NG T L O o TWele O ThH EEBEZXLND, ZORENL ., Kb
A2 Er SO0 X9 BREUSHRIEERGT RO b,

(A) TIPSCI, imidazole
DMAP (10 mol%)
HO """, TIPSO” " " "p,
CH2C|2, rt
303 304

TIPSOQ MgBr 305

Li,CuCl, (50 mol%) CSA
THF, rt MeOH, 40 °C
92% TIPSO 306 97%
TEMPO (50 mol%)
PhI(OAc), TBAF
CH,Cly/H,0, rt THF, rt

90%

HOBt, EDCI, iPryNEt

CH,Cly, rt

CO,H H 508 310: 29%
dimer: 18%

Scheme 79. (A) I8 304 DAk, (B) ~7 v 7 7 % MbA R L7z D BRIELE
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RERT I v OREEFEB T HI2H720 | RERIAB A & & o AR TORIIEIN L < @i
ENTEZ 3D, Amat ICEH~F AT D (4) OB TIE, KEIRMBR A ¥ &2 ATk
SKFWRMT DRI AMHEEL T D (AF—2180A, 128—130), v ¥ > H I U HERENICE
BT HTDICIE, DBRALD QBICERAT Y VU AHBETHZEBMHATH D, ZDY
BVEBRA® y VTR FEET D72 RERMABR A Z & 3 A KFERMO—H D ISITHND
TENRTERY, TITERAFZ YTV VAR LR DREBET L FIEL LT, &
FHN-7FIAGICER LTz (ZR%F—A480B), Y EIRSEF 22425 N-7 /L F b4 v
X, D BRABHDOZZHREN M E L, DEET VIS KN E BRERRFE2IESIToND LB ZT-,
FITET, Ta— 307 & T — k311 AR L=, BFs-OEt & H\C Teoc ZE&BRrE
LCoMT IV 3R 8L, ol 87T > 312137 & b=k ULy MRS
TTMET 5 & 51N N-T L AL ET L, HBRMEEAEY 313 2 2 TRRIGE 61% TH- R 72,
IO, CEEOARITA SN o T, RBIC, LR EEW 3B D ERHEO~ I T I X A
Z LIAIH; CEIT L, v XTIV E (B) DYDOREMEER LT, LT~ H I E (5)
?DHNMR, BCNMR IZRAKN D BB S L= v TV OREE E RD—FE R Lz 2,

(A)
= 1. Grubbs 1st
. NTS 2 HZ, Pd/C OD NTS
/WN 3. DMP N
o 'n OBn 0O
75% (3 steps) H
128 130

p-TsCl, EtzN
DMAP (20 mol%) BF;-OEt,
_— = _—
CH,Cly, rt CH,Cly, 1t
90% TsO 311
K,CO3 LiAlH,
—_— —_—
MeCN, 80 °C THF, rt
61% (2 steps) 69%
TsO 312
N
N =
S

Madangamine E (5)
Scheme 80. (A) Amat 512 k. 2 FBE A ¥ & o A US-/KBEHNNT X 5 g0 D B o0& Rkl
(B) 5 FHN-T Xt W=~ 2 H I E (5) DR/
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W O~ XU DORAE

WIZ~HZ I D 4) OREREBIELL, ~Z 1D @) X, AificamLic~4
YIHIVE (B) KV b —RKBEWKINIZD RBEZALTWD, £DId, ~F I E (5)
ERIBEDFIETARTE D EE X2 (AF—1481), BFER 300 & Grignard 33K 314 & D4y
TNFMERT R T — b 315 2155, wmBRIZHFHN-7AF UL BICICTYH o AI D
(4) #EKT DFHETH S,

TIPSO’QMgBr

intermolecular

. intramolecular
alkylation

N-alkylation

300 Madangamine D (4)

Scheme 81. 73+ N-T A F AL ZRHB LTz~ Z I D (4) OEREHH

F9°. BFEA 300 & EEEE AW SR L 7= Grignard 338314 L A2 v ) S H, 316 &
84% & EINHE TH7- 303 (AFx—1482), Fohi-l vy 7V 71k 316 @ TIPS #&FrE LT 317
& LTete, AAUToKEEEA R T — b 315 ~EZH L7, 315 O Teoc A&id BFs-OEt: Z JHVWTER
FEL7%, AU BT IO N-T VR LI EIERTHEIT L, HERMEEH 318 2 2 T
FRINER 85% CTH- 2 7o, Z RS, —&EEIFAER L2 o7, REIC, 38 DERI~I BT 7 X A
EIRILL, ~H LTI D @) OLERITEH LTz, Gl Lz~ I D (4) ®HNMR,
3C NMR, FHEXE L, Andersen H23HEE L 7= 7L, W ONT Amat DGR L7z 7k
—F L7z e

TIPSO'(/z;MgBr 314

LioCuCly CSA
THF, rt MeOH, 40 °C
84% 78%
p-TsCl, Et3N
DMAP (20 mol%) 1. BF3-OEt,, CH,Cly, rt
CH,Cly, rt 2. K,CO3, MeCN, 80 °C
85% (2 steps)
85%
LiAIH,
THF, rt

80%

Madangamine D (4)

Scheme 82. ~ % /I D (4) DA
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HUE ~X 0TI ADERER

WiT~Z oI A (D) OEEHIZIRVEATE, ~Z I A (D) 1D BRI EM L&
BEINDHAF YT M) 2 UHEEZALTND, AF v 7 b ORMELZWNZHIE LoD,
SEARRIRENCEATE 008888 725, 913 Amat SAAEAE L2 ARESE * (p12, A% —24
13) #ZEICL, Ax vy T MU A 321 BT DA MGETR A2 Tz (A% —2483), 77k
K206 OB ETELT7MF 319 7/ X LouI R320452 vy 7Y 7L, AF v b
VAV 321 %55, 21O -HEESGORTLERTT I /322 25T 5, ®KIZ32 D~ s 1
ZuHMME, BRRICTE XTIV A (D) 2EKT 5,

macro-
lactamization

Madangamine A (1)
Scheme 83. v 4> 7 A (1) OERKEHH

TT B R 296 & K F--Bestmann REE CTULEE L CT7 L% 319 2/ L7T- B (A% —L4 84),
319 £ 320 L DA v 7V U TITHRREONEETHEITL, MU A 321 25272 %8, fi< 321 DK
FWMTIE Y =2 323 [FHEECTE T, —EHOT X OHETT S NIZRIERYST Vv £ T
RELRE T SN BIAE R S E &SP (ESI-MS) TR ENT2, 0 TINICIFET Dk % Ie L EifE
AREOXBULRHEETH o727, FU A 2 321 AT HELV— M EBi& L,

Q
(MeO),P_ _Ac

g

N>

2 Br
OAc 320

K,CO3, MeOH, rt Cul, Nal, K,CO4

DMF, rt

87% 53%

H,, cat. Pd/BaSO,
quinoline

MeOH, rt

multispot

321

Scheme 84. A% v 7 hU A R1LEZRHBLIZAFy 7 M 323 DERK
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RIZ Wittig SUSIZ TAF AT AT V26T D181 324 DBEANZH ATz (AF—2185), T/VT
b K296 &7k AR = LK 324 L D Wittig S IFHEIT L7223, HIGO A% » 7 h =2 325 &
HREE D C-22 MLIZE ML L THEOND af-REIFI= X7 L 326 & B oBEREE A E LTS

Lz,

Z
< » PPhgBr

CO,Me 324

NaHMDS, THF, rt

MeO,C TeocN
21

H 22% (325:326 = 2.3:1) H
325

Scheme 85. Wittig )2 & 5 = 27 ARIEH DA

C-21 LD H VAR = VLTS ARG U 7= IE AT 5 2 L1 LTz, 3. Wittig KR IC AW
RAR=T LM 332 Z# AR LTe (AFX—A586), BEAIOT R/ UL LT Lba—L 327 % hv T —
R328 ~EEWLT S, BONTZ b T — 328 L 3T FULl-A—NEH YT TS AF
v VA 329 Az, 329 O ZHAH B AMBLED = v rVRT A RIFE T, KFHRML TAF
v 7P m 330~ EIEIE L7, 330 D UFHED KR AT A T — N A iR L CRFERIZL & LTk,
PPh; % S S TR AR =7 L4 332 2@ IUR TARK LTz,

OH
/\/
Ho/\/\ KOH, P-TSC| TSO/\/\ CUI, Nal. KzCOS
OTIPS OTIPS DMF, 40 °C

Et,0, 0 °C
327 98% 328 73%
OH : 0
Ni(OAc),-4H,0 (33 mol%) J OH
| | NaBH, (77 mol%), EDA MsClI, Et3N, THF, 0 °C;
EtOH, rt \ LiBr, 50 °C
A oTIPS
OTIPS 81% 94%
329 330
J Br J PPh3Br
PPh,
\ MeCN, 85 °C \
OTIPS OTIPS
95%
331 332

Scheme 86. 7~ AR =17 Ll 332 DAL
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AR LIZARAR= 7 LM 332 L 7/LT & R 296 & 0 Wittig S itz ik A7z (A% —L487), 7/b
Tt K296 &7 AR =17 A 332 2 NaHMDS THLELd % & Wittig FUGSHEITL, AF v 7 H U
T 333 HHNIRBEMEARLE L TARTE T, 333D TIPS AFREL, 73—/ 334 %2 L.
PRI 69% CTHF7-, WIZ, £ U7 V2 —)L 334 O b Z MG LT, Bx B bR 2 3 7= b
DD, HHIOT T R 3BT/ NT. bEMORERRONDDHTH Tz, ZD LI,
Ax v T M) U BT IHIED C21 (T HNVR = VIR E AT D EREEICIRDZERHE
MmETRD . REMAL— N EBIELE,

/
(@?Pphssr
OTIPS 43,

NaHMDS, THF, rt

CSA

MeOH, 40 °C

69% (2 steps)

conditions
entry conditions result
1 DMP, NaHCO3, CH,Cl,, rt multispot

2 AZADOL, PhI(OAc),, CH,Cly, rt multispot

3 SOy, EtsN, CH,CL/DMSO, it multispot

Scheme 87. Wittig SUiis & Al SR DRt
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ZZT, ¥vHHID @), E (B5) OEAEMICEIT S D BEMBEOBITH W KERIR N-7 /v
T b E AT (A% —2488), T/ —/L 334 DKEFEE b T — bk 336 & L7=%%. 336 @ Teoc
BT BFs:OEt Z IV TERE LT, bt Z#k7T I 337 137 & b=k ULl sEES
PEFTMENT 5 & D FHNN-T LR EIT L, ~Z B I A 1) ITxnd 5 RKERT I v
338 7% 2 LRUNK BO% CTHM TE /2, ZOBE, BB Ko L&y = o DAERITR bR T,
REIZ3BBDEBR~YI/RnTF I HZLERILL, ~F U TIVA (1) OPOREREER LT, &
L7z~ Z A A (1) @ HNMR, BCNMR X Andersen H D& & 584l —E Lz 2,

p-TsCl, EtsN
DMAP (20 mol%) BF3-OEt;
CH20|2, rt CH2C|2, rt
100%
iProNEt LiAIH,4
MeCN, 70 °C THF, rt
H 59% (2 steps) 76%
337 338

Madangamine A (1)
Scheme 88. 23 FH N-7 L X MAL AR LIc~v XTI A (1) ORERK
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FBHE ~ XTI BOEERK

T v ) BSOS

BB~ XTI B (2) OARICIRVFATR, ~X T 0 B (2) 22T DB0ORK
DIEIL C-3031 LD E A V7 1 U WININRRIRINTEAT 52 Th o7, T, 74T
B R296 MHEATED EB XTI (AF—L489), 296 1 HFFET 5 E-339 & A7 F&HiFnaIK 340
ERIEEE, Ay U TIRE-341 455, E-341 D253 N N-T VX UAKIZ L 5 D BRIBEE 4 #%
TxH U ATIB 2) 22ANKT 25 TH D,

(E)-339

intramolecular
N-alkylation

Madangamine B (2)
Scheme 89. ~ %> # I B (2) OERKFHH

FTNEH TV THEE L TE=LV M) 77— 32 DA ERfE LT (A% —2490), 7
TR R 296 AHEdL L THO CMLELL =723, 342 X5 n7z2nvo7z (= b U —1), Commins X
HELUGESED L, 342 DB RH L THONLT VX 33 252 5DHTho72 9 (=
FU—2), —J, tBUOK f#7E F T .NPh TS 5 L HRIDOE=/L F U 77— | 342 AR TE
7oo LAL. WE, SRRV R & o7z (=2 h U —3),

TfO. _~
conditions 2
TeocN
342 H
entry conditions result
1 Tf,0, 2,6-Di-tert-butylpyridine, (CH,CI),, rt multispot
2 Commins' reagent, KHMDS, THF, rt 343: 42%
3 Tf,NPh, tBuOK, THF, 0 °C 342: 40% (E/Z = 1:1)

Scheme 90. =/l N U 75— | 342 DA O
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WIZ gem- A F AL T VT D B BB X B0 B AL T Vo DA E R LT (A%
— A5 91), 7Tt R 296 % Prati &3 LI2SFCTUEE L7=23, HEIO gem-2 7 a7 /L7
V34 TE LN o T2, — 5, TVT B K 296 @ Barton )G AR E Z A, gem- F— K
T VI 345 & B IEEE THETT L7z 346 Z 3B ATRERIR G & L TR SLIRIEIRE & IR T 5
X724 (345 : 44%, 346 : 4%, E/Z = 1:1), F£7=, T 345 & 346 OIRA W & M FE T L7=23,
HIH 346 1315 D7 d o 7o, LA EORREHE RN 5,296 I H~a 7 L ALT )V o 346 ~EHERY,
AONRRIENCHET 2 Z L IR TH Y . 7=z D BABHEANELGT 2 2 &IT LT,

P(OPh);, Bry, Et3N

CHQClz, rt

decomposition

1. N2H4'H20
CH2C|2, rt

2. 1, Et,O/EtN, rt

345: 44%
296
346: 4% (E/Z = 1:1)

LDA

THF, =78 °C
0%

346

Scheme 91. E {A~ua 7 AL B =)L 346 &Rk DOiEt
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HIE A XU ARER VT D B AEO R

- DBRABEAEL LT, 702 A X AREE AW ARAHE 2SR LT (AF—L4
92), RFMAK 300 NOLFHETELRMAL T 42 347 LE=AEFa— LRI EDI O ARY
TUARIGIZTERE =LA T L 348 BT 5, IRIT 348 DERESL A A% T 346 &%, 346
EEREHRENGRIE 340 L OIRED v TV T Ty TV U TR E-341 & LTtk 0 FN N-T L
FMEERBLTYF o AIB 2) 28T 53 ETH S,

intramolecular
N-alkylation

Madangamine B (2)
Scheme 92. 7 R A A BBV ARG EMWe~H I B (2) OBRGEHE

F£9°. Sharpless D FEEZBEIZ L THRImA L7 1 > 347 OERRERATZ 8 (AF—1403),
FIR300 I L TEL=R7Y=F 2GS H, e L ALEGW 349 ~EHL L 7=, KRIZ 349

R KEAR TR B L. KA L7 2 347 %7 2 THENERE 86% TR T 7,

0-NO,PhSeCN 0-NO2PhSe

NaBH,
EtOH, rt TeocN
300
H202 aqg.
THF, rt

86% (2 steps)

347
Scheme 93. L L/ &3 ROMBEAERRH LKA L7 1 > 347 DERK

65



BONTEREA LT 42 347 L=V EFa— LRI D7 nARXF v ARG E R L
7o (AF%—L494), Flix O Grubbs B2 IV TRRES L7223, WINORMET TH HAYo 348 (31
ECE ot (= b Y —1, 2, 3), ZOFR RUSHRPNSITHBOE T 2 —/LiRT 2 348 D
iz, B FWNICEEOEF a— LRI 2325 350, 351 &EXDLNDEIEMRM»VE =T

(ESI-MS) [Tl ENTz, ZDZEMBATFRIOAZ B AN TIX 347 ORGA VT 1~
CERFLVT 4 OXIUERHEETH D Z BT,

>?Log >?Lo
- \/ \
o B~r” | B

Grubbs cat. (20 mol%

CH,Cly, 1t TeocN
: 348
entry Grubbs cat. result
1 Grubbs | multispot
2 Grubbs Il multispot
3 Hoveyda-Grubbs Il multispot

(pin)B.,_~

350 (pin)B 351 (pin)B

Scheme 94, 7 0 A A XL ARSI L A E =L a—/LiRT L 348 DERL

I, 3 FNOHRAZ B ARG L 5D D BEFEAHfE L7 (A¥F—L4 95), 347 @ Teoc
Ji% BF3:OEt, Z HWVTEREL T 352 & L7ctk, N-T AT /ARIZT=Hh7 I > 354 AR LT,
N7 354 DR A 22V AZRAB TN, ISRIFZL AL LTz, LL, BOSRFNHIZHEDY
O HERPEB S 355 & AISHANBIR X7z 356 DAV E BHT (ESI-MS) TH L M- 72,

([~
OTs 353

K,CO3, MeCN, 80 °C

BF3'OEt2

CH,Cly, rt

57% (2 steps)

Grubbs |
(30 mol%)

CH2C|2
rtto 40 °C

multispot 355 356

Scheme 95. PABR * % & 2 AUGIZ L 5 D BRIEE O
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Z 2T MIBHOIR R X D EIERM 356 DAL EIIHIT 5720, fIHOREA L 7 1 1T
AFVILZE A LT 358 TOABR A X v A& iz (A% —L10 96), 347 O Teoc x
L 7 22352 D 357 (2% 5 N-T /L UL TR A F LI a9 5 358 & Ak L 7=,
FFHiiz 358 DPABR A X & v ARUZ LD D BRAEEE A fant L7z, 358 4 55 —1tfX Grubbs filiff: T
B2 & BHRIO HERMEALEY 355 1TRINE R H& LT, L L, BEROFEHRMEITK) -
7o (= R U—1), WBRME(LEY 358 DA T 2 =47 I 2% Grubbs fill i 2 KI5 ST\ 5 &5
2T, T, =T X2 358 HHUTEMRT D720 Y 7 A e BERE 23N U Tt 2 A7
D3, MR, HEMEE bIZBGEIT R0 ol (= h Y —2), ULEORERNG, A Z B ARIGE R
W2 D BRI ZWT S L, By — RERET HZ LT LTz,

Me
P
(W
OTs 357

K2003, MeCN, 80 °C

BF3OEt2

CH2C|2, rt

76% (2 steps)

Grubbs 1st (30 mol%)

see table
rt to 40 °C
entry additive result
1 none 355: 0~36% (E/Z mixture), 358: 12%
2 CF3CO,H 355: 19% (E/Z mixture), 358: 75%

Scheme 96. B 2 ¥ &3 A KSIC & A D BrkEs
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BT BURMINERBATA~Z I B OEAIK

ZHVE TORGETTIX LB HIA 141 O EERR DR E AL 7 4 VOB AZRATET,
LU, @EICE (L S 4172 ABCE TUERMEEA%IT 3T 2 BRESLEIRA R ZHUIREETH 0 . 2
Y7L D BREGUIRBITE R o7, £ T BHENRE AL 7 4 UBEEZEL, —H, 7
T B R296 ZRT DI LI LT (AXF—A497), 296 DT /LT b RO oLz (kL 359 %15
%, 359 OEHREFAAHUCL Y oA —)L 360 & Lizth, WKL TT7 LTk R 361 £ 9%, 361 O
Julia-Kocienski 4L 7 ¢ MLIZ LV, DERESE AL 7 ¢ > E-341 DR INICEATE S &5
Zlme WBITHFHNN-T AT, BEE2RTFL o HIVB 2) 22AMT 5B TH S,

intramolecular
N-alkylation

(E)-341 Madangamine B (2)

Scheme 97. R INZ D~ Z L H I B (2) OERKEHE

F9. 7T K296 O a (LG & Bt L7z (A% — 24 98), Tomkinson 5 DA IZHEV,
296 b R Ly I MR CUERT 5 L = F X L 363 DIRUITHE < S FINERALANEST L,
WY ANFFRTT TR R 364 BHREOICETH LN 4, B CEOm L& IFL,
M ORALSIE Z R 2 Z &iC Lz,

/g OBz
(o o)
. N
tBuNHOBz-HCI Bu” \\{

—_—

THF/H,0, 50 °C

Scheme 98. Tomkinson & D&% W=7 VT & R a (iRt
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7a ) A N7 VT e R 296 O a (iR A T LT (R % — 4 99) KBS TIXE T
TATE R26 &7 UREAE LTI 365 L7 5, 2O, = b YR UDOEFFT
MTF X365 DIVARF VA FEOEMET 7~ AZENLT D720, 365 1T LIER KB A R
LT COMANEMRIND, £9. MacMillan 5 OEMEZB BT L, 7 v a R/ AREF TV
TER26ICL-TrY = e Y RCBUEAER S, BEOBRKA 366 1345 Hi/ed o
fz4a (my k) —1), £, MOBE LT b= b U UREEE O R bR, RS
RITZ AL LTz %0 (=2 kU —2),

O\COZH

N
H (20 mol%)
PhNO
solvent, 0 °C
L 365 H _
ONHPh
: entry solvent result
1 CHCl3 multispot
2 MeCN multispot

Scheme 99. 71 U A% -7 L7 b R a Mgk ofeEt

—Ji. Zhong b DEEZSEIZ L, DMSO Z ¥t & LT 296 Dbz ikA 5 & SOSITHE T L,
TITE R 366 DAMAHER TX 7= ¢ (2% —14 100), 366 272Ky NS TET LT 367
LR, BImCT =) U EBREL TUA—IL 360 2157, 4 Uiz V4 —/1 360 % MU C
LR 2 & @R 141 0 5 — IR FWIR L7277 0T & R 3617533 TARILEE 14% T HAL72 03,
s THRINER T o 72,

<_>‘COZH ONHPh ONHPh

N
H (20 mol%)
PhNO

—_—

DMSO, rt;

CuS0Oy4 (30 mol%)

Pb(OAc),

MeOH, rt CH,Cly, rt

14% (3 steps)
360 361

Scheme 100. Zhong 5 O5AMEE W=7 VT & K 296 O o (MER{LE
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WIZ, ARG HE LRl g OB 2GR E L7277 b N a i LRISIZHEHR L

(AF—24101) 6, 7Tt K 296 Zfilllt &0 TBAI & B UUAFET, ZEER L TBHP
THEET 25 & a LD HEIT L, a-XU Y A AT T VT v K364 03564072, 364 DT VT
t RZEILLIEE, VoA Yy NOSICTREAD Y v AZML, ¥4 —/1360 & L7-, 360 %
HERREA CHLER Y2 &, iR ST /4T & R 361 A% 3 THREULER 50% & mIUR TAK CT& 72, Al
B AR LI LSURIZ DWW T, BEIZR SUSHREIERT & 2002 o TN b O D | FUGFHRFTA
C % AL 3 7 FFLHE[BUN]T[IO] & = Al D7 3 & 38 [BusN] [102] 23 & AR & L THUGSIZ B
HBLTWDHZ ENRBINTND,

PhCO,H, TBHP OBz
TBAI (10 mol%)

piperidine (5 mol%) NaBH,4, MeOH, rt;

EtOAc, 50 °C Ko,COg3

Pb(OAc),

CH,Cly, rt

50% (3 steps
360 b (3 steps) 361

Scheme 101. AR5 DEMZ A W=7 LT & K apfLDX2 VA VA AV

Wk L7277 B K361 NWEMTEZDT, DRABEOBEALZKRF Lz (A% —2A4 102), PT

AR 362 % VT2 Julia-Kocienski AL 7 ¢ ABIENEIREIRIE, RO B BIMERME - 72 47
(= hVU—1), BT AR 368 VD LRI F L4 (= Y —2), —Ji, 7T
bt N 361 & gem-23— RT7 /LA 369 & DEH-NAT LT ¢ AT OARERIE T » 7Y
VR E-341 2 5 ATy, WCROBENETIARD TR o 72 %80 (2 F U —3),

0. 0 Ph
\\ 7/ 1
(/ N
2
OTIPS  N-\
; 362 5
(E)-341 E %P i
= S :
Lo
entry conditions yield E/Z ! OTIPS N !
| 368 |
1 362, KHMDS, DME, —60 °C 69% 1.5:1 ! ;
1 P H
2 368, KHMDS, DME, —60 °C 27% 1.4:1 : < 2 CHIp
5 OTIPS
3 369, CrCl,, THF, rt 0~69%  8.0~9.8:1 ; 369

Scheme 102. Julia-Kocienski 4~ L 7 1 A1k, @H-WAA L7 ¢ AU DOFET
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&Iz, Julia-Lythgoe A L 7 ¢ ALREG 2 Brgt L7z 4% (A% — A 103), AL 370 % nBuli
THRHFLT- L ZAICT AT R 36L ZWNT 5 EAINBISHET LTz, 212V Ry MUGT
WAL A NVETINT D LR A NF X AR Y 371 B LI, RICA VIR > Ot %
AT, 3TLIZT Y U LKERT VT BB EH &85 & E-341 D3 WONLARIERIRME TR B AL 72 73,
2 TRET 26% L RINEE o572 (= FU—1), 371 3 k¥~ U o A TUET 5 LRIGE, F
FREEDNAREIRMET E-341 25272 4 (=2 F U —2), LEDORERNG, 747 F 361 b

BRI 28 AT 5 2 L 2lra L, BEENICDBRMEMET 2 Ic LT,

< _— SO,Ph
2
OTIPS 370

nBulLi, THF, -78 °C; conditions
_
BzCI
entry conditions yield (2 steps) E/lZ
Na(Hg), Na,HPO,4 o .
! THF/MeOH, —20 °C 26% 12:1
2 Sml,, THF/HMPA 10% 4.0:1

—-78°Ctort

Scheme 103. Julia-Lythgoe 4 L 7 ¢ LDkt

BRI Z MR T 2ICHI0 . ETmH-NET LT 1 iz kT v r=1r3a—T R
E-346 DA AR AT (AF—L4 104), A THF & L TRINZRARD & @mKRBI T
E-346 #5273, WEROHBIMEIME o7z 488 (= hY —1), §ilEE 14-UA4 XY & THF
DIRGVEINZ 2 & SEARBRIRMEIT M B L7z % (= Y —2), 567 E-346 OAREHENASE
340 L DIRFED » 7V L ZIXHMIO BE-341 & 52 e, FRREOICEE 72, E-NAF L7 4
AT OSSR INVE T E-346 2 5- 27208, AL 7 4 bbb ki By 7V U IS A —VvT
v TR LICEMMET Lic, 20720, BIOERL— M2 RE LT,

<©?an
OTIPS 340

CrCl,, CHI3 Pd(PPh3)4 (10 mol%)
solvent, rt DMF, rt
51%
entry solvent yield E/iZ
1 THF 37~60%  8.9~9.5:1
2 1,4-dioxane/THF = 6 52% 11.8:1

Scheme 104. & H-NAAL L 7 4 MK BED v 7V » 712 & B E-341 D&KL
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Z 2T, @I-AART LT 1 b E Wittig SUSZMAE DETRIBEHOME 2R A7, F 313
$HE G L=, 77 & R 372 % Barton UGS CUEE L, gem- 3 — K7V 373 2457
280 (2 %— N 105A), 373 IIRLETH 7220, BREELNCH v 7V o Z RISV,
WICHR AR = 2 378 Z A L7z (AF—2L4 105B), 7 /L% 374 DT /L VRO DK L
TT7va—)L 375 24537- 5%, 375 O =HEHEAZIE L L T376 & L7=1%. Appel KIHZT 377 & L
Too BFONTZRFAITTIZ PPhs ZEH SH, RAR=D LHE 378 2 @IUR THERL LT,

1. N2H4'H20, CHzclz, rt

(A) (\o (\o
0)\/\CHO 2. Iy, Et,O/EtsN, rt O)\/\CHIZ

372 25% (impure) 373
(B) nBulLi, BF3-OEt, Ni(OAc),-4H,0 (33 mol%)
OTIPS ethylene oxyde OTIPS NaBH,4 (77 mol%), EDA OH
///\/ /\/\/ OTIPS
THF, -78 °C HO EtOH, rt X

374 80% 375 93% 376

PPhs, CBry Cgr\/ PPh; Cpihjgr

CH,Cly, rt N OTIPS MeCN, 85 °C AN OTIPS

94% 377 85% 378

Schem 105. (A) gem->° 3 — R 7 /L7 o 373 DAL, (B) A AR =17 Lt 378 DAL

TR, BRI OB A AR A (RF—14106), T/T b K361 L 373 L oA
TV 7 4 ACIINSEIRC T2 X —)L 379 & 5.2 72 480, Z OFE, EIZ (RIZBEREECH - 7= 7
D, IREMOEEFHL LR ERATZ, 2B, ZO0 v 7V o TRIGOILE, SLASERRVEO M
FE<, SRETOEHNL— N THEREECH TR —L T v AT bRNETE 7, 3719 DT &4
—VEEBTHRELTT AT R380 & Lz, 677 /b7 K380 LA AR=D ALK 378 &
? Wittig SOt i, C-26,27 AZIZB U CH—ZREMER S LT E-341,Z-341 & 5- 2 7o, Z DEME T,
mH-NARA L7 ¢ ACBUS HR O RPEIR E-341 & Z-341 Z50BEC & T,

THF/1M HCI, 60 °C
92%

THF, rt
79%, EIZ=4.8 1

26 %7
PPheBr 78
N OTIPS J | z
NaHMDS
.

THF, =78 °C TIPSO TeocN
(E)-341: 56% 4:'
(2)-341: 9% (2)-3

Scheme 106. &H-INAA L 7 ¢ bIZHE< Wittig SSIZ X D RISHO M E
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"ol B34l b~ I B (2) AL (AF—A4 107), E-341 @ TIPS AL
CSAZHWTERELTT L a—/L 381 & L7ctk, A UTKIEREEZ 7 —h 382 ~&EEH LTz,
k> — b 382 @ Teoc #:% BFs-OEt, # WV ChRE Lz, Lz k72238317 h=Fh
U VERBE . HEREVESE T OB 5 L N N-T AT LR HEIT L, ~Z I B (2) @
DERICHY T2 REIRT I 384 % 2 TRILE 76% CTH X 7o, ZORE, BEflC L o8& =0
ARUTR BRI oTo, &EIT, 384 DERIMO~Y I/ 0T 7 2 LEELL, ~X I B (2)
DDA LTz, B LTz~ & > 5 2 B(2) ® 'H NMR,3C NMR, FLHEYEEE 1% Andersen
HOWE LFERIC LT A,

p-TsCl, EtzN
CSA DMAP (20 mol%)
MeOH, 40 °C CH,Cly, rt
100% 84%
BF5-OFEt, iProNEt
CH,Cly, rt MeCN, 70 °C
H 76% (2 steps)
383
LiAIH,
THF, rt
83%
384 Madangamine B (2)

Scheme 107. ~ & 3I B (2) DL
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A ~F U EOAEYTEN R

I ETIZ Andersen H1E, REMWDHBEL 7=~ Z I A (1) A~ 7 A HIMyFEHLeEk P388
(EDso 0.93 pg/mL) . & bl bRz B i A549 (EDso 14 pg/mL), & R 7 A hathA h—
~ U373 (EDso 5.1 pg/mL) . b hFLAREEHIN MCF-7 (EDso 5.7 ug/mL) (259" 5 izt 2 A9 5
ZEEHEL QWA F7, Amat HITAR LI X A I D (4) e MERIEME HT29
(Glso 4.4 pg/mL) . & bENE#E AT PSN1 (Glso 7.4 pg/mL) 12xF L CHlfadt2HF 452 L %
O 2NC LTz %, DEBREENRR DT, v~ HIVA (D) £ D (4) BERERERDE
RS AR DM E 2 R T VD TR O DOWENG v X T VEOIEN L D RO
EORNZITFEREN B D Z & DR STz, L L, fOFERIEIZ DWW TIIRARD 6 Offfa &
D7 b MR VR BB S Z ENHEETH Y | IEEITIM STV, EDT0,
~Z A X AR O AYENEZ RIRFIZEEAML U CEBEAIZ R L7 w2 0 I VD
AIEPEIZI1T D D BRSO EEMEIZ DUV TR T d o 7o, EHERIIC Z 1 OB RIE O A MG
T 211E, ISR E AR L, Z2NEROY T O W T RIREIEAT CAEMTEM:
HBREATO ZE M AR TH T,

ZIT, BAERLIE~YZ Iy AE (1-5) &A@ PRIA 141 (25T, B B S ARt
T HAMREMERER 2 T o7 (p75, K 1), ~F U T IV A (1, (#)-MA) (F5ENEHRBRZT -
72 3RO b R A AU DN T, W ORI LT I1Cso fff 20 uM LT Tl R 2 1=
Liz, ~Z 72 B (2, (#)-MB) {22\ TH, WToMifaickt L ChiifEtafa L, ~
o AIA (1) ERERED ICoEZRr LTz, ~Z I C (3, (+)-MC) X, ~¥ 43
YA (1) &£ B (2 LEHERLT, FEETOE RBAMIIZOWTHIBEENME T Lz, E2,
Y X I I D (4, (#)-MD) &~ F I E (5, (+)-ME) OffifamEttiz~F o TI A (1),
B (2). C (3) &ML CTRIEIZMT L, ICsofEiA 20 uM EL T & 72 o572 & R 23 VKRR O FEEH A3 iR
Sl Uz, 3P iR (141, (+)-Cl OIEMEIZEITIL TN L, ICsofE2Y 20 uM LU F &7~ & B
DS AR UFRSEE L2~ L B v o 72,

UbEDZ b, ~Z I VHOIEEORBUZII D BBIEENEE CTH DL Z LWk ole, T
bbb v I VEPM M ENE A R T e MM OFEEIZ OWTIE Y ¥ 7 X A-E(1-5)
IR Z2 A L TR Y ZOMInEEMEOMRTIIC D BIEE NS L5 Z LB LN R T2,
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Tablel. ~ % I AE (1-5) &IEFRIA 141 O & b3S A3 5 Miha w3 il

ICs0 (LM)
Cell line
(+)-MA | (+)-MB | (+)-MC | (+)-MD | (+)-ME | (+)-ClI

A549 Jifi A3 A 12 11 16 * x *

CHL-1 A5 )—=<| 15 75 14 * x *

HCT116 RS A | 74 7.4 13 16 20 *

Hela FESENA| 51 4.3 6.6 6.9 6.7 18

HT1080 HRAE P 6.2 6.7 8.7 * 14 20

MCF-7 FLIR S A 9.8 11 * % * *

MDA-MB-231 | FLERA A 7.6 6.1 10 * 15 15

Panc-1 FEERE DS A 12 11 18 * * *

PC-3 RINCIR2S AU 8.4 9.8 15 * 15 15

PK-1 RS A 7.7 6.8 8.3 13 9.2 *

SK-MEL-28 | #7 /—~| 88 10 19 * 17 *

T24 JEEIDE A3 A 12 11 16 * x %
THP1 SRR 6.1 3.3 34 7.4 5.0 x [%:>20

(+)-MB: (+)-Madangamine B (2) (+)-MC: (+)-Madangamine C (3)

(+)-MD: (+)-Madangamine D (4) (+)-ME: (+)-Madangamine E (5) (+)-Cl: (+)-Common Intermediate (141)
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FBLHE B oEOFELD

BOETCE, BRI 141 o~ AE (155 OSSR EEKR LT, v &
VARV C(3) FImEHEAR 141 25 Wittig KOG (296+295—293), w27 1T 7 Z MMk (297—
299) MM LTAM LT (A% —2A108),

AZADOL (10 mol%)
MeOZCQ PPhsBr 295

Phl(OAc),
CH,Cly, rt NaHMDS, THF, rt
85% 88%
LiOH aq 1. TBAF, THF, rt
THF, 60 °C 2. HOBt, EDCI
iProNEt, CH,CI
M602C H 100% 2 o 212
293 297 rt, 71% (2 steps)
LiAIH,
40%, 6 steps from
THF, rt 141 (HEHRIE)
76%

Madangamine C (3)
Scheme 108. ¥4 C (3) »&4H

~ AU HIE (B) IS5 FMT x4k (300+305—306) . 4N RERR N-7 /L3 L1k (311
—313) ZHWTEEM Lz, (AF—2A109),

TIPSO’QMgBr 305

CBry, PPhs Li,CuCl, (50 mol%)

CH,Cly, t THF, rt

89% 92%

H
141 (FEPREAK)

1. CSA, MeOH, 40 °C
97% 1. BF3-OEt,, CH5Cly, rt
TeocN 2. p-TsCl, EtsN TeacN ~ 2.K,COs, MeCN, 80 °C
DMAP (20 mol%) 61% (2 steps)

TIPSO CH,Cl,, rt, 90% TsO

LiAIH
4 N 28%, 7 steps from
THF, rt N _ 141 (LB RHK)
S
69% H

Madangamine E (5)

Scheme 109. ~ % I E (5) O&H
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~HZUHID @) I FHIVE (5) LIRERIZ, 300 & Grignard 53K 314 LD F > T
I ROG, 3 FRN-TAFAGIZ L D D BRiEE (315—318) AR TH L7z (A% —.L4 110),

TIPSO’QMgBr 314

Li,CuCly CSA
THF, rt MeOH, 40 °C
84% 78%
p-TsCl, Et3N
DMAP (20 mol%) 1. BF3-OEt,, CH,Cly, 1t
CH,Cl,, rt 2. K,CO3, MeCN, 80 °C
85% (2 steps)
85%
LiAIH
: 4 34%, 7 steps from
THF, rt 141 (FEBEHREAE)
80%
318 ° Madangamme D (

Scheme 110. ¥ &> H I D (4) OB

~ XTI A (D) 1E, Wittig G2 LD D \RAIBEOME (296+332—333) . KERK TN
N-7 /L% Lfl (336—338) ICCDERAMEEL., ¥IOREMAER LT (AF—2A 111),

<©?PPthr
OTIPS 35,

NaHMDS, THF, rt

CSA

MeOH, 40 °C

69% (2 steps)

p-TsCl, EtzN
DMAP (20 mol%) 1. BF3-OEt,, CH,Cly, 1t
CH,Cly, rt 2. iProNEt, MeCN
70 °C, 59% (2 steps)
100%
LiAlH, 26%, 7 steps from
THF, rt 141 (FLEHRMEK)
76%

Madangamine A (1)

Scheme 111. ~ % H I A (1) O&H
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~HZUHIVB (2) OEAERELTIZCE LD (AF—A4112), T/VTE K 296 & —[RFEMW

KL, 7Tt K361 &7, 361 1253 2 mIF-NAA L 7 1 1tk (3614373—379) , #< Wittig
Bt (3804378—E-341) 2LV, ~F > HI B (2) ®DEHOA LT 1 2 ENARERICE
U7z, mBIs, REIRFN N-T L%k (382—384) (ZX D D BREIAMEL, v & U
¥ B (2) OHIOEEHKEER LT,

OBz

PhCO,H, TBHP
TBAI (10 mol%)

piperidine (5 mol%) NaBH,4, MeOH, rt;

EtOAc, 50 °C K,CO3
(\o 373
O)\/\CHIQ
Pb(OAC), crel,
CH,Cly, rt THF, rt

79%, EIZ = 4.8:1

AN OTIPS

NaHMDS

50% (3 steps)

THF/1M HCI, 60 °C THF, =78 °C

(E)-341: 56%
(2)-341: 9%

92%

1. CSA, MeOH, 40 °C

100% 1. BF3-OEty, CH,Cly, 1t

2. iPr,NEt, MeCN
70 °C, 76% (2 steps)

2. p-TsCl, Et3N
DMAP (20 mol%)
CH,Cly, rt, 84%

LiAIH, 9.2%, 12 steps from

141 (HIBHRE)

THF, rt

83%

Madangamine B (2)

Scheme 112. ~ % 5 B (2) DAHHK
BBIZ, ALz~ Z o0 I OWTEMERBR AT o T2, TORER, ~F T

MR EMEZ T e FAAMROREEIZOWTIZ~F > I AE (1-5) I EHRmEH L
TRY., ZTOMREMEORIIC D BRFEENES L TWAZ ERHLNNI > T,
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AAFFEClx, WEEEHBRMET Vv n A RCThH~ X H I VEOMEN AR EER L, Th
HDOE NN AFIIZ T AR EEEZ B ST LT,

~ &I s TP R DA A K

Y XU VEOREN R RG R A BN L, Rl RO R F G RIS LT,
ZJM&I&/%W%m%ﬁﬂkLT%&LET»%V@:y&w%ﬁ%ﬁkaﬂ%mHM&
SR XD ST ) B ERIRICS T2, 2206 CBS Bt KD RFEIL, Sn2’ SUSIC
HDARFETIZLY ABRBEZ RFAK LT ABRSNOIFE LI A L O/RT 20 LMl 2 v
TRBRALBMACRISIZ T AT Y v AB BjE 5272, AB 8RO 148t G TR Ak L=~
HVRNT T D FRNT L=ABIZE D . mEICHEER L7 ABC BROBRUCREI LT, 4L
727 L OALE - @RI E RedR vFIiZTZERT VLT v a— L& IRRINICE 2%, A
MH-/IMz-Stille 77~ 7V U 720 A% » TP U B @RI, D OUURANSEA LT, i
W~ a T X MU0~ & S O IGEF A DO ARFT AR LT,

Ni-catalyzed Boc
oH Teo0cBNN S [4+2] cycloaddition N
eocBn
™S — /\TMS &
BOCNO:O °
TeocBnN T™MS
Boc Boc
CBS reduction N N
A A
TIPSO =
) ) TIPSO ¥z ~ CO,Me
SN2’ reaction TeocBnN TeooN \/
Eloc EOC
Pd-catalyzed Al 1,4-reduction
cycloisomerization 1 bgn TIPSO A | TMS
B H
TeocN TeocN . 2 H =~
CO,Me H
TIPSO TIPSO
intramolecular regio-, face-selective
allenylation NBoc hydroboration NBoc
B A
TeocN TeocN OH
H H z

Migita-Kosugi-Stille TIPSO

coupling macrolactamization

HIB AR
Common Intermediate
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~ & A VIAD RN A R

HEPERN S~ & T2 A-E OMFERIRE R Z ER LT, ~ & 0 A @ ik
D36 Wittig SUSIZ KD A% » 7 b U AU O SRR 728N 45 F-N N-T LS ukic L 5 D
BRIBFUICTREM LTz, v & v B OMBHIZEH-NAA L7 1 k& Wittig S TILRE
REQITHESE LT, BB AITHE RERIR N-7 L U bIC CHBRIEEKE AR L, 26k %E
U7z, ~ & 02w CIE Wittig Sits, ~27 1727 X2 MuERH L TEEMR LTz, ~Z I
D. EZFH7T VF /AR TR A A L2, 2 FPHN-T L IC T D BRESZ AR L, &
BRI LT,

Madangamine A Madangamine B

A A
Wittig ' intramolecular Takai-Utimoto, ' jntramolecular
. N-alkylation Wittig \ N-alkylation

@k
Common Intermediate

Wittig . macro- intermolecular . intramolecular intermoleculari intramolecular
1 lactamization alkylation . N-alkylation alkylation . N-alkylation

\

Madangamine C Madangamine D Madangamine E

~ X T2 RO A IE MR

AR LT~ oI e EPRERICOWTEMTEN SRR AT 7-. TORER. ~& v H
S VAEPHIREEEET DS PAAMROREIZOW TR 2T 2 & -2 oMinE
PEOIRGFIZIZI D BBEENE L TWAZ L2 LMNT LT,
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A. Experimental Procedures

General Details. Reactions were performed in oven-dried glassware fitted with rubber septa under an
argon atmosphere. Toluene and DMSO were distilled from CaH,. DMF and MeOH were distilled from
CaS0a. Pyridine was distilled from sodium hydroxide. Hexamethylphosphoric triamide was distilled from
CaO. Toluene, DMSO, DMF, MeOH, pyridine, CH>Cl,, MeCN and EtOH were dried over activated 3A
molecular sieves. THF (dehydrated, stabilizer free) and Et,O (dehydrated, stabilizer free) was purchased
from KANTO CHEMICAL CO., INC. Commercial reagents were used without further purification.
Thin-layer chromatography was performed on Merck 60 Fzs4 precoated silica gel plates, which were
visualized by exposure to UV (254 nm) or stained by submersion in p-anisaldehyde solution or ethanolic
phosphomolybdic acid solution followed by heating on a hot plate. Flash column chromatography was
performed on silica gel (Silica Gel 60 N; 63-210 or 40-50 mesh, KANTO CHEMICAL CO., INC.) and
basic alumina (Alumina, Activated, about 200 mesh, WAKO PURE CHEMICAL INDUSTRIES, Ltd.).
Preparative layer chromatography was performed on Merck PLC silica gel 60 Fzss. *H NMR spectra were
recorded at 500 MHz with JEOL ECA-500 spectrometer or 400 MHz with JEOL ECS-400 spectrometer.
13C NMR spectra were recorded at 125 MHz with JEOL ECA-500 spectrometers. 1°F NMR spectra were
recorded at 470 MHz with JEOL ECA-500 spectrometers.Chemical shifts are reported in ppm with
reference to solvent signals [*H NMR: CDClI; (7.26), CsDs (7.16), (CDs)2CO (2.05); *C NMR: CDCl;
(77.16), CsDs (128.06), (CD3)2CO (206.26); °F NMR: CsFs (—164.9)]. Signal patterns are indicated as br,
broad; s, singlet; d, doublet; t, triplet; g, quartet; m, multiplet. MPLC was performed on Yamazen, YFLC
AI-580. Infrared spectra were recorded using a BRUKER ALPHA FT-IR spectrometer. Mass spectra were
measured with Waters, LCT Premier XE (ESI-TOF). Optical rotations were measured with a JASCO

P-2100 polarimeter. Melting points were measured with a Yanaco MODEL MP-S3.
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A-1. Synthesis of Chiral A-ring via Johnson-Claisen rearrangement

AN
NHBoc TIPSO 154 NHBoc
9-BBN, THF, rt;

50 — > TIPSO
s PdCl(dppf) (4 mol%)

COaE Cs,C03, THF, HyO
153 60 °C 155

CO,Et
83%

Unsaturated ester (155): 9-Borabicyclo[3.3.1]nonane (0.5 M solution in THF, 23 mL, 12 mmol) was
added to a solution of (allyloxy)triisopropylsilane 154 ** (1.62 g, 7.56 mmol) and THF (3.8 mL) at 0 °C.
The solution was allowed to warm to room temperature, maintained for 1 h at room temperature, and
guenched with H>O (1.6 mL, 91 mmol). This solution was added to a mixture of Cs,CO3 (4.93 g, 15.1
mmol), PdClx(dppf)-CH2Cl, (247 mg, 302 umol). A solution of tosylate 153 ° (3.02 g, 7.56 mmol), H.O
(2.9 mL) and THF (19 mL) was then added to the resulting mixture. The mixture was allowed to warm to
60 °C, and stirred for 1 h. After cooling to 0 °C, the mixture was quenched with NaBO3-4H,0 (3.49 g,
22.7 mmol) and H20 (19 mL) at 0 °C, stirred for 1 h at room temperature, and extracted with EtOAc (2x
20 mL). The combined organic extracts were washed with brine (20 mL), dried over Na,SO. and
concentrated. The residue was purified by silica gel column chromatography (EtOAc/hexane 1:9 to 1:4) to
give unsaturated ethyl ester 155 (2.77 g, 83%): a colorless oil; IR (film) 3368, 2943, 2867, 1719, 1517,
1463, 1367, 1247, 1178, 1105, 882, 681 cm; 'H NMR (500 MHz, CDCls, 60 °C) & 5.77 (s, 1H), 4.67 (brs,
1H), 4.16 (q, J = 7.2 Hz, 2H), 3.83 (d, J = 5.7 Hz, 2H), 3.75 (t, J = 6.3 Hz, 2H), 2.65 (t, J = 7.9 Hz, 2H),
1.75 (tt, J = 7.9, 6.3 Hz, 2H), 1.46 (s, 9H), 1.28 (t, J = 7.2 Hz, 3H), 1.14-1.05 (m, 21H); 3C NMR (125
MHz, CDCls) 6 166.3 (C), 159.8 (C), 155.8 (C), 114.7 (CH), 79.9 (C), 63.4 (CH>), 59.8 (CH,), 46.3 (CHy>),
32.1 (CHz), 28,5 (CHs), 27.4 (CH), 18.1 (CHs), 14.4 (CHs), 12.1 (CH); HRMS (ESI), calcd for
C23HsNOsSiNat (M+Na)* 466.2965, found 466.2962.

NHBoc NHBoc
DIBAL-H, BF;-OEt,
TIPSO. —— > TIPSO
CH,Cl,, -78 °C
155 COaEt 94% 156 HO

Allylic alcohol (156): Boron trifluoride diethylether complex (3.0 mL, 25 mmol) was added to a solution
of unsaturated ethyl ester 155 (9.99 g, 22.5 mmol) and CH.Cl, (45 mL) at —78 °C. After maintaining for
30 min at —78 °C, diisobutylalminium hydride (1.0 M in hexane, 68 mL, 68 mmol) was added dropwise to
the solution. This solution was quenched with saturated aqueous (+)-potassium sodium tartrate (50 mL),
allowed to warm to room temperature, stirred for 3 h at room temperature, and extracted with EtOAc (3x
50 mL). The combined organic extracts were washed with brine (50 mL), dried over Na;SO,4, and
concentrated. The residue was purified by silica gel column chromatography (EtOAc/hexane 1:4) to give
allylic alcohol 156 (8.50 g, 94%): a colorless oil; IR (film) 3350, 2942, 2866, 1696, 1514, 1463, 1271,
1172, 1106, 882, 681 cm'L; 'H NMR (500 MHz, CDCls) § 5.62 (t, J = 6.9 Hz, 1H), 4.61 (brs, 1H), 4.17 (d,
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J=6.9Hz, 2H), 3.71 (d, J = 5.2 Hz, 2H), 3.68 (t, J = 5.7 Hz, 2H), 2.2 (t, = 7.5 Hz, 2H), 1.65 (it, = 7.5,
5.7 Hz, 2H), 1.4 (s, 9H), 1.14-1.02 (m, 21H); 3C NMR (125 MHz, CDCl3) § 156.0 (C), 140.0 (C), 125.2
(CH), 79.5 (C), 62.4 (CHy), 58.6 (CHy), 45.5 (CH2), 31.5 (CH2), 28.5 (CHs), 25.0 (CH,), 18.1 (CH3), 12.1
(CH); HRMS (ESI), calcd for C21HzsNO,SiNa* (M+Na)* 424.2859, found 424.2861.

NHBoc  Acy0, Py NHBoc
DMAP (10 mol%)
TIPSO - » TIPSO
CH,Cly, rt
156 HO 99% 157 AcO

Allylic acetate (157): Acetic anhydride (5.8 mL, 61 mmol) was added to a solution of allyic alcohol 156
(12.3 g, 30.6 mmol), pyridine (5.0 mL, 61 mmol), N,N-dimethyl-4-aminopyridine (374 mg, 3.06 mmol)
and CH.Cl (102 mL) at 0 °C. This solution was allowed to warm to room temperature, maintained for 1 h
at room temperature, and concentrated. The residue was purified by silica gel column chromatography
(EtOAc/hexane 1/6) to give allylic acetate 157 (13.5 g, 99%): a colorless oil; IR (film) 3367, 2943, 2867,
1742, 1719, 1510, 1463, 1367, 1235, 1171, 1106, 882, 681 cm*; *H NMR (500 MHz, CDCls, 60 °C) &
5.49 (t, J = 6.9 Hz, 1H), 4.64 (d, J = 6.9 Hz, 2H), 4.53 (brs, 1H), 3.73 (d, J = 5.7 Hz, 2H), 3.70 (t, J = 6.1
Hz, 2H), 2.21 (t, J = 7.8 Hz, 2H), 2.04 (s, 3H), 1.65 (tt, J = 7.8, 6.1 Hz, 2H), 1.46 (s, 9H), 1.14-1.05 (m,
21H); *C NMR (125 MHz, CDCl3) 8 171.0 (C), 155.9 (C), 142.8 (C), 119.6 (CH), 79.5 (C), 62.8 (CH>),
60.8 (CH2), 45.6 (CH.), 32.0 (CHy), 28.5 (CH3), 25.6 (CH>), 21.1 (CHs3), 18.1 (CH3), 12.1 (CH); HRMS
(ESI), calcd for C23HasNOsSiNa* (M+Na)* 466.2965, found 466.2965.

CH=CHCH,Br, NaH
25 N Boc

NHBoc TBAI (10 mol%) N
TS L L
MeOH
157 AcO 85% 134 HO

Allylic alcohol (134): Sodium hydride (2.3 g, 61 mmol) was added to a solution of allylic acetate 157
(9.00 g, 20.3 mmol), allyl bromide (2.1 mL, 24 mmol), tetrabutylammonium iodide (750 mg, 2.03 mmol)
and DMF (100 mL) at 0 °C. After maintaining for 2 h at this temperature, methanol (51 mL) was added to
the solution. This solution was maintained at 0 °C for 30 min, quenched with saturated aqueous NH4ClI (80
mL), and extracted with EtOAc/hexane = 1:3 (3x 80 mL). The combined organic extracts were washed
with brine (50 mL), dried over Na;SO4, and concentrated. The residue was purified by silica gel column
chromatography (EtOAc/hexane 1:9) to give allylic alcohol 134 (7.62 g, 85%): a colorless oil; IR (film)
3435, 2943, 2866, 1698, 1460, 1411, 1247, 1171, 1106, 882, 681 cm*; 'H NMR (500 MHz, CDCls,
60 °C) 8 5.77 (ddt, J = 16.9, 10.3, 5.8 Hz, 1H), 5.50 (t, J = 6.9 Hz, 1H), 5.12 (ddt, J = 10.3, 1.2, 1.2 Hz,
1H), 5.09 (ddt, J = 16.9, 1.2, 1.2 Hz, 1H), 4.21 (d, J = 6.9 Hz, 2H), 3.81 (brs, 2H), 3.77 (brs, 2H), 3.69 (t, J
= 6.0 Hz, 2H), 2.16 (t, J = 7.2 Hz, 2H), 1.70-1.62 (m, 2H), 1.46 (s, 9H), 1.15-1.05 (m, 21H); *C NMR
(125 MHz, CDCls, 60 °C) & 155.7 (C), 138.6 (C), 134.0 (CH), 126.3 (CH), 116.5 (CH2), 79.8 (C), 62.9
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(CH2), 58.9 (CH>), 51.1 (CH2), 48.7 (CH2), 31.9 (CH2), 28.5 (CHs), 25.0 (CH2), 18.1 (CHz3), 12.3 (CH);
HRMS (ESI), calcd for C24Ha7zNO4SiNa* (M+Na)* 464.3172, found 464.3167.

Boc Boc

N N
j\ IBX j\
TIPSO N — > TIPSO N
DMSO, rt
=

134 HO 142 o
89%

Aldehyde (142): 2-lodoxybenzoic acid (174 mg, 622 umol) was added to a solution of allylic alcohol 134
(128 mg, 311 umol) and DMSO (3.1 mL) at room temperature. This solution was maintained at this
temperature for 1 h, quenched with H,O (1 mL), and filtrated through a pad of Celite®. The resulting
mixture was extracted with Et,O (3x 5 mL). The combined organic extracts were washed with brine (5
mL), dried over Na,SOs and concentrated. The residue was purified by silica gel colomun
chromatography (EtOAc/hexane 1:15 to 1:9) to give aldehyde 142 (122 mg, 89%): a colorless oil; IR
(film) 2943, 2867, 1701, 1679, 1457, 1397, 1366, 1248, 1170, 1109, 882 cm™’; *H NMR (500 MHz, CDCls,
60 °C) 6 10.07 (d, J=7.7 Hz, 1H), 5.85 (ddd, J = 7.7, 1.5, 1.4 Hz, 1H), 5.77 (dddd, J = 16.9, 10.3, 6.1, 5.7
Hz, 1H), 5.15 (dddd, J = 10.3, 1.5, 1.4, 1.2 Hz, 1H), 5.11 (dd, J = 16.9, 1.4 Hz, 1H), 4.04-3.90 (m, 2H),
3.85-3.72 (m, 2H), 3.75 (t, J = 6.1 Hz, 2H), 2.66-2.61 (m, 2H), 1.82-1.75 (m, 2H), 1.46 (s, 9H), 1.15—
1.04 (m, 21H); 3C NMR (125 MHz, CDCls, 60 °C) & 190.8 (CH), 162.4 (C), 155.5 (C), 133.6 (CH),
126.2 (CH), 117.2 (CHy), 80.6 (C), 62.5 (CH2), 51.6 (CH5), 49.9 (CH.), 33.0 (CH2), 28.5 (CHs), 26.1
(CHy), 18.2 (CH3), 12.3 (CH); HRMS (ESI), calcd for CasHasNO4Si* (M+H)* 440.3196, found 440.3199.

NHTf
Boc Boc
N N
L “NHTE (10 mol%) L
TIPSO N ~———_—— TPso A
Ti(OiPr)y, Et;Zn
= toluene, —78 °C to —30 °C HO “Et
142 100% (97% ee) 143

Allylic alcohol (143): Isopropyl titanate (160 pL, 831 pmol) was added to a mixture of
(1R)-trans-N,N’-1,2-cyclohexanediylbis(1,1,1-trifluoromethanesulfonamide) (10.5 mg, 27.7 umol) and
toluene (1.4 mL) at room temperature. The resulting mixture was heated to 40 °C, stirred for 20 min at this
temperature, and cooled to —78 °C. Diethylzinc (1.12 M, 740 pL, 831 umol) was added to the resulting
solution at —78 °C and maintained for 10 min at this temperature. A solution of aldehyde 142 (122 mg, 277
pMmol) and toluene (1.4 mL) was added dropwise to the solution at —78 °C and warmed to —30 °C. The
solution was maintained for 2 h, and quenched with saturated aqueous NH4Cl (5 mL). The resulting
mixture was extracted with EtOAc (3x 5 mL). The combined organic extracts were washed with brine (5
mL), dried over Na2SO4, and concentrated. The residue was purified by silica gel column chromatography
(EtOAc/hexane 1:12 to 1:5) to give allylic alcohol 143 (132 mg, 100%, 97% ee by HPLC(CHIRALPAK
AD-H, 250x4.6 mm, UV 210 nm, iPrOH/hexane 1:100 (v/v), 1.0 mL/min, 143: Tg= 12.6 min, ent-143:
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Tr=10.8 min)): a colorless oil; [a]?®> —7.3 (¢ 1.00, CHCIs); IR (film) 3448, 2961, 2942, 2867, 1697, 1460,
1411, 1366, 1247, 1170, 1105, 882, 681 cm*; *H NMR (500 MHz, CDCls, 60 °C) § 5.76 (dddd, J = 16.9,
10.3, 5.8, 4.6 Hz, 1H), 5.24 (d, J = 8.9 Hz, 1H), 5.13-5.06 (m, 2H), 4.36 (ddd, J = 8.9, 6.6, 6.3 Hz, 1H),

3.95-3.65 (m, 6H), 2.22 (ddd, J = 13.5, 9.2, 6.9 Hz, 1H), 2.11 (ddd, J = 13.5, 9.2, 5.7 Hz, 1H), 1.73-1.57
(m, 3H), 1.55-1.43 (m, 1H), 1.46 (s, 9H), 1.15-1.05 (m, 21H), 0.92 (t, J = 7.5 Hz, 3H); 3C NMR (125

MHz, CDCls, 60 °C) § 155.7 (C), 138.0 (C), 134.1 (CH), 130.5 (CH), 116.5 (CH>), 79.8 (C), 69.4 (CH),
63.1 (CH,), 51.1 (CH,), 48.7 (CH,), 32.1 (CH,), 30.7 (CH2), 28.6 (CH3), 25.3 (CH,), 18.2 (CH3), 12.4
(CH), 9.9 (CHs); HRMS (ESI), calcd for CasHsiNO4SiK* (M+K)* 508.3224, found 508.3219.

Chiral HPLC chart of 143 (97% ee)
CHIRALPAK AD-H, 250%4.6 mm, UV 210 nm, iPrOH/hexane 1:100 (v/v), 1.0 mL/min

2634
/
\

o

;:,mm
/ \
: | | // \\
No. | Tr Area Height | Area (%)
1 10.77 | 10554.250 549 1.5283
2 | 12.61 | 680035.600 | 27015 98.4717
Chiral HPLC chart of racemic-143
0 f\‘\ £
IJ '\ //\\
. [\ [\
& 1o { \ [ \
1 / \
f; \'\ fl’ \‘\
/ \ / \\
N
No. | Tr Area Height | Area (%)
1 | 10.84 | 671979.000 | 32016 49.9832
2 | 12.65 | 672430.350 | 27503 50.0168
ﬁoc

Boc
N (R)-(-)-MTPACI L
DMAP, Et;N TIPSO A
- .
o Et

T\ H,Cl
CH,Cly, rt MeO
(S)-158  ppui o)

TIPSO
SICF,

Et
95%

(S)-MTPA ester ((S)-158): (R)-(—)-a-Methoxy-a-(trifluoromethyl)phenylacetyl chloride (13 pL, 60.0
pmol) was added to a solution of allylic alcohol 143 (27.0 mg, 57.5 umol), DMAP (7.0 mg, 57.5 pumol),
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EtsN (18 pL, 130 pumol), and CH2Cl, (1.2 mL) at 0 °C. The solution was allowed to warm to room
temperature, maintained for 15 min, and quenched with saturated aqueous NH4CI (2 mL). The resulting
mixture was extracted with CH.Cl, (2x 2 mL), washed with brine (2 mL), dried over Na,SO4, and
concentrated. The residue was purified by silica gel column chromatography (EtOAc/hexane 1:4) to give
(S)-MTPA ester (S)-158 (37.5 mg, 95%): a colorless oil; [a]?> —3.0 (¢ 1.00, CHCIs); IR (film) 2943, 2867,
1748, 1699, 1456, 1247, 1170, 1121, 1108, 1017, 883, 719 cm™; *H NMR (500 MHz, CDCls, 60 °C) §
7.56-7.50 (m, 2H), 7.40-7.34 (m, 3H), 5.73 (dddd, J = 16.9, 10.3, 5.8, 5.2 Hz, 1H), 5.69 (ddd, J = 9.5, 6.9,
6.6 Hz, 1H), 5.21 (d, J = 9.5 Hz, 1H), 5.10 (dd, J = 10.3, 1.2 Hz, 1H), 5.05 (dd, J = 16.9, 1.2 Hz, 1H),
4.00-3.76 (m, 2H), 3.72 (t, J = 6.3 Hz, 2H), 3.76-3.60 (m, 2H), 3.54 (s, 3H), 2.40 (ddd, J = 13.8, 11.2, 5.8
Hz, 1H), 2.08 (ddd, J = 13.8, 10.9, 5.2 Hz, 1H), 1.80-1.70 (m, 1H), 1.74 (dqd, J = 14.6, 7.5, 6.9 Hz, 1H),
1.66-1.54 (m, 2H), 1.45 (s, 9H), 1.16-1.05 (m, 21H), 0.86 (dd, J = 7.5, 7.4 Hz, 3H); 13C NMR (125 MHz,
CDCls, 60 °C) & 165.9 (C), 155.7 (C), 141.7 (C), 133.9 (CH), 133.0 (C), 129.6 (CH), 128.4 (CH), 127.7
(CH), 123.7 (g, J = 287 Hz, CFs), 123.6 (CH), 116.7 (CH>), 84.8 (g, J = 27.4 Hz, C-CF3), 79.9 (C), 75.2
(CH), 63.4 (CHy), 55.4 (CH3), 50.8 (CH2), 48.8 (CH.), 32.3 (CHy), 28.6 (CH3), 28.1 (CH>), 26.0 (CH>),
18.2 (CHs), 12.3 (CH), 9.4 (CH3); °F NMR (470 MHz, CDCls, 60 °C) § —74.3 (CFs); HRMS (ESI), calcd
for CasHssNOgF3NaSi* (M+Na)* 708.3883, found 708.3889.

Boc

Boc
N (S)-(+)-MTPACI TIPSO N
L DMAP, Et;N
TIPSO N 0 .

CHoCly, 1t 0" Et
Ph

143 MO E 08% (R)-159 MeO Y S0
RICF,

(R)-MTPA ester ((R)-159): (S)-(+)-a-Methoxy-a-trifluoromethylphenylacetyl chloride (14 pL, 75 pmol)
was added to a solution of allylic alcohol 143 (29.4 mg, 62.6 umol), DMAP (7.6 mg, 63 pumol), EtsN (19
pL, 140 pmol), and CH2Cl, (1.3 mL) at 0 °C. The solution was allowed to warm to room temperature,
maintained for 15 min, and quenched with saturated aqueous NH4Cl (2 mL). The resulting mixture was
extracted with CH2Cl, (2x 2 mL), washed with brine (2 mL), dried over Na;SO4, and concentrated. The
residue was purified by silica gel column chromatography (EtOAc/hexane 1:4) to give (R)-MTPA ester
(R)-159 (42.2 mg, 98%): a colorless oil; [a]?®p +46.6 (¢ 1.00, CHCIs); IR (film) 2944, 2867, 1747, 1698,
1455, 1247, 1170, 1121, 1107, 1017, 993, 883, 719 cm™; *H NMR (500 MHz, CDCls, 60 °C) & 7.55-7.49
(m, 2H), 7.40-7.34 (m, 3H), 5.72 (dddd, J = 16.9, 10.3, 5.8, 4.9 Hz, 1H), 5.67 (dt, J = 9.5, 6.6 Hz, 1H),
5.11 (d, J = 9.5 Hz, 1H), 5.09 (dddd, J = 10.3, 1.8, 1.5, 1.1 Hz, 1H), 5.04 (dddd, J = 16.9, 1.8, 1.5, 1.4 Hz,
1H), 3.84-3.75 (m, 2H), 3.72 (t, J = 6.0 Hz, 2H), 3.70-3.62 (m, 2H), 3.54-3.53 (m, 3H), 2.38 (ddd, J =
13.8, 11.5, 5.8 Hz, 1H), 2.07 (ddd, J = 13.8, 10.9, 5.2 Hz, 1H), 1.80 (dqd, J = 14.6, 7.5, 6.6 Hz, 1H), 1.79—
1.70 (m, 1H), 1.65 (dqd, J = 14.6, 7.5, 6.6 Hz, 1H), 1.64-1.54 (m, 1H), 1.44 (s, 9H), 1.15-1.05 (m, 21H),
0.93 (t, J = 7.5 Hz, 3H); 23C NMR (125 MHz, CDCls, 60 °C) § 165.9 (C), 155.6 (C), 141.6 (C), 133.9
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(CH), 132.9 (C), 129.6 (CH), 128.4 (CH), 127.7 (CH), 123.7 (g, J = 287 Hz, CFs), 1235 (CH), 116.7
(CH,), 84.9 (g, J = 26.8 Hz, C-CFs), 79.9 (C), 75.3 (CH), 63.4 (CH_), 55.4 (CHs), 50.8 (CH), 48.6 (CH),
32.3 (CHy), 28.5 (CH3), 28.1 (CH,), 25.9 (CH), 18.2 (CHs), 12.3 (CH), 9.6 (CHs); 1°F NMR (470 MHz,
CDCls, 60 °C) & —74.4 (CFs);HRMS (ESI), calcd for CasHssNOgFsSiK* (M+K)* 724.3623, found
724.3636.

The resulting A6°R (= Js - r) values

+0.0850
H(a): +0.0252 ( ﬁoc

H(b): +0.0112
+0.0996
NN

“\ H(a): -0.0590

ds - dr (PPM)

MeQ, | Me  H(b):-0.0514
Ph o K
CF3 —-0.0745
Boc Boc
N MeC(OMe), N
L 2-nitrophenol L
TIPSO —_— TIPSO
o o-xylene, 160 °C L =
MeO,C
143 HO 'Et 77% 144 Et

Methyl ester (144). A sealed tube was charged with allylic alcohol 143 (36.6 mg, 77.9 mmol),
2-nitrophenol (10.8 mg, 77.9 mmol), trimethyl orthoacetate (200 pL, 1.60 mmol) and o-xylene (1.6 mL).
The solution was heated to 160 °C, and maintained for 2 h at this temperature. After cooling to room
temperature, the solvent was removed under reduced pressure. The residue was purified by silica gel
column chromatography (EtOAc/hexane 1:29 to 1:7) to give methyl ester 144 (31.6 mg, 77%): a colorless
oil; [a]?®p +10.0 (c 1.00, CHClIs); IR (film) 2960, 2944, 2866, 1739, 1699, 1462, 1405, 1366, 1247, 1172,
1103, 882, 681 cm*; *H NMR (500 MHz, CDCls, 60 °C) & 5.74 (ddt, J = 17.2, 10.6, 5.5 Hz, 1H), 5.45-
5.34 (m, 2H), 5.09 (ddt, J = 10.6, 1.5, 1.4 Hz, 1H), 5.05 (dtd, J = 17.2, 1.8, 1.4 Hz, 1H), 3.90-3.80 (m,
2H), 3.70-3.64 (m, 2H), 3.63 (s, 3H), 3.41 (d, J = 14.6 Hz, 1H), 3.31 (d, J = 14.6 Hz, 1H), 2.46 (d, J =
15.2 Hz, 1H), 2.42 (d, J = 15.2 Hz, 1H), 2.04 (qd, J = 7.5, 5.2 Hz, 2H), 1.66-1.50 (m, 4H), 1.44 (s, 9H),
1.13-1.03 (m, 21H), 0.98 (t, J = 7.5 Hz, 3H); *C NMR (125 MHz, CDClIs, 60 °C) 5 172.3 (C), 156.6 (C),
134.6 (CH), 134.5 (CH), 130.7 (CH), 115.8 (CH,), 79.7 (C), 64.2 (CH,), 54.2 (CHy), 51.7 (CH>), 51.1
(CHs3), 43,5 (C), 39.2 (CHy), 32.3 (CH>), 28.6 (CH3), 27.7 (CH>), 26.1 (CH,), 18.2 (CH3), 13.9 (CHs), 12.3
(CH); HRMS (ESI), calcd for C29HseNOsSi* (M+H)* 526.3928, found 526.3930.

Boc Eoc
TMSOK
TIPSO AN ——F TIPSO AN
Mot L FLo.m ot 1L
€0, 2
Et Et
144 91% 163

Carboxylic acid (163): Potassium trimethylsilanolate (161 mg, 1.26 mmol) was added to a solution of

methyl ester 144 (66.0 mg, 126 pumol) and Et;O (2.5 mL) at room temperature. The solution was

90



maintained for 18 h at room temperature, and quenched with saturated aqueous NH4Cl (5 mL). The
resulting mixture was extracted with EtOAc (3x 5 mL). The combined organic extracts were washed with
brine (5 mL), dried over Na;SO4, and concentrated. The residue was purified by silica gel column
chromatography (EtOAc/hexane 1:9 to 1:5) to give carboxylic acid 163 (58.9 mg, 91%): a colorless oil;
[a]?®p +53.4 (c 1.00, CHCIs); IR (film) 3082, 2961, 2867, 1703, 1463, 1408, 1249, 1162, 1104, 920, 882,
682 cm™; IH NMR (500 MHz, CDCls, 60 °C) § 5.71 (dddd, J = 17.2, 10.3, 5.7, 4.9 Hz, 1H), 5.40 (dt, J =
15.8, 6.3 Hz, 1H), 5.31 (d, J = 15.8 Hz, 1H), 5.12 (dddd, J = 10.3, 1.7, 1.4, 1.2 Hz, 1H), 5.05 (dddd, J =
17.2,1.7, 1.5, 1.4 Hz, 1H), 3.92 (dd, J = 16.3, 5.7 Hz, 1H), 3.75-3.58 (m, 3H), 3.55 (d, J = 14.9 Hz, 1H),
3.15-2.85 (m, 1H), 2.47 (d, J = 13.5 Hz, 1H), 2.43 (d, J = 13.5 Hz, 1H), 2.06 (qdd, J = 7.5, 6.3, 0.9 Hz,
2H), 1.80-1.65 (m, 1H), 1.55-1.44 (m, 3H), 1.46 (s, 9H), 1.12-1.03 (m, 21H), 0.99 (t, J = 7.5 Hz, 3H);
13C NMR (125 MHz, CDCls, 60 °C) § 173.1 (C), 158.3 (C), 134.0 (CH), 133.5 (CH), 131.8 (CH), 116.5
(CHy), 81.6 (C), 63.8 (CHy), 54.6 (CH2), 52.8 (CH2), 43.4 (C), 40.1 (CH2), 33.3 (CHy), 28.4 (CHs), 27.4
(CHy), 26.1 (CHy), 18.2 (CH3), 13.7 (CHs), 12.3 (CH); HRMS (ESI), calcd for CxHssNOsSi* (M+H)*
512.3771, found 512.3764.

Boc Boc

N NH,CI, EDCI N
HOBt, Ets;N
TIPSO N ————— TIPSO N
0,C L TR oc L
163 102 Et 91% 164 2N Et

Primary amide (164): 1-Hydroxylbenzotriazole monohydrate (HOBt, 23.3 mg, 173 pmol) was added to a
mixture of carboxylic acid 163 (58.9 mg, 115 pumol), NH4CI (35.3 mg, 230 umol), EDCI (33.1 mg, 173
pumol), triethylamine (40 pL, 290 pumol), and THF (2.3 mL) at room temperature. The mixture was stirred
for 15 h at room temperature, and quenched with H2O (3 mL). The resulting mixture was extracted with
EtOAc (3x 3 mL). The combined organic extracts were washed with brine (5 mL), dried over Na,SOa, and
concentrated. The residue was purified by silica gel column chromatography (EtOAc/hexane 1:9 to 1:3) to
give primary amide 164 (53.6 mg, 91%): a colorless oil; [a]*p +48.5 (¢ 1.00, CHCIs); IR (film) 3345,
3191, 2960, 2943, 2866, 1681, 1621, 1464, 1407, 1249, 1162, 1102, 921, 883, 733, 681 cm™; 'H NMR
(500 MHz, CDCls, 60 °C) 6 8.30-7.00 (m, 1H), 5.71 (dddd, J=17.2, 10.3, 5.5, 5.2 Hz, 1H), 5.45-5.35 (m,
2H), 5.35-5.20 (m, 1H), 5.09 (ddt, J = 10.3, 1.7, 1.5 Hz, 1H), 5.04 (ddt, J = 16.9, 1.7, 1.5 Hz, 1H), 3.93—
3.86 (m, 1H), 3.78-3.52 (m, 4H), 3.20-2.90 (m, 1H), 2.39 (d, J = 13.5 Hz, 1H), 2.28 (d, J = 13.5 Hz, 1H),
2.06 (qd, J = 7.5, 4.9 Hz, 2H), 1.80-1.65 (m, 1H), 1.58-1.40 (m, 3H), 1.44 (s, 9H), 1.12-1.03 (m, 21H),
0.98 (t, J = 7.5 Hz, 3H); 3C NMR (125 MHz, CDCls, 60 °C) & 173.7 (C), 157.6 (C), 134.9 (CH), 134.1
(CH), 131.3 (CH), 116.1 (CH), 80.4 (C), 64.0 (CH>), 54.3 (CH), 52.4 (CH>), 43.3 (C), 41.1 (CH), 33.2
(CHy), 28.5 (CH3), 27.6 (CHy), 26.1 (CH,), 18.2 (CHs), 13.8 (CH3), 12.3 (CH); HRMS (ESI), calcd for
Ca2sHs4N204SiK* (M+K)* 549.3490, found 549.3496.
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2-(Trimethylsilyl)ethyl carbamate (150): (Diacetoxyiodo)benzene (50.7 mg, 158 mol) was added to a
solution of primary amide 164 (53.6 mg, 105 pumol), 2-trimethylsilyl ethanol (150 pL, 1.10 mmol) and
(CH2Cl)2 (2.1 mL) at room temperature. The solution was heated to 60 °C, and maintained for 15 h at this
temperature. After cooling to room temperature, the solution was quenched with saturated aqueous
NaHCOs (3 mL), and extracted with CH2Cl (3x 5 mL). The combined organic extracts were washed with
brine (5 mL), dried over Na,SO., and concentrated. The residue was purified by silica gel chromatography
(EtOAc/hexane 1:44 to 1:34) to give 2-(trimethylsilyl)ethyl carbamate 150 (51.3 mg, 78%): a colorless
oil; [a]?®p +29.5 (c 1.00, CHCIs); IR (film) 3367, 2945, 2866, 1723, 1684, 1518, 1463, 1410, 1367, 1250,
1160, 1104, 883, 860, 838, 686 cm*; *H NMR (500 MHz, CDCls, 60 °C) & 6.50-5.90 (m, 1H), 5.71 (dddd,
J=17.2,10.3,55, 5.2 Hz, 1H), 5.43 (dt, J = 16.3, 6.3 Hz, 1H), 5.27 (dt, J = 16.3, 1.5 Hz, 1H), 5.10 (dddd,
J=10.3, 1.5, 1.4, 1.2 Hz, 1H), 5.03 (dddd, J = 17.2, 1.7, 1.5, 1.5 Hz, 1H), 4.19-4.08 (m, 2H), 3.92-3.78
(m, 1H), 3.73 (dd, J = 16.1, 5.5 Hz, 1H), 3.68 (ddd, J = 9.8, 6.0, 5.7 Hz, 1H), 3.61 (ddd, J = 9.8, 6.6, 6.3
Hz, 1H), 3.35 (d, J = 14.7 Hz, 1H), 3.27 (dd, J = 13.5, 7.8 Hz, 1H), 3.13-2.90 (m, 1H), 2.99 (d, J = 14.7
Hz, 1H), 2.04 (qdd, J = 7.5, 6.3, 1.5 Hz, 2H), 1.66-1.54 (m. 1H), 1.52-1.26 (m, 3H), 1.45 (s, 9H), 1.13—
1.03 (m, 21H), 1.00-0.95 (m, 3H), 0.98 (t, J = 7.5 Hz, 2H), 0.04 (s, 9H); *C NMR (125 MHz, CDCls)
157.43 (C), 157.41 (C), 133.9 (CH), 133.3 (CH), 131.6 (CH), 116.0 (CH>), 80.2 (C), 64.0 (CH>), 62.5
(CH2), 52.4 (CH2), 51.9 (CH), 44.6 (C), 42.8 (CH), 31.0 (CHy>), 28.4 (CH3), 27.1 (CHz), 26.4 (CH>), 18.2
(CHa), 17.9 (CHy), 13.9 (CH3), 12.1 (CH), —1.3 (CHz3); HRMS (ESI), calcd for C33HesN205Si>K* (M+K)*
665.4147, found 665.4157.
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A-ring (136): A solution of 2-(trimethylsilyl)ethyl carbamate 150 (48.9 mg, 78.0 umol) and CH»Cl, (1.6
mL) was heated to reflux, and maintained for 2 h at this temperature. The Grubbs 2" generation catalyst
(3.3 mg, 3.9 umol) was then added to the solution at room temperature, and maintained for 3 h at this
temperature. This solution was quenched with a solution of potassium 2-isocyanoacetate %2 (4.8 mg, 39
pmol) and MeOH (500 uL) at room temperature, maintained for 1 h, and concentrated. The residue was
purified by silica gel column chromatography (EtOAc/hexane 1:9 to 1:5) to give A-ring 136 (41.6 mg,
93%, 92% ee by HPLC (CHIRALPAK AD-H, 250%x4.6 mm, UV 210 nm, iPrOH/hexane 1:85 (v/v), 1.0
mL/min, 136: Tgr= 7.2 min, ent-136: Tr= 8.5 min)): a colorless oil; [a]?*> 9.0 (¢ 1.00, CHCIs); IR (film)
3350, 2945, 2866, 1724, 1701, 1518, 1425, 1249, 1104, 860, 837, 681 cm™; 'H NMR (500 MHz, CDCls,
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60 °C) 5 5.72 (d, J = 10.1 Hz, 1H), 5.58 (d, J = 10.1 Hz, 1H), 4.92 (m, 1H), 4.15 (t, J = 8.3 Hz, 2H), 4.00
(d, J = 18.3 Hz, 1H), 3.74 (d, J = 18.3 Hz, 1H), 3.67 (dt, J = 9.8, 6.3 Hz, 1H), 3.64 (dt, J = 9.8, 6.3 Hz,
1H), 3.55 (brs, 1H), 3.27 (dd, J = 13.8, 7.8 Hz, 1H), 3.09 (brs, 1H), 3.02-2.90 (m, 1H), 1.64-1.45 (m, 2H),
1.48 (s, 9H), 1.45-1.39 (m, 2H), 1.14-1.01 (m, 21H), 0.98 (t, J = 8.3 Hz, 2H), 0.04 (s, 9H); 3C NMR (125
MHz, CDCls, 1:1 mixture of rotamers) & 157.1 (C), 157.1 (C), 155.4 (C), 154.7 (C), 131.7 (CH), 131.0
(CH), 126.0 (CH), 125.3 (CH), 80.2 (C), 80.0 (C), 63.9 (CHy), 63.9 (CH), 63.1 (CH>), 62.9 (CH>), 47.5
(CHy), 46.4 (CH>), 46.2 (CHy), 46.2 (CHy), 44.1 (CHy), 43.1 (CHy), 40.1 (C), 40.1 (C), 31.3 (CHy), 31.2
(CHy), 28.5 (CHg), 28.5 (CHg), 27.3 (CHy), 27.3 (CH>), 18.2 (CHa), 18.2 (CHs), 17.8 (CH>), 17.8 (CHy),
12.1 (CH), 12.1 (CH), —1.4 (CHs), —1.4 (CH3); HRMS (ESI), calcd for C20HsoN20sSiz* (M+H)* 571.3963,
found 571.3991.
Chiral HPLC chart of 136 (92% ee)
CHIRALPAK AD-H, 250x4.6 mm, UV 210 nm, iPrOH/hexane 1:85 (v/v), 1.0 mL/min

300

o0 / \ B
22190 — \'“ '/j_-‘
No. | Tr Area Height | Area (%)
1 7.16 | 1213054.600 | 82267 95.9755
2 8.48 50866.400 3448 4.0245
Chiral HPLC chart of racemic-136
DH0C0- JJE;\
[ i3
- Iﬂ \1 ’j‘ \\\
f’i !\‘ /If 'L\
e / l\
} ,/ \> _'___-»’/ \
No. | Tr Area Height | Area (%)
1 6.93 | 436511.000 | 32316 49.9273
2 8.21 | 437782.600 | 26552 50.0727
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A-2. Synthesis of Chiral A-ring via Sn2’ Reaction

triphosgene, Py
Et,0, -45 °C to rt;

TMS/\/OH _— > TeocBnNH
BnNH,, 0 °Cto rt

172 173
80%

Carbamate (173): 2-Trimethylsilylethanol 172 (7.3 mL, 51 mmol) and pyridine (3.3 mL, 41 mmol) were
added to a solution of triphosgene (5.02 g, 16.9 mmol) and Et,O (250 mL) at —45 °C. The reaction mixture
was stirred at this temperature for 1 h, then allowed to warm to room temperature, stirred for 3 h, and
recooled to 0 °C. Benzylamine (11 mL, 100 mmol) was then added dropwise to the mixture at 0 °C. The
resulting mixture was stirred at 0 °C for 30 min, allowed to warm to room temperature, and stirred for 16
h. The resulting mixture was quenched with water (100 mL), and extracted with EtOAc (2x 50 mL). The
combined organic extracts were washed with brine (50 mL), dried over Na;SOs, and concentrated. The
residue was purified by silica gel column chromatography (EtOAc/hexane 1:9) to give carbamate 173
(10.1 g, 80%): a colorless oil; IR (film) 3332, 2953, 1698, 1527, 1250, 1179, 1135, 1060, 1043, 969, 945,
860, 837, 752, 697 cm*; *H NMR (500 MHz, CDCls) § 7.35-7.26 (m, 5H), 5.05-4.65 (m, 1H), 4.37 (d, J
= 5.7 Hz, 2H), 4.19 (t, J = 8.6 Hz, 2H), 0.99 (t, J = 8.6 Hz, 2H), 0.04 (s, 9H); °C NMR (125 MHz,
CDCls) 6 156.9 (C), 138.8 (C), 128.7 (CH), 127.6 (CH), 127.5 (CH), 63.3 (CH>), 45.1 (CH>), 17.9 (CH>),
—1.4 (CHs); HRMS (ESI), calcd for C13H21NO2SiK* (M+K)* 290.0979, found 290.0987.

Br/\

TeocBnNH ——»  TeocBnN /\
NaH, TBAI (10 mol%)

173 DMF, 0 °C 174
98%

Alkyne (174): Sodium hydride (63% in oil, 874 mg, 23.0 mmol) was added to a solution of carbamate 173
(3.84 g, 15.3 mmol), propargyl bromide (1.4 mL, 1.8 mmol), tetrabutylammonium iodide (565 mg, 1.53
mmol) and DMF (77 mL) at 0 °C. The solution was maintained at this temperature for 1 h, quenched with
saturated aqueous NH4Cl (50 mL), and extracted with hexane (3x 50 mL). The combined organic extracts
were washed with brine (30 mL), dried over Na;SQO4, and concentrated. The residue was purified by silica
gel column chromatography (EtOAc/hexane 1:12) to give alkyne 174 (4.35 g, 98%): a colorless oil; IR
(film) 2954, 1701, 1496, 1455, 1236, 1177, 1114, 945, 839, 699 cm™; 'H NMR (500 MHz, CDCls, 1:1
mixture of rotamers) 6 7.35-7.26 (m, 5SH), 4.60 (s, 2H), 4.29-4.23 (m, 2H), 4.05 (brs, 1H), 3.96 (brs, 1H),
2.22 (t, J = 2.6 Hz, 1H), 1.05 (brs, 2H), 0.04 (s, 9H); 3C NMR (125 MHz, CDCls, 1:1 mixture of
rotamers) & 156.3 (C), 156.3 (C), 137.1 (C), 137.1 (C), 128.7 (CH), 128.7 (CH), 128.4 (CH), 127.8 (CH),
127.6 (CH), 127.6 (CH), 79.1 (CH), 79.1 (CH), 72.1 (C), 72.0 (C), 64.4 (CH,), 64.4 (CH,), 49.3 (CH,),
49.0 (CHy), 35.4 (CHy), 35.1 (CHy), 17.9 (CHy), 17.9 (CHy), -1.4 (CH3), —1.4 (CH3); HRMS (ESI), calcd
for C1sH24NO2Si* (M+H)* 290.1576, found 290.1571.
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nBuLi, TMSCI
TeocBnN /\ 7 77 , TeocBnN /\

THF, -78 °C ™S

174 175

98%
TMS alkyne (175): n-Butyllithium (1.63 M in hexane, 2.6 mL, 4.2 mmol) was added to a solution of
alkyne 174 (1.17 g, 4.04 mmol) and THF (20 mL) at —78 °C. After maintaining for 10 min,
chlorotrimethylsilane (620 uL, 4.9 mmol) was added to the solution at the same temperature. The mixture
was maintained at —78 °C for 30 min, quenched with saturated aqueous NH4Cl (5 mL). The resulting
mixture was extracted with hexane (2x 10 mL). The combined organic extracts were washed with brine (5
mL), dried over Na;SO4, and concentrated. The residue was purified by silica gel column chromatography
(EtOAc/hexane 1:19) to give TMS alkyne 175 (1.43 g, 98%): a colorless oil; IR (film) 2956, 2178, 1704,
1455, 1415, 1250, 1235, 1178, 1114, 1012, 843, 762, 699 cm™; *H NMR (500 MHz, CDCls, 1:1 mixture
of rotamers) 6 7.34-7.25 (m, 5H), 4.59 (s, 2H), 4.25 (t, J = 8.6 Hz, 2H), 4.10 (brs, 1H), 3.97 (brs, 1H),
1.08-1.00 (m, 2H), 0.16 (s, 9H), 0.04 (s, 9H);*3C NMR (125 MHz, CDCls, 1:1 mixture of rotamers) §
156.3 (C), 156.3 (C), 137.3 (C), 137.3 (C), 128.6 (CH), 128.6 (CH), 128.4 (CH), 127.9 (CH), 127.5 (CH),
127.5 (CH), 100.9 (C), 100.9 (C), 89.2 (C), 89.0 (C), 64.3 (CHy>), 64.3 (CHy), 49.4 (CH>), 48.9 (CH>), 36.4
(CH2), 36.3 (CH), 17.9 (CH>), 17.9 (CH), 0.0 (CHa), 0.0 (CHs), —1.3 (CHs), —1.3 (CH3); HRMS (ESI),
calcd for C1gH32NO:Si>* (M+H)* 362.1972, found 362.1979.

BocN<>:O 165
Ni(cod), (10 mol%) ’E\iloc EOC
PPhj (20 mol%)
TeocBnN /\ - . o
T™S toluene, 60 °C o] T™S s}
175 93% TeocBnN TMS NBnTeoc
(inseparable mixture) 178a 178b
Ph
N ph Boo
H OH ﬁoc N
180 (20 mol%)
- * XN
B(OMe); (24 mol%) "OH T™MS OH
BH3-Me,S, THF, rt TeocBnN ~ TMS NEBnTeoc
181a: 78% (95% ee) 181b: 7.2% (95% ee)

Allylic alcohol (181a): In a glove box, Ni(cod). (567 mg, 2.05 mmol) was added to a solution of alkyne
175 (7.41 g, 20.5 mmol), 1-Boc-3-azetidinone 165 (3.51 g, 20.5 mmol), triphenylphosphine (1.07 g, 4.10
mmol) and toluene (210 mL) at room temperature. The reaction vessel was removed from the glove box.
The reaction was stirred at 60 °C for 6 h, and then concentrated. The residue was purified by silica gel
column chromatography (EtOAc/hexane 1:19 to 1:6) to give an inseparable mixture of enone 178a and
178b (10.1 g, 93%): a colorless oil; IR (film) 2954, 1703, 1670, 1453, 1418, 1366, 1247, 1169, 1115, 843,
767, 699 cm*; *H NMR (500 MHz, CDCls, 60 °C, a mixture of two regioisomers, signals of the major
isomer are reported) & 7.36-7.13 (m, 5H), 4.48 (brs, 2H), 4.35-4.26 (m, 4H), 4.07 (brs, 2H), 3.93 (brs,
2H), 1.49 (s, 9H), 1.06 (t, J = 8.6 Hz, 2H) 0.11 (s, 9H), 0.06 (s, 9H); 2*C NMR (125 MHz, CDCls, 60 °C, a
mixture of two regioisomers, signals of the major isomer are reported) 6 197.2 (C), 165.5 (C), 157.1 (C),
154.2 (C), 137.5 (C), 137.0 (C), 128.9 (CH), 127.9 (CH), 127.8 (CH), 80.8 (C), 64.7 (CHy), 51.6 (CH>),
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50.8 (CHy), 49.6 (CH,), 44.7 (CH,), 28.5 (CHz3), 18.2 (CHy), 1.4 (CH3), —1.4 (CH3); HRMS (ESI), calcd
for C27H1aN20sSizNa* (M+Na)* 555.2686, found 555.2683.

Trimethylborate (310 pL, 2.80 mmol) was added to a solution of (R)-diphenyl(pyrrolidin-2-yl)
-methanol 180 (595 mg, 2.35 mmol) in THF (39 mL) at room temperature. The resulting solution was
maintained at room temperature for 1 h. Borane-methyl sulfide complex (1.1 mL, 12 mmol) was added to
the solution. The solution was maintained for another 1 h. A solution of enone 178a and 178b (6.26 g, 11.7
mmol) and THF (78 mL) was added over 2 h using a syringe pump to the solution of the CBS reagent at
room temperature. The resulting solution was maintained for an additional 3 h, and quenched with
aqueous HCI (1 N, 50 mL) at 0 °C. The resulting mixture was extracted with EtOAc (2x 50 mL). The
combined organic extracts were washed with brine (50 mL), dried over Na;SOs, and concentrated. The
residue was purified by silica gel column chromatography (EtOAc/toluene 1:19 to 1:4) to afford a mixture
of allylic alcohols 181a and 181b. The mixture of 181a and 181b were then separated by MPLC
(YYamazen Ultra Pack Column D, 50x300 mm, EtOAc/hexane 11:89 to 32:68, 20 mL/min, 181a: Tr = 62.0
min, 181b: Tr = 58.0 min) to afford allylic alcohol 181a (4.89 g, 78%, 95% ee determined by HPLC
(CHIRALPAK AD-H, 250x4.6 mm, UV 210 nm, iPrOH/hexane 1:9 (v/v), 1.0 mL/min, 181a: Tr= 6.7 min,
ent-181a: Tr= 11.5 min)) and 181b (452 mg, 7.2%, 95% ee determined by HPLC (CHIRALPAK AD-H,
250%x4.6 mm, UV 210 nm, iPrOH/hexane 1:99 (v/v), 1.0 mL/min, 181b: Tr= 26.9 min, ent-181b: Tr=
36.1 min)). Allylic alcohol 181a: a white amorphous solid; mp 34.0-35.5 °C; [a]*’p —60.8 (¢ 1.00,
CHCI); IR (film) 3444, 2954, 1699, 1453, 1422, 1366, 1250, 1172, 1135, 1062, 838, 766, 697 cm™; *H
NMR (500 MHz, CDCls, 60 °C) & 7.32-7.19 (m, 5H), 4.44 (s, 2H), 4.28-4.10 (m, 6H), 3.93 (d, J = 13.5
Hz, 1H), 3.51 (d, J = 18.9 Hz, 1H), 2.96 (dd, J = 13.5, 2.9 Hz, 1H), 1.49 (s, 9H), 1.04 (t, J = 8.1 Hz, 2H),
0.10 (s, 9H), 0.05 (s, 9H); 3C NMR (125 MHz, CDCls, 1:1 mixture of rotamers) & 157.3 (C), 157.0 (C),
155.4 (C), 155.4 (C), 145.3 (C), 144.2 (C), 137.4 (C), 137.4 (C), 135.6 (C), 135.6 (C), 128.7 (CH), 128.7
(CH), 127.6 (CH), 127.4 (CH), 127.4 (CH), 126.9 (CH), 80.1 (C), 80.1 (C), 66.0 (CH), 66.0 (CH), 64.3
(CH2), 64.3 (CHy), 49.9 (CH2), 49.7 (CH.), 49.7 (CH>), 49.4 (CH>), 48.2 (CH>), 47.2 (CH>), 44.9 (CH>),
44.9 (CHy), 28.5 (CHs), 28.5 (CHs), 18.2 (CHy), 17.9 (CHy), 0.4 (CHs), 0.4 (CHs), 1.4 (CHa), —1.4
(CHs3); HRMS (ESI), calcd for Ca7HasN2OsSioNat (M+Na)* 557.2843, found 557.2843. Allylic alcohol
181b: a colorless oil; [a]®p —82.6 (¢ 1.00, CHCI3); IR (film) 3428, 2954, 1698, 1453, 1422, 1366, 1250,
1172, 1130, 1062, 950, 856, 838, 760, 698 cm*; *H NMR (500 MHz, CDCls, 60 °C) & 7.35-7.13 (m, 5H),
4.66 (d, J = 14.9 Hz, 1H), 4.60 (d, J = 16.3 Hz, 1H), 4.30-4.17 (m, 3H), 4.04 (brs, 1H), 3.91 (brs, 2H),
3.79 (d, J = 14.9 Hz, 1H), 3.65 (brs, 1H), 3.39 (brs, 1H), 1.49 (s, 9H), 1.00 (t, J = 8.3 Hz, 2H), 0.05 (s, 9H),
0.03 (s, 9H); 3C NMR (125 MHz, CDCls, 60 °C) & 158.4 (C), 155.1 (C), 143.6 (C), 137.4 (C), 136.1 (C),
128.8 (CH), 127.4 (CH), 126.9 (CH), 80.0 (C), 64.8 (CH.), 63.2 (CH), 49.5 (CHy), 48.7 (CH>), 47.1 (CHy>),
47.1 (CHy), 28.6 (CH3), 18.1 (CHy), 0.1 (CHs), —1.4 (CHs); HRMS (ESI), calcd for C27H4sN20sSiNa*
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(M+Na)* 557.2843, found 557.2839.

Chiral HPLC chart of 181a (95% e€)

CHIRALPAK AD-H, 250x4.6 mm, UV 210 nm, iPrOH/hexane 1:9 (v/v), 1.0 mL/min

1378918

_1203213—-
z .
1000004+ i
| | | |
1 I 1 I
84852 t t
41 8.0 120 150
Time [min]
No. | Tr Area Height | Area (%0)
1 6.74 | 661336.550 | 28292 97.5179
2 | 11.53 | 16832.500 478 2.4821

Chiral HPLC chart of racemic-181a

114959

1100001 ?
:
100000 /\
o |
83225 : :
40 ) 120 150
Tirre [min]
No. | Tr Area Height | Area (%)
1 6.68 | 259498.400 | 11586 50.8047
2 11.39 | 251278.000 5701 49.1953

Chiral HPLC chart of 181b (95% ee)

CHIRALPAK AD-H, 250x4.6 mm, UV 210 nm, iPrOH/hexane 1:9 (v/v), 1.0 mL/min

123946

120000+ 2
5110000” A
1000004 é
! l [ |
1 I | 1
G000 t
200 300 400
Tirre [min]
No. | Tr Area Height Area (%)
1 | 26.85 | 994061.850 | 16918 97.6320
2 | 36.11 | 24110.150 326 2.3680

97




Chiral HPLC chart of racemic-181b

27000

1 2505

26000+

5000+
|
I T I

93897 T
200

2 3358

Sigral

300 400
Tirre [min]

No. Tr Area Height | Area (%)
1 25.05 | 78236.050 | 1494 49.3351
2 33.58 | 80488.300 | 1118 50.7554

Boc (R)-MTPACI Boc

N
DMAP, Et;N o
. _— . () CF
™S Y “oH CHyClp 1t ™S N 07
MeO" Ph
181b NBnTeoc 98% (5)-192 NBnTeoc

(S)-MTPA ester ((S)-192): (R)-(—)-a-Methoxy-o-(trifluoromethyl)phenylacetyl chloride (28 pL, 150
pmol) was added to a solution of alcohol 181b (36.4 mg, 68.1 umol), DMAP (12.5 mg, 102 pmol), EtsN
(33 pL, 220 pumol), and CH2Cl, (1.4 mL) at 0 °C. The solution was allowed to warm to room temperature,
maintained for 15 min, and quenched with saturated aqueous NH4Cl (2 mL). The resulting mixture was
extracted with CH2Cl, (2x 2 mL), washed with brine (2 mL), dried over Na SOs, and concentrated. The
residue was purified by silica gel column chromatography (EtOAc/hexane 1:4) to give (S)-MTPA ester
(S)-192 (45.3 mg, 98%): a colorless oil; IR (film) 2955, 1745, 1699, 1452, 1416, 1366, 1251, 1171, 1133,
1027, 858, 838, 763, 698 cm™; [0]*p —59.1 (¢ 1.00, CHCI3); *H NMR (500 MHz, CDCls, 60 °C) & 7.66—
7.56 (m, 2H), 7.43-7.35 (m, 3H), 7.34-7.12 (m, 3H), 7.17-7.10 (m, 2H), 5.46-5.41 (m, 1H), 4.51 (d, J =
15.5 Hz, 1H), 4.32 (d, J = 15.2 Hz, 1H), 4.28 (dt, J = 10.9, 8.6 Hz, 1H), 4.26 (d, J = 15.5 Hz, 1H), 4.24—
4.18 (m, 1H), 4.21 (d, J = 19.2 Hz, 1H), 4.16 (dt, J = 10.9, 8.6 Hz, 1H), 4.04 (d, J = 15.2 Hz, 1H), 3.66 (d,
J=19.2 Hz, 1H), 3.54 (s, 3H), 2.90-2.60 (m, 1H), 1.38 (s, 9H), 0.99 (t, J = 8.6 Hz, 2H), 0.08 (s, 9H), 0.02
(s, 9H); 13C NMR (125 MHz, CDCls, 60 °C) 5 166.2 (C), 157.5 (C), 154.8 (C), 141.3 (C), 138.0 (C),
137.4 (C), 132.3 (C), 129.6 (CH), 128.8 (CH), 128.5 (CH), 128.2 (CH), 127.4 (CH), 127.1 (CH), 123.5 (q,
J = 286 Hz, CF3), 85.2 (g, J = 28.0 Hz, C-CF3), 80.2 (C), 67.3 (CH), 64.5 (CH>), 55.4 (CH3), 49.8 (CH)),
49.2 (CH>), 46.3 (CH>), 44.2 (CH>), 28.5 (CHs), 18.1 (CHy), —0.2 (CH3), —1.4 (CHs); 19F NMR (470 MHz,
CDCls, 60 °C) 8 —74.8 (CF3); HRMS (ESI), calcd for Ca7HssN2O-FsSioNa* (M+Na)* 773.3241, found
773.3236.
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181b NBnTeoc 100% (R)-193 NBnTeoc

(R)-MTPA ester ((R)-193): (S)-(+)-a-Methoxy-a-trifluoromethylphenylacetyl chloride (31 pL, 170 pumol)
was added to a solution of alcohol 181b (40.2 mg, 75 pmol), DMAP (9.7 mg, 113 pumol), EtsN (36 L,
240 pmol), and CH2Cl, (1.5 mL) at 0 °C. The solution was allowed to warm to room temperature,
maintained for 15 min, and quenched with saturated aqueous NH4Cl (2 mL). The resulting mixture was
extracted with CH2Cl> (2x 2 mL), washed with brine (2 mL), dried over Na;SO4, and concentrated. The
residue was purified by silica gel column chromatography (EtOAc/hexane 1:9 to 1:4) to give (R)-MTPA
ester (R)-193 (52.0 mg, 100%): a colorless oil; IR (film) 2955, 1746, 1699, 1416, 1366, 1251, 1170, 1133,
1027, 858, 838, 763, 712, 698 cm™%; [a]*p —48.5 (¢ 1.00, CHCIs); *H NMR (500 MHz, CDCls, 60 °C) &
7.67-7.58 (m, 2H), 7.43-7.34 (m, 3H), 7.32-7.19 (m, 3H), 7.12-7.04 (m, 2H), 5.45-5.35 (m, 1H), 4.44 (d,
J=14.6 Hz, 1H), 4.39-4.31 (m, 1H), 4.28 (dt, J = 10.4, 8.6 Hz, 1H), 4.24 (d, J = 19.2 Hz, 1H), 4.17 (dt, J
=10.4, 7.5 Hz, 1H), 4.14 (d, J = 15.2 Hz, 1H), 4.07 (d, J = 14.6 Hz, 1H), 4.02 (d, J = 15.2 Hz, 1H), 3.66
(d, J=19.2 Hz, 1H), 3.57 (s, 3H), 2.88-2.64 (m, 1H), 1.44 (s, 9H), 1.02 (dd, J = 8.6, 7.5 Hz, 2H), 0.06 (s,
9H), 0.04 (s, 9H); 3C NMR (125 MHz, CDCls, 60 °C) & 166.3 (C), 157.4 (C), 155.0 (C), 140.9 (C), 138.0
(C), 137.4 (C), 132.5 (C), 129.6 (CH), 128.8 (CH), 128.5 (CH), 128.0 (CH), 127.3 (CH), 127.1 (CH),
123.6 (q, J = 287 Hz, CF3), 85.0 (g, J = 27.4 Hz, C-CF3), 80.3 (C), 67.4 (CH), 64.4 (CH.), 55.5 (CHa),
49.8 (CH,), 49.2 (CHy), 46.3 (CHy), 44.3 (CHy), 28.5 (CHs3), 18.2 (CH), —0.2 (CHz3), —1.4 (CHs); °F
NMR (470 MHz, CDCls, 60 °C) & —74.8 (CF3); HRMS (ESI), calcd for Ca7Hs3sN207FsSioNa* (M+Na)*
773.3241, found 773.3255.

The resulting AR (= Js - Jr) values

,— ~0.058
o\fo H(a): —0.015
N
+0.016. 2 9
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™S (o
Hay +0.176 7~ 4WpeC  Ph
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OS H(b): +0.190
J5-0r (Ppm) ™S

Boc Boc
N {BUOK N
- -
X N
OH THF, 0°C OH
TeocBnN T™MS NBnTeoc
82%
181a ) 188

Allylic alcohol (188): Potassium tert-butoxide (1.36 g, 12.1 mmol) was added to the solution of 18la
(4.30 g, 8.04 mmol) and THF (80 mL) at 0 °C. The solution was maintained at 0 °C for 15 min, 1 M HCI

was added to the solution until TLC analysis indicated the complete consumption of the TMS ether (total:
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30 mL). The resulting mixture was extracted with EtOAc (2x 50 mL). The combined organic extracts were
washed with brine (50 mL), dried over Na»,SQa, and concentrated. The residue was purified by silica gel
column chromatography (EtOAc/hexane 1:4) to give allylic alcohol 188 (3.04 g, 82%): a colorless oil; IR
(film) 3436, 2954, 1699, 1455, 1419, 1366, 1247, 1166, 1106, 1056, 936, 859, 838, 768, 700 cm™; [a]?'p —
26.2 (c 1.00, CHCIs); *H NMR (500 MHz, CDCls, 60 °C) & 7.34-7.20 (m, 5H), 5.67-5.63 (m, 1H), 4.52 (d,
J = 15.5 Hz, 1H), 4.42 (d, J = 15.5 Hz, 1H), 4.30-4.23 (m, 2H), 4.17-4.08 (m, 1H), 3.93-3.84 (m, 2H),
3.82 (d, J = 15.8 Hz, 1H), 3.66 (d, J = 18.6 Hz, 1H), 3.46 (d, J = 4.6 Hz, 2H), 1.48 (s, 9H), 1.08-1.02 (m,
2H), 0.06 (s, 9H); *C NMR (125 MHz, CDCls, 60 °C) § 156.9 (C), 155.2 (C), 137.8 (C), 135.5 (C), 128.7
(CH), 128.1 (CH), 127.5 (CH), 125.7 (CH), 80.3 (C), 64.3 (CH>), 63.8 (CH), 50.1 (CHy), 49.4 (CH>), 47.9
(CH2), 445 (CH), 28.6 (CHs), 18.2 (CHy), —1.4 (CH3); HRMS (ESI), calcd for Ca4H3sN2OsSiNa*
(M+Na)* 485.2448, found 485.2454.

Boc (R-MTPACI Boc
DMAP, Et;N o}
. —— . (S)
0K CHCly, rt N g O
NBnTeoc NBnTeoc MeO  Ph
188 100% (5)-194

(S)-MTPA ester ((S)-194): (R)-(—)-a-Methoxy-o-(trifluoromethyl)phenylacetyl chloride (34 pL, 180
pmol) was added to a solution of alcohol 188 (69.2 mg, 150 umol), DMAP (18.3 mg, 150 umol), EtsN (46
pL, 330 pmol), and CH,ClI, (3.0 mL) at 0 °C. The solution was allowed to warm to room temperature,
maintained for 15 min, and quenched with saturated aqueous NH4CI (2 mL). The resulting mixture was
extracted with CH.Cl, (2x 2 mL), washed with brine (2 mL), dried over Na SOs, and concentrated. The
residue was purified by silica gel column chromatography (EtOAc/hexane 1:4) to give (S)-MTPA ester
(S)-194 (102 mg, 100%): a colorless oil; [a]?®p —25.8 (¢ 1.00, CHCIs); IR (film) 2953, 1746, 1700, 1453,
1420, 1367, 1238, 1169, 1125, 1016, 938, 859, 839, 716, 699 cm; *H NMR (500 MHz, CDClIs, 60 °C) §
7.58-7.51 (m, 2H), 7.43-7.36 (m, 3H), 7.34-7.22 (m, 3H), 7.22-7.15 (m, 2H), 5.80-5.74 (m, 1H), 5.44—
5.32 (m, 1H), 4.48 (d, J = 15.2 Hz, 1H), 4.37 (d, J = 15.2 Hz, 1H), 4.30-4.22 (m, 2H), 4.10-3.96 (m, 1H),
3.96-3.78 (m, 2H), 3.83 (dd, J = 13.5, 4.6 Hz, 1H), 3.65 (d, J = 20.0 Hz, 1H), 3.53 (s, 3H), 3.47-3.35 (m,
1H), 1.48-1.39 (m, 9H), 1.07-1.01 (m, 2H), 0.05 (s, 9H); 2*C NMR (125 MHz, CDCls, 60 °C) & 166.3 (C),
156.9 (C), 154.5 (C), 140.1 (C), 137.4 (C), 132.5 (C), 129.7 (CH), 128.8 (CH), 128.6 (CH), 128.0 (CH),
127.7 (CH), 127.7 (CH), 123.5 (q, J = 287 Hz, CFs), 119.4 (CH), 84.9 (g, J = 28.0 Hz, C-CF3), 80.5 (C),
68.4 (CH), 64.4 (CHy), 55.4 (CHs), 49.9 (CH,), 49.1 (CHy), 44.1 (CHy), 44.1 (CHy), 28.4 (CHs3), 18.2
(CH2), —1.4 (CHs); F NMR (470 MHz, CDCls, 60 °C) & -74.6 (CFs); HRMS (ESI), calcd for
CasHasN,07F3SiNat (M+Na)* 701.2846, found 701.2848.
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(R)-MTPA ester ((R)-195): (S)-(+)-a-Methoxy-a-trifluoromethylphenylacetyl chloride (25 pL, 140 pumol)
was added to a solution of alcohol 188 (52.1 mg, 113 pumol), DMAP (14.0 mg, 113 pmol), EtsN (35 pL,
250 pmol), and CH2Cl, (2.3 mL) at 0 °C. The solution was allowed to warm to room temperature,
maintained for 15 min, and quenched with saturated aqueous NH4Cl (2 mL). The resulting mixture was
extracted with CH2Cl> (2x 2 mL), washed with brine (2 mL), dried over Na;SO4, and concentrated. The
residue was purified by silica gel column chromatography (EtOAc/hexane 1:4) to give (R)-MTPA ester
(R)-195 (64.3 mg, 84%): a colorless oil; IR (film) 2954, 1746, 1699, 1453, 1420, 1367, 1239, 1169, 1125,
1081, 1016, 938, 860, 839, 766, 717, 699 cm; [a]*p —44.9 (c 1.00, CHCIs); *H NMR (500 MHz, CDCls,
60 °C) 6 7.57-7.51 (m, 2H), 7.42-7.36 (m, 3H), 7.30-7.21 (m, 3H), 7.20-7.12 (m, 2H), 5.70-5.60 (m, 1H),
5.45-5.32 (m, 1H), 4.41 (d, J = 15.5 Hz, 1H), 4.34 (d, J = 15.5 Hz, 1H), 4.28-4.21 (m, 2H), 4.02-3.88 (m,
2H), 3.88-3.78 (m, 2H), 3.63 (d, J = 18.3 Hz, 1H), 3.54 (s, 3H), 3.44 (dd, J = 13.7, 3.7 Hz, 1H), 1.44 (s,
9H), 1.06-1.00 (m, 2H), 0.04 (s, 9H); 3C NMR (125 MHz, CDCls, 60 °C) & 166.3 (C), 156.9 (C), 154.6
(C), 139.9 (C), 137.4 (C), 132.5 (C), 129.7 (CH), 128.8 (CH), 128.6 (CH), 128.1 (CH), 127.7 (CH), 127.7
(CH), 123.5 (q, J = 287 Hz, CF3), 119.5 (CH), 85.0 (g, J = 27.4 Hz, C-CF3), 80.6 (C), 68.2 (CH), 64.4
(CHy), 55.5 (CHa), 49.8 (CH>), 49.1 (CH>), 45.0-43.4 (CH; x2), 28.5 (CHs), 18.2 (CH>), —1.4 (CHz3); 1°F
NMR (470 MHz, CDCls, 60 °C) § —74.6 (CFs); HRMS (ESI), calcd for CzsHasN2O7FsSiNa* (M+Na)*
701.2846, found 701.2856.
The resulting AR (= Js - Jr) values
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Picolinate (189): 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (EDCI, 1.89 g, 9.86
mmol) was added to a solution of alcohol 188 (3.04 g, 6.57 mmol), DMAP (80.3 mg, 657 pmol),
2-picolinic acid (1.13 g, 9.20 mmol), and CH2Cl> (66 mL) at 0 °C. The solution was maintained at this
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temperature for 3 h, and quenched with H,O (30 mL). The resulting mixture was extracted with CH>Cl;
(2x 30 mL). The combined extracts were washed with brine (30 mL), dried over Na>SOa, and concentrated.
The residue was purified by silica gel column chromatography (EtOAc/hexane 1:3 to 1:1) to give
picolinate 189 (3.48 g, 93%): a colorless oil; [a]?p —63.1 (¢ 1.00, CHCIs); IR (film) 2954, 1740, 1698,
1454, 1421, 1366, 1245, 1169, 1129, 1044, 939, 858, 839, 750, 702 cm; *H NMR (500 MHz, CDCls,
60 °C) § 8.77 (d, J = 4.3 Hz, 1H), 8.08 (d, J = 7.8 Hz, 1H), 7.81 (ddd, J = 7.8, 7.8, 1.5 Hz, 1H), 7.45 (dd, J
=178, 4.3 Hz, 1H), 7.32-7.21 (m, SH), 5.81 (brs, 1H), 5.49 (brs, 1H), 4.50 (d, J = 15.5 Hz, 1H), 4.45 (d, J
=15.5 Hz, 1H), 4.29-4.23 (m, 2H), 4.04 (d, J = 17.8 Hz, 1H), 3.95 (d, J = 16.1 Hz, 1H), 3.89 (dd, J = 13.8,
4.6 Hz, 1H), 3.83 (d, J = 16.1 Hz, 1H), 3.74 (d, J = 17.8 Hz, 1H), 3.60 (dd, J = 13.8, 4.6 Hz, 1H), 1.43 (s,
9H), 1.08-1.02 (m, 2H), 0.05 (s, 9H); 3C NMR (125 MHz, CDCls, 60 °C) & 164.5 (C), 156.8 (C), 154.6
(C), 150.1 (CH), 148.4 (C), 139.0 (C), 137.5 (C), 136.8 (CH), 128.6 (CH), 128.0 (CH), 127.5 (CH), 126.8
(CH), 125.3 (CH), 120.9 (CH), 80.2 (C), 67.3 (CH), 64.2 (CH), 50.0 (CHy), 49.3 (CH>), 44.6 (CHy), 44.3
(CH3), 28.4 (CHs), 18.1 (CH2), —1.5 (CH3); HRMS (ESI), calcd for CaoHa1N306SiNa* (M+Na)* 590.2662,
found 590.2673.

Boc TIPSO(CHy);MgBr (190) Boc
o Znl,, CuBr-Me,S
N N TIPSO ¥
o ‘ A THF, 0°C
NBnTeoc = TeocBnN
97%
189 191

Sn2’ product (191): A 100 mL flask equipped with a rubber septa connected to a bubbler was charged
with magnesium (turnings, 700 mg, 28.8 mmol) and THF (40 mL). (3-Bromopropoxy)triisopropylsilane 3
(4.5 mL, 16 mmol) was added to the mixture at room temperature over a period of 5 min. The resulting
mixture was stirred vigorously for 1 h. The concentration of the Grignard reagent 190 was determined as
0.26 M by titration with 1,10-phenanthroline method 4.

The above Grignard reagent 190 (0.26 M in THF, 31 mL, 7.5 mmol) was slowly added to a mixture
of CuBr-Me;S (918 mg, 4.46 mmol), Znl, (1.42 g, 4.46 mmol), and THF (25 mL) at 0 °C. The resulting
mixture was stirred at this temperature for 30 min. A solution of picolinate 189 (1.41 g, 2.48 mmol) and
THF (25 mL) was added dropwise to the mixture dropwise at 0 °C. The mixture was stirred for 30 min,
and quenched with saturated aqueous NH4Cl (50 mL). The resulting mixture was extracted with hexane
(2x 50 mL). The combined organic extracts were washed with brine (50 mL), dried over Na;SO4, and
concentrated. The residue was purified by silica gel column chromatography (EtOAc/hexane 1:9) and
MPLC (Yamazen Ultra Pack Column B, 26x300 mm, EtOAc/hexane 18:82, 20 mL/min, 191: Tr = 28.5
min) to afford Sn2’ product 191 (1.58 g, 97%): a colorless oil; [a]?'p +18.0 (c 1.00, CHCIs); IR (film)
2945, 2866, 1699, 1464, 1419, 1365, 1249, 1175, 1144, 1103, 882, 858, 838, 770 cm; 'H NMR (500
MHz, CDCls, 60 °C) & 7.31-7.14 (m, 5H), 5.70 (d, J = 10.9 Hz, 1H), 5.64 (d, J = 10.9 Hz, 1H), 4.56 (d, J
= 15.8 Hz, 1H), 4.51 (d, J = 15.8 Hz, 1H), 4.19 (dt, J = 10.6, 7.2 Hz, 2H), 3.85 (brs, 2H), 3.65 (t, J = 5.5
Hz, 2H), 3.54-3.25 (m, 4H), 1.60—1.41 (m, 13H), 1.12-1.04 (m, 21H), 1.05-0.96 (m, 2H), 0.04 (s, 9H);
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13C NMR (125 MHz, CDCls, 60 °C) 8 157.9 (C), 155.4 (C), 138.4 (C), 132.8 (CH), 128.6 (CH), 127.6
(CH), 127.3 (CH), 124.4 (CH), 79.8 (C), 64.2 (CH2), 63.9 (CHz), 52.7 (CH2), 52.0 (CH2), 48.1 (CH2), 43.5
(CHy), 41.4 (C), 33.4 (CHy), 28.6 (CHa), 27.6 (CHy), 18.2 (CHs), 18.1 (CH,), 12.3 (CH), —1.4 (CH);
HRMS (ESI), calcd for CasHesN20sSizNa* (M+Na)* 683.4252, found 683.4232.

Boc Boc

Na

TIPSO TIPSO =
NH3/THF/tBuOH

-78°C
99%, 95% ee

TeocBnN
191

TeocHN
136

A-ring (136): Sodium (1.10 g, 47.8 mmol) was added to a solution of 191 (1.58 g, 2.39 mmol), tBuOH
(0.7 mL), and NH3/THF (25:24, 34 mL) at —78 °C. The resulting mixture was stirred for 15 min at —78 °C,
guenched with solid NH4CI (3.84 g, 71.7 mmol), allowed to warm to room temperature, and diluted with
water (20 mL). The resulting mixture was extracted with hexane (2x 20 mL). The combined organic
extracts were washed with brine (10 mL), dried over Na;SOs, and concentrated. The residue was purified
by silica gel column chromatography (EtOAc/hexane 1:19 to 1:9) to give A-ring 136 (1.34 g, 99%, 95%
ee by HPLC (CHIRALPAK AD-H, 250x4.6 mm, UV 210 nm, iPrOH/hexane 1:85 (v/v), 1.0 mL/min, 136:
Tr=6.9 min, ent-136: Tr= 8.0 min)): [a]*'p —11.5 (c 1.00, CHCI5).

Chiral HPLC chart of 136 (95%o ee)
CHIRALPAK AD-H, 250%4.6 mm, UV 210 nm, iPrOH/hexane 1:85 (v/v), 1.0 mL/min

89700

1 691

9B000

F
960004 %
| L.l - 1
94662 : ' } H } I t
55 6.0 7.0 g0 2.0 9.5
Tirre [rnin]

No. | Tr Area Height | Area (%)
1 6.91 44966.050 2915 97.4348
2 8.02 1183.850 108 2.5652

Chiral HPLC chart of racemic-136
- f\ :
i ‘J l\ ,‘"’\‘\
Zn ] \ / \\
- JJ"‘ \\ ‘/'/ \\\
N AN
. ~ ! - _ —

No. | Tr Area Height | Area (%)
1 6.93 | 436511.000 | 32316 49.9273
2 8.21 | 437782.600 | 26552 50.0727
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A-3. Synthesis of Common Intermediate 141

r%oc Boc
Br/\
TIPSO = — > TIPSO =
NaH, TBAI (10 mol%)
Z
TeocHN o TeocN =z
eoc 136 DMF, 0 °C 1962 eocl \/

96%
Eneyne (196a): Sodium hydride (257 mg, 6.75 mmol) was added to a solution of A-ring 136 (2.57 g, 4.50
mmol), propargyl bromide (510 pL, 6.8 mmol), tetrabutylammonium iodide (166 mg, 450 pmol) and
DMF (45 mL) at 0 °C. This solution was maintained at this temperature for 4 h, quenched with saturated
agueous NH4CI (25 mL), and extracted with EtOAc/hexane = 1/3 (3x 25 mL). The combined organic
extracts were washed with brine (15 mL), dried over Na;SOa, and concentrated. The residue was purified
by silica gel column chromatography (EtOAc/hexane 1:29 to 1:12) to give eneyne 196a (2.63 g, 96%): a
colorless oil; [a]?'o +10.5 (¢ 1.00, CHCIs); IR (film) 3313, 2945, 2866, 1702, 1418, 1249, 1175, 1147,
1105, 839 cm%; *H NMR (500 MHz, CDCls, 60 °C) § 5.74-5.66 (m, 1H), 5.63 (ddd, J = 10.3, 2.0, 2.0 Hz,
1H), 4.25-4.17 (m, 2H), 4.10 (brs, 2H), 3.88 (d, J = 18.1 Hz, 1H), 3.82 (d, J = 18.1 Hz, 1H), 3.65 (t, J =
6.0 Hz, 2H), 3.48-3.36 (m, 1H), 3.43 (d, J = 14.9 Hz, 1H), 3.39 (d, J = 14.9 Hz, 1H), 3.33-3.24 (m, 1H),
2.17 (brs, 1H), 1.64—1.44 (m, 4H), 1.48 (s, 9H), 1.14-1.00 (m, 23H), 0.06 (s, 9H); 3C NMR (125 MHz,
CDCls, 1:1 mixture of rotamers) & 157.1 (C), 157.1 (C), 155.3 (C), 155.2 (C), 132.3 (CH), 131.9 (CH),
125.1 (CH), 124.6 (CH), 80.2-79.2 (C x4), 72.2-71.3 (CH x2), 64.3 (CH>), 64.3 (CH,), 63.9 (CHy), 63.9
(CH2), 52.8 (CHy), 52.1 (CHy), 48.0 (CH>), 46.8 (CHy), 43.7 (CH>), 42.9 (CH.), 41.2-40.4 (C x2), 38.4
(CH2), 38.4 (CH>), 32.8 (CH), 32.5 (CHz), 28.6 (CHs3), 28.6, (CHs), 27.4 (CH>), 27.4 (CH>), 18.2 (CH3),
18.2 (CHa), 17.9 (CHy), 17.8 (CH2), 12.1 (CH), 12.1 (CH), —-1.4 (CH3), —1.4 (CH3); HRMS (ESI), calcd
for C32HeiN20sSiz* (M+H)* 609.4119, found 609.4130.

Roe nBuLi Roe
CICO,Me
TIPSO = —————— TIPSO _
> THF, =78 °C > CO,Me
TeocN \// TeocN /
196a 70% (brsm 79%) 196b

Methyl ynoate (196b): n-Butyllithium (1.6 M in hexane, 1.3 mL, 2.2 mmol) was added to a solution of
alkyne 196a (1.27 g, 2.09 mmol) and THF (21 mL) at —78 °C. After the solution was maintained for 15
min, methyl chloroformate (240 pL, 3.1 mmol) was added at the same temperature. The solution was
maintained for 30 min, and quenched with saturated aqueous NH4Cl (10 mL) at —78 °C. The resulting
mixture was extracted with EtOAc (2x 10 mL). The combined organic extracts were washed with brine
(10 mL), dried over Na,SO., and concentrated. The residue was purified by silica gel column
chromatography (EtOAc/hexane 1:5) to give a mixture of methyl ynoate 196b and alkyne 196a. The
mixture was then separated by MPLC (Yamazen Ultra Pack Column B, 26x300 mm, EtOAc/hexane 24:76,
20 mL/min, 196b: Tr = 30.0 min, 196a: Tr = 28.0 min) to afford methyl ynoate 196b (969 mg, 70%, brsm
79%) and alkyne 196a (140 mg, 11%). 196b: a colorless oil; [a]?°p +12.3 (c 1.00, CHCIs); IR (film) 2945,
2866, 2239, 1702, 1462, 1423, 1250, 1175, 1104, 839 cm*; *H NMR (500 MHz, CDCls, 60 °C) § 5.76—
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5.69 (m, 1H), 5.60 (d, J = 10.3 Hz, 1H), 4.28-4.17 (m, 4H), 3.94-3.86 (m, 1H), 3.84-3.76 (m, 1H), 3.75 (s,
3H), 3.65 (t, J = 6.1 Hz, 2H), 3.56-3.32 (m, 1H), 3.42 (d, J = 14.9 Hz, 1H), 3.35 (d, J = 14.9 Hz, 1H), 3.25
(brs, 1H), 1.62-1.45 (m, 4H), 1.48 (s, 9H), 1.13-1.00 (m, 23H), 0.06 (5, 9H); *C NMR (125 MHz, CDCls,
1:1 mixture of rotamers) 8 156.9 (C), 156.9 (C), 155.4 (C), 155.2 (C), 153.8 (C), 153.8 (C), 132.1 (CH),
131.7 (CH), 125.6 (CH), 125.2 (CH), 84.3 (C), 84.3 (C), 83.8 (C), 83.8 (C), 80.1 (C), 80.1 (C), 64.7 (CH.),
64.7 (CHy), 63.9 (CH), 63.9 (CHy), 52.8 (CHs), 52.8 (CH3), 52.7 (CHz), 52.7 (CHz), 48.0 (CHy), 46.7
(CHy), 43.7 (CH), 43.0 (CH), 40.9 (C), 40.6 (C), 38.6 (CH,), 38.5 (CH,), 32.9 (CH), 32.1 (CHy), 28.6
(CH3), 28.6 (CHs), 27.4 (CHy), 27.4 (CHy), 18.2 (CH3), 18.2 (CH3), 18.0 (CH2), 17.9 (CHy), 12.1 (CH),
12.1 (CH), 1.4 (CH3), —1.4 (CHs); HRMS (ESI), calcd for CasHesNoO7Siz* (M+H)* 667.4174, found
667.4173.

N
Ree Pd,dbag-CHCl, ‘
(2 mol%), HCO,H TIPSO
TIPSO = -
CO,Me toluene/MeCN=49 TeocN
= o
TeocN/ 60°C
196b 87% 222 CO,Me

Unsaturated methyl ester (222): Tris(dibenzylidenacetone)dipalladium chloroform adduct (39.4 mg,
38.1 umol) was added to a solution of methyl ynoate 196b (1.27 g, 1.90 mmol), HCO:H (350 pL, 9.5
mmol) and PhMe/MeCN = 49 (190 mL). The solution was heated to 60 °C, maintained for 1 h, quenched
with saturated aqueous NaHCOs3 (50 mL) at room temperature, and extracted with EtOAc (3x 50 mL). The
combined organic extracts were washed with brine (50 mL), dried over Na;SOs, and concentrated. The
residue was purified by silica gel column chromatography (EtOAc/hexane 1:19) to give unsaturated
methyl ester 222 (1.10 g, 87%): a colorless oil; [a]?®p +62.0 (¢ 1.00, CHCIs); IR (film) 2947, 2866, 1708,
1649, 1369, 1249, 1167, 1107, 858, 838 cm*; H NMR (500 MHz, CDCls, 60 °C) § 7.07-6.77 (m, 1H),
5.76 (s, 1H), 5.01 (brs, 1H), 4.57 (brs, 1H), 4.40-4.12 (m, 1H), 4.19 (t, J = 8.6 Hz, 2H), 3.84-3.56 (m, 4H),
3.73 (s, 3H), 3.30 (d, J = 9.2 Hz, 1H), 2.88 (d, J = 13.8 Hz, 1H), 2.66 (brs, 1H), 1.68-1.36 (m, 4H), 1.50 (s,
9H), 1.12-0.99 (m, 23H), 0.04 (s, 9H); *C NMR (125 MHz, CDCls, 1:1 mixture of rotamers) § 166.1 (C),
166.1 (C), 156.6 (C), 156.4 (C), 155.9 (C), 155.9 (C), 152.7 (C), 152.2 (C), 127.0 (CH), 126.8 (CH), 118.4
(CH), 118.0 (CH), 103.3 (CH), 103.3 (CH), 81.5 (C), 81.5 (C), 63.9 (CH), 63.9 (CH>), 63.7 (CH>), 63.7
(CH2), 51.4 (CHs), 51.4 (CHa), 46.7 (CH2), 46.3 (CH.), 46.0 (CH), 46.0 (CH>), 45.6 (CH), 45.4 (CH>),
44.2 (CHy), 44.2 (CH), 37.4 (C), 37.2 (C), 32.0 (CH2), 31.7 (CHy), 28.3 (CHs3), 28.3 (CHs), 26.7 (CH>),
26.7 (CHy), 18.1 (CHs), 18.1 (CHs), 18.0 (CHy), 17.9 (CHy), 12.0 (CH), 12.0 (CH), —1.4 (CH3), -1.4
(CH3); HRMS (ESI), calcd for CasHe2N207SizNa* (M+Na)* 689.3993, found 689.3984.

Boc Boc Boc

N N N

|
TIPSO NaBH,, CuCl TIPSO ‘ + TIPSO ‘
H
_90 ° H H
TeocN EtOH, -20°C TeocN CO,Me TeocN . _A~_CO,Me
222 COMe  94% (dr=10.8:1) 223 H 232 H

Methyl ester (223): Copper (1) chloride (264 mg, 2.67 mmol) and NaBH4 (101 mg, 2.67 mmol) were
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added to a solution of unsaturated methyl ester 222 (1.78 g, 2.67 mmol) and EtOH (27 mL) at —20 °C.
Copper (1) chloride (264 mg, 2.67 mmol) and NaBH4 (101 mg, 2.67 mmol) were added to the mixture
every 15 min until TLC analysis indicated the complete consumption of unsaturated methyl ester 222
(total: CuCl 3.0 equiv., NaBH4 3.0 equiv.). The mixture was quenched with saturated aqueous NH4CI (10
mL), and extracted with EtOAc (3x 10 mL). The combined organic extracts were washed with brine (5
mL), dried over Na;SO4, and concentrated. The residue was filtered through a pad of silica gel
(EtOAc/hexane 1:19). Two diastereomers were then separated by MPLC (Yamazen Ultra Pack Column D,
50%300 mm, EtOAc/hexane 9:91 to 30:70, 45 mL/min, 223: Tr = 38.0 min, 232: Tr = 42.0 min) to afford
methyl esters 223 (1.54 g, 86%) and 232 (142 mg, 7.9%). methyl ester 223: a colorless oil; [a]?**p ~10.3 (c
1.00, CHClIs); IR (film) 2946, 2865, 1742, 1703, 1652, 1436, 1367, 1250, 1168, 1110 cm*; *H NMR (500
MHz, CsDs, 79 °C) & 7.20-6.90 (m, 1H), 4.43 (d, J = 8.3 Hz, 1H), 4.29 (t, J = 8.3 Hz, 2H), 4.12-3.96 (m,
1H), 3.94-3.72 (m, 2H), 3.64-3.54 (m, 2H), 3.38 (s, 3H), 2.92 (d, J = 13.2 Hz, 1H), 2.87 (d, J = 13.5 Hz,
1H), 2.52-2.40 (m, 2H), 2.23 (brs, 1H), 2.07 (dd, J = 16.0, 7.2 Hz, 1H), 2.02 (dd, J = 15.8, 6.6 Hz, 1H),
1.65-1.49 (m, 4H), 1.42 (s, 9H), 1.17-1.05 (m, 21H), 1.02-0.95 (m, 2H), —0.02 (s, 9H); 3C NMR (125
MHz, CDCls, 1:1 mixture of rotamers) & 172.4 (C), 172.2 (C), 156.0 (C), 156.0 (C), 152.9 (C), 152.4 (C),
127.0 (CH), 126.8 (CH), 101.8 (CH), 101.4 (CH), 81.3 (C), 81.3 (C), 63.8 (CH2>), 63.7 (CH>), 63.7 (CH>),
63.6 (CHy), 51.9 (CH3), 51.9 (CHa), 48.9 (CHy), 47.9 (CHy), 45.5 (CHy), 45.1 (CHy), 44.2 (CHy), 43.9
(CH»), 38.2 (CH), 37.5 (CH), 35.2 (CH2), 35.0 (CH>), 34.0 (C), 34.0 (C), 31.7 (CH), 31.4 (CH), 30.7
(CHy2), 30.5 (CHy), 28.4 (CH3), 28.4 (CHa), 26.4 (CH>), 26.4 (CH>), 18.2 (CHs3), 18.2 (CH3), 17.9 (CH>),
17.9 (CHy), 12.1 (CH), 12.1 (CH), —1.4 (CH3), —1.4 (CH3); HRMS (ESI), calcd for CzsHesN2O7SiNa*
(M+Na)* 691.4150, found 691.4172. methyl ester 232: a colorless oil; [a]?’p +30.6 (¢ 1.00, CHCIs); IR
(film) 2947, 2866, 1741, 1705, 1649, 1369, 1249, 1173, 1136, 1110 cm™; 'H NMR (500 MHz, CgDs,
79 °C)  7.10-6.80 (m, 1H), 4.67 (dd, J = 7.2, 7.2 Hz, 1H), 4.41-4.20 (m, 3H), 4.13 (d, J = 13.5 Hz, 1H),
4.00-3.75 (m, 1H), 3.61-3.52 (m, 2H), 3.37 (s, 3H), 3.28 (d, J = 13.8 Hz, 1H), 2.71 (d, J = 13.2 Hz, 1H),
2.45 (dd, J = 12.9, 12.9 Hz, 1H), 2.30 (d, J = 12.1 Hz, 1H), 2.02—-1.88 (m, 2H), 1.62-1.46 (m, 2H), 1.44—
1.38 (m, 1H), 1.42 (s, 9H), 1.36-1.17 (m, 2H), 1.15-1.03 (m, 21H), 1.01-0.95 (m, 2H), —0.03 (s, 9H); °3C
NMR (125 MHz, CDCls, 1:1 mixture of rotamers) & 172.6 (C), 172.6 (C), 155.6 (C), 155.6 (C), 153.0 (C),
152.4 (C), 125.4 (CH), 125.0 (CH), 104.2 (CH), 103.7 (CH), 81.1 (C), 81.1 (C), 63.8 (CH>), 63.8 (CH>),
63.7 (CHy), 63.7 (CH2), 51.8 (CHa), 51.8 (CHs3), 50.5 (CH>), 50.5 (CH>), 48.5 (CHy), 48.3 (CH>), 44.3
(CH>), 43.6 (CHy), 42.0 (CH), 41.8 (CH), 38.5 (CH), 38.5 (CH), 36.0 (CH>), 35.8 (CH>), 34.4 (C), 34.3
(C), 32.1 (CHy), 32.1 (CH>), 28.4 (CH3), 28.4 (CH3), 26.8 (CHy), 26.7 (CH,), 18.1 (CH3), 18.1 (CH3), 17.9
(CH2), 17.9 (CH>), 12.0 (CH), 12.0 (CH), —1.3 (CHs3), —1.3 (CHz3); HRMS (ESI), calcd for C3sHssN207Si>*
(M+H)* 669.4330, found 669.4363.
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NOESY experiments for 223 and 232

oTIPS Teoc

\ H
’%oc H Eoc N
‘ TeocN —___| ‘ MeO,C H OTIPS
TIPSO — H H TIPSO — H
= NBoc =
H H { \
TeocN CO,Me M TeocN .__~__CO;Me H B
223 H Me0zC H 232 A o¢
H H
)

223 (500 MHz, C¢Dg, 79 °C

232 (500 MHz, C¢Dg, 79 °C)

Boc
N N

MeNHOMe-HCI ‘
TIPSO ‘ iPrMgBr TIPSO o
H
H o0 °
TeocN CO,Me THF, —20°C TeocN NMe
223 H 100% 233 OMe

Weinreb amide (233): A 200 mL flask equipped with a rubber septa connected to a bubbler was charged
with magnesium (turnings, 751 mg, 30.9 mmol) and THF (47 mL). 1,2-Dibromoethane (12 pL, 140 pumol)
and 2-bromopropane (2.64 mL, 28.2 mmol) were added to the mixture at room temperature over a period
of 5 min. The resulting mixture was stirred vigorously for 1 h. The concentration of the resulting
isopropylmagnesium bromide was determined as 0.38 M by titration with 1,10-phenanthroline method 5.

Isopropylmagnesium bromide (0.38 M in THF, 24 mL, 9.2 mmol) was added to a mixture of methyl
ester 223 (1.53 g, 2.29 mmol), MeNHOMe-HCI (447 mg, 4.58 mmol), and THF (12 mL) at —20 °C. The
mixture was stirred for 15 min, quenched with saturated aqueous NH4CIl (5 mL), and extracted with
EtOAc (2x 10 mL). The combined organic extracts were washed with brine (5 mL), dried over Na;SOs,
and concentrated. The residue was purified by silica gel column chromatography (EtOAc/hexane 1:3) to
give Weinreb amide 233 (1.60 g, 100%): a colorless oil; [0]?’p —3.9 (¢ 1.00, CHCI3); IR (film) 2944, 2866,
1703, 1670, 1367, 1250, 1170, 1110 cm; *H NMR (500 MHz, CDCls, 60 °C) & 7.02-6.72 (m, 1H), 4.70
(brs, 1H), 4.17 (t, J = 8.4 Hz, 2H), 3.94-3.84 (m, 1H), 3.84-3.50 (m, 4H), 3.69 (s, 3H), 3.18 (s, 3H), 3.09—
2.91 (m, 1H), 2.80 (d, J = 14.0 Hz, 1H), 2.60-2.42 (m, 3H), 2.41-2.30 (m, 2H), 1.63—1.46 (m, 4H), 1.49 (s,
9H), 1.13-1.03 (m, 21H), 1.00 (m, 2H), 0.04 (s, 9H); 3C NMR (125 MHz, CDCls, 1:1 mixture of
rotamers) & 172.5 (C), 172.2 (C), 156.1 (C), 156.1 (C), 153.0 (C), 152.5 (C), 126.7 (CH), 126.6 (CH),
102.4 (CH), 102.1 (CH), 81.2 (C), 81.2 (C), 63.9 (CH>), 63.6 (CH>), 63.6 (CH>), 63.6 (CH>), 61.4 (CHa),
61.4 (CHs), 49.0 (CHy»), 47.9 (CHy), 45.4 (CH>), 45.2 (CHy), 44.4 (CHy), 44.3 (CH>), 38.8-37.0 (CH x4),
34.1 (C), 34.0 (C), 32.8-32.0 (CHz x2, CH» x2), 31.0 (CH), 30.9 (CH), 30.7 (CHy), 30.5 (CHy), 28.4
(CHs), 28.4 (CH3), 26.5 (CHy), 26.5 (CH>), 18.1 (CHs), 18.1 (CHs), 17.9 (CH,), 17.9 (CH,), 12.0 (CH),
12.0 (CH), —1.4 (CH3), 1.4 (CHs); HRMS (ESI), calcd for CasHesN3O7Siz* (M+H)* 698.4596, found
698.4590.

N N
\ \
TIPSO DIBAL-H
L0 TIPSO o
THF, -78 °C
TeocN NMe TeocN H
233 OMe 79% 234 H

Aldehyde (234): Diisobutylaluminium hydride (1.0 M in hexane, 3.4 mL, 3.4 mmol) was added to a
solution of Weinreb amide 233 (1.60 g, 2.29 mmol) and THF (23 mL) at —78 °C. This solution was
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maintained at this temperature for 1 h, and quenched with saturated aqueous (+)-potassium sodium tartrate
(50 mL). The resulting mixture was allowed to warm to room temperature, stirred for 1 h, and extracted
with EtOAc (2x 50 mL). The combined organic extracts were washed with brine (10 mL), dried over
Na2S0j4, and concentrated. The residue was purified by silica gel column chromatography (EtOAc/hexane
1:4) to give aldehyde 234 (1.46 g, 79%): a colorless oil; [a]?’o 7.6 (¢ 1.00, CHCIs); IR (film) 2945, 2866,
2723, 1703, 1367, 1250, 1169, 1111, 838 cm?; *H NMR (500 MHz, CDCls, 60 °C) 6 9.79 (s, 1H), 7.02—
6.72 (m, 1H), 4.60(brs, 1H), 4.17 (t, J = 8.6 Hz, 2H), 3.91-3.77 (m, 1H), 3.75-3.55 (m, 4H), 3.09-2.94 (m,
1H), 2.83 (d, J = 14.3 Hz, 1H), 2.63-2.49 (m, 2H), 2.45 (dd, J = 17.8, 5.2 Hz, 1H), 2.38 (dd, J = 17.8, 6.9
Hz, 1H), 2.32 (brs, 1H), 1.63—1.52 (m, 2H), 1.51-1.45 (m, 2H), 1.50 (s, 9H), 1.14-1.03 (m, 21H), 1.00 (m
2H), 0.05 (s, 9H); 13C NMR (125 MHz, CDCls, 60 °C) & 200.0 (CH), 156.1 (C), 152.7 (C), 127.4 (CH),
101.4 (CH), 81.4 (C), 63.82 (CHy>), 63.78 (CHz), 49.3-47.5 (CHz, broad), 45.7 (CHz), 44.5 (CH), 44.3
(CHy), 38.5 (CH), 34.3 (C), 31.1 (CH>), 29.5 (CH), 28.5 (CH3), 26.6 (CH2), 18.2 (CH3), 18.1 (CHy), 12.3
(CH), -1.3 (CH3); HRMS (ESI), calcd for CasHesN206Siz* (M+H)* 639.4225, found 639.4222.

o]

o)

Il
B B
Bec (MeO)ZP%Me Roe

| N TIPSO

-  f .
H K,CO3, MeOH, rt H
TeocN

TIPSO

AN

TeocN
234 H 94% 235

Alkyne (235): Ohira-Bestmann reagent (410 pL, 2.7 mmol) was added to a mixture of aldehyde 234 (1.15
g, 1.80 mmol), KoCO3 (498 mg, 3.60 mmol), and MeOH (18 mL) at room temperature. The mixture was
stirred for 3 h, and quenched with saturated aqueous NH4Cl (10 mL) at 0 °C. The resulting mixture was
extracted with hexane (2x 10 mL). The combined organic extracts were washed with brine (5 mL), dried
over Na,SOs, and concentrated. The residue was purified by silica gel column chromatography
(EtOAc/hexane 1:9) to give alkyne 235 (1.07 g, 94%): a colorless oil; [a]*’p —16.4 (¢ 1.00, CHCIs); IR
(film) 3313, 2945, 2866, 1704, 1652, 1465, 1435, 1412, 1366, 1250, 1169, 1146, 1111, 883, 859, 839, 766,
722, 683 cm; *H NMR (500 MHz, CDCls, 60 °C) & 6.84 (brs, 1H), 4.65 (brs, 1H), 4.17 (t, J = 8.3 Hz,
2H), 3.99 (brs, 1H), 3.81 (brs, 1H), 3.74-3.52 (m, 3H), 3.08-2.92 (m, 1H), 2.76 (d, J = 13.2 Hz, 1H),
2.52-2.42 (m, 2H), 2.28-2.08 (m, 3H), 1.99 (m, 1H), 1.60—1.48 (m, 4H), 1.49 (s, 9H), 1.09-1.04 (m, 21H),
1.00 (t, J = 8.3 Hz, 2H), 0.05 (s, 9H); 3C NMR (125 MHz, CDCls, 60 °C) & 156.1 (C), 152.7 (C), 127.1
(CH), 101.5 (CH), 81.4 (C), 81.2 (C), 70.2 (CH), 63.9 (CHy), 63.6 (CH>), 49.6-47.8 (br, CH>), 45.6 (CH>),
44.2 (CHy), 37.8 (CH), 34.3 (C), 34.2 (CH), 30.8 (CH>), 28.5 (CHs), 26.6 (CH2), 19.9 (CH>), 18.2 (CHs3),
18.1 (CH,), 12.3 (CH), —1.3 (CHs); HRMS (ESI), calcd for CasHesN20sSix* (M+H)* 635.4276, found
635.4271.
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235 145: 83%, 235: 14% 145

Propargylsilane (145): n-Butyllithium (1.6 M in hexane, 1.1 mL, 1.8 mmol) was added to a solution of
alkyne 235 (1.07 g, 1.68 mmol) and THF (15 mL) at —78 °C. After maintaining for 15 min,
(iodomethyl)trimethylsilane (300 pL, 2.0 mmol) and HMPA (2 mL) were added to the solution at —78 °C.
The mixture was stirred for 30 min at —78 °C, quenched with saturated aqueous NH4CI (10 mL) at the
same temperature, and extracted with hexane (2x 5 mL). The combined organic extracts were washed with
brine (5 mL), dried over Na;SO4, and concentrated. The residue was purified by silica gel column
chromatography (EtOAc/hexane 1:9) to give a mixture of propargylsilane 145 and alkyne 235. The
mixture was then separated by MPLC (Yamazen Ultra Pack Column B, 26x300 mm, EtOAc/hexane 7:93
to 30:70, 20 mL/min, 145: Tr = 25.5 min, 235: Tr = 28.5 min) to afford propargylsilane 145 (1.01 g, 83%)
and alkyne 235 (149 mg, 14%). Propargylsilane 145: a colorless oil; [a]®p —21.1 (¢ 1.00, CHCIs); IR
(film) 2953, 2866, 1705, 1465, 1435, 1366, 1250, 1170, 1110, 946, 854, 765, 722, 681 cm™; 'H NMR (500
MHz, CDCls, 60 °C) 5 7.00-8.68 (m, 1H), 4.80—4.60 (m, 1H), 4.16 (t, J = 8.0 Hz, 2H), 4.00-3.90 (m, 1H),
3.83 (brs, 1H), 3.74-3.56 (m, 3H), 2.98 (brs, 1H), 2.74 (d, J = 13.5 Hz, 1H), 2.48 (brs, 1H), 2.42 (t, J =
11.8 Hz, 1H), 2.26-2.16 (m, 1H), 2.16-2.00 (m, 2H), 1.60-1.48 (m, 4H), 1.50 (s, 9H), 1.43 (m, 2H), 1.10—
1.04 (m, 21H), 1.00 (t, J = 8.9 Hz, 2H), 0.10 (s, 9H), 0.05 (s, 9H); 3C NMR (125 MHz, CDCls, 60 °C) &
156.2 (C), 152.8 (C), 126.8 (CH), 102.3 (CH), 81.2 (C), 79.6 (C), 75.5 (C), 64.0 (CH>), 63.6 (CH>), 49.8—
47.6 (br, CH,), 45.6 (CHy), 44.5 (CH>), 38.0 (CH), 34.6 (CH), 34.3 (C), 30.9 (CHy), 28.5 (CHa), 26.7
(CH>), 20.5 (CH,), 18.22 (CH3), 18.19 (CH,), 12.3 (CH), 7.3 (CH2), —1.3 (CH3), —1.8 (CH3); HRMS (ESI),
calcd for CsgH73N20OsSis™ (M+H)* 721.4827, found 721.4825.

N TIPSO
° Te N
TeocN H 4 MeCN, EtOH, 50 °C eocl

145 H 85% 147 M

Tricyclic core (147): Trifluoroacetic acid (33 uL, 430 umol) was added to a solution of propargylsilane
145 (208 mg, 288 pumol) and MeCN/EtOH = 9 (29 mL). The solution was heated to 50 °C, maintained for
5 h, quenched with EtsN (80 pL, 580 umol) at room temperature, and concentrated. The residue was
purified by silica gel column chromatography (EtOAc/hexane 1:14) and MPLC (Yamazen Ultra Pack
Column B, 26x300 mm, EtOAc/hexane 7:93 to 30:70, 20 mL/min, 147: Tr = 23.0 min) to afford tricyclic
core 147 (158 mg, 85%): a colorless oil; [a]?°p +40.8 (c 1.00, CHCIs); IR (film) 3449, 2945, 2865, 1958,
1696, 1463, 1437, 1365, 1250, 1174, 1105, 839, 765, 682 cm; 'H NMR (500 MHz, CDCls, 60 °C) &
5.00-4.55 (m, 3H), 4.19 (t, J = 8.6 Hz, 2H), 4.09-3.95 (m, 1H), 3.92-3.75 (m, 1H), 3.73-3.58 (m, 3H),
3.13 (d, J = 13.5 Hz, 1H), 2.87 (d, J = 12.3 Hz, 1H), 2.63 (d, J = 13.2 Hz, 1H), 2.62-2.50 (m, 1H), 2.35
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(dd, J = 15.8, 6.6 Hz, 1H), 2.15 (ddd, J = 13.2, 3.2, 3.2 Hz, 1H), 2.00 (brs, 1H), 1.70-1.66 (m, 1H), 1.55—
1.40 (m, 14H), 1.11-1.05 (m, 21H), 1.01 (t, J = 8.6 Hz, 2H), 0.06 (s, 9H); 13C NMR (125 MHz, CDCls,
60 °C) & 205.5 (C), 156.8 (C), 155.8 (C), 99.6 (C), 79.7 (C), 74.0 (CH>), 63.93 (CH-), 63.88 (CH,), 51.1
(CHy), 49.3 (CH), 49.1 (CHy), 47.4 (CHy), 36.0-34.9 (br, C x1, CH x1), 34.8 (CH), 33.0 (CH,), 29.9
(CHy), 29.5 (CHy), 28.6 (CH3), 27.0 (CHy), 18.2 (CH3), 18.1 (CHy), 12.3 (CH), —1.3 (CH3); HRMS (ESI),
calcd for CssHesN20sSizt (M+H)*™ 649.4432, found 649.4434,

TIPSO

TIPSO TIPSO.
NBoc (Sia),BH, THF, rt NBoc NBoc
B A B * TeocN
TeocN then 3M NaOH aq TeocN OH
H,05aq, 0 °C H

147 H (2259 H (E)-259 OH
93%, ZIE = 20.4 : 1

Z-Allylic alcohol ((2)-259): 2-Methyl-2-butene (1.7 mL, 16 mmol) was added to borane THF complex
(0.92 M in THF, 8.0 mL, 7.4 mmol) at 0 °C. The solution was maintained at this temperature for 1 h to
give disiamylborane (calculated as 0.76 M in THF).

Disiamylborane (0.76 M, 6.0 mL, 4.6 mmol) was added to a solution of allene 147 (1.48 g, 2.28
mmol) and THF (23 mL) at room temperature. The solution was maintained for 10 min at room
temperature, and quenched with NaOH aq (3 M, 10 mL) and 30% H20- aq (10 mL) at 0 °C. The resulting
mixture was maintained for 1 h at 0 °C, and extracted with EtOAc (2x 30 mL). The combined organic
extracts were washed with brine (30 mL), dried over Na»SOs, and concentrated. The residue was purified
by silica gel column chromatography (EtOAc/hexane 1:4) to give Z-allylic alcohol (2)-259 (1.34 g, 88%)
and E-allylic alcohol (E)-259 (65.7 mg, 4.3%). (Z)-259: a colorless oil; [a]*’p +4.3 (¢ 1.00, CHCIs3); IR
(film) 3450, 2945, 2866, 1688, 1463, 1437, 1415, 1250, 1175, 1132, 1105, 838, 765, 681 cm™; TH NMR
(500 MHz, CDCls, 60 °C) & 5.68-5.38 (m, 1H), 5.18-4.90 (m, 1H), 4.46-4.33 (m, 1H), 4.30-4.12 (m, 2H),
4.01 (d, J = 12.3 Hz, 1H), 3.92-3.76 (m, 2H), 3.74-3.63 (m, 2H), 3.58 (d, J = 14.1 Hz, 1H), 3.38 (brs, 1H),
3.10 (d, J=14.1 Hz, 1H), 2.86 (d, J = 12.3 Hz, 1H), 2.63 (d, J = 13.5 Hz, 1H), 2.51 (dd, J = 13.2, 13.2 Hz,
1H), 2.28 (dd, J = 16.3, 6.9 Hz, 1H), 2.15 (ddd, J = 13.5, 3.5, 3.5 Hz, 1H), 1.99-1.91 (m, 1H), 1.70-1.65
(m, 1H), 1.58-1.35 (m, 14H), 1.12-1.04 (m, 21H), 1.01 (t, J = 8.3 Hz, 2H), 0.06 (s, 9H); 2*C NMR (125
MHz, CDCls, 60 °C) & 156.8 (C), 156.7 (C), 140.4 (C), 125.2 (CH), 80.7 (C), 63.9 (CH>), 63.9 (CH>),
57.1 (CHy), 51.1 (CHy), 49.1 (CHy), 48.1 (CHy), 44.3 (CH), 35.9 (CH), 35.6 (CH), 35.4 (CH,), 35.0 (C),
33.4 (CHy), 29.5 (CHy), 28.7 (CHs), 27.0 (CH,), 18.2 (CHs), 18.1 (CHy), 12.3 (CH), —1.3 (CH3); HRMS
(ESI), calcd for CssHesN206Si-Na* (M+Na)* 689.4357, found 689.4359. (E)-259: a colorless oil; [a]?’p
+11.1 (c 1.00, CHCIy); IR (film) 3461, 2944, 2866, 1693, 1463, 1437, 1414, 1366, 1250, 1175, 1132, 1104,
838, 765, 681 cm’; 'H NMR (500 MHz, CDCls, 60 °C) & 5.80-5.40 (m, 1H), 4.80-4.35 (m, 1H), 4.26—
4.13 (m, 3H), 4.09 (dd, J = 12.9, 5.7 Hz, 1H), 4.08-3.96 (m, 1H), 3.84 (d, J = 11.8 Hz, 1H), 3.74-3.57 (m,
3H), 3.13-2.95 (m, 1H), 2.87 (d, J = 12.6 Hz, 1H), 2.70-2.54 (m, 2H), 2.24 (dd, J = 15.5, 12.9 Hz, 1H),
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2.13 (ddd, J = 13.5, 3.8, 3.8 Hz, 1H), 1.98-1.86 (m, 1H), 1.72-1.65 (m, 1H), 1.60-1.38 (m, 14H), 1.12—
1.04 (m, 21H), 1.01 (t, J = 8.3 Hz, 2H), 0.06 (s, 9H); *C NMR (125 MHz, CDCls, 1:1 mixture of
rotamers) & 156.8 (C), 156.8 (C), 155.7 (C), 155.4 (C), 139.1 (C), 138.5 (C), 126.6 (CH), 125.5 (CH), 79.7
(C), 79.7 (C), 63.9 (CHy), 63.9 (CH.), 63.8 (CHy), 63.7 (CH), 58.4 (CH2), 58.4 (CH>), 53.0 (CH), 51.8
(CH), 50.9 (CHy), 50.7 (CHz), 49.0 (CHy), 48.8 (CHy), 47.1 (CHy), 47.1 (CH,), 35.8 (CH), 35.8 (CH),
35.1 (C), 35.0 (CH), 34.8 (CH), 34.7 (C), 32.8 (CH2), 32.4 (CH>), 29.5 (CH>), 29.4 (CH>), 28.6 (CH>),
28.6 (CHs3), 28.6 (CHs3), 28.5 (CH>), 26.8 (CH>), 26.8 (CHy), 18.1 (CHs), 18.1 (CHs), 17.9 (CHy), 17.9
(CH2), 12.0 (CH), 12.0 (CH), —1.3 (CHs), 1.3 (CHs); HRMS (ESI), calcd for CasHesN20sSioNa*
(M+Na)* 689.4357, found 689.4354.
NOESY experiments for (Z2)-259 and (E)-259

TIPSO TIPSO
NBoc NBoc
TeocN OH TeocN ,3

Ho A~ HoR L on
(2)-259 (500 MHz, CDCly) (E)-259 (500 MHz, CDCl)
TIPSO TIPSO
NBoc CICO;Me, py NBoc
TeocN OH CH,Cly, 0 °C TeocN 0CO,Me
(20259 H 100% 260 H

Allylic carbonate (260): Methyl chloroformate (140 pL, 1.8 mmol) was added to a solution of allylic
alcohol (Z2)-259 (614 mg, 920 pumol), pyridine (150 pL, 1.8 mmol) and CH»Cl, (9.0 mL) at 0 °C. This
solution was maintained for 2 h at 0 °C, and concentrated. The residue was purified by silica gel column
chromatography (EtOAc/hexane 1:4) to give allylic carbonate 260 (670 mg, 100%): a colorless oil; [a]?p
+49.6 (c 1.00, CHCIs); IR (film) 2926, 2865, 1750, 1695, 1463, 1440, 1366, 1266, 1252, 1175, 1131, 945,
838, 682 cm; *H NMR (500 MHz, CDCls, 60 °C) § 5.40 (t, J = 6.9 Hz, 1H), 5.22-4.90 (m, 2H), 4.78—
4.46 (m, 1H), 4.25-4.12 (m, 2H), 4.09-3.94 (m, 1H), 3.90-3.79 (m, 1H), 3.77 (s, 3H), 3.74-3.56 (m, 3H),
3.07 (d, J = 14.4 Hz, 1H), 2.85 (d, J = 12.3 Hz, 1H), 2.63 (d, J = 12.6 Hz, 1H), 2.63-2.50 (m, 1H), 2.32
(dd, J = 16.3, 6.3 Hz, 1H), 2.16 (ddd, J = 13.5, 3.4, 3.4 Hz, 1H), 2.02-1.91 (m, 1H), 1.72-1.66 (m, 1H),
1.60-1.35 (m, 14H), 1.12-1.04 (m, 21H), 1.01 (t, J = 8.3 Hz, 2H), 0.06 (s, 9H); 1*C NMR (125 MHz,
CDCls, 1:1 mixture of rotamers) & 156.8 (C), 156.8 (C), 155.8 (C), 155.8 (C), 155.3 (C), 155.2 (C), 143.6
(C), 142.9 (C), 119.7 (CH), 118.6 (CH), 80.4 (C), 79.8 (C), 64.2 (CH,), 64.1 (CH>), 63.9 (CH>), 63.8
(CHy), 63.8 (CH>), 63.7 (CH>), 54.8 (CHz), 54.7 (CHs3), 50.8 (CH>), 50.7 (CH.), 48.8 (CH>), 48.6 (CH),
47.3 (CHy), 47.1 (CHy), 45.1 (CH), 43.9 (CH), 35.6 (CH), 35.5 (CH), 35.4 (CH), 35.1 (CH>), 35.1 (CHy>),
34.9 (C), 34.8 (CH), 34.7 (C), 32.8 (CH2), 32.7 (CH2), 29.8 (CH>), 29.3 (CH>), 28.6 (CHs3), 28.5 (CHs3),
26.8 (CHy), 26.8 (CHy), 18.1 (CHa), 18.1 (CH3), 17.9 (CHy), 17.9 (CHy), 12.0 (CH), 12.0 (CH), -1.3
(CHs), —1.3 (CHs); HRMS (ESI), calcd for Ca7HesN20sSizNat (M+Na)* 747.4412, found 747.4404.
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Synthesis of Z-vinylstannane 261

| tBuLi, BuzSnCl SnBu;, TBAF SnBug SO;-Py, Et;N SnBus
w —_— 4 —_— 4 - > 3 o)
VMOTBS  THF, -78°C ~1ToTBS THF, rt STTOH  CHLCL/IDMSO =3, 1t S =
285 286 88% (2 steps) 287 288
NaClO,, NaH,PO, SnBuj Mel, K,COg3 SnBuj
. 3 —_— 3
2-methyl-2-butene/ PO H DMF, rt PcoMe
tBUOH/H,O = 1:2:1 289 261
rt 65% (3 steps)
| tBuLi, BuzSnCl SnBus TBAF SnBus
4 —_— 4 —_— 4
MOTBS THF, 78 °C “Potes THF, tt hoH
285 286 88% (2 steps) 287

Alcohol (287): t-Butyllithium (1.6 M in pentane, 970 pL, 1.6 mmol) was added dropwise over 5 min to a
solution of vinyl iodide 285 2° (265 mg, 779 pumol), tributyltin chloride (320 pL, 1.2 mmol) and THF (7.8
mL) at —78 °C. The resulting solution was maintained for 30 min at —78 °C, quenched with saturated
agueous NH4CI (5 mL) at —78 °C, and extracted with hexane (2x 5 mL). The combined organic extracts
were washed with brine (5 mL) and dried over Na,SOs. The solution was concentrated to give
vinylstannane 286, which was unstable on silica-gel and immediately used in the next reaction without
further purification.

Tetrabutylammonium fluoride (1.0 M in THF, 1.6 mL, 1.6 mmol) was added to a solution of above
vinylstannane 286 and THF (7.8 mL) at room temperature. This solution was maintained for 14 h and
concentrated. The residue was filtrated through a pad of basic alumina to afford alcohol 287 (266 mg, 88%
for 2 steps): a colorless oil; IR (film) 3330, 2957, 2926, 2871, 2855, 1598, 1460, 1376, 1340, 1070, 874,
865, 692, 668, 596, 504 cm*; 'H NMR (500 MHz, CDCls) § 6.51 (dt, J = 12.3, 7.2 Hz, 1H), 5.80 (dt, J =
12.3, 1.2 Hz, 1H), 3.66 (td, J = 6.6, 5.5 Hz, 2H), 2.06 (tdd, J = 7.2, 7.2, 1.2 Hz, 2H), 1.63—1.56 (m, 2H),
1.54-1.41 (m, 8H), 1.31 (qt, J = 7.4 Hz, 6H), 0.96-0.83 (m, 15H); 13C NMR (125 MHz, CDCls) 5 148.8
(CH), 128.4 (CH), 63.0 (CH2), 36.9 (CH>), 32.6 (CH3), 29.3 (CH>), 27.4 (CH>), 26.1 (CH2), 13.8 (CH3),
10.3 (CH2); HRMS (ESI), calcd for C1gH3sOSNK* (M+K)* 429.1582, found 429.1569.

SnBus SO4-Py, Et;N SnBu, NaClO,, NaH,PO,  SnBus Mel, K,CO3 SnBus
4 - . s - - . 3 - . 3
NATOH CHClDMs0 =31t SAREC o methyl-2-butene) T COH DMF, rt N7coMe
{BUOH/H,O = 1:2:1
287 288 rt 289 65% (3 steps) 261

Vinylstannane (261): Sulfur trioxide pyridine complex (2.51 g, 15.8 mmol) was added to a solution of
alcohol 287 (2.23 g, 5.73 mmol), EtsN (4.4 mL, 32 mmol), DMSO (7.5 mL) and CH,Cl, (23 mL) at room
temperature. The resulting solution was maintained for 1 h, quenched with saturated aqueous NH4CI (30
mL), and extracted with hexane (2x 30 mL). The combined organic extracts were washed with brine (30
mL), dried over Na;SOs, and concentrated to give the corresponding aldehyde 288, which was unstable

and immediately used in the next reaction without further purification.
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A solution of sodium chlorite (4.15 g, 45.8 mmol), sodium phosphate monobasic (2.75 g, 22.9 mmol)
and H2O (14 mL) was added to a solution of the crude aldehyde 288, 2-methyl-2-butene (14 mL) and
tBuOH (28 mL) at room temperature. The reaction mixture was vigorously stirred for 2 h, quenched with
saturated aqueous NH4ClI (30 mL), and extracted with EtOAc (2x 30 mL). The combined organic extracts
were washed with brine (30 mL), and dried over Na SOas. The solution was concentrated to give the
corresponding carboxylic acid 289 which was immediately used in the next reaction without further
purification.

Methyl iodide (1.4 mL, 23 mmol) was added to a mixture of the crude carboxylic acid 289,
potassium carbonate (2.38 g, 17.2 mmol) and DMF (28 mL) at room temperature. The resulting mixture
was stirred for 2 h at room temperature, quenched with saturated aqueous NH.CI (20 mL) at 0 °C, and
extracted with hexane (2x 20 mL). The combined organic extracts were washed with brine (20 mL), dried
over Na;SO4 and concentrated. The residue was filtrated through a pad of basic alumina to afford
Z-vinylstannane 261 (1.55 g, 65 % for 3 steps): a colorless oil; IR (film) 2957, 2926, 2872, 2853, 1744,
1598, 1459, 1436, 1376, 1246, 1197, 1173, 1142, 1071, 1001, 873, 864, 692, 596, 504 cm; *H NMR (500
MHz, CDCls) 8 6.47 (dt, J = 12.3, 7.2 Hz, 1H), 5.83 (dt, J = 12.3, 1.2 Hz, 1H), 3.67 (s, 3H), 2.32 (t, J =
7.4 Hz, 2H), 2.06 (tdd, J=7.2, 7.2, 1.2 Hz, 2H), 1.72 (tt, J = 7.4, 7.2 Hz, 2H), 1.56-1.40 (m, 6H), 1.30 (qt,
J =74, 7.4 Hz, 6H), 0.97-0.81 (m, 15H); 13C NMR (125 MHz, CDCls) § 174.1 (C), 147.8 (CH), 129.4
(CH), 51.6 (CHa), 36.4 (CHy), 33.7 (CH2), 29.3 (CHy), 27.5 (CHy), 25.1 (CHy), 13.8 (CH3), 10.4 (CHy);
HRMS (ESI), calcd for C1H3s0,SnK* (M+K)* 457.1531, found 457.1534.

TIPSO.

TIPSO SnBuz 261 TIPSO
l\/(")\3 MeO26 COMe
NBoc PcoMe NBoc NBoc
- . +
TeocN
TeocN 0CO,Me  Pdj(dba)s-CHCI5 (5 mol%) 189N 7
¥

H LiCl, DMF, rt H Vs
260 91% (2,2)-149 (E,2)-149

(Z,2)-149:(E,Z)-149
=143:1

Skipped diene ((Z,2)-149): A solution of allylic carbonate 260 (667 mg, 920 umol), vinylstannane 261
(960 mg, 2.30 mmol) and DMF (9.2 mL) was added to a mixture of LiCl (195 mg, 4.60 mmol) and
Pdz(dba)s:CHCI; (47.6 mg, 46.0 umol) at room temperature. After stirring at room temperature for 1 h, the
mixture was quenched with KF ag (1 M, 5 mL) at 0 °C, stirred for 1 h at room temperature, and extracted
with hexane (3x 10 mL). The combined organic extracts were washed with brine (5 mL), dried over
Na>SO4 and concentrated. The residue was purified by silica gel column chromatography (EtOAc/hexane
1:19 to 1:14) to afford a mixture of skipped dienes (Z,Z)-149 and (E,Z)-149. Two skipped dienes were
then separated by MPLC (Yamazen Ultra Pack Column B, 26x300 mm, Et,O/hexane 1:4 to 2:3, 20
mL/min, (Z,Z)-149: Tr = 32.0 min, (E,Z)-149: Tr = 36.0 min) to afford skipped diene (Z,2)-149 (611 mg,
85%) and skipped diene (E,Z)-149 (42.6 mg, 6%). Skipped diene (Z,Z)-149: a colorless oil; [a]%®p +26.5
(c 1.00, CHCI); IR (film) 2946, 2866, 1741, 1692, 1463, 1436, 1414, 1250, 1175, 1131, 859, 839, 765,
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682 cmt; 'H NMR (500 MHz, CDCls, 60 °C) & 5.40-5.27 (m, 2H), 5.23-4.90 (m, 2H), 4.25-4.10 (m, 2H),
4.10-3.91 (m, 1H), 3.91-3.78 (m, 1H), 3.77-3.55 (m, 6H), 3.12 (d, J = 14.0 Hz, 1H), 3.05-2.90 (m, 2H),
2.84 (d, J = 13.2 Hz, 1H), 2.61 (d, J = 12.6 Hz, 1H), 2.55 (dd, J = 13.7, 13.7 Hz, 1H), 2.31 (t, J = 7.5 Hz,
2H), 2.26 (dd, J = 13.7, 6.9 Hz, 1H), 2.16-2.07 (m, 3H), 1.98-1.89 (m, 1H), 1.70 (tt, J = 7.5, 7.5 Hz, 2H),
1.78-1.63 (m, 1H), 1.60—1.40 (m, 13H), 1.35-1.26 (m, 1H), 1.13—1.04 (m, 21H), 1.00 (t, J = 8.3 Hz, 2H),
0.06 (s, 9H); 3C NMR (125 MHz, CDCls, 1:1 mixture of rotamers) § 174.3 (C), 174.1 (C), 156.8 (C),
156.8 (C), 155.4 (C), 155.2 (C), 136.8 (C), 136.1 (C), 129.4 (CH), 129.3 (CH), 129.0 (CH), 128.8 (CH),
124.9 (CH), 123.9 (CH), 79.8 (C), 79.4 (C), 63.9 (CHy), 63.9 (CH,), 63.8 (CH2), 63.8 (CH>), 51.6 (CHs),
51.5 (CHs), 50.9 (CHy), 50.7 (CHy), 49.0 (CHy), 48.7 (CHy), 47.2 (CHy), 47.2 (CHy), 45.2 (CH), 44.0
(CH), 35.9 (CH), 35.7 (CH), 35.6 (CH2), 35.6 (CH), 35.3 (CH2), 35.22 (C), 35.18 (CH), 34.9 (C), 33.60
(CH?2), 33.56 (CH), 32.8 (CH2), 32.5 (CH), 30.2 (CH2), 29.7 (CH2), 28.63 (CHs3), 28.57 (CHa3), 26.9
(CHy), 26.9 (CH2), 26.7 (CHz), 26.6 (CH), 26.1 (CH2), 26.0 (CH2), 25.0 (CH.), 24.9 (CH>), 18.2 (CH3),
18.2 (CHs), 17.9 (CH>), 17.9 (CH,), 12.1 (CH), 12.1 (CH), —1.3 (CHs), -1.3 (CHs); HRMS (ESI), calcd
for CaH76N207SioNat (M+Na)* 799.5089, found 799.5090. Skipped diene (E,Z)-149: a colorless oil;
[a]?%b +2.1 (c 1.00, CHCI5); IR (film) 2946, 2866, 1741, 1694, 1463, 1436, 1414, 1366, 1318, 1250, 1175,
1131, 882, 860, 839, 765, 687 cm*; 'H NMR (500 MHz, CDCls, 60 °C) § 5.54-5.06 (m, 3H), 4.78-4.36
(m, 1H), 4.25-4.10 (m, 2H), 4.12-3.94 (m, 1H), 3.92-3.76 (m, 1H), 3.74-3.56 (m, 5H), 3.61 (d, J = 14.4
Hz, 1H), 3.16-2.94 (m, 1H), 2.87 (d, J = 13.5 Hz, 1H), 2.77 (ddd, J = 16.1, 6.3, 6.3 Hz, 1H), 2.70-2.50 (m,
3H), 2.31 (t, J = 7.5 Hz, 2H), 2.26-2.16 (m, 1H), 2.16-2.05 (m, 3H), 1.98-1.85 (m, 1H), 1.70 (it, J = 7.5,
7.5 Hz, 2H), 1.74-1.64 (m, 1H), 1.60-1.37 (m, 14H), 1.13-1.04 (m, 21H), 1.01 (t, J = 8.3 Hz, 2H), 0.06 (s,
9H), 3C NMR (125 MHz, CDCls, 1:1 mixture of rotamers) § 174.1 (C), 174.1 (C), 156.8 (C), 156.8 (C),
155.9 (C), 155.3 (C), 136.6 (C), 135.9 (C), 129.1 (CH), 129.0 (CH), 128.91 (CH), 128.87 (CH), 126.1
(CH), 124.8 (CH), 79.5 (C), 79.5 (C), 63.9 (CH>), 63.8 (CH.), 63.8 (CH>), 63.7 (CH>), 53.3 (CH), 52.0
(CH), 51.6 (CHs), 51.6 (CH3), 50.9 (CHs), 50.7 (CH>), 49.1 (CHy), 48.9 (CH>), 47.2 (CHs), 47.0 (CH>),
36.0 (CH), 35.5 (CH), 35.2 (C), 35.1 (CH), 34.74 (CH), 34.69 (C), 33.5 (CH>), 33.5 (CHs), 32.8 (CH>),
32.3 (CHy), 29.7 (CH2), 29.6 (CHs), 28.6 (CHs), 28.6 (CHs), 28.4 (CHy), 28.4 (CHy), 26.8 (CH.), 26.8
(CH>), 26.7 (CH2), 26.7 (CHy), 25.5 (CH>), 25.4 (CHy), 24.8 (CH>), 24.8 (CH>), 18.1 (CH3), 18.1 (CHa),
17.9 (CHy), 17.9 (CH,), 12.0 (CH), 12.0 (CH), —-1.3 (CHs), -1.3 (CHs); HRMS (ESI), calcd for
Ca2H76N207SioNa* (M+Na)* 799.5089, found 799.5094.

TIPSO MeO,C TIPSO HO,C
NBoc LiOH aq NBoc
- >
TeocN — _— THF, 60 °C TeocN — _—

(22149 H 7% 200 H

Carboxylic acid (290): Aqueous LiOH (1 M, 2.6 mL) was added to a solution of (Z,2)-149 (611 mg, 786
pmol) and THF (5.3 mL). The mixture was heated to 60 °C, maintained for 10 h at 60 °C, quenched with
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saturated aqueous NHiCIl (5 mL) at room temperature, and extracted with EtOAc (2x 10 mL). The
combined organic extracts were washed with brine (5 mL), dried over Na;SO4, and concentrated. The
residue was purified by silica gel column chromatography (EtOAc/hexane 1:4) to give carboxylic acid 290
(583 mg, 97%): a colorless oil; [a]®p +26.1 (c 1.00, CHCI3); IR (film) 3158, 2944, 2866, 1736, 1691,
1463, 1438, 1415, 1366, 1321, 1250, 1175, 1132, 882, 858, 839, 765, 681 cm; *H NMR (500 MHz,
CDCls, 60 °C) 6 5.42-5.25 (m, 2H), 5.25-4.90 (m, 2H), 4.30-4.10 (m, 2H), 4.10-3.90 (m, 1H), 3.90-3.77
(m, 1H), 3.77-3.58 (m, 3H), 3.13 (d, J = 12.9 Hz, 1H), 3.05-2.74 (m, 2H), 2.84 (d, J = 12.3 Hz, 1H),
2.70-2.46 (m, 2H), 2.36 (t, J = 7.5 Hz, 2H), 2.32-2.20 (m, 1H), 2.20-2.06 (m, 3H), 1.98-1.86 (m, 1H),
1.72 (tt, J = 7.5, 7.2 Hz, 2H), 1.70-1.63 (m, 1H), 1.60-1.36 (m, 13H), 1.36-1.25 (m, 1H), 1.13-1.03 (m,
21H), 1.01 (t, J = 8.4 Hz, 2H), 0.06 (s, 9H); *C NMR (125 MHz, CDCls, 1:1 mixture of rotamers) § 179.0
(C), 178.7 (C), 156.9 (C), 156.9 (C), 155.3 (C), 155.3 (C), 136.8 (C), 136.0 (C), 129.6 (CH), 129.4 (CH),
128.9 (CH), 128.8 (CH), 125.1 (CH), 123.9 (CH), 79.9 (C), 79.7 (C), 63.9 (CH2), 63.9 (CH.), 63.8 (CH>),
63.8 (CHz), 50.9 (CHy), 50.7 (CH2), 49.0 (CHy), 48.7 (CHy), 47.1 (CHy), 47.1 (CHy), 45.2 (CH), 44.1
(CH), 35.9 (CH), 35.7 (CH), 35.5 (CH), 35.5 (CH), 35.3 (C), 35.2 (CH2), 35.1 (CH), 34.9 (C), 33.5 (CH>),
33.5 (CHy), 32.7 (CH2), 32.5 (CHy), 30.1 (CH2), 29.7 (CH.), 28.61 (CHs), 28.58 (CH3), 26.8 (CH.), 26.8
(CHy), 26.7 (CH2), 26.5 (CH5), 26.0 (CH>), 26.0 (CHy), 24.73 (CH,), 24.67 (CH), 18.1 (CH3), 18.1 (CHy),
17.9 (CHy), 17.9 (CH.), 12.0 (CH), 12.0 (CH), -1.3 (CHs), -1.3 (CHs); HRMS (ESI), calcd for
C41H7:N»07Si,Na* (M+Na)* 785.4932, found 785.4937.

TIPSO

TIPSO TIP
HO,C TMSOTf HO,C SO
NBoc 2 6-lutidine CMPI, lPr2NEt

TeocN CHZCIZ rt TeocN CH,Cly, 1t TeocN

75% (2 steps) 202 (95% o6)
Tetracyclic core (292): 2,6-Lutidine (74 pL, 640 umol) and TMSOTT (58 uL, 320 umol) were added to a
solution of carboxylic acid 290 (122 mg, 160 pmol) and CH.Cl, (1.6 mL) at room temperature.
2,6-Lutidine (7.4 pL, 64 pmol) and TMSOTT (5.8 uL, 32 umol) were added to the solution every 15 min
until TLC analysis indicated the complete consumption of carboxylic acid 290 (total: 2,6-lutidine 5.6
equiv., TMSOTTf 2.8 equiv.). The resulting solution was quenched with EtsN (76 pL, 550 pumol) and
concentrated. The residue was filtrated through a pad of silica gel (CHCIls/MeOH 29:1) to give amino acid
291, which was immediately used in the next reaction without further purification.
2-Chloro-1-methylpyridinium iodide (CMPI, 204 mg, 800 umol) was added to a solution of the
above amino acid 291, DIPEA (140 pL, 800 umol) and CH.Cl, (160 mL) at room temperature. The
solution was maintained for 16 h at room temperature, quenched with saturated aqueous NH4CI (50 mL),
and extracted with CH,Cl, (2x 50 mL). The combined organic extracts were washed with brine (50 mL),

dried over Na,SOs, and concentrated. The residue was purified by silica gel column chromatography

(EtOAc/hexane 1:4) to give tetracyclic core 292 (77.0 mg, 75% for 2 steps, 95% ee by HPLC
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(CHIRALPAK AD-H, 250x4.6 mm, UV 210 nm, iPrOH/hexane 1:20 (v/v), 1.0 mL/min, 292: Tg= 31.5
min, ent-292: Tr= 22.2 min)): a colorless oil; [a]?®p +87.0 (c 1.00, CHCI3); IR (film) 2944, 2865, 1697,
1633, 1438, 1249, 1103, 923, 882, 859, 764, 731, 681 cm; *H NMR (500 MHz, CDCls, 60 °C) 8 5.62—
5.48 (m, 1H), 5.48-5.34 (m, 1H), 5.34-5.10 (m, 1H), 5.10-4.90 (m, 1H), 4.38-4.08 (m, 3H), 4.08-3.92 (m,
1H), 3.94-3.75 (m, 1H), 3.74-3.52 (m, 2H), 3.22-3.02 (m, 1H), 3.00-2.77 (m, 2H), 2.76-2.35 (m, 4H),
2.35-1.88 (m, 6H), 1.88-1.66 (m, 2H), 1.64-1.23 (m, 6H), 1.12-0.98 (m, 23H), 0.06 (s, 9H); *C NMR
(125 MHz, CDCls, 60 °C) 6 173.5 (C), 156.8 (C), 137.2 (C), 129.2 (CH), 128.0 (CH), 125.5 (CH), 63.91
(CH2), 63.86 (CH2), 50.9 (CH>), 49.1 (CH>), 48.1 (CH), 45.2 (CHz), 36.3 (C), 35.8 (CH), 35.1 (CH), 34.5
(CH), 32.9 (CH), 32.5 (CH2), 30.6 (CH), 27.8 (CH>), 26.9 (CH), 26.5 (CH), 25.8 (CH>), 18.2 (CHa),
18.2 (CHy), 12.3 (CH), —1.3 (CHa); HRMS (ESI), calcd for CasHesN204Si>* (M+H)* 645.4483, found
645.4487.

Chiral HPLC chart of 292 (95% ee)
CHIRALPAK AD-H, 250%4.6 mm, UV 210 nm, iPrOH/hexane 1:20 (v/v), 1.0 mL/min

10602

104000 %
: ; S\
91 00000 &

4 : |
960004
94268 : +
150 200 300 350
Time [min]

No. Tr Area Height | Area (%)
1 22.19 14216.700 254 2.5995
2 31.50 532685.700 4726 97.4005

Chiral HPLC chart of racemic-292
4764
40000 %

g 20000 §
0 IJ\I
I 1 I
—15957 : +
200 300 350
Time [mir]

No. | Tr Area Height | Area (%)
1 20.06 | 1927767.200 28426 50.2559
2 28.80 | 1908134.050 18767 49.7441

TIPSO HO
N 2 CSA N 2
TeocN — — MeOH, 40 °C TeocN — P
292 H 100% 141 H

Common intermediate (141): 10-Camphorsulfonic acid (CSA, 55.3 mg, 238 umol) was added to a
solution of tetracyclic core 292 (77.0 mg, 119 umol) and MeOH (2.4 mL) at room temperature. The
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solution was heated to 40 °C, maintained for 1 h at 40 °C, quenched with EtsN (66 pL, 480 pmol) at room
temperature, and concentrated. The residue was purified by silica gel column chromatography
(EtOACc/MeOH 19:1) to give common intermediate 141 (58.2 mg, 100%): a white amorphous solid; mp
45.0-47.0 °C; [a]*®p +43.1 (c 1.00, CHCIs); IR (film) 3413, 2950, 2921, 1693, 1613, 1438, 1249, 1059,
936, 859, 839, 754, 698 cm't; *H NMR (500 MHz, CDCls, 60 °C) § 5.70-5.50 (m, 1H), 5.46-5.32 (m, 1H),
5.32-5.15 (m, 1H), 5.12-4.94 (m, 1H), 4.39-4.26 (m, 1H), 4.25-4.15 (m, 2H), 4.10-3.80 (m, 2H), 3.70—
3.60 (m, 1H), 3.55-3.45 (m, 1H), 3.10 (ddd, J = 14.9, 9.5, 9.5 Hz, 1H), 2.94-2.76 (m, 2H), 2.76-2.64 (m,
1H), 2.64-2.40 (m, 3H), 2.35-1.90 (m, 6H), 1.90-1.74 (m, 1H), 1.74-1.53 (m, 4H), 1.53-1.36 (m, 2H),
1.22-1.09 (m, 1H), 1.02 (t, J = 8.3 Hz, 2H), 0.06 (s, 9H); 13C NMR (125 MHz, CDCls, 60 °C) & 173.8 (C),
156.8 (C), 136.8 (C), 129.0 (CH), 128.1 (CH), 126.4 (CH), 63.9 (CH.), 62.9 (CH,), 50.9 (CH,), 49.2
(CH2), 48.4 (CH), 43.5 (CHy), 37.1 (CH), 36.8 (C), 34.9 (CH), 33.9 (CHy), 32.6 (CH2), 31.8 (CH2), 30.6
(CH2), 27.8 (CH2), 26.5 (CH2), 26.3 (CH2), 25.7 (CH>), 18.2 (CH), —-1.3 (CHs); HRMS (ESI), calcd for
Ca7HasN204Si* (M+H)* 489.3149, found 489.3153.
NOESY experiment for 141

HO

o
N
TeocN ™~ c

H 7
141 (500 MHz, CDCl3, 60 °C)

A-4. Total Synthesis of Madangamine C

AZADOL (10 mol%)
PhI(OAc)2
TeocN CHZCIZ TeocN

Aldehyde (296): AZADOL® (1.8 mg, 11.9 umol) and PhI(OAc), (57.5 mg, 179 umol) were added to a
solution of alcohol 141 (58.2 mg, 119 pumol) and CH2Cl; (2.4 mL) at room temperature. The solution was
maintained for 17 h, quenched with saturated aqueous Na;S»03 (2 mL), and extracted with CH2Cl, (2x 2
mL). The combined organic extracts were washed with brine (5 mL), dried over Na>SO4, and concentrated.
The residue was purified by silica gel column chromatography (EtOAc/hexane 1:2 to EtOAc) to give
aldehyde 296 (49.2 mg, 85%): a colorless oil; [a]*®p +122 (¢ 1.00, CHCI3); IR (film) 2951, 2919, 1724,
1693, 1626, 1439, 1248, 1087, 1044, 936, 859, 839, 761, 697 cm™’; *H NMR (500 MHz, CDClIs, 60 °C) §
9.73 (s, 1H), 5.70-5.48 (m, 1H), 5.46-5.31 (m, 1H), 5.30-5.14 (m, 1H), 5.12-4.92 (m, 1H), 4.34-4.10 (m,
3H), 4.08-3.75 (m, 2H), 3.09 (ddd, J = 14.9, 9.5, 9.2 Hz, 1H), 2.96-2.75 (m, 2H), 2.75-2.41 (m, 5H), 2.33
(ddd, J=17.2, 11.2, 5.2 Hz, 1H), 2.28-1.93 (m, 6H), 1.91-1.72 (m, 2H), 1.71-1.57 (m, 1H), 1.50-1.32 (m,
3H), 1.00 (t, J = 8.6 Hz, 2H), 0.05 (s, 9H); 3C NMR (125 MHz, CDCls, 60 °C) & 201.1 (CH), 173.4 (C),
156.6 (C), 136.6 (C), 129.0 (CH), 128.0 (CH), 126.4 (CH), 64.0 (CH>), 50.8 (CH,), 49.2 (CH>), 48.2 (CH),
43.1 (CHy), 38.3 (CHy), 37.1 (CH), 36.3 (C), 34.8 (CH), 34.0 (CH>), 32.5 (CH>), 30.6 (CHy), 27.8 (CH>),
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27.6 (CHy), 26.3 (CH,), 25.7 (CH2), 18.2 (CH,), —1.3 (CHs); HRMS (ESI), calcd for CorHasN,04Si*
(M+H)* 487.2992, found 487.2991.

Synthesis of phosphonium salt 295

PPh;

6 6
MeOzc’e\Br MeOQC’H\PPmBr

MeCN, 85 °C

294 97%

295
Phosphonium salt (295): Triphenylphosphine (451 mg, 1.72 mmol) was added to a solution of bromide
294 %2 (192 mg, 861 pumol) and MeCN (1.1 mL) at room temperature. The resulting solution was heated to
85 °C, maintained for 35 h at 85 °C, and concentrated. The residue was purified by silica gel column
chromatography (MeOH/CHCI; 1:39 to 1:19) to give phosphonium salt 295 (407 mg, 97%): a colorless
oil; IR (film) 2937, 2865, 1729, 1626, 1439, 1201, 1113, 997, 751, 724, 692, 535, 510 cm™*; *H NMR (400
MHz, CDCls) § 7.91-7.82 (m, 6H), 7.83-7.75 (m, 3H), 7.73-7.66 (m, 6H), 3.93-3.81 (m, 2H), 3.62 (s,
3H), 2.26 (t, J = 9.2 Hz, 2H), 1.75-1.49 (m, 6H), 1.32 (tt, J = 7.6, 7.3 Hz, 2H); 13C NMR (125 MHz,
CDCl3) § 174.0 (C), 135.0 (d, J = 2.4 Hz, CH), 133.5 (d, J = 10.1 Hz, CH), 130.5 (d, J = 12.5 Hz, CH),
118.1 (d, J = 85.3 Hz, C), 51.4 (CHa), 33.7 (CHy), 29.9 (d, J = 16.1 Hz, CH,), 28.4 (CHy), 24.2 (CH>),
22.6 (d, J = 49.5 Hz, CHy), 22.3 (d, J = 4.2 Hz, CH); HRMS (ESI), calcd for Cz6HaeOP* (M-Br)*
405.1983, found 405.1980.

[0) 295

6
0]
H N MeOzC’H\PPhsBr
-
TeocN — Pz NaHMDS, THF, rt
H o MeO,C H
296 88% 293

Methyl ester (293): In a glove box, sodium hexamethyldisilazide (25.1 mg, 137 umol) was added to a
mixture of phosphonium salt 295 (67.9 mg, 140 pmol) and THF (1.0 mL) at room temperature. After
stirring for 5 min, a solution of aldehyde 296 (19.6 mg, 40.3 pumol) and THF (1.0 mL) was added to the
mixture of the ylide. The reaction vessel was removed from the glove box, and stirred at room temperature
for 1 h. The mixture was quenched with saturated aqueous NH4CI (2 mL), and extracted with EtOAc (2x 5
mL). The combined organic extracts were washed with brine (5 mL), dried over Na;SO4, and concentrated.
The residue was purified by silica gel column chromatography (EtOAc/hexane 1:9 to 1:3) to give methyl
ester 293 (21.8 mg, 88%): a colorless oil; [a]*°p +92.0 (¢ 1.00, CHCIs); IR (film) 2926, 2856, 1738, 1695,
1631, 1437, 1249, 859, 839 cm; *H NMR (500 MHz, CDCl3, 60 °C) & 5.62—5.47 (m, 1H), 5.47-5.10 (m,
4H), 5.10-4.88 (m, 1H), 4.30-4.10 (m, 3H), 4.10-3.76 (m, 2H), 3.66 (s, 3H), 3.12 (dt, J = 14.4, 9.5 Hz,
1H), 3.00-2.76 (m, 2H), 2.76-2.38 (m, 3H), 2.64 (d, J = 13.5 Hz, 1H), 2.30 (t, J = 7.5 Hz, 2H), 2.34-1.86
(m, 10H), 1.85-1.52 (m, 5H), 1.50-1.18 (m, 7H), 1.01 (t, J = 8.3 Hz, 2H), 0.05 (s, 9H); 3C NMR (125
MHz, CDCls, 60 °C) & 174.2 (C), 173.4 (C), 156.8 (C), 137.1 (C), 130.3 (CH), 129.5 (CH), 129.2 (CH),
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128.0 (CH), 125.7 (CH), 63.9 (CH2), 51.4 (CHa), 50.9 (CH2), 49.2 (CH), 48.1 (CH), 44.7 (CH2), 36.7 (C),
36.3 (CHa), 36.1 (CH), 35.1 (CH), 34.4 (CH2), 34.2 (CH,), 32.9 (CH,), 30.7 (CHy), 29.5 (CH,), 29.0
(CH2), 27.8 (CHy), 27.2 (CH2), 26.5 (CHz), 25.8 (CH2), 25.1 (CHy), 21.3 (CH,), 18.2 (CHy), —1.3 (CHs);
HRMS (ESI), calcd for CasHs7N20sSi* (M+H)* 613.4037, found 613.4037.

(0] : o
N LiOH aq N
TeocN _— THF, 60 °C TeocN _—
— —

MeO,C H o HO,C H
293 100% 297

Carboxylic acid (297): Aqueous LIiOH (1 M, 0.6 mL) was added to a solution of ester 293 (21.8 mg, 35.6
pmol) and THF (1.2 mL). The mixture was heated to 60 °C, maintained for 5 h at that temperature,
guenched with saturated aqueous NH4CIl (1 mL) at room temperature, and extracted with EtOAc (2x 5
mL). The combined organic extracts were washed with brine (2 mL), dried over Na2SO., and concentrated.
The residue was purified by silica gel column chromatography (EtOAc/hexane 1:1) to give carboxylic
acid 297 (21.3 mg, 100%): a colorless oil; [a]?p +104 (c 1.00, CHCIs); IR (film) 3141, 2925, 2855, 1696,
1631, 1590, 1439, 1249, 932, 859, 839 cm; 'H NMR (500 MHz, CDCls, 60 °C) & 5.66-5.48 (m, 1H),
5.48-5.10 (m, 4H), 5.10-4.90 (m, 1H), 4.34-4.10 (m, 3H), 4.10-3.74 (m, 2H), 3.11 (dt, J = 14.0, 9.2 Hz,
1H), 3.00-2.77 (m, 2H), 2.77-2.40 (m, 3H), 2.63 (d, J = 13.2 Hz, 1H), 2.38-2.25 (m, 3H), 2.24-1.86 (m,
9H), 1.86-1.56 (m, 5H), 1.54-1.15 (m, 7H), 1.02 (t, J = 8.3 Hz, 2H), 0.06 (s, 9H); 13C NMR (125 MHz,
CDCls, 60 °C) 6 176.7 (C), 173.9 (C), 156.9 (C), 136.8 (C), 130.4 (CH), 129.5 (CH), 129.2 (CH), 128.0
(CH), 126.0 (CH), 64.0 (CH), 51.0 (CH>), 49.2 (CH>), 48.2 (CH), 44.7 (CH), 36.8 (C), 36.3 (CH), 36.2
(CH2), 35.1 (CH), 34.3 (CHy), 34.1 (CHy), 32.9 (CH>), 30.7 (CH2), 29.1 (CHy), 28.7 (CH2), 27.8 (CH),
27.1 (CHy), 26.5 (CH>), 25.8 (CH>), 24.8 (CH,), 21.3 (CHy), 18.2 (CHy), 1.3 (CH3); HRMS (ESI), calcd
for C34HssN20sSi* (M+H)*599.3880, found 599.3878.

HOBt, EDCI
TBAF iProNEt

THF, rt CH,Cly, rt

HO.C H 71% (2 steps) O H

Bislactam (299): Tetrabutylammonium fluoride (1.0 M in THF, 160 pL, 160 pumol) was added to a
solution of carboxylic acid 297 (23.4 mg, 39.1 pumol) and THF (3.9 mL) at room temperature. This
solution was maintained for 5 h, and concentrated to give amino acid 298, which was immediately used in
the next reaction without further purification.

1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (EDCI, 37.5 mg, 196 umol) was
added to a solution of the above amino acid 298, iPr,EtN (67 L, 390 umol), HOBt (26.6 mg, 196 umol),

and CH2CI; (39 mL) at room temperature. The solution was maintained for 24 h, quenched with saturated
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agueous NH4Cl (20 mL), and extracted with CH2Cl> (2x 20 mL). The combined organic extracts were
washed with brine (10 mL), dried over Na»,SOa, and concentrated. The residue was purified by silica gel
column chromatography (EtOAc/hexane 1:1 to 3:1) to pentacyclic bislactam 299 (12.1 mg, 71% for 2
steps): a colorless oil; [a]?®p +144 (c 1.00, CHCIs3); IR (film) 2925, 2856, 1628, 1446, 1270, 1247, 923,
730 cm; 'H NMR (500 MHz, CDCl3) § 5.60 (t, J = 7.8 Hz, 1H), 5.50 (td, J = 10.6, 4.3 Hz, 1H), 5.45—
5.30 (m, 2H), 5.20 (td, J = 9.8, 4.3 Hz, 1H), 4.98 (brs, 1H), 4.45 (d, J = 13.8 Hz, 1H), 4.26 (d, J = 13.2 Hz,
1H), 3.59 (d, J = 13.7 Hz, 1H), 3.17 (dt, J = 14.6, 10.1 Hz, 1H), 2.93 (d, J = 13.7 Hz, 1H), 2.81 (d, J =
13.8 Hz, 1H), 2.76-2.66 (m, 2H), 2.59-2.21 (m, 7H), 2.20-1.48 (m, 13H), 1.48-1.10 (m, 6H); 3C NMR
(125 MHz, CDCls) § 174.0 (C), 173.8 (C), 136.2 (C), 129.7 (CH), 129.5 (CH), 128.3 (CH), 128.0 (CH),
126.8 (CH), 52.5 (CHz), 48.0 (CH), 46.4 (CH>), 43.6 (CHz), 39.7 (CH), 36.6 (C), 34.43 (CH), 34.36 (CH>),
34.1 (CHy), 33.7 (CH2), 32.5 (CHy), 30.3 (CH>), 28.2 (CH>), 26.0 (CH>), 25.9 (CHy), 25.5 (CH>), 25.0
(CH3), 23.3 (CH2), 22.9 (CH3), 21.7 (CH.); HRMS (ESI), calcd for CasHaiN20,* (M+H)* 437.3168, found
437.3167.

LiAlH,

THF, 1t

76%

Madangamine C (3)

Madangamine C (3): In a glove box, LiAlH4 (1.0 M in THF, 140 pL, 140 pmol) was added to a solution
of pentacyclic bislactam 299 (6.3 mg, 14 pumol) and THF (1.4 mL) at room temperature. The reaction
vessel was removed from the glove box, stirred at room temperature for 6 h, cooled to 0 °C, and quenched
with a few drops of distilled water. The resulting suspension was dried over Na,SO, and filtrated. The
solid was washed with Et,O (3 mL). The resulting filtrate was then concentrated. The residue was purified
by silica gel column chromatography (Et.O/hexane 1:19 to 1:5) to give madangamine C (3) (4.5 mg,
76%): a colorless oil; [a]?p +133 (c 0.09, EtOAC); IR (film) 2928, 2857, 1458, 1438, 1126, 722, 685, 497
cmt; IH NMR (500 MHz, CeDg, 65 °C) 6 5.49-5.35 (m, 3H), 5.20 (dt, J = 11.5, 3.2 Hz, 1H), 5.23-5.13
(m, 1H), 3.72 (t, J = 3.2 Hz, 1H), 3.42 (dd, J = 12.1, 1.2 Hz, 1H), 3.35 (dt, J = 13.5, 11.5 Hz, 1H), 3.13
(ddt, J = 16.3, 12.1, 3.2 Hz, 1H), 2.83 (ddd, J = 13.8, 11.8, 5.2 Hz, 1H), 2.74 (dd, J = 12.1, 1.7 Hz, 1H),
2.73 (ddd, J = 12.0, 3.7, 2.0 Hz, 1H), 2.68 (d, J = 12.1 Hz, 1H), 2.60 (td, J = 13.8, 4.3 Hz, 1H), 2.36 (dt, J
=12.6, 3.2 Hz, 1H), 2.33 (d, J = 10.9 Hz, 1H), 2.36-2.01 (m, 9H), 2.16 (dd, J = 10.9, 3.5 Hz, 1H), 1.89—
1.78 (m, 2H), 1.76-1.57 (m, 3H), 1.57-1.07 (m, 10H), 1.53 (d, J = 12.1 Hz, 1H), 1.27 (dt, J = 12.6, 3.2 Hz,
1H), 0.90 (ddt, J = 12.0, 9.5, 1.7 Hz, 1H); 3C NMR (125 MHz, CeDs, 65 °C) & 139.2 (C), 133.8 (CH),
129.2 (CH), 129.2 (CH), 129.1 (CH), 122.0 (CH), 63.4 (CHy), 62.7 (CH>), 56.2 (CH>), 55.6 (CHy), 53.7
(CHy), 51.6 (CH), 40.0 (CH), 38.6 (CH>), 38.2 (C), 37.4 (CH), 36.3 (CHy), 32.1 (CHy), 30.2 (CHy), 28.0
(CHy), 26.9 (CHy), 26.4 (CH>), 26.0 (CH>), 25.5 (CH>), 25.0 (CH2), 24.9 (CH,), 24.6 (CH>), 23.4 (CHy);
HRMS (ESI), calcd for C2sHasN2* (M+H)* 409.3583, found 409.3585.
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A-5. Total Synthesis of Madangamine E

PPh3 CBry
TeocN CH CI2 TeocN

Bromide (300): Carbon tetrabromide (17.6 mg, 531 pmol) was added to a solution of alcohol 141 (17.3
mg, 35.4 umol), PPhs (13.9 mg, 53.1 umol) and CH,Cl, (1.2 mL) at room temperature. The solution was
maintained for 1 h, and concentrated. The residue was purified by silica gel column chromatography
(EtOAc/hexane 1:9 to 1:3) to give bromide 300 (17.4 mg, 89%): a colorless oil; [a]?’> +86.7 (¢ 1.00,
CHCIs); IR (film) 2950, 2916, 1693, 1627, 1438, 1248, 858, 838 cm™*; *H NMR (500 MHz, CDCls, 60 °C)
§5.65-5.50 (m, 1H), 5.48-5.33 (m, 1H), 5.33-5.15 (m, 1H), 5.14-4.94 (m, 1H), 4.30-4.10 (m, 3H), 4.08—
3.95 (m, 1H), 3.94-3.80 (m, 1H), 3.45-3.35 (m, 1H), 3.33-3.25 (m, 1H), 3.12 (ddd, J = 14.6, 9.8, 9.2 Hz,
1H), 2.96-2.78 (m, 2H), 2.76-2.64 (m, 1H), 2.64-2.40 (m, 3H), 2.36-1.64 (m, 10H), 1.59-1.34 (m, 4H),
1.02 (t, J = 8.3 Hz, 2H), 0.06 (s, 9H); *3C NMR (125 MHz, CDCls, 60 °C) & 173.4 (C), 156.7 (C), 136.8
(C), 129.1 (CH), 128.0 (CH), 126.1 (CH), 64.0 (CH,), 50.9 (CH,), 49.2 (CH,), 48.1 (CH), 44.2 (CH>),
36.6 (C), 36.5 (CH), 34.9 (CH), 34.8 (CH,), 34.23 (CHy), 34.17 (CHy), 32.7 (CH,), 30.6 (CH,), 27.8
(CH2), 26.8 (CH2), 26.4 (CH), 25.7 (CH), 18.2 (CHy), -1.3 (CH3); HRMS (ESI), calcd for
C27H44N203SiBr* (M+H)* 551.2305, found 551.2304.

Synthesis of Bromide 304

TIPSCI, imidazole
DMAP (10 mol%)
HO/\/\/\/\Br _ > TIPSO/\/\/\/\Br

CH,Cl,, 1t
303 304
100%

((7-Bromoheptyl)oxy)triisopropylsilane (304): N,N-Dimethyl-4-aminopyridine (DMAP, 213 mg, 1.74
mmol) was added to a solution of alcohol 303 (3.40 g, 17.4 mmol), imidazole (3.55 g, 52.2 mmol),
TIPSCI (4.1 mL, 19 mmol) and CH2Cl, (87 mL) at room temperature. The solution was maintained at
room temperature for 2 h, and quenched with saturated aqueous NH4Cl (50 mL). The resulting mixture
was extracted with CH.Cl, (2x 50 mL). The combined extracts were washed with brine (50 mL), dried
over Na,SQs, and concentrated. The residue was purified by silica gel column chromatography (hexane to
EtOAc/hexane 1:19) to give bromide 304 (6.12 g, 100%): a colorless oil; IR (film) 2939, 2865, 1462, 1108,
883, 681 cm’; *H NMR (500 MHz, CDCls) 6 3.67 (t, J = 6.6 Hz, 2H), 3.41 (t, J = 6.9 Hz, 2H), 1.86 (tt, J
= 7.2, 6.9 Hz, 2H), 1.54 (tt, J = 6.9, 6.9 Hz, 2H), 1.44 (tt, J = 8.0, 6.9 Hz, 2H), 1.40-1.30 (m, 4H), 1.15—
1.00 (m, 21H); 3C NMR (125 MHz, CDCls) & 63.5 (CH,), 34.0 (CH,), 33.0 (CH,), 32.9 (CH,), 28.7
(CHy), 28.3 (CHy), 25.8 (CHy), 18.2 (CHs), 12.2 (CH); HRMS (ESI), calcd for CisHzsOSiBrt (M+H)*
351.1719, found 351.1705.
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7
Br: TIPSO’%\)\MgBr 305
o
N LiCuCly (50 mol%)
- s
TeocN — — THF, rt

H
300 92% TIPSO 306

TIPS ether (306): A 30 mL flask equipped with a rubber septa connected to a bubbler was charged with
magnesium (turnings, 41.5 mg, 1.71 mmol) and THF. ((7-Bromoheptyl)oxy)triisopropylsilane 304 (333
mg, 948 umol) was added to the mixture at room temperature over a period of 5 min. The resulting
mixture was stirred vigorously for 1 h. The concentration of the resulting Grignard reagent 305 was
determined as 0.26 M by titration with 1,10-phenanthroline method 5.

A 20 mL flask was charged with copper (I1) chloride (2.1 mg, 16 pmol) and LiCl (1.3 mg, 32 pmol).
The reagent was heated under reduced pressure until blue copper (I1) chloride became orange. A solution
of bromide 300 (17.4 mg, 31.5 umol) and THF (3.2 mL) was added to the solids via cannula at room
temperature. The solution of Grignard reagent 305 (0.26 M in THF, 910 uL, 240 umol) was then added to
the resulting solution at room temperature. The solution was maintained for 30 min at room temperature,
and quenched with saturated aqueous NH4ClI (3 mL). The resulting mixture was extracted with EtOAc (2x
5 mL). The combined extracts were washed with brine (5 mL), dried over Na,SQO4, and concentrated. The
residue was purified by silica gel column chromatography (EtOAc/hexane 1:19 to 1:12) to give TIPS ether
306 (20.5 mg, 88%): a colorless oil; [a]23p +85.8 (¢ 1.00, CHCI3); IR (film) 2927, 2863, 1698, 1633, 1462,
1438, 1249, 1105, 859, 838 cm; *H NMR (500 MHz, CDCls, 60 °C) & 5.60-5.48 (m, 1H), 5.48-5.35 (m,
1H), 5.35-5.12 (m, 1H), 5.10-4.90 (m, 1H), 4.25-4.10 (m, 3H), 4.06-3.92 (m, 1H), 3.92-3.75 (m, 1H),
3.69 (t, J = 6.6 Hz, 2H), 3.13 (ddd, J = 13.6, 10.5, 9.2 Hz, 1H), 2.96-2.77 (m, 2H), 2.77-2.65 (m, 1H),
2.61 (d, J = 13.2 Hz, 1H), 2.64-2.37 (m, 2H), 2.36-2.23 (m, 1H), 2.23-1.90 (m, 5H), 1.87-1.75 (m, 1H),
1.75-1.66 (m, 1H), 1.54 (tt, J = 6.9, 6.6 Hz, 2H), 1.50—1.14 (m, 18H), 1.12-1.05 (m, 21H), 1.02 (t, J = 8.6
Hz, 2H), 0.06 (s, 9H); 13C NMR (125 MHz, CDCls, 60 °C) & 173.5 (C), 156.8 (C), 137.2 (C), 129.2 (CH),
128.0 (CH), 125.6 (CH), 63.9 (CH>), 63.7 (CH2), 51.0 (CH2), 49.2 (CHy), 48.1 (CH), 45.1 (CH>), 36.6 (C),
36.4 (CH2), 36.0 (CH), 35.2 (CH), 34.4 (CHy), 33.3 (CH.), 32.9 (CH.), 30.7 (CH2), 30.6 (CH.), 29.8
(CH>), 29.71 (CH>), 29.66 (CH2), 29.62 (CH>), 27.8 (CH>), 26.5 (CH.), 26.0 (CH,), 25.8 (CH2), 23.2
(CH,), 18.2 (CHs, CHy), 12.4 (CH), —-1.3 (CHs); HRMS (ESI), calcd for CasH7N204Siz* (M+H)*
743.5578, found 743.5580.

TIPSO 306 95%

Alcohol (307): 10-Camphorsulfonic acid (CSA, 17.6 mg, 75.9 umol) was added to a solution of TIPS
ether 306 (28.2 mg, 37.9 umol) and MeOH (1.3 mL) at room temperature. The solution was heated to
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40 °C, maintained for 1 h at 40 °C, quenched with EtsN (21 pL, 150 pmol) at room temperature, and
concentrated. The residue was purified by silica gel column chromatography (EtOAc/hexane 1:9 to 1:1) to
give alcohol 307 (21.1 mg, 95%): a colorless oil; [a]?’p +90.4 (c 1.00, CHCIs); IR (film) 3421, 2927, 2854,
1695, 1616, 1437, 1248, 859, 838, 760 cm; 'H NMR (500 MHz, CDCls, 60 °C) & 5.64-5.46 (m, 1H),
5.46-5.34 (m, 1H), 5.34-5.12 (m, 1H), 5.08-4.84 (m, 1H), 4.26-4.10 (m, 3H), 4.08-3.92 (m, 1H), 3.92—
3.74 (m, 1H), 3.63 (t, J = 6.6 Hz, 2H), 3.12 (ddd, J = 13.5, 10.1, 9.7 Hz, 1H), 2.98-2.76 (m, 2H), 2.76—
2.64 (m, 1H), 2.60 (d, J = 13.5 Hz, 1H), 2.64-2.36 (m, 2H), 2.35-2.22 (m, 1H), 2.22-1.90 (m, 5H), 1.87—
1.74 (m, 1H), 1.73-1.64 (m, 1H), 1.57 (tt, J = 7.2, 6.6 Hz, 2H), 1.45-1.10 (m, 18H), 1.02 (t, J = 8.3 Hz,
2H), 0.06 (s, 9H); 13C NMR (125 MHz, CDCls, 60 °C) & 173.5 (C), 156.8 (C), 137.1 (C), 129.2 (CH),
128.0 (CH), 125.6 (CH), 63.9 (CH>), 63.1 (CH2), 51.0 (CH>), 49.1 (CH.), 48.1 (CH), 45.0 (CH>), 36.6 (C),
36.3 (CHy), 36.1 (CH), 35.1 (CH), 34.5 (CHz2), 33.0 (CH), 32.9 (CH2), 30.6 (CH2), 30.4 (CH), 29.6
(CHy), 29.52 (CHy), 29.52 (CHy), 29.46 (CH,), 27.8 (CHy), 26.5 (CH2), 25.9 (CH2), 25.8 (CHy), 23.2
(CH2), 18.2 (CH2), -1.3 (CHs); HRMS (ESI), calcd for CssHsoN204Si* (M+H)* 587.4244, found
587.4244.

p-TsCl, EtzN
DMAP (20 mol%)

CH,Cly, rt

90%
Ts0 311

Tosylate (311): p-Toluenesulfonyl chloride (13.7 mg, 71.8 umol) was added to a solution of alcohol 307
(21.1 mg, 35.9 pmol), EtsN (20 pL, 140 pmol), DMAP (0.9 mg, 7.2 umol) and CH2Cl; (1.2 mL) at room
temperature. The solution was maintained at room temperature for 15 h, and quenched with saturated
aqueous NH4CI (3 mL). The resulting mixture was extracted with CH2Cl, (2x 5 mL). The combined
extracts were washed with brine (5 mL), dried over Na,SOs, and concentrated. The residue was purified
by silica gel column chromatography (EtOAc/hexane 1:12 to 1:1) to give tosylate 311 (23.9 mg, 90%): a
colorless oil; [a]?p +84.9 (c 1.00, CHCIs); IR (film) 2927, 2856, 1693, 1612, 1441, 1358, 1249, 1176, 925,
838, 664 cm; *H NMR (500 MHz, CDCls, 60 °C) & 7.78 (d, J = 8.3 Hz, 2H), 7.33 (d, J = 8.3 Hz, 2H),
5.62-5.46 (m, 1H), 5.46-5.33 (m, 1H), 5.33-5.10 (m, 1H), 5.10-4.84 (m, 1H), 4.25-4.10 (m, 3H), 4.03 (t,
J = 6.6 Hz, 2H), 4.06-3.91 (m, 1H), 3.90-3.72 (m, 1H), 3.12 (ddd, J = 13.8, 9.8, 9.2 Hz, 1H), 3.00-2.76
(m, 2H), 2.76-2.64 (m, 1H), 2.59 (d, J = 13.5 Hz, 1H), 2.64-2.48 (m, 2H), 2.44 (s, 3H), 2.34-2.21 (m,
1H), 2.21-1.90 (m, 5H), 1.86-1.73 (m, 1H), 1.72-1.67 (m, 1H), 1.63 (tt, J = 6.9, 6.6 Hz, 2H), 1.45-1.10
(m, 18H), 1.01 (t, J = 8.3 Hz, 2H), 0.05 (s, 9H); 23C NMR (125 MHz, CDCls, 60 °C) & 173.5 (C), 156.8
(C), 144.6 (C), 137.2 (C), 134.0 (C), 129.9 (CH), 129.2 (CH), 128.0 (CH), 128.0 (CH), 125.6 (CH), 70.8
(CHy), 63.9 (CHy), 51.0 (CHy), 49.2 (CHy), 48.1 (CH), 45.0 (CH), 36.6 (C), 36.3 (CH>), 36.1 (CH), 35.1
(CH), 34.5 (CH2), 32.9 (CH), 32.9 (CHz), 30.6 (CH>), 30.5 (CHz2), 29.55 (CH), 29.45 (CHz), 29.09 (CHy>),
29.05 (CHy), 27.8 (CHy), 26.5 (CHy), 25.8 (CH>), 25.5 (CH,), 23.2 (CH,), 21.7 (CHs), 18.2 (CHy), -1.3
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(CHa); HRMS (ESI), calcd for CaiHesN206SiS* (M+H)* 741.4333, found 741.4329.

BF3-OEt, K2CO3

CH,Cly, tt MeCN, 80 °C

61% (2 steps)

TsO 311 TsO 312

Maclocyclic amine (313): Boron ftrifluoride ethyl ether complex (10 pL, 76 pumol) was added to a
solution of tosylate 311 (11.2 mg, 15.1 pmol) and CH,Cl, (1.5 mL) at room temperature. The solution was
maintained for 30 min, quenched with EtsN (21 pL, 150 pmol) at room temperature. The solution was
concentrated to give the corresponding amine 312, which was immediately used in the next step without
further purification.

Potassium carbonate (10.4 mg, 75.5 pmol) was added to a solution of the above amine 312 and
MeCN (15 mL) at room temperature. The resulting solution was heated to 80 °C, maintained for 80 h at
80 °C, and concentrated. The residue was purified by silica gel column chromatography (Et.O/hexane 1:9
to 1:2) to give macrocyclic amine 313 (3.9 mg, 61% for 2 steps): a colorless oil; [a]?’o —9.1 (¢ 0.50,
EtOAc); IR (film) 2925, 2856, 1629, 1447, 678 cm™; 'H NMR (500 MHz, C¢Ds, 1.4:1 mixture of
rotamers) & 5.87-5.79 (m, 5/12H), 5.44-5.17 (m, 3H), 4.74-4.67 (m, 7/12H), 4.55 (d, J = 14.0 Hz, 7/12H),
3.40 (ddd, J = 14.9, 10.6, 10.0 Hz, 5/12H), 3.23 (d, J = 14.0 Hz, 7/12H), 3.16 (d, J = 13.5 Hz, 5/12H),
3.13-3.02 (m, 5/12H), 2.81 (ddd, J = 14.6, 9.5, 8.9 Hz, 7/12H), 2.69 (d, J = 13.5 Hz, 5/12H), 2.72-2.61 (m,
7/12H), 2.50-1.10 (m, 36H); **C NMR (125 MHz, C¢Ds, mixture of two rotamers) & 172.1 (C), 169.7 (C),
138.9 (C), 137.4 (C), 129.3 (CH), 129.0-127.0 (CH x3), 126.4 (CH), 124.8 (CH), 60.4 (CH>), 59.4 (CH>),
59.3 (CHy), 58.8 (CHy), 57.5 (CHy), 57.2 (CH), 52.2 (CH), 48.6 (CH), 46.3 (CH>), 44.9 (CH), 36.9 (C),
36.7 (C), 35.9 (CHy), 35.8 (CH>), 35.2 (CH), 35.0 (CHy), 34.6 (CH), 33.0 (CH>), 32.7 (CH), 31.7 (CH>),
30.1 (CHy), 28.8 (CHy), 28.4 (CH), 27.9 (CHy), 27.6 (CH>), 27.5 (CHy), 27.14 (CHy), 27.08 (CH>), 26.4
(CH2), 26.1 (CH2), 26.0 (CHz2), 25.8 (CH2), 25.7 (CHz), 25.6 (CHz2), 25.4 (CHz), 25.1 (CH>), 25.04 (CH>),
24.97 (CHy), 24.87 (CHy), 24.65 (CH>), 24.56 (CH.), 24.4 (CHy), 23.7 (CHy), 23.2 (CH,), 22.1 (CHy),
20.7 (CH2); HRMS (ESI), calcd for CasHasNoO* (M+H)* 425.3532, found 425.3532.

THE, rt
Madangamine E (5)
Madangamine E (5): In a glove box, LiAIH4 (1.0 M in THF, 74 uL, 74 umol) was added to a solution of
macrocyclic amine 313 (6.3 mg, 15 pmol) and THF (1.5 mL) at room temperature. The reaction vessel

was removed from the glove box, stirred at room temperature for 8 h, cooled to 0 °C, and quenched with a

few drops of distilled water. The resulting suspension was dried over Na SOs, and filtrated. The solid was
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washed with Et2O (3 mL). The resulting filtrate was then concentrated. The residue was purified by silica
gel column chromatography (Et.O/hexane 1:19 to 1:5) to give madangamine E (5) (4.2 mg, 69%): a
colorless oil; [a]?p +90.9 (c 0.40, EtOAC); IR (film) 2925, 2853, 1458, 1445, 1350, 1129, 1116, 923, 862,
722 cm; 'H NMR (500 MHz, C¢De) & 5.46 (td, J = 10.9, 4.3 Hz, 1H), 5.41 (tdd, J = 10.9, 6.3, 1.4 Hz,
1H), 5.20 (dt, J = 11.5, 2.6 Hz, 1H), 3.71 (t, J = 2.9 Hz, 1H), 3.34 (dt, J = 13.5, 11.5 Hz, 1H), 3.30 (d, J =
12.1 Hz, 1H), 3.02 (ddt, J = 15.8, 12.6, 2.6 Hz, 1H), 2.85 (ddd, J = 13.7, 11.7, 5.4 Hz, 1H), 2.63 (m, 1H),
2.58 (d, J = 12.0 Hz, 1H), 2.70-2.56 (m, 1H), 2.46 (d, J = 12.1 Hz, 1H), 2.36 (dt, J = 12.0, 2.9 Hz, 1H),
2.25 (m, 1H), 2.39-2.20 (m, 4H), 2.12 (ddd, J = 12.9, 4.6, 3.7 Hz, 1H), 1.95-1.74 (m, 4H), 1.83 (d, J =
12.0 Hz, 1H), 1.72-1.61 (m, 1H), 1.61-1.09 (m, 21H); 3C NMR (125 MHz, Ce¢Ds) & 139.1 (C), 129.1
(CH), 129.0 (CH), 122.1 (CH), 62.3 (CH2), 60.1 (CH.), 57.4 (CHz), 56.3 (CHs), 55.3 (CH>), 51.8 (CH),
39.0 (CHy), 37.0 (C), 36.6 (CH), 36.5 (CH), 35.4 (CHy), 32.2 (CHy), 27.3 (CHy), 27.1 (CHy), 26.8 (CH>),
26.1 (CH,), 25.7 (CH2), 25.4 (CHy), 25.11 (CH2), 25.09 (CHy), 24.81 (CHy), 24.76 (CHy), 24.2-23.4 (CHy,
br), 22.8 (CHz); HRMS (ESI), calcd for C2sHazNz* (M+H)* 411.3739, found 411.3743.

A-6. Total Synthesis of Madangamine D

s 314

Br o TIPSO’H\MgBr
N LipCuCly
e S
TeocN — ~F THF, rt
H
84% H
300 b OTIPS 316

TIPS ether (316): A 30 mL flask equipped with a rubber septa connected to a bubbler was charged with
magnesium (turnings, 60.0 mg, 2.47 mmol) and THF. ((8-bromooctyl)oxy)triisopropylsilane 3 (500 mg,
1.37 mmol) was added to the mixture at room temperature over a period of 5 min. The resulting mixture
was stirred vigorously for 1 h. The concentration of the resulting Grignard reagent 314 was determined as
0.26 M by titration with 1,10-phenanthroline method 4.

A 30 mL flask was charged with copper (I1) chloride (49.2 mg, 364 umol) and LiCl (30.8 mg, 727
pumol). The reagent was heated under reduced pressure until blue copper (1) chloride became orange. A
solution of bromide 300 (40.1 mg, 72.7 umol) and THF (3.6 mL) was added to copper (1) chloride via
cannula at room temperature. The solution of Grignard reagent 314 (0.26 M in THF, 840 uL, 220 umol)
was then added to the resulting solution at room temperature. The solution of the Grignard reagent was
added until TLC analysis indicated the complete consumption of bromide 300 (total: 2.5 mL). The
resulting solution was maintained for 30 min at room temperature, quenched with saturated aqueous
NH4CI (3 mL), and extracted with EtOAc (2x 5 mL). The combined extracts were washed with brine (5
mL), dried over Na;SO4, and concentrated. The residue was purified by silica gel column chromatography
(EtOAc/hexane 1:19 to 1:12) to give TIPS ether 316 (46.3 mg, 84%): a colorless oil; [a]*’p +80.2 (c 1.00,
CHCIs); IR (film) 2927, 2863, 1698, 1633, 1463, 1437, 1249, 1105, 859, 838, 680 cm™; IH NMR (500

125



MHz, CDCls, 60 °C) & 5.60-5.48 (m, 1H), 5.46-5.34 (m, 1H), 5.32-5.12 (m, 1H), 5.10-4.90 (m, 1H),
4.25-4.10 (m, 3H), 4.08-3.91 (m, 1H), 3.90-3.75 (m, 1H), 3.68 (t, J = 6.6 Hz, 2H), 3.12 (ddd, J = 14.9,
10.0, 8.3 Hz, 1H), 2.93-2.76 (m, 2H), 2.75-2.37 (m, 3H), 2.60 (d, J = 13.8 Hz, 1H), 2.36-1.90 (m, 6H),
1.86-1.75 (m, 1H), 1.74-1.65 (m, 1H), 1.57-1.50 (m, 2H), 1.45-1.15 (m, 20H), 1.12-1.04 (m, 21H), 1.02
(t, J = 8.3 Hz, 2H), 0.06 (s, 9H); 13C NMR (125 MHz, CDCls, 60 °C) & 173.5 (C), 156.9 (C), 137.2 (C),
129.3 (CH), 128.0 (CH), 125.6 (CH), 63.9 (CH,), 63.8 (CH2), 51.0 (CH2), 49.2 (CHy), 48.1 (CH), 45.1
(CH,), 36.6 (C), 36.4 (CHy), 36.0 (CH), 35.2 (CH), 34.5 (CH), 33.3 (CHy), 32.9 (CH), 30.7 (CHy), 30.6
(CH2), 29.82 (CHy), 29.78 (CH2), 29.76 (CHy), 29.71 (CH2), 29.66 (CHz), 27.8 (CHy), 26.5 (CHy), 26.1
(CH,), 25.8 (CH3), 23.3 (CH,), 18.2-18.0 (CH,, CHs), 12.4 (CH), —1.3 (CHz); HRMS (ESI), calcd for
CasHs1N204Siz* (M+H)* 757.5735, found 757.5732.

CSA

MeOH, 40 °C

oTips H 6 96%

Alcohol (317): 10-Camphorsulfonic acid (CSA, 28.5 mg, 123 umol) was added to a solution of TIPS
ether 316 (46.4 mg, 61.3 pmol) and MeOH (2.0 mL) at room temperature. The solution was heated to
40 °C, maintained for 3 h at 40 °C, quenched with EtsN (40 pL, 310 umol) at room temperature, and
concentrated. The residue was purified by silica gel column chromatography (EtOAc/hexane 1:9 to 1:1) to
give alcohol 317 (28.7 mg, 78%): a colorless oil; [a]?’p +110 (c 1.00, CHCIs); IR (film) 3423, 2926, 2854,
1695, 1613, 1438, 1248, 859, 838 cm*; 'H NMR (500 MHz, CDCls, 60 °C) & 5.60-5.48 (m, 1H), 5.46—
5.34 (m, 1H), 5.34-5.12 (m, 1H), 5.10-4.90 (m, 1H), 4.26-4.10 (m, 3H), 4.07-3.91 (m, 1H), 3.90-3.75 (m,
1H), 3.63 (t, J = 6.6 Hz, 2H), 3.12 (ddd, J = 14.4, 10.0, 9.2 Hz, 1H), 2.93-2.76 (m, 2H), 2.75-2.37 (m,
3H), 2.60 (d, J = 13.5 Hz, 1H), 2.34-1.90 (m, 6H), 1.87-1.74 (m, 1H), 1.74-1.66 (m, 1H), 1.57 (tt, J = 7.2,
6.9 Hz, 2H), 1.45-1.10 (m, 20H), 1.01 (t, J = 8.3 Hz, 2H), 0.06 (s, 9H); 3C NMR (125 MHz, CDCls,
60 °C) 8 173.5 (C), 156.9 (C), 137.2 (C), 129.3 (CH), 128.0 (CH), 125.6 (CH), 63.9 (CH>), 63.2 (CH>),
51.0 (CHy), 49.2 (CHy), 48.1 (CH), 45.0 (CHy), 36.6 (C), 36.4 (CH>), 36.1 (CH), 35.2 (CH), 34.5 (CHy),
33.1 (CHy), 32.9 (CHy), 30.7 (CHy), 30.5 (CHy), 29.7 (CH2 x2), 29.62 (CH>), 29.60 (CH>), 29.54 (CHy>),
27.8 (CHy), 26.5 (CH>), 25.9 (CHy), 25.8 (CHy), 23.2 (CHy), 18.2 (CH2), -1.3 (CHs3); HRMS (ESI), calcd
for C35Hs1N204Si* (M+H)* 601.4401, found 601.4405.

p-TsCl, EtzN
DMAP (20 mol%)

CH,Cl,

85%

Tosylate (315): p-Toluenesulfonyl chloride (19.1 mg, 100 umol) was added to a solution of alcohol 317
(30.1 mg, 50.1 pmol), EtsN (28 L, 200 umol), DMAP (1.2 mg, 10.0 umol) and CHCl; (1.0 mL) at room
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temperature. The solution was maintained at room temperature for 15 h, and quenched with saturated
aqueous NH4CI (1 mL). The resulting mixture was extracted with CH,Cl, (2x 5 mL). The combined
organic extracts were washed with brine (5 mL), dried over Na;SO4, and concentrated. The residue was
purified by silica gel column chromatography (EtOAc/hexane 1:12 to 1:1) to give tosylate 315 (32.3 mg,
85%): a colorless oil; [a]?%p +84.4 (c 1.00, CHCIs); IR (film) 2926, 2854, 1694, 1629, 1437, 1361, 1248,
1176, 838 cm:; 'H NMR (500 MHz, CDCls, 60 °C) & 7.79 (d, J = 8.3 Hz, 2H), 7.33 (d, J = 8.3 Hz, 2H),
5.60-5.48 (m, 1H), 5.48-5.34 (m, 1H), 5.34-5.14 (m, 1H), 5.10-4.90 (m, 1H), 4.27-4.10 (m, 3H), 4.04 (t,
J = 6.6 Hz, 2H), 4.08-3.91 (m, 1H), 3.91-3.75 (m, 1H), 3.12 (ddd, J = 13.5, 10.1, 9.5 Hz, 1H), 2.94-2.76
(m, 2H), 2.76-2.38 (m, 3H), 2.60 (d, J = 13.7 Hz, 1H), 2.45 (s, 3H), 2.34-1.90 (m, 6H), 1.88-1.74 (m,
1H), 1.74-1.68 (m, 1H), 1.64 (tt, J = 6.9, 6.6 Hz, 2H), 1.45-1.10 (m, 20H), 1.02 (t, J = 8.6 Hz, 2H), 0.06
(s, 9H); 3C NMR (125 MHz, CDCls, 60 °C) § 173.5 (C), 156.8 (C), 144.6 (C), 137.1 (C), 134.0 (C),
129.9 (CH), 129.3 (CH), 128.0 (CH x2), 125.6 (CH), 70.8 (CHz), 63.9 (CH,), 51.0 (CH2), 49.2 (CH>),
48.1 (CH), 45.0 (CHy), 36.6 (C), 36.4 (CH), 36.1 (CH), 35.2 (CH), 34.5 (CHy), 32.9 (CH), 30.7 (CHy),
30.6 (CHy), 29.7 (CHy), 29.63 (CH>), 29.59 (CH), 29.50 (CHy), 29.11 (CH), 29.10 (CHy), 27.8 (CH>),
26.5 (CH2), 25.8 (CHy), 25.5 (CH2), 23.2 (CHy), 21.7 (CH3), 18.2 (CHz), —1.3 (CH3); HRMS (ESI), calcd
for C42He7N206SiS* (M+H)* 755.4489, found 755.4461.

BF3OEt, KoCO;4

CH,Cly, 1t MeCN, 80 °C

OTs H

385 85% (2 steps) 318

Macrocyclic amine (318): Boron trifluoride ethyl ether complex (22 pL, 170 pumol) was added to a
solution of tosylate 315 (32.3 mg, 42.8 umol) and CH.CI; (4.3 mL) at room temperature. The solution was
maintained for 30 min, quenched with EtsN (24 pL, 170 pmol) at room temperature. The solution was
concentrated to give the corresponding secondary amine 385, which was immediately used in the next step
without further purification.

Potassium carbonate (59.2 mg, 428 pumol) was added to a solution of the above secondary amine 385
and MeCN (43 mL) at room temperature. The resulting solution was heated to 80 °C, maintained for 72 h
at 80 °C, and concentrated. The residue was purified by silica gel column chromatography (Et,O/hexane
1:9 to 1:2) to give macrocyclic amine 318 (15.9 mg, 85% for 2 steps): a colorless oil; [a]?*p +55.1 (¢ 1.00,
CHCls); IR (film) 2926, 2856, 1630, 1446, 678 cm™; 'H NMR (500 MHz, C¢Ds, 3.4:1 mixture of rotamers,
signals of the major rotamer are reported) & 5.45-5.16 (m, 3H), 4.77-4.68 (m, 1H), 4.57 (d, J = 14.1 Hz,
1H), 3.35 (d, J = 14.1 Hz, 1H), 3.02-2.80 (m, 2H), 2.61 (d, J = 11.5 Hz, 1H), 2.64-2.52 (m, 1H), 2.45—
2.33 (m, 2H), 2.32-2.14 (m, 4H), 2.12-1.81 (m, 4H), 1.77 (d, J = 11.5 Hz, 1H), 1.75-1.66 (m, 2H), 1.66—
1.56 (m, 2H), 1.52-0.95 (m, 20H), 0.87-0.78 (m, 1H); *C NMR (125 MHz, C¢Ds, mixture of two
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rotamers, signals of the major rotamer are reported) 6 172.4 (C), 139.0 (C), 129.2 (CH), 129.0-127.0 (CH),
124.4 (CH), 60.1 (CH>), 59.3 (CH2), 57.1 (CH>), 48.2 (CH), 44.7 (CHy), 37.2 (C), 37.1 (CH), 35.9-35.7
(CH, CHy), 35.0 (CHy2), 32.3 (CHy), 30.7 (CHy), 28.2 (CH>), 28.0 (CH), 27.0 (CH>), 26.8 (CH>), 26.4
(CHy), 26.3 (CH2), 26.2 (CH2), 26.0 (CH2), 25.9 (CHy), 25.0 (CH2), 24.7 (CH,), 21.4 (CH2); HRMS (ESI),
calcd for Co9Ha7N20* (M+H)* 439.3688, found 439.3672.

T e
Madangamine D (4

Madangamine D (4): In a glove box, LiAlH4 (1.0 M in THF, 160 pL, 160 umol) was added to a solution
of macrocyclic amine 318 (14.3 mg, 32.6 pmol) and THF (1.6 mL) at room temperature. The reaction
vessel was removed from the glove box, stirred at room temperature for 8 h, cooled to 0 °C, and quenched
with a few drops of distilled water. The resulting suspension was dried over Na,SOg, and filtrated. The
solid was washed with Et,O (3 mL). The resulting filtrate was then concentrated. The residue was purified
by silica gel column chromatography (Et.O/hexane 1:19 to 1:5) to give madangamine D (4) (11.1 mg,
80%): a colorless oil; [a]?p +96.3 (¢ 0.29, CHCI3); IR (film) 2925, 2855, 1460, 1443 cmt; *H NMR (500
MHz, CsDe) & 5.47 (td, J = 10.9, 4.0 Hz, 1H), 5.41 (tdd, J = 10.9, 6.3, 1.5 Hz, 1H), 5.20 (dt, J = 11.5, 2.9
Hz, 1H), 3.71 (t, J = 3.7 Hz, 1H), 3.34 (dt, J = 13.5, 11.5 Hz, 1H), 3.31 (d, J = 11.8 Hz, 1H), 3.10 (ddt, J =
16.1, 12.6, 2.6 Hz, 1H), 2.84 (ddd, J = 13.8, 12.1, 5.8 Hz, 1H), 2.70 (d, J = 10.9 Hz, 1H), 2.68 (ddd, J =
12.6, 8.6, 3.5 Hz, 1H), 2.72-2.59 (m, 1H), 2.45 (d, J = 11.8 Hz, 1H), 2.39 (dt, J = 12.3, 3.7 Hz, 1H), 2.37-
2.21 (m, 6H), 2.20 (dd, J=10.9, 3.5 Hz, 1H), 1.88-1.78 (m, 2H), 1.81 (d, J=10.9 Hz, 1H), 1.78-1.72 (m,
1H), 1.72-1.65 (m, 1H), 1.50—1.10 (m, 22H), 1.01 (dt, J = 13.5, 4.6 Hz, 1H); 3C NMR (125 MHz, C¢Ds)
8 139.2 (C), 129.1 (CH), 129.0 (CH), 122.0 (CH), 61.0 (CHy), 59.6 (CH,), 57.4 (CH>), 56.3 (CH>), 54.0
(CH»), 51.8 (CH), 38.5 (CH,), 37.7 (CH), 37.5 (C), 36.8 (CH), 35.7 (CHy), 32.2 (CHy), 30.2 (CHy), 28.4
(CHy), 27.3 (CH>), 27.0 (CH_), 26.8 (CH), 26.5 (CH>), 26.2 (CH>), 26.14 (CH.), 26.05 (CH>), 25.4 (CH>),
25.1 (CHy), 24.6 (CHy), 21.6 (CH); HRMS (ESI), calcd for CaoHaoN2* (M+H)* 425.3896, found
425.3883.

A-7. Total Synthesis of Madangamine A
Synthesis of phosphonium salt 332

OH
=z OH
powdered KOH //\/ Ni(OAc),-4H,0 (33 mol%)
. o
HO\/\ p-TsCl TSO\/\ Cul, Nal. K,CO3 Il NaBH, (77 mol%), EDA
OTIPS Et,0, 0 °C OTIPS DMF, 40 °C EtOH, rt
A
327 98% 328 73% OTIPS 81%
329
J OH MsCI, Et;N J Br J PPh3Br
THF, 0 °C; PPhg
R - - -
\ LiBr, 50 °C \ MeCN, 85 °C \
OTIPS oTIPS OTIPS
94% 95%
330 331 332
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powdered KOH

p-TsCl
Ho/\/\ Tso/\/\
oTIPS oTIPS

Et,0, 0 °C

327 328

98%
Tosylate (328): Powdered KOH (85wt%, 1.38 g, 20.9 mmol) was added to a solution of propargyl alcohol
327 *° (1.07 g, 4.18 mmol), p-toluenesulfonyl chloride (956 mg, 5.02 mmol) and Et,O (21 mL) at 0 °C.
The mixture was stirred for 2 h at 0 °C, quenched with saturated aqueous NH4CI (5 mL), and extracted
with EtOAc (2x 5 mL). The combined organic extracts were washed with brine (5 mL), dried over Na SO,
and concentrated. The residue was purified by silica gel column chromatography (hexane to
EtOAc/hexane 1:19) to give tosylate 328 (1.68 g, 98%): a colorless oil; IR (film) 2943, 2866, 2241, 1371,
1189, 1178, 1110, 1098, 942, 664 cm™:; *H NMR (500 MHz, CDCls) § 7.81 (d, J = 8.6 Hz, 2H), 7.34 (d, J
= 8.6 Hz, 2H), 4.68 (t, J = 2.0 Hz, 2H), 3.68 (t, J = 7.2 Hz, 2H), 2.45 (s, 3H), 2.33 (tt, J = 7.2, 2.0 Hz, 2H),
1.11-0.97 (m, 21H); 3C NMR (125 MHz, CDCl3) 5 145.0 (C), 133.4 (C), 129.8 (CH), 128.2 (CH), 87.6
(C), 73.0 (C), 61.6 (CHy), 58.7 (CH>), 23.3 (CH>), 21.7 (CH3), 18.0 (CHs), 12.0 (CH); HRMS (ESI), calcd
for C21H3504SiS* (M+H)* 411.2025, found 411.2022.

OH
/\/ OH
. Cul, Nal. K,CO3 Il
s /\/\OTIPS _—
DMF, 40 °C N
S
328 73% oTIPS

329

1,4-Diyne (329): Potassium carbonate (259 mg, 1.88 mmol) was added to a mixture of tosylate 328 (515
mg, 1.25 mmol), 3-butyn-1-ol (95 pL, 1.3 mmol), Cul (238 mg, 1.25 mmol), Nal (187 mg, 1.25 mmol)
and DMF (6.3 mL) at room temperature. The mixture was heated to 40 °C, stirred for 12 h at this
temperature, and quenched with saturated aqueous NH4CI (5 mL). The resulting mixture was filtrated
through a pad of Celite®. After the organic layer was separated, the resulting aqueous layer was extracted
with Et,0 (2x 10 mL). The combined organic extracts were washed with brine (5 mL), dried over Na;SOa,
and concentrated. The residue was purified by silica gel column chromatography (EtOAc/hexane 1:19 to
1:4) to give 1,4-diyne 329 (281 mg, 73%): a colorless oil; IR (film) 3372, 2942, 2866, 2216, 1462, 1106,
1056, 882, 681 cm™*; *H NMR (500 MHz, CDCls) 6 3.78 (t, J = 7.5 Hz, 2H), 3.70 (t, J = 6.0 Hz, 2H), 3.13
(tt, J = 2.3, 2.3 Hz, 2H), 2.45 (tt, J = 6.0, 2.3 Hz, 2H), 2.41 (tt, J = 7.5, 2.3 Hz, 2H), 1.14-0.97 (m, 21H);
13C NMR (125 MHz, CDCls) 6 77.7 (C), 77.0 (C), 76.6 (C), 75.3 (C), 62.3 (CH>), 61.1 (CH>), 23.24 (CHy),
23.15 (CHy), 18.0 (CHs3), 12.1 (CH), 9.8 (CH2); HRMS (ESI), calcd for C1gH330.Si* (M+H)* 309.2250,
found 309.2249.
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Ni(OAc),4H,0 (33 mol%) /7 OH
Il NaBH, (77 mol%), EDA
e T,
EtOH, rt \
X oTIPS

OTIPS 81%
329 330

1,4-Diene (330): The flask was purged with hydrogen. Sodium borohydride (48.9 mg, 1.29 mmol) was
added to a mixture of nickel (1) acetate tetrahydrate (134 mg, 538 pmol) and EtOH (8.5 mL) at room
temperature. After stirring for 30 min at room temperature, ethylene diamine (420 pL, 6.20 mmol) was
added to the mixture. The mixture was stirred for additional 30 min. A solution of 1,4-diyne 329 (518 mg,
1.68 mmol) and EtOH (8.5 mL) was then added to the mixture. The resulting mixture was stirred under
hydrogen for 1 h, and filtrated through a pad of Celite®. The residue was purified by silica gel column
chromatography (EtOAc/hexane 1:19 to 1:7) to give 1,4-diene 330 (423 mg, 81%): a colorless oil; IR
(film) 3328, 2941, 2865, 1461, 1100, 1049, 881, 679, 657 cm*; *H NMR (500 MHz, CDCls) § 5.54 (dtt, J
=10.6, 7.5, 1.5 Hz, 1H), 5.49-5.36 (m, 3H), 3.69 (t, J = 6.9 Hz, 2H), 3.66 (td, J = 6.3, 5.5 Hz, 2H), 2.85
(dd, J = 6.6, 6.6 Hz, 2H), 2.36 (td, J = 7.2, 6.3 Hz, 2H), 2.33 (td, J = 6.9, 6.0 Hz, 2H), 1.38 (t, J = 5.5 Hz,
1H), 1.14-0.97 (m, 21H); 13C NMR (125 MHz, CDCls) § 131.3 (CH), 129.4 (CH), 126.6 (CH), 125.7
(CH), 63.2 (CHy), 62.3 (CH,), 31.4 (CH,), 30.9 (CH5), 26.0 (CHy), 18.1 (CHs), 12.1 (CH); HRMS (ESI),
calcd for C1gH370,Si* (M+H)* 313.2563, found 313.2563.

J OH MsCl, EtsN J Br
THF, 0°C;
=
\ LiBr, 50 °C \
oTIPS oTIPS

94%
330 331

Bromide (331): Methanesulfonyl chloride (210 pL, 2.7 mmol) was added to a solution of 1,4-diene 330
(423 mg, 1.35 mmol), EtsN (380 pL, 2.7 mmol) and THF (14 mL) at 0 °C. After the solution was
maintained for 1 h at 0 °C, lithium bromide (1.17 g, 13.5 mmol) was added to the solution. The resulting
mixture was then heated to 50 °C, maintained for 3 h at this temperature. The mixture was cooled to room
temperature, quenched with saturated aqueous NaHCOs, and extracted with hexane (2x 5 mL). The
combined organic extracts were washed with brine (5 mL), dried over Na;SOs, and concentrated. The
residue was purified by silica gel column chromatography (hexane to EtOAc/hexane 1:19) to give
bromide 331 (475 mg, 94%): a colorless oil; IR (film) 2943, 2866, 1463, 1107, 882, 681 cm; 'H NMR
(500 MHz, CDCls) 6 5.52 (dtt, J=10.6, 7.5, 1.5 Hz, 1H), 5.49-5.36 (m, 3H), 3.69 (t, J = 7.2 Hz, 2H), 3.38
(t, J =7.2 Hz, 2H), 2.82 (ddd, J = 7.5, 6.6, 0.6 Hz, 2H), 2.65 (tddt, J = 7.2, 7.2, 1.5, 0.6 Hz, 2H), 2.33 (td,
J=17.2,6.9 Hz, 2H), 1.14-1.00 (m, 21H); 3C NMR (125 MHz, CDCl3) § 131.2 (CH), 129.0 (CH), 126.8
(CH), 126.3 (CH), 63.1 (CH>), 32.4 (CH.), 31.4 (CHy), 30.9 (CHy), 26.1 (CHy), 18.1 (CHs3), 12.1 (CH);
HRMS (ESI), calcd for C1gH36OBrSi* (M+H)* 375.1719, found 375.1723.

130



J Br J PPh3Br
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331 332

Phosphonium salt (332): Triphenylphosphine (3.32 g, 12.7 mmol) was added to a solution of bromide
331 (475 mg, 1.27 mmol) and MeCN (4.2 mL) at room temperature. The resulting solution was heated to
85 °C, maintained for 15 h at 85 °C, cooled to room temperature, and concentrated. The residue was
purified by silica gel column chromatography (MeOH/CHCI3 1:39 to 1:19) to give phosphonium salt 332
(770 mg, 95%): a colorless oil; IR (film) 3403, 2942, 2865, 1438, 1112, 883, 746, 723, 689 cm™*; *H NMR
(500 MHz, CDCls) & 7.93-7.84 (m, 6H), 7.82-7.76 (m, 3H), 7.74-7.67 (m, 6H), 5.64 (dtt, J = 10.6, 6.9,
1.7 Hz, 1H), 5.40-5.33 (m, 2H), 5.24 (dtt, J = 10.9, 7.2, 1.5 Hz, 1H), 4.04-3.95 (m, 2H), 3.62 (t, J = 6.9
Hz, 2H), 2.55 (dd, J = 7.2, 7.2 Hz, 2H), 2.52-2.43 (m, 2H), 2.15 (tdd, J = 6.9, 6.9, 1.5 Hz, 2H), 1.11-0.97
(M, 21H); 3C NMR (125 MHz, CDCls) § 135.0 (d, J = 2.4 Hz, CH), 1335 (d, J = 10.1 Hz, CH), 130.5 (d,
J =12.5 Hz, CH), 130.3 (CH), 128.3 (CH), 126.7 (CH), 126.4 (d, J = 14.3 Hz, CH), 117.9 (d, J = 85.3 Hz,
C), 62.8 (CH>), 31.1 (CH?>), 25.6 (CHy), 22.8 (d, J = 48.9 Hz, CH>), 20.3 (d, J = 3.0 Hz, CHy), 17.9 (CHa),
11.8 (CH); HRMS (ESI), calcd for CasHseOSiP* (M—Br)* 557.3367, found 557.3369.

H N 332, NaHMDS CSA
— T .
TeocN _— THF, rt MeOH, 40 °C

69% (2 steps)

296

Alcohol (334): In a glove box, sodium hexamethyldisilazide (21.1 mg, 115 pmol) was added to a mixture
of phosphonium salt 332 (75.4 mg, 118 umol) and THF (1.0 mL) at room temperature. After stirring for 5
min, a solution of aldehyde 296 (12.7 mg, 26.1 umol) and THF (2.0 mL) was added to the mixture of the
ylide. The reaction vessel was then removed from the glove box, and stirred at room temperature for 1 h.
The mixture was quenched with saturated aqueous NH4CI (2 mL), and extracted with EtOAc (2x 5 mL).
The combined organic extracts were washed with brine (5 mL), dried over Na2SO., and concentrated. The
residue was purified by silica gel column chromatography (EtOAc/hexane 1:19 to 1:5) to give pentaene
333, which was immediately used in the next reaction without further purification.

10-Camphorsulfonic acid (CSA, 10.6 mg, 45.8 umol) was added to a solution of the above pentaene
333 and MeOH (1.1 mL) at room temperature. The solution was heated to 40 °C, maintained for 1 h at
40 °C, quenched with EtsN (13 pL, 92 umol) at room temperature, and concentrated. The residue was
purified by silica gel column chromatography (EtOAc/hexane 1:9 to 1:2) to give alcohol 334 (10.9 mg,
69% for 2 steps): a colorless oil; [a]®p +109 (¢ 1.00, CHCIs); IR (film) 3426, 2949, 2921, 1694, 1611,
1440, 1248, 1049, 858, 839 cm!; *H NMR (500 MHz, CDCls, 60 °C) & 5.60-5.48 (m, 2H), 5.46-5.20 (m,
7H), 5.10-4.90 (m, 1H), 4.36-4.12 (m, 3H), 4.10-3.80 (m, 2H), 3.65 (t, J = 6.6 Hz, 2H), 3.12 (ddd, J =
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13.8,10.3, 9.8 Hz, 1H), 2.87 (dd, J = 6.3, 6.0 Hz, 2H), 2.95-2.75 (m, 4H), 2.73-2.60 (m, 1H), 2.63 (d, J =
13.5 Hz, 1H), 2.60-2.42 (m, 2H), 2.38 (dt, J = 6.9, 6.9 Hz, 2H), 2.30-2.22 (m, 1H), 2.22-1.90 (m, 7H),
1.86-1.74 (m, 1H), 1.74-1.65 (m, 1H), 1.62-1.47 (m, 2H), 1.45-1.36 (m, 1H), 1.30-1.16 (m, 1H), 1.02 (t,
J =86 Hz, 2H), 0.06 (s, 9H); ¥C NMR (125 MHz, CDCls, 60 °C) & 173.6 (C), 156.8 (C), 137.0 (C),
130.9 (CH), 129.8 (CH), 129.2 (CH), 128.5 (CH), 128.5 (CH), 128.38 (CH), 128.0 (CH), 126.1 (CH),
125.9 (CH), 64.0 (CH,), 62.4 (CH,), 51.0 (CH,), 49.2 (CH,), 48.1 (CH), 44.4 (CHy), 36.8 (C), 36.6 (CH),
36.2 (CH), 35.2 (CH), 34.4 (CHy), 32.9 (CH,), 31.4 (CHy), 30.7 (CHy), 27.8 (CH2), 26.5 (CH,), 26.1
(CHz), 25.9 (CHp), 258 (CHy), 21.4 (CHp), 18.2 (CHz), -1.3 (CHs); HRMS (ESI), calcd for
CasHs7N204Si* (M+H)* 609.4088, found 609.4081.

p-TsCl, Et3N
DMAP (20 mol%)

CH,Cly, rt

100%

Tosylate (336): p-Toluenesulfonyl chloride (27.9 mg, 146 pumol) was added to a solution of alcohol 334
(44.5 mg, 73.1 pumol), EtsN (41 pL, 290 pumol), DMAP (1.8 mg, 15 umol) and CHCl, (1.5 mL) at room
temperature. The solution was maintained at room temperature for 15 h, and quenched with saturated
aqueous NH4Cl (1 mL). The resulting mixture was extracted with CH2Cl; (2x 5 mL). The combined
extracts were washed with brine (5 mL), dried over Na,SO., and concentrated. The residue was purified
by silica gel column chromatography (EtOAc/hexane 1:9 to 1:2) to give tosylate 336 (55.7 mg, 100%): a
colorless oil; [a]?’p +86.5 (¢ 1.00, CHCI3); IR (film) 2951, 2921, 1693, 1627, 1439, 1361, 1248, 1176, 959,
913, 859, 838 cm*; 'H NMR (500 MHz, CDCls, 60 °C) & 7.78 (d, J = 8.3 Hz, 2H), 7.33 (d, J = 8.3 Hz,
2H), 5.62-5.18 (m, 9H), 5.10-4.90 (m, 1H), 4.30-4.11 (m, 3H), 4.04 (t, J = 6.9 Hz, 2H), 4.07-3.94 (m,
1H), 3.94-3.76 (m, 1H), 3.12 (ddd, J = 14.6, 9.8, 9.2 Hz, 1H), 2.96-2.80 (m, 2H), 2.80-2.72 (m, 4H),
2.72-2.60 (m, 1H), 2.64 (d, J = 13.8 Hz, 1H), 2.60-2.50 (m, 3H), 2.44 (s, 3H), 2.50-2.37 (m, 1H), 2.32—
2.21 (m, 1H), 2.20-1.86 (m, 7H), 1.85-1.75 (m, 1H), 1.74-1.62 (m, 1H), 1.51-1.37 (m, 2H), 1.36-1.20 (m,
2H), 1.01 (t, J = 8.6 Hz, 2H), 0.06 (s, 9H); 13C NMR (125 MHz, CDCls, 60 °C) & 173.4 (C), 156.8 (C),
144.8 (C), 137.0 (C), 134.0 (C), 131.9 (CH), 130.02 (CH), 129.95 (CH), 129.3 (CH), 128.9 (CH), 128.3
(CH), 128.1 (CH), 128.1 (CH), 127.8 (CH), 125.8 (CH), 123.6 (CH), 69.7 (CHy), 63.9 (CH>), 50.9 (CH>),
49.2 (CH,), 48.1 (CH), 44.7 (CH,), 36.7 (C), 36.1 (CH), 36.1 (CH), 35.1 (CH), 34.4 (CH), 32.9 (CHy),
30.7 (CHy), 27.8 (CH2), 27.5 (CH,), 26.5 (CHy), 25.94 (CHy), 25.8 (CH2), 25.8 (CHy), 21.7 (CHs), 21.4
(CHy), 18.2 (CH,), —1.3 (CHs3); HRMS (ESI), calcd for CasHesN206SiS* (M+H)* 763.4176, found
763.4177.
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BF,-OEt, iProNEt

CH,Cly, 1t MeCN, 70 °C

59% (2 steps)

Macrocyclic amine (338): Boron trifluoride ethyl ether complex (18 upL, 140 umol) was added to a
solution of tosylate 336 (21.4 mg, 28.0 umol) and CH.CI; (2.8 mL) at room temperature. The solution was
maintained for 30 min, and quenched with N,N-diisopropylethylamine (48 pL, 280 pmol) at room
temperature. The solution was concentrated to give the corresponding amine 337, which was immediately
used in the next step without further purification.

N,N-Diisopropylethylamine (24 pL, 140 pmol) was added to a solution of the above amine 337 and
MeCN (28 mL) at room temperature. The resulting solution was heated to 70 °C, maintained for 20 h at
this temperature, and then concentrated. The residue was purified by silica gel column chromatography
(Et,O/hexane 1:9 to 1:2) to give macrocyclic amine 338 (7.4 mg, 59% for 2 steps): a colorless oil; [a]%®p
+80.3 (c 1.00, EtOAC); IR (film) 2918, 1627, 1446, 1417, 701 cm™; *H NMR (500 MHz, C¢Ds) & 5.70—
5.59 (m, 1H), 5.53-5.12 (m, 8H), 4.73 (brs, 1H), 4.70 (d, J = 14.1 Hz, 1H), 3.26 (d, J = 14.1 Hz, 1H),
3.20-2.78 (m, 6H), 2.74 (d, J = 11.2 Hz, 1H), 2.70-2.54 (m, 1H), 2.54-1.84 (m, 13H), 1.91 (ddd, J = 13.2,
3.5, 3.5 Hz, 1H), 1.82-1.50 (m, 3H), 1.58 (d, J = 11.2 Hz, 1H), 1.50-1.20 (m, 1H), 1.20-1.14 (m, 1H),
1.10 (d, J = 13.2 Hz, 1H), 0.94-0.82 (m, 1H); 3C NMR (125 MHz, CeDs) & 172.2 (C), 138.8 (C), 131.9
(CH), 129.2 (CH), 129.1 (CH), 128.8 (CH), 128.5-127.6 (CH x3), 127.2 (CH), 124.7 (CH), 60.8 (CH,),
58.7 (CH,), 58.4 (CHy), 48.0 (CH), 44.6 (CH>), 38.9 (CH), 36.8 (C), 36.1 (CH), 35.8 (CH), 35.4 (CHy),
32.6 (CH>), 30.8 (CHy), 28.1 (CH), 26.5 (CH,), 26.5 (CH2), 26.3 (CH2), 26.0 (CH2), 25.2 (CH>), 23.0
(CHa); HRMS (ESI), calcd for C3oH43N20* (M+H)* 447.3375, found 447.3375.

LiAIH,

THF, 1t

76%

Madangamine A (1)

Madangamine A (1): In a glove box, LiAlH4 (1.0 M in THF, 160 puL, 160 pumol) was added to a solution
of macrocyclic amine 338 (14.0 mg, 31.3 umol) and THF (1.6 mL) at room temperature. The reaction
vessel was removed from the glove box, stirred at room temperature for 6 h, cooled to 0 °C, and quenched
with a few drops of distilled water. The resulting suspension was dried over Na;SO4, and filtrated. The
solid was washed with Et,O (3 mL). The resulting filtrate was then concentrated. The residue was purified
by silica gel column chromatography (Et,O/hexane 1:19 to 1:5) to give madangamine A (1) (10.3 mg,
76%): a colorless oil; [a]**p +142 (c 0.500, EtOAC); IR (film) 3005, 2912, 2873, 2853, 2792, 2758, 1459,
1440, 1128, 1091, 923, 917, 723, 675 cm™; *H NMR (500 MHz, C¢Dg) & 5.58 (m, 1H), 5.45 (td, J = 10.9,
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4.3 Hz, 1H), 5.42-5.30 (m, 6H), 5.18 (dt, J = 11.8, 2.9 Hz, 1H), 3.72 (t, J = 3.2 Hz, 1H), 3.36 (dt, J = 13.2,
11.2 Hz, 1H), 3.19-3.05 (m, 2H), 3.13 (d, J = 12.3 Hz, 1H), 3.08 (t, J = 16.3 Hz, 1H), 2.84 (ddd, J = 13.8,
11.8, 5.8 Hz, 1H), 2.73 (dd, J = 10.9, 0.9 Hz, 1H), 2.70-2.20 (m, 5H), 2.66 (brt, J = 13.4 Hz, 1H), 2.60 (m,
1H), 2.54 (ddd, J = 10.3, 3.2, 3.2 Hz, 1H), 2.48 (dt, J = 11.8, 5.2 Hz, 1H), 2.48 (d, J = 11.8 Hz, 1H), 2.42
(ddd, J = 12.4, 4.6, 3.2 Hz, 1H), 2.32 (d, J = 10.6 Hz, 1H), 2.24 (dd, J= 16.3, 7.7 Hz, 1H), 2.15 (ddd, J =
11.8, 5.5, 3.7 Hz, 1H), 2.11 (dd, J = 10.6, 3.2 Hz, 1H), 1.98-1.89 (m, 2H), 1.89-1.77 (m, 2H), 1.71 (m,
1H), 1.45 (m, 1H), 1.38 (d, J = 10.9 Hz, 1H), 1.29 (ddd, J = 12.4, 3.2, 2.6 Hz, 1H), 1.26-1.13 (m, 2H),
1.15 (m, 1H), 1.01 (dddd, J = 10.3, 7.5, 2.0, 1.7 Hz, 1H); *C NMR (125 MHz, CsDs) 6 139.4 (C), 132.9
(CH), 129.2 (CH), 129.1 (CH), 129.0 (CH), 128.7-127.6 (CH x2), 127.5 (CH), 125.9 (CH), 121.9 (CH),
61.6 (CHz), 59.4 (CH2), 57.7 (CH,), 55.7 (CHz), 52.4 (CH>), 51.8 (CH), 39.1 (CH), 38.4 (CH), 37.1 (CH),
37.0 (C), 36.1 (CHy), 32.4 (CHy), 26.9 (CHy), 26.7 (CH3), 26.6 (CHz), 25.9 (CH3), 25.5 (CHy), 25.4 (CHy),
23.9-22.9 (CHy, br), 22.7 (CHz); HRMS (ESI), calcd for CaHasN2* (M+H)* 433.3583, found 433.3582.

A-8. Total Synthesis of Madanagmine B
PhCO,H, TBHP

TBAI (10 mol%) NaBH,
plpendlne (& moI/ MeOH Pb OAc),
TeocN EtOAc 50 °C TeocN KZCO3 TeocN CHZCIQ TeocN

50% (3 steps)

Aldehyde (361): tert-Butyl hydroperoxide (5.5 M in decane, 120 pL, 640 umol) was added to a solution
of aldehyde 296 (61.9 mg, 127 umol), benzoic acid (17.1 mg, 140 umol), TBAI (4.7 mg, 13 pmol),
piperidine (1.0 M in EtOAc, 6 pL, 6 pumol) and EtOAc (13 mL). The solution was heated to 50 °C, and
maintained for 16 h at this temperature. This solution was cooled to room temperature, quenched with
saturated aqueous NH4Cl (5 mL), and extracted with EtOAc (2x 5 mL). The combined organic extracts
were washed with brine (5 mL), dried over Na;SO4, and concentrated to give the corresponding
benzoyloxy aldehyde 364, which was immediately used in the next step without further purification.

Sodium tetrahydroborate (24.0 mg, 635 pmol) was added to a solution of the above benzoyloxy
aldehyde 364 and MeOH (2.5 mL) at room temperature. After maintaining for 1 h, potassium carbonate
(87.8 mg, 635 umol) was added to the solution. The resulting mixture was stirred for 2 h, quenched with
saturated aqueous NH4Cl (2 mL), and extracted with EtOAc (2x 2 mL). The combined organic extracts
were washed with brine (2 mL), and dried over Na2SOs, and concentrated to give the corresponding diol
360, which was immediately used in the next step without further purification.

Lead tetraacetate (84.5 mg, 191 umol) was added to a solution of the above diol 360 and CH.Cl (2.5
mL) at room temperature. The resulting solution was maintained for 20 min, and concentrated. The
residue was purified by silica gel column chromatography (EtOAc/hexane 1:2 to EtOAc) to give aldehyde
361 (30.2 mg, 50% for 3 steps): a colorless oil; [a]*p +122 (¢ 1.00, CHCI3); IR (film) 2952, 2923, 1693,
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1627, 1440, 1249, 859, 839 cm'%; 'H NMR (500 MHz, CDCls, 60 °C ) § 9.82-9.79 (m, 1H), 5.70-5.50 (m,
1H), 5.50-5.34 (m, 1H), 5.34-5.18 (m, 1H), 5.16-4.96 (m, 1H), 4.40-4.27 (m, 1H), 4.26-4.13 (m, 2H),
4.06 (d, J = 13.8 Hz, 1H), 4.10-3.95 (m, 1H), 3.11 (ddd, J = 14.9, 10.1, 9.8 Hz, 1H), 3.06-2.95 (m, 1H),
2.95-2.83 (m, 1H), 2.87 (d, J = 13.8 Hz, 1H), 2.79-2.65 (m, 1H), 2.64-2.40 (m, 2H), 2.45 (d, J = 16.9 Hz,
1H), 2.35 (d, J = 16.9 Hz, 1H), 2.38-2.25 (m, 1H), 2.25-1.95 (m, 6H), 1.91-1.86 (m, 1H), 1.86-1.77 (m,
1H), 1.52-1.45 (m, 1H), 1.02 (t, J = 8.3 Hz, 2H), 0.06 (s, 9H); *C NMR (125 MHz, CDCl3) & 201.5 (CH),
173.7 (C), 156.6 (C), 135.8 (C), 128.7 (CH), 128.0 (CH), 127.0 (CH), 64.2 (CHs), 50.7 (CH), 48.8 (CH>),
47.9 (CH), 44.9 (CH,), 37.6 (C), 35.7 (CH), 34.5 (CH), 33.7 (CHy), 32.7 (CH>), 30.6 (CHy), 29.8 (CHy),
27.9 (CHy), 26.2 (CHz), 25.7 (CHy), 18.0 (CHy), —1.3 (CHs); HRMS (ESI), calcd for CasHaiN,O4Si*
(M+H)* 473.2836, found 473.2842.

SO

CrCl,
THF, rt TeocN
79% H
E/Z=4.8:1 379

Acetal (369): Preparation of gem-diiodoalkane 373: Hydrazine monohydrate (1.0 mL, 21 mmol) was
added to a solution of 3-(1,3-dioxan-2-yl)propanal 372%° (596 mg, 4.13 mmol) and CH,Cl, (21 mL) at
room temperature. The resulting mixture was stirred for 1 h at room temperature, and extracted with
CHCl; (2x 5 mL). The combined organic extracts were washed with brine (5 mL), and dried over Na;SOa.
The solution was concentrated to give (3-(1,3-dioxan-2-yl)propylidene)hydrazine, which was immediately
used in the next step without further purification. lodine (3.67 g, 14.5 mmol) was divided into three
portions, and added to a solution of (3-(1,3-dioxan-2-yl)propylidene)hydrazine, EtsN (1.2 mL, 8.3 mmol),
and Et,0 (21 mL) every 15 min at room temperature. The resulting mixture was stirred for 30 min,
guenched with saturated aqueous Na;S;0s (5 mL), and extracted with EtOAc (2x 5 mL). The combined
organic extracts were washed with brine (5 mL), dried over Na;SO4, and concentrated. The residue was
filtered through a pad of silica gel (EtOAc/hexane 1:19 to 1:14) to give crude gem-diiodoalkane 373 (427
mg), which was immediately used in the next reaction without further purification.

In a glove box, chromium(ll) chloride (75.2 mg, 612 umol) was added to a solution of aldehyde 361
(19.3 mg, 40.8 umol), the above gem-diiodoalkane 373 (245 mg) and THF (4.1 mL) at room temperature.
The reaction vessel was then removed from the glove box, and stirred at room temperature for 17 h. The
mixture was quenched with brine (3 mL), and extracted with Et,O (2x 3 mL). The combined organic
extracts were washed with brine (3 mL), dried over Na»;SOs, and concentrated. The residue was purified
by silica gel column chromatography (EtOAc/hexane 1:9 to 1:1) to give acetal 379 (18.9 mg, 79%): a
colorless oil; [a]?®p +102 (¢ 1.00, CHCIs); IR (film) 2952, 2923, 2853, 1694, 1630, 1436, 1247, 1143,
1085, 859, 839 cm?; 'H NMR (500 MHz, (CDs3).CO, 50 °C, a 4.8:1 inseparable mixture of two
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diastereomers) 6 5.65-5.39 (m, 3H), 5.38-5.28 (m, 1H), 5.27-5.19 (m, 1H), 5.18-4.95 (m, 1H), 4.55 (t, J
= 4.9 Hz, 24/29H), 4.50 (t, J = 4.9 Hz, 5/29H), 4.25-4.07 (m, 1H), 4.17 (t, J = 8.0 Hz, 2H), 4.01 (dd, J =
11.5, 4.6 Hz, 2H), 3.96 (d, J = 13.2 Hz, 1H), 3.90-3.69 (m, 1H), 3.75 (dd, J = 12.1, 11.5 Hz, 2H), 3.40-
3.05 (m, 1H), 3.01-2.83 (m, 2H), 2.82-2.73 (m, 1H), 2.72-2.58 (m, 1H), 2.56-2.36 (m, 2H), 2.34-2.00 (m,
7H), 2.00-1.68 (m, 7H), 1.64-1.52 (m, 2H), 1.50-1.37 (m, 1H); 3C NMR (125 MHz, (CD3).CO, a 4.8:1
inseparable mixture of two diastereomers, signals of the major diastereomer are reported) 6 173.4 (C),
156.9 (C), 138.4 (C), 135.0 (CH), 129.5 (CH), 128.9 (CH), 126.0 (CH), 125.8 (CH), 102.2 (CH), 67.3
(CHy), 63.9 (CHy), 51.4 (CHy), 49.5 (CH>), 48.4 (CH), 45.2 (CH>), 39.7 (CH>), 37.7 (C), 36.6 (CH), 35.9
(CH), 35.8 (CHy), 35.1 (CH.), 33.4 (CHy), 30.9 (CH>), 28.6 (CH2), 28.0 (CH>), 26.8 (CH2), 26.7 (CH>),
26.5 (CHy), 18.5 (CHy), —1.2 (CHs); HRMS (ESI), calcd for CzsHsaN.O5Si* (M+H)* 585.3724, found
585.3722.

=3

TeocN 1N HCITHF = 1
60 °C

a79 92%
Aldehyde (380): Hydrochloric acid (1 M, 3.3 mL) was added to a solution of acetal 379 (18.9 mg, 32.3
pmol) and THF (3.3 mL). The mixture was heated to 60 °C, maintained for 2 h at 60 °C, quenched with
saturated aqueous NaHCOs3 (5 mL) at 0 °C, and extracted with EtOAc (2x 3 mL). The combined organic
extracts were washed with brine (3 mL), dried over Na,SO., and concentrated. The residue was purified
by silica gel column chromatography (EtOAc/hexane 1:6 to 1:1) to give aldehyde 380 (15.7 mg, 92%): a
colorless oil; [a]?®p +125 (c 1.00, CHCIs); IR (film) 2950, 2910, 1692, 1627, 1438, 1247, 859, 839 cm™;
'H NMR (500 MHz, CDCls, 60 °C, an inseparable mixture of two diastereomers, signals of the major
diastereomer are reported) 8 9.75 (t, J = 1.7 Hz, 1H), 5.62-5.52 (m, 1H), 5.52-5.34 (m, 3H), 5.32-5.16 (m,
1H), 5.10-4.90 (m, 1H), 4.25-4.12 (m, 3H), 4.05-3.90 (m, 1H), 3.90-3.70 (m, 1H), 3.12 (ddd, J = 13.5,
10.3, 9.5 Hz, 1H), 3.00-2.76 (m, 2H), 2.76-2.65 (m, 1H), 2.58 (d, J = 13.7 Hz, 1H), 2.63-2.40 (m, 4H),
2.39-2.30 (m, 2H), 2.30-2.22 (m, 1H), 2.21-1.94 (m, 7H), 1.91 (dd, J = 14.3, 5.7 Hz, 1H), 1.86-1.73 (m,
1H), 1.72-1.65 (m, 1H), 1.40 (d, J = 13.2 Hz, 1H), 1.01 (t, J = 8.6 Hz, 2H), 0.05 (s, 9H); 13C NMR (125
MHz, CDCls, aninseparable mixture of two diastereomers, signals of the major diastereomer are reported)
8 202.1 (CH), 173.5 (C), 156.9 (C), 136.5 (C), 132.9 (CH), 128.6 (CH), 128.0 (CH), 126.3 (CH), 125.8
(CH), 64.0 (CHy), 50.7 (CH>), 48.9 (CHy), 47.9 (CH), 44.5 (CH), 43.5 (CH>), 38.9 (CH>), 37.1 (C), 35.8
(CH), 34.7 (CH), 33.9 (CH), 32.8 (CH2), 30.4 (CH2), 28.0 (CH2), 26.2 (CH2), 25.7 (CH>), 25.4 (CHy),
17.9 (CHy), —1.3 (CHs3); HRMS (ESI), calcd for C3oHasN204SiNa* (M+Na)* 549.3125, found 549.3126.
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Synthesis of phosphonium salt 378

nBuLi, BF3-OEt, Ni(OAC),-4H,0 (33 mol%)
ethylene oxyde OTIPS NaBHy (77 mol%), EDA PPh3, CBry
OTIPS OH 3
= - - . % - 7 . - " .
Z HO N OTIPS
THF, -78 °C EtOH, rt CH,Cly, rt
374 80% 375 93% 376 94%
S
OTIPS OTIPS
S MeCN, 85 °C o~
377 85% 378

nBuLi, BF3-OEt,

ethylene oxyde

374 80% 375

Homopropargylic alcohol (375): n-Butyllithium (1.55 M in hexane, 2.4 mL, 3.70 mmol) was added to a
solution of alkyne 374 5! (754 mg, 3.32 mmol) and THF (11 mL) at —78 °C. After maintaining for 10 min,
boron trifluoride diethylether complex (500 pL, 3.98 mmol) was added to the solution at the same
temperature. After maintaining for 10 min, ethylene oxide (1.2 M, 3.3 mL, 4.0 mmol) was added to the
solution at —78 °C. The mixture was maintained at this temperature for 30 min, quenched with saturated
aqueous NH4Cl (5 mL). The resulting mixture was extracted with EtOAc (2x 5 mL). The combined
organic extracts were washed with brine (5 mL), dried over Na;SO4, and concentrated. The residue was
purified by silica gel column chromatography (EtOAc/hexane 1:14 to 1:9) to give homopropargylic
alcohol 375 (720 mg, 80%): a colorless oil; IR (film) 3354, 2943, 2867, 1464, 1385, 1111, 1055, 883, 683
cml; 1H NMR (500 MHz, CDCls) & 3.78 (t, J = 7.2 Hz, 2H), 3.67 (t, J = 5.8 Hz, 2H), 2.45-2.39 (m, 4H),
1.80 (brs, 1H), 1.14-1.01 (m, 21H); *C NMR (125 MHz, CDCls) § 79.5 (C), 77.8 (C), 62.5 (CH2), 61.3
(CHy), 23.3 (CHy), 23.2 (CHy), 18.0 (CHa), 12.0 (CH); HRMS (ESI), calcd for C1sH3002NaSi* (M+Na)*
293.1913, found 293.1902.

Ni(OAG),4H,0 (33 mol%)

OTIPS  NaBH, (77 mol%), EDA oH
% -
HO EtOH, t N oTIPS

375 93% 376

Homoallylic alcohol (376): The flask was purged with hydrogen. Sodium borohydride (77.2 mg, 2.04
mmol) was added to a mixture of nickel (I) acetate tetrahydrate (211 mg, 848 pmol) and EtOH (6.5 mL)
at room temperature. After stirring for 30 min at room temperature, ethylene diamine (660 pL, 9.80 mmol)
was added to the mixture. The mixture was stirred for additional 30 min. A solution of homopropargylic
alcohol 375 (717 mg, 2.65 mmol) and EtOH (6.5 mL) was then added to the mixture. The resulting
mixture was stirred under hydrogen for 1.5 h, and filtrated through a pad of Celite®. The residue was
purified by silica gel column chromatography (EtOAc/hexane 1:19 to 1:9) to give homoallylic alcohol 376
(672 mg, 93%): a colorless oil; IR (film) 3346, 2944, 2867, 1464, 1103, 1068, 1057, 883, 682 cm™; 'H
NMR (500 MHz, CDCls) 6 5.60 (dtt, J = 11.2, 7.5, 1.5 Hz, 1H), 5.49 (dtt, J = 11.2, 7.5, 1.5 Hz, 1H), 3.72
(t, J = 6.6 Hz, 2H), 3.64 (td, J = 6.0, 5.7 Hz, 2H), 2.38-2.23 (m, 4H), 1.74 (t, J = 5.7 Hz, 1H), 1.14-1.01
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(m, 21H); 3C NMR (125 MHz, CDCls) § 129.6 (CH), 127.3 (CH), 63.1 (CHy), 62.2 (CH), 31.2 (CHy),
31.0 (CHy), 18.1 (CHg), 12.1 (CH); HRMS (ESI), calcd for CisH3202NaSi* (M+Na)* 295.2069, found

C)i/ Pphsy CBrA CBr\/
i S
N oTIPS CH,Cl, N oTIPS
376 94% 377

Bromide (377): Carbon tetrabromide (1.21 g, 3.66 mmol) was added to a solution of alcohol 376 (665 mg,

295.2055.

2.44 mmol), PPhz (960 mg, 3.66 mmol) and CH.Cl, (12 mL) at room temperature. The solution was
maintained for 1.5 h, and concentrated. The residue was purified by silica gel column chromatography
(hexane to EtOAc/hexane 1:19) to give bromide 377 (766 mg, 94%): a colorless oil; IR (film) 2943, 2866,
1463, 1106, 883, 681 cm; 'H NMR (500 MHz, CDCls) & 5.59 (dtt, J = 10.9, 7.5, 1.5 Hz, 1H), 5.46 (dtt, J
=10.9, 7.2, 1.5 Hz, 1H), 3.70 (t, J = 6.9 Hz, 2H), 3.37 (t, J = 7.5 Hz, 2H), 2.64 (tddt, J = 7.5, 7.2, 1.5, 0.6
Hz, 2H), 2.31 (dtdt, J = 7.5, 6.9, 1.5, 0.6 Hz, 2H), 1.13-1.01 (m, 21H); *C NMR (125 MHz, CDCls) &
129.4 (CH), 127.7 (CH), 63.0 (CH>), 32.5 (CH>), 31.5 (CH>), 31.1 (CHy), 18.1 (CHa), 12.1 (CH); HRMS
(ESI), calcd for C1sH3:0NaSiBr* (M+Na)* 357.1225, found 357.1232.

_ e
AN OTIPS MeCN, 85 °C AN OTIPS

377 o5% 378
Phosphonium salt (378): Triphenylphosphine (5.99 g, 22.8 mmol) was added to a solution of bromide
377 (766 mg, 2.28 mmol) and MeCN (7.6 mL) at room temperature. The resulting solution was heated to
85 °C, maintained for 19 h at this temperature, cooled to room temperature, and concentrated. The residue
was purified by silica gel column chromatography (CHCIs to MeOH/CHCI3 1:19) to give phosphonium
salt 378 (1.16 g, 85%): a colorless oil; IR (film) 3406, 2942, 2865, 1438, 1112, 747, 689 cm™; 'H NMR
(500 MHz, CDCls) & 7.88-7.76 (m, 9H), 7.73-7.66 (m, 6H), 5.68 (dtt, J = 10.6, 7.2, 1.5 Hz, 1H), 5.47—
5.39 (m, 1H), 3.91-3.82 (m, 2H), 3.57 (t, J = 6.9 Hz, 2H), 2.50-2.40 (m, 2H), 2.04 (dtd, J = 7.2, 6.9, 1.5
Hz, 2H), 1.04-0.93 (m, 21H); $3C NMR (125 MHz, CDCls) § 135.2 (d, J = 2.4 Hz, CH), 133.7 (d, J=9.5
Hz, CH), 130.6 (d, J = 12.5 Hz, CH), 128.9 (CH), 127.7 (d, J = 14.9 Hz, CH), 118.1 (d, J = 85.3 Hz, C),
62.5 (CH2), 31.2 (CH), 23.1 (d, J = 48.3 Hz, CH), 20.5 (d, J = 3.6 Hz, CH), 18.0 (CH3), 11.9 (CH);
HRMS (ESI), calcd for C33sHasOSiP* (M-Br)* 517.3056, found 517.3055.

AN OTIPS

NaHMDS

THF, -78 °C

(E)-341: 56%
(2)-341: 9% (E)-341 (2)-341

Skipped diene ((E)-341): In a glove box, sodium hexamethyldisilazide (73.3 mg, 400 pumol) was added to
a mixture of phosphonium salt 378 (242 mg, 405 umol) and THF (3.0 mL) at room temperature. The
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reaction vessel was then removed from the glove box, and cooled to —78 °C. The solution of aldehyde 380
(15.6 mg, 29.6 pumol) and THF (3.0 mL) was added to the mixture of the ylide at —78 °C. The mixture was
stirred at —78 °C for 15 min, then allowed to warm to room temperature, and stirred for 30 min. The
mixture was quenched with saturated aqueous NH4Cl (3 mL), and extracted with hexane (2x 5 mL). The
combined organic extracts were washed with brine (5 mL), dried over Na;SO4, and concentrated. The
residue was purified by silica gel column chromatography (EtOAc/hexane 1:19 to 1:12) to give a mixture
of E-341 and Z-341 (18.1 mg). Two diastereomers were then separated by HPLC (PEGASIL Silica 120-5,
250x20 mm, UV 210 nm, hexane/Et,0 1:1, 10 mL/min, E-341: Tgr = 18.6 min, Z-341: Tr = 16.9 min) to
afford skipped dines E-341 (12.7 mg, 56%) and Z-341 (2.0 mg, 8.8%). E-341: a colorless oil; [a]%°p +105
(c 1.00, CHCl); IR (film) 2922, 2863, 1698, 1637, 1464, 1437, 1249, 1108, 1091, 860, 838, 677 cm™; 1H
NMR (500 MHz, CDCls, 60 °C) 8 5.60-5.49 (m, 1H), 5.48-5.32 (m, 7H), 5.32-5.20 (m, 1H), 5.10-4.95
(m, 1H), 4.25-4.10 (m, 3H), 4.06-3.90 (m, 1H), 3.85-3.73 (m, 1H), 3.71 (t, J = 6.9 Hz, 2H), 3.12 (ddd, J
=14.6, 9.2, 8.3 Hz, 1H), 2.95-2.76 (m, 2H), 2.79 (dd, J = 5.5, 5.4 Hz, 2H), 2.75-2.66 (m, 1H), 2.62 (d, J
= 14.1 Hz, 1H), 2.59-2.38 (m, 2H), 2.33 (dt, J = 6.6, 6.6 Hz, 2H), 2.35-2.23 (m, 1H), 2.22-1.90 (m, 12H),
1.88-1.76 (m, 1H), 1.75-1.69 (m, 1H), 1.43-1.33 (m, 1H), 1.15-1.04 (m, 21H), 1.01 (t, J = 8.3 Hz, 2H),
0.06 (s, 9H); 3C NMR (125 MHz, CDCls) & 173.6 (C), 156.9 (C), 136.6 (C), 134.6 (CH), 129.8 (CH),
129.5 (CH), 128.8 (CH), 128.4 (CH), 128.1 (CH), 126.3 (CH), 126.1 (CH), 124.7 (CH), 64.0 (CH>), 63.3
(CHy), 50.7 (CH>), 48.9 (CH), 47.9 (CH), 45.1 (CH), 39.0 (CHy), 37.0 (C), 35.3 (CH), 34.8 (CH), 34.0
(CH2), 33.0 (CHy), 32.9 (CH>), 31.4 (CH>), 30.4 (CHy), 28.0 (CH>), 27.3 (CH>), 26.2 (CH>), 26.0 (CH),
25.7 (CHy), 18.2 (CHs3), 17.9 (CH), 12.1 (CH), -1.3 (CHs); HRMS (ESI), calcd for CasH77N204Siz*
(M+H)* 765.5422, found 765.5427. Z-341: a colorless oil; [a]?°> +89.4 (c 0.200, CHCIs); IR (film) 2924,
2864, 1698, 1635, 1463, 1437, 1249, 1107, 860, 838, 686 cm; *H NMR (500 MHz, CDCls, 60 °C) &
5.60-5.33 (m, 8H), 5.32-5.20 (m, 1H), 5.10-4.96 (m, 1H), 4.25-4.10 (m, 3H), 4.05-3.92 (m, 1H), 3.88—
3.75 (m, 1H), 3.71 (t, J = 6.9 Hz, 2H), 3.13 (ddd, J = 15.5, 9.8, 8.6 Hz, 1H), 2.98-2.78 (m, 2H), 2.80 (dd,
J=54,52 Hz, 2H), 2.77-2.66 (m, 1H), 2.63 (d, J = 13.5 Hz, 1H), 2.60-2.40 (m, 2H), 2.33 (td, J = 6.9,
6.3 Hz, 2H), 2.35-2.22 (m, 1H), 2.22-1.95 (m, 12H), 1.88-1.72 (m, 2H), 1.45-1.40 (m, 1H), 1.14-1.05
(m, 21H), 1.02 (t, J = 8.6 Hz, 2H), 0.06 (s, 9H); 13C NMR (125 MHz, CDCls) § 173.7 (C), 156.9 (C),
136.7 (C), 132.8 (CH), 129.7 (CH), 129.4 (CH), 128.8 (CH), 128.7 (CH), 128.0 (CH), 126.4 (CH), 126.0
(CH), 124.0 (CH), 64.0 (CH>), 63.3 (CH>), 50.7 (CH>), 48.9 (CH>), 47.9 (CH), 45.5 (CHz), 39.0 (C), 37.4
(CHy), 35.2-34.6 (CH x2), 34.1 (CHy), 33.2 (CHy), 31.4 (CH>), 30.6 (CH>), 27.9 (CHy), 27.5 (CHy), 27.3
(CHy), 26.3 (CHy), 26.0 (CHy), 25.7 (CHy), 18.2 (CH3), 18.0 (CHy), 12.2 (CH), —1.3 (CHa3); HRMS (ESI),
calcd for CasH77N204Siz* (M+H)* 765.5422, found 765.5426.
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CSA
MeOH, 40 °C

100%

Alcohol (381): 10-Camphorsulfonic acid (CSA, 11.0 mg, 47.6 umol) was added to a solution of skipped
dines E-341 (18.2 mg, 23.8 umol) and MeOH (1.2 mL) at room temperature. The solution was heated to
40 °C, maintained for 2 h at 40 °C, quenched with EtsN (17 pL, 120 pmol) at room temperature, and
concentrated. The residue was purified by silica gel column chromatography (EtOAc/hexane 1:9 to 1:1) to
give alcohol 381 (14.5 mg, 100%): a colorless oil; [a]®p +124 (c 1.00, CHCIs); IR (film) 3423, 2949,
2921, 1695, 1612, 1437, 1248, 1052, 860, 839 cm; *H NMR (500 MHz, CDCls, 60 °C) & 5.60-5.32 (m,
8H), 5.32-5.20 (m, 1H), 5.10-4.92 (m, 1H), 4.26-4.10 (m, 3H), 4.04-3.90 (m, 1H), 3.88-3.70 (m, 1H),
3.64 (t, J = 6.9 Hz, 2H), 3.12 (ddd, J = 13.8, 9.8, 8.3 Hz, 1H), 2.95-2.77 (m, 2H), 2.82 (dd, J = 6.3, 5.7 Hz,
2H), 2.75-2.65 (m, 1H), 2.59 (d, J = 13.8 Hz, 1H), 2.63-2.40 (m, 2H), 2.36 (td, J = 6.9, 6.6 Hz, 2H),
2.32-2.23 (m, 1H), 2.22-1.94 (m, 11H), 1.90 (dd, J = 14.0, 7.2 Hz, 1H), 1.86-1.75 (m, 1H), 1.74-1.66 (m,
1H), 1.45-1.30 (m, 1H), 1.01 (t, J = 8.6 Hz, 2H), 0.05 (s, 9H); 3C NMR (125 MHz, CDCl3) § 173.7 (C),
156.9 (C), 136.6 (C), 134.7 (CH), 131.0 (CH), 129.7 (CH), 128.7 (CH), 128.1 (CH), 128.0 (CH), 126.3
(CH), 125.6 (CH), 124.6 (CH), 64.0 (CH.), 62.3 (CH2), 50.8 (CHy), 48.9 (CH2), 48.0 (CH), 44.6 (CH>),
39.1 (CHy>), 37.0 (C), 35.9 (CH), 34.8 (CH), 33.9 (CHz2), 32.9 (CH>), 32.8 (CHy), 31.2 (CH2), 30.4 (CH>),
28.0 (CH2), 27.4 (CH,), 26.2 (CH2), 26.0 (CHs), 25.7 (CH2), 17.9 (CHs), —1.3 (CH3); HRMS (ESI), calcd
for CzsHs7N204Si* (M+H)* 609.4088, found 609.4086.

p-TsCl, Et3N
DMAP (20 mol%)
- -

CH,Cly, t

84%

Tosylate (382): p-Toluenesulfonyl chloride (9.1 mg, 48 umol) was added to a solution of alcohol 381
(14.5 mg, 23.8 umol), EtsN (13 pL, 95.0 pumol), DMAP (0.6 mg, 5 umol) and CH2Cl, (1.2 mL) at room
temperature. The solution was maintained at room temperature for 19 h, and quenched with saturated
aqueous NH4CI (1.0 mL). The resulting mixture was extracted with CHCl, (2x 3 mL). The combined
extracts were washed with brine (3 mL), dried over Na,SO., and concentrated. The residue was purified
by silica gel column chromatography (EtOAc/hexane 1:12 to 1:1) to give tosylate 382 (15.3 mg, 84%): a
colorless oil; [a]?®p +96.7 (c 1.00, CHCI3); IR (film) 2950, 2919, 1693, 1629, 1437, 1361, 1248, 1176, 967,
838 cm™; 'H NMR (500 MHz, CDCls, 60 °C) & 7.78 (d, J = 8.0 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H), 5.60—
5.50 (m, 1H), 5.50-5.20 (m, 8H), 5.10-4.95 (m, 1H), 4.25-4.10 (m, 3H), 4.04 (t, J = 6.9 Hz, 2H), 4.02—
3.90 (m, 1H), 3.85-3.70 (m, 1H), 3.13 (ddd, J = 14.0, 9.8, 9.2 Hz, 1H), 2.95-2.77 (m, 2H), 2.72 (dd, J =
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7.2,7.2 Hz, 2H), 2.75-2.65 (m, 1H), 2.61 (d, J = 13.7 Hz, 1H), 2.65-2.49 (m, 2H), 2.4 (s, 3H), 2.43 (dt, J
=17.5,6.9 Hz, 2H), 2.35-2.23 (m, 1H), 2.22-1.90 (m, 11H), 1.95 (dd, J = 14.4, 7.2 Hz, 1H), 1.88-1.75 (m,
1H), 1.74-1.68 (m, 1H), 1.44-1.36 (m, 1H), 1.01 (t, J = 8.3 Hz, 2H), 0.05 (s, 9H); 13C NMR (125 MHz,
CDCls) § 173.6 (C), 156.9 (C), 144.8 (C), 136.6 (C), 134.4 (CH), 133.3 (C), 132.0 (CH), 130.0 (CH),
129.9 (CH), 128.7 (CH), 128.2-127.9 (CH x2), 127.5 (CH), 126.2 (CH), 124.8 (CH), 123.2 (CH), 69.8
(CHy), 63.9 (CHy), 50.7 (CH), 48.9 (CHy), 47.9 (CH), 44.9 (CHy), 39.0 (CH,), 36.9 (C), 35.4 (CH), 34.8
(CH), 33.9 (CH,), 32.9 (CHy), 32.8 (CH3), 30.3 (CH;), 28.0 (CHy), 27.2-25.9 (CH; x2), 26.2 (CH,), 25.9
(CHy), 25.7 (CHy), 21.8 (CHs), 17.9 (CH,), —1.3 (CHs); HRMS (ESI), calcd for CasHesN206SiS* (M+H)*
763.4176, found 763.4184.

BF3-OEt, PryNEt

CH,Cly, rt MeCN, 70 °C

76% (2 steps) H

Macrocyclic amine (384): Boron trifluoride ethyl ether complex (13 pL, 100 pmol) was added to a
solution of tosylate 382 (15.3 mg, 20.0 umol) and CH.Cl, (1.0 mL) at room temperature. The solution was
maintained for 30 min, and quenched with N,N-diisopropylethylamine (34 pL, 200 pumol) at room
temperature. The solution was concentrated to give the corresponding secondary amine 383, which was
immediately used in the next step without further purification.

N,N-Diisopropylethylamine (17 pL, 100 umol) was added to a solution of the above secondary amine
383 and MeCN (20 mL) at room temperature. The resulting solution was heated to 70 °C, maintained for
18 h at this temperature, and then concentrated. The residue was purified by silica gel column
chromatography (Et,O/hexane 1:9 to 1:1) to give macrocyclic amine 384 (6.8 mg, 76% for 2 steps): a
colorless oil; [a]®'p +115 (c 0.680, EtOAC); IR (film) 2917, 1628, 1446 cm*; 'H NMR (500 MHz, CgDes,
2.3:1 mixture of rotamers, signals of the major rotamer are reported) 6 5.72—5.60 (m, 1H), 5.56-5.04 (m,
8H), 4.75-4.68 (m, 1H), 4.62 (d, J = 14.3 Hz, 1H), 3.18 (d, J = 14.3 Hz, 1H), 3.11 (dd, J = 17.2, 12.3 Hz,
1H), 2.96-2.84 (m, 2H), 2.60 (d, J = 11.5 Hz, 1H), 2.63-2.47 (m, 2H), 2.42 (dd, J = 12.1, 6.1 Hz, 1H),
2.45-1.74 (m, 17H), 1.72-1.63 (m, 1H), 1.61-1.51 (m, 1H), 1.41 (dd, J = 12.1, 9.2 Hz, 1H), 1.30 (d, J =
11.5 Hz, 1H), 1.20-1.14 (m, 1H), 1.14-1.07 (m, 1H); $3C NMR (125 MHz, C¢D¢) & 172.0 (C), 138.7 (C),
134.0 (CH), 129.5 (CH), 129.3 (CH), 128.9 (CH), 128.8-127.4 (CH x4), 124.9 (CH), 61.3 (CH,), 59.2
(CH2), 58.1 (CH), 48.0 (CH), 44.0 (CH), 39.4 (CHz), 38.3 (CH), 36.9 (C), 36.1 (CH), 35.4 (CH2), 32,5
(CHy), 31.8 (CH>), 30.9 (CH>), 28.8 (CH2), 28.2 (CH>), 26.4 (CH2), 26.2 (CH), 25.9 (CH>), 24.6 (CHy);
HRMS (ESI), calcd for CaHasN,O* (M+H)* 447.3375, found 447.3372.
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LiAIH,

THF, rt

83%

Madangamine B (2)

Madangamine B (2): In a glove box, LiAlH4 (1.0 M in THF, 76 pL, 76.0 umol) was added to a solution
of macrocyclic amine 384 (6.8 mg, 15.2 umol) and THF (1.5 mL) at room temperature. The reaction
vessel was removed from the glove box, stirred at room temperature for 6 h, cooled to 0 °C, and quenched
with a few drops of distilled water. The resulting suspension was dried over Na,SOs, and filtrated. The
solid was washed with Et;O (10 mL). The resulting filtrate was then concentrated. The residue was
purified by silica gel column chromatography (Et2O/hexane 1:19 to 1:5) to give madangamine B (2) (5.5
mg, 83%): a colorless oil; [a]?®p +146 (c 0.0670, EtOAC); IR (film) 2927, 2875, 2853, 1459, 1439, 1127,
973, 723, 498 cm; *H NMR (500 MHz, C¢Dg) 6 5.53-5.36 (m, 7H), 5.25-5.17 (m, 2H), 3.72 (t, J = 2.9
Hz, 1H), 3.35 (dt, J = 13.2, 11.2 Hz, 1H), 3.15 (d, J = 12.3 Hz, 1H), 3.12 (dddd, J = 16.3, 12.0, 3.2, 2.9 Hz,
1H), 3.02 (dd, J = 12.4, 7.5 Hz, 1H), 3.01 (ddd, J = 16.4, 8.9, 8.6 Hz, 1H), 2.90 (ddd, J = 13.8, 12.1, 5.8
Hz, 1H), 2.71 (td, J = 13.8, 3.7 Hz, 1H), 2.59-2.51 (m, 2H), 2.51-2.46 (m, 2H), 2.43-2.30 (m, 2H), 2.39
(dt, J = 12.6, 2.9 Hz, 1H), 2.34 (brd, J = 10.9 Hz, 1H), 2.30-2.22 (m, 1H), 2.26 (dd, J = 16.3, 8.3 Hz, 1H),
2.18 (ddd, J = 12.0, 6.6, 3.4 Hz, 1H), 2.20-2.09 (m, 2H), 2.11 (dd, J = 10.9, 3.2 Hz, 1H), 2.01-1.91 (m,
3H), 1.91-1.79 (m, 2H), 1.77-1.70 (m, 1H), 1.63 (dd, J=12.4, 6.9 Hz, 1H), 1.57-1.43 (m, 1H), 1.39 (d, J
= 11.2 Hz, 1H), 1.30 (dt, J = 12.6, 2.9 Hz, 1H), 1.26-1.15 (m, 3H); 3C NMR (125 MHz, CsDs) & 139.2
(C), 133.1 (CH), 129.7 (CH), 129.5 (CH), 129.2 (CH), 129.1 (CH), 129.0 (CH), 128.5 (CH), 128.4-127.7
(CH), 122.1 (CH), 61.2 (CH>), 59.3 (CH), 57.7 (CH2), 56.2 (CH), 53.0 (CH.), 51.8 (CH), 40.1 (CH>),
38.42 (CH), 38.39 (CHy), 37.14 (C), 37.11 (CH), 32.4 (CHy), 31.8 (CH>), 28.9 (CHy), 26.9 (CH>), 26.4
(CHy2), 26.0 (CHy), 25.4 (CHy), 24.7 (CH>), 24.1-23.5 (CH2); HRMS (ESI), calcd for C3oHssN2* (M+H)*
433.3583, found 433.3588.
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B. Evaluation of antiproliferative activity of Madangamine Alkaloids

Cell culture: Human cell lines, lung adenocarcinoma A549, melanoma CHL-1 and SK-MEL-28, colon
carcinoma HCT116, cervix adenocarcinoma HelLa, fibrosarcoma HT1080, breast carcinoma MCF-7 and
MDA-MB-23, bladder carcinoma T24, and pancreatic carcinoma Panc-1, were cultured in Dulbecco’s
modified Eagle’s medium (Nissui Pharmaceutical Co., Ltd.) including with 10% (v/v) fetal bovine serum,
100 units/mL penicillin G, 100 mg/L kanamycin, 315 mg/L L-glutamine, and 2.5 g/L NaHCO3 at 37°C in
5% CO.. Another human cell lines, pancreatic carcinoma, prostate adenocarcinoma PC-3, and acute
monocytic leukemia THP1, were cultured in Roswell park memorial institute 1640 medium (Nissui
Pharmaceutical Co., Ltd.) including with 10% (v/v) fetal bovine serum, 105 units/mL penicillin G, 105
mg/L kanamycin, 600 mg/L L-glutamine, and 2.5 g/L NaHCOs3 at 37°C in 5% CO,.

Evaluation of antiproliferative activity against human cancer cells by MTT assay: The human cancer
cells were seeded in a 96-well plate (Corning Inc.) at 1.0 x 10 cells/well and incubated for 24 h at 37°C in
5% CO,. The medium was replaced with 200 uL of fresh medium, and 1 pL of various concentrations of
each compound in MeOH solution was added, respectively. After 48 h, 20 uL of 5 mg/mL thiazolyl blue
tetrazolium bromide (Merck) was added and incubated for 4 h at 37°C in 5% CO.. Next, the medium was
removed, and the precipitation was dissolved by 150 uL of DMSO. The amounts of these products were
determined by measuring absorbance at 570 nm using a microplate reader (infinite M200 PRO, Tecan

Group Ltd.) 5556,
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C. Comparison of Spectral Data of Madangamine Alkaloids

Comparison of *H NMR of madangamine C

our synthetic sample

natural sample

Proton !H NMR (500 MHz, C¢Ds, 65 °C) H NMR (500 MHz, C¢Dg, 65 °C)

28, 18, 17 5.49-5.35 (m, 3H) 5.44 (1H), 5.43 (1H), 5.39 (1H)

20 5.20 (dt, J = 11.5, 3.2 Hz, 1H) 5.19 (dt, J = 11.7, 3.3 Hz, 1H)
27 5.23-5.13 (m, 1H) 5.16 (m, 1H)
2 3.72 (t, J = 3.2 Hz, 1H) 3.70 (t, J = 3.2 Hz, 1H)
10ax 3.42 (dd, J = 12.1, 1.2 Hz, 1H) 3.40 (dd, J = 11.9, 1.6 Hz, 1H)
19a 3.35 (dt, J = 13.5, 11.5 Hz, 1H) 3.33(dt, J = 13.4, 11.1 Hz, 1H)
4ax 3.13 (ddt, J = 16.3,12.1, 3.2 Hz, 1H) | 3.11 (ddt, J = 16.4, 11.7, 3.2 Hz, 1H)
13a 2.83 (ddd, J = 13.8,11.8, 5.2 Hz, 1H) | 2.82 (ddd, J = 13.8, 11.7, 5.4 Hz, 1H)
8eq 2.74 (dd, J = 12.1, 1.7 Hz, 1H) 2.73 (dd, J = 11.8, 1.8 Hz, 1H)
30a 2.73 (ddd, J = 12.0, 3.7, 2.0 Hz, 1H) | 2.70 (ddd, J = 12.0, 3.7, 2.0 Hz, 1H)
10eq 2.68 (d, J=12.1 Hz, 1H) 2.67 (d, J=11.9 Hz, 1H)
13b 2.60 (td, J = 13.8, 4.3 Hz, 1H) 2.59 (td, J = 13.8, 4.5 Hz, 1H)
1la 2.36 (dt, J = 12.6, 3.2 Hz, 1H) 2.34 (dt, J = 12.5, 3.4 Hz, 1H)
6eq 2.33(d, J=10.9 Hz, 1H) 2.32 (brd, J = 10.7 Hz, 1H)
19b, 21a, 29a
168, 4eq, 262 2.31 (1H), 2.31 (1H), 2.25 (1H)

21, 290, 2.36-2.01 (m, 9H) 2.24 (1H), 2.23 (1H), 2.20 (m, 1H)
26 2.18 (1H), 2.09 (m, 1H), 2.06 (m, 1H)
6ax 2.16 (dd, J = 10.9, 3.5 Hz, 1H) 2.15 (dd, J = 10.7, 3.4 Hz, 1H)

16b, 14a 1.89-1.78 (m, 2H) 1.84 (1H), 1.82 (1H)

5, 22a, 24a 1.76-1.57 (m, 3H) .71 (m, 1H), 1.68 (m. 1H)
1.62 (m, 1H)
8ax 1.53 (d, J = 12.1 Hz, 1H) 1.52 (d, J = 11.8 Hz, 1H)
25a, 14b, 22b 1.49 (m, 1H), 1.43 (1H), 1.43 (m, 1H)
25b, 24b, 15a 1.39 (m, 1H), 1.27 (m, 1H), 1.22 (1H)
1.57-1.07 (m, 10H)
23a, 12, 23b 1.22 (1H), 1.20 (m, 1H), 1.15 (m, 1H)
15b 1.12 (m, 1H)
11b 1.27 (dt, J = 12.6, 3.2 Hz, 1H) 1.26 (dt, J = 12.5, 2.9 Hz, 1H)
30b 0.90 (ddt, J=12.0, 9.5, 1.7 Hz, 1H) | 0.89 (ddt, J = 12.0, 9.2, 1.9 Hz, 1H)
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Comparison of 13C NMR of madangamine C

our synthetic sample

natural sample

13C NMR (125 MHz, C¢Ds, 65 °C)

13C NMR (125 MHz, C¢Ds, 65°C)

c-3 139.2 (C) 139.2 (C)
C-28 133.8 (CH) 133.7 (CH)
c-17 129.2 (CH) 129.1 (CH)
c-27 129.2 (CH) 129.1 (CH)
C-18 129.1 (CH) 129.0 (CH)
C-20 122.0 (CH) 122.0 (CH)
c-8 63.4 (CHy) 63.3 (CHy)
C-6 62.7 (CH) 62.6 (CHy)
C-13 56.2 (CHz) 56.2 (CHs)
c-21 55.6 (CHz) 55.6 (CHs)
C-10 53.7 (CH) 53.8 (CHs)
C-2 51.6 (CH) 51.6 (CH)
C-12 40.0 (CH) 39.9 (CH)
C-4 38.6 (CH) 38.6 (CHs)
c-9 38.2 (C) 38.2 (C)

C-5 37.4 (CH) 37.4 (CH)
C-30 36.3 (CHy) 36.2 (CHo)
c-11 32.1 (CH) 32.1 (CHy)
c-22 30.2 (CHy) 30.1 (CHy)
C-25 28.0 (CHy) 28.0 (CHy)
C-19 26.9 (CHy) 26.8 (CHs)
C-16 26.4 (CHy) 26.4 (CHy)
C-24 26.0 (CHy) 26.0 (CHs)
C-15 25.5 (CHy) 25.5 (CHs)
C-26 25.0 (CHy) 25.0 (CHs)
c-23 24.9 (CHy) 24.9 (CHy)
C-14 24.6 (CHy) 24.5 (CH,)
C-29 23.4 (CHy) 23.3 (CHy)
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Comparison of 'H NMR of madangamine E

our synthetic sample

natural sample
*1H NMR was reported as an
inseparable mixture of

madangamines D and E

Proton IH NMR (500 MHz, CeDs) IH NMR (500 MHz, CeDs)
18 5.46 (td, J = 10.9, 4.3 Hz, 1H) 5.48 (1H)
17 5.41 (tdd, J = 10.9, 6.3, 1.4 Hz, 1H) 5.38 (1H)
20 5.20 (dt, J = 11.5, 2.6 Hz, 1H) 5.20 (brt, 1H)
2 3.71(t, J = 2.9 Hz, 1H) 3.69 (brs, 1H)
19a 3.34 (dt, J = 13.5, 11.5 Hz, 1H) 3.34 (1H)
10ax 3.30 (d, J = 12.1 Hz, 1H) 3.25 (1H)
4ax 3.02 (ddt, J = 15.8, 12.6, 2.6 Hz, 1H) 3.00 (1H)
13a 2.85 (ddd, J = 13.7, 11.7, 5.4 Hz, 1H) 2.81 (1H)
13b 2.63 (M, 1H) 2.61 (1H)
8eq 2.58 (d, J = 12.0 Hz, 1H) 2.55 (1H)
21a 2.70-2.56 (m, 1H) 2.30 (1H)
10eq 2.46 (d, J = 12.1 Hz, 1H) 2.45 (1H)
11ax 2.36 (dt, J = 12.0, 2.9 Hz, 1H) 2.30 (1H)
4eq 2.25 (m, 1H) 2.21 (1H)
19b, 6eq, 6ax, 2.34 (1H), 2.29 (1H), 2.24 (1H),
o 2.39-2.20 (m, 4H) 219 (1H)
21b 2.12 (ddd, J = 12.9, 4.6, 3.7 Hz, 1H) 2.15 (1H)

144, 5, 16b, 30a

1.95-1.74 (m, 4H)

1.85 (1H), 1.8 (1H), 1.80 (m, 1H)
30a was not reported

8ax 1.83 (d, J = 12.0 Hz, 1H) 1.77 (1H)
22a 1.72-1.61 (m, 1H) not reported
11b, 14b, 15a, 1.42 (1H), 1.30 (1H), 1.19 (1H)
15b, 12, 22b, 1.61-1.09 (m, 21H) 1.19 (1H), 1.18 (1H)
23-29, 30b 22b, 23-29, 30b were not reported
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Comparison of 3C NMR of madangamine E

our synthetic sample

natural sample
*13C NMR was reported as an
inseparable mixture of

madangamines D and E

13C NMR (125 MHz, C¢Ds)

13C NMR (125 MHz, C4D)

C-3 139.1 (C) 139.5 (C)

C-18, C-17 129.1 (CH), 129.0 (CH) 129.2 (CH), 129.0 (CH)
C-20 122.1 (CH) 122.0 (CH)
C-8 62.3 (CHy) 62.0 (CHy)
C-6 60.1 (CHy) 60.0 (CHy)
C-21 57.4 (CHy) 57.2 (CHy)
C-13 56.3 (CH2) 56.0 (CHy)
C-10 55.3 (CH2) 58.2 (CHy)
C-2 51.8 (CH) 51.8 (CH)
C-4 39.0 (CHy) 39.0 (CHy)
C-9 37.0(C) 37.0(C)
C-5 36.6 (CH) 36.5 (CH)
C-12 36.5 (CH) 40.1 (CH)
C-30 35.4 (CHy) not reported
C-11 32.2 (CHy) 32.2 (CHy)
C-19 26.8 (CH2) 27.1 (CHy)
C-16 26.1 (CHy) 25.8 (CHy)
C-15 27.3 (CHy), 27.1 (CHy), 25.7 (CHy), 25.2 (CHy)
C-14 25.4 (CHy), 25.11 (CHy), 25.09 (CH>), 23.2 (CHy)

24.81 (CHy), 24.76 (CHy), 24.2-23.4
C-22-C-29 not reported

(CHa, br), 22.8 (CH>)
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Comparison of *H NMR of madangamine D

28 29

30
27
* 31 14 15
10 N3
25 8 N 16
2 2N 2 49
2 ~ 7
35, 18

22 6H5 4 2

natural sample
*1H NMR was reported as

our synthetic sample Amat ) )
an inseparable mixture of
madangamines D and E
'H NMR 'H NMR 'H NMR
Proton
(500 MHz, CsDs) (600 MHz, CsDs) (500 MHz, CgDs)
18 547 (td, J=10.9,4.0Hz, | 5.46 (td, J=11.4,4.2 Hz, 5.48 (1H)
1H) 1H)
17 5.41 (tdd, J=10.9,6.3, | 5.40(tdd, J=11.4,6.0,1.2 5.38 (1H)
1.5 Hz, 1H) Hz, 1H)
5.20 (dt, J = 11.5, 2.9 Hz, 5.20 (brt, 1H)
20 5.20 (dm, J =12.0 Hz, 1H)
1H)
2 3.71 (t, J=3.7 Hz, 1H) 3.71 (brs, 1H) 3.69 (brs, 1H)
3.34 (dt, J=13.5,115 3.34 (1H)
19a 3.35(t,J=13.2,1H)
Hz, 1H)
10ax | 3.31(d,J=11.8 Hz, 1H) 3.30 (d, J=12.0 Hz, 1H) 3.25 (1H)
3.10 (ddt, J=16.1, 12.6, 3.00 (1H)
4ax 3.09 (tm, J = 13.2 Hz, 1H)
2.6 Hz, 1H)
13 2.84 (ddd, J=13.8,12.1, | 2.82(ddd, J=14.0,11.2, 2.81 (1H)
a
5.8 Hz, 1H) 6.0 Hz, 1H)
8eq | 2.70(d, J=10.9 Hz, 1H) 2.69 (d, J=11.2 Hz, 1H) 2.55 (1H)
2.68 (ddd, J=12.6, 8.6, 2.30 (1H)
21a 2.66 (m, 1H)
3.5 Hz, 1H)
13b 2.72-2.59 (m, 1H) 2.61 (m, 1H) 2.61 (1H)
10eq | 2.45(d,J=11.8 Hz, 1H) 2.45 (d, J=12.0 Hz, 1H) 2.45 (1H)
1 2.39 (dt,J=12.3,3.7Hz, | 2.38(dt,J=12.6, 3.6 Hz, 2.30 (1H)
a
1H) 1H)
4eq, 2.34 (1H, H-19b), 2.29 (1H,
6eq, H-6eq), 2.24 (1H, H-16),
q 2.33 (m, 2H, H-19, 6) P ( )
164, 2.21 (1H, H-4eq), 2.15 (1H,
2.37-2.21 (m, 6H) 2.20-2.30 (m, 4H, H-31, 16,
19b, H-21b), (H-31: not reported)
4,21)
21b,
3la
6 2.20 (dd,J=10.9,3.5Hz, | 2.19(dd,J=11.2, 3.6 Hz, 2.19 (1H)
ax

1H)

1H)
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14a,

1.88-1.78 (m, 2H)

1.69 (m, 1H, H-14a)

1.85 (1H, H-14a)

16b 1.80 (m, 1H, H-16b) 1.80 (1H, H-16b)
8ax | 1.81(d,J=10.9Hz,1H) | 1.79(d,J=11.2 Hz, 1H) 1.77 (1H)
5 1.78-1.72 (m, 1H) 1.75 (m, 1H) 1.80 (m, 1H)

22a 1.72-1.65 (m, 1H) 1.20-1.45 (m, 1H) not reported
11b,

12,

14b,

15, 1.50-1.10 (m, 22H) 1.20-1.45 (m, 22H) not reported
22b,
23-30

31b 1oL (dt, 1 =135, 46 Fz, 1.01 (dm, J = 14.0 Hz, 1H) not reported

1H)

Comparison of 13C NMR of madangamine D

28 29

30
27
% 31 14 15
10 13

25 8 N 1

24 21N 2 a9
2 - 17

3 18

22 GH5 4 20

natural sample
) * 13C NMR was reported as
our synthetic sample Amat an inseparable mixture of
madangamines D and E
13C NMR 13C NMR BC NMR
(125 MHz, C¢Ds) (150 MHz, C¢Ds) (125 MHz, CsDg)

C-3 139.2 (C) 139.3 (C) 139.5 (C)
C-18 129.1 (CH) 129.1 (CH) 129.2 (CH)
C-17 129.0 (CH) 129.0 (CH) 129.0 (CH)
C-20 122.0 (CH) 121.9 (CH) 122.0 (CH)
C-8 61.0 (CHy) 61.0 (CHy) 62.0 (CHy)
C-6 59.6 (CHy) 59.6 (CHy) 60.0 (CHy)
c-21 57.4 (CHy) 57.4 (CHy) 57.2 (CHy)
C-13 56.3 (CHy) 56.3 (CHy) 56.0 (CHy)
C-10 54.0 (CHy) 54.1 (CHy) 58.2 (CHy)
c-2 51.8 (CH) 51.8 (CH) 51.8 (CH)
C-4 38.5 (CHy) 38.6 (CHy) 39.0 (CHy)
c-12 37.7 (CH) 37.7 (CH) 40.1 (CH)
C-9 37.5(C) 37.5(C) 37.0 (C)
C-5 36.8 (CH) 36.8 (CH) 36.5 (CH)
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C-31 35.7 (CHy) 35.8 (CHy) not reported
C-11 32.2 (CHy) 32.2 (CHy) 32.2 (CHy)
C-19 27.0 (CHy) 27.0 (CHy) 27.1 (CHy)
C-16 25.4 (CHy) 25.4 (CHy) 25.8 (CHy)
C-15 25.1 (CHy) 25.2 (CHy) 25.2 (CHy)
C-14 24.6 (CHy) 24.6 (CHy) 23.2 (CHy)
30.2 (CHy), 28.4 (CH>) 30.2 (CH), 28.5 (CH>)
27.3 (CH2), 26.8 (CH>) 27.3 (CH), 26.8 (CH>)
C-22-C-30 | 26.5 (CHy), 26.2 (CH>) 26.5 (CH2), 26.3 (CHy) not reported
26.13 (CH2), 26.05 (CH2) | 26.2 (CH), 26.0 (CH2)
21.6 (CHy) 21.6 (CHy)
Comparison of *H NMR of madangamine A
our synthetic sample natural sample
Proton 'H NMR (500 MHz, CéDs,) 'H NMR (500 MHz, C¢Ds)

30 5.58 (m, 1H) 5.55 (m, 1H)

18 5.45 (td, J = 10.9, 4.3 Hz, 1H) 5.43 (td, J = 10.7, 4.1 Hz, 1H)
17, 23, 5.38 (m, 1H), 5.36 (m, 1H), 5.36 (m,
24, 26, 5.42-5.30 (m, 6H) 1H), 5.35 (m, 1H), 5.35 (m, 1H), 5.31
27,29 (m, 1H)

20 5.18 (dt, J = 11.8, 2.9 Hz, 1H) 5.16 (dt, J = 11.5, 2.8 Hz, 1H)

2 3.72 (t, J = 3.2 Hz, 1H) 3.69 (brs, 1H)

19a 3.36 (dt, J =13.2,11.2 Hz, 1H) 3.34 (dt, J =13.3,11.3 Hz, 1H)

28a, 25a 3.19-3.05 (m, 2H) 3.12 (1H), 3.07 (1H)
10ax 3.13(d, J = 12.3 Hz, 1H) 3.10 (d, J = 12.0 Hz, 1H)

4a 3.08 (t, J=16.3 Hz, 1H) 3.07 (t, J = 16.5 Hz, 1H)

13a 2.84 (ddd, J =13.8, 11.8, 5.8 Hz, 1H) 2.81 (ddd, J=13.5, 11.9, 5.8 Hz, 1H)

8eq 2.73 (dd, J =10.9, 0.9 Hz, 1H) 2.72 (d, J=11.2 Hz, 1H)

28b, 223, 2.56 (brd, J = 16.5 Hz, 1H), 2.40 (m,
19b, 31a, 2.70-2.20 (m, 5H) 1H) 2.32 (dd, J = 13.3, 3.0 Hz, 1H)
16b 2.25 (1H), 2.24 (1H)

13b 2.66 (brt, J = 13.4 Hz, 1H) 2.63 (brt, J = 13.5 Hz, 1H)

25b 2.60 (m, 1H) 2.60 (brd, J = 16.9 Hz, 1H)

32a 2.54 (ddd, J = 10.3, 3.2, 3.2 Hz, 1H) 2.50 (ddd, J = 13.0, 10.5, 3.0 Hz, 1H)
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2la 2.48 (dt, J = 11.8, 5.2 Hz, 1H) 2.47 (td, J = 11.0, 5.9 Hz, 1H)
10eq 2.48 (d, J=11.8 Hz, 1H) 2.45 (d, J=12.0 Hz, 1H)
1lax 2.42 (ddd, J=12.4, 4.6, 3.2 Hz, 1H) 2.40 (dt, J = 12.4, 3.4 Hz, 1H)
6eq 2.32 (d, J=10.6 Hz, 1H) 2.31 (bd, J=10.8 Hz, 1H)
4eq 2.24 (dd, J=16.3, 7.7 Hz, 1H) 2.21(dd, J=16.5, 7.7 Hz, 1H)
21b 2.15 (ddd, J=11.8, 5.5, 3.7 Hz, 1H) 2.14 (ddd, J=11.0, 5.5, 3.3 Hz, 1H)
6ax 2.11 (dd, J = 10.6, 3.2 Hz, 1H) 2.11 (dd, J = 10.8, 3.1 Hz, 1H)
22b, 31b 1.98-1.89 (m, 2H) 1.94 (1H), 1.93 (1H)
14a, 16b 1.89-1.77 (m, 2H) 1.81 (1H), 1.80 (1H)
5 1.71 (m, 1H) 1.70 (m, 1H)
14b 1.45 (m, 1H) 1.42 (m, 1H)
8ax 1.38 (d, J = 10.9 Hz, 1H) 1.38 (d, J = 11.2 Hz, 1H)
1leq 1.29 (ddd, J =124, 3.2, 2.6 Hz, 1H) 1.27 (dt, J = 12.4, 2.6 Hz, 1H)
15a, 15b 1.26-1.13 (m, 2H) 1.19 (1H), 1.19 (1H)
12 1.15 (m, 1H) 1.14 (m, 1H)
32b 1.01 (dddd, J =10.3, 7.5, 2.0, 1.7 Hz, 1H) 1.00 (bdd, J = 13.0, 7.2 Hz, 1H)
Comparison of 1*C NMR of madangamine A
our synthetic sample natural sample
13C NMR (125 MHz, CeDs,) 13C NMR (125 MHz, CeDs)
C-3 139.4 (C) 139.3 (C)
C-30 132.9 (CH) 132.8 (C)
C-23 129.2 (CH) 129.2 (C)
C-17 129.1 (CH) 129.0 (CH)
C-18 129.0 (CH) 129.0 (CH)
c-27 128.7-127.6 (CH x2) 128.3 (CH)
C-24 (These peaks were overlapped with CsDs) 128.0 (CH)
C-26 127.5 (CH) 127.5 (CH)
C-29 125.9 (CH) 125.9 (CH)
C-20 121.9 (CH) 121.8 (CH)
C-6 61.6 (CHy) 61.6 (CHy)
C-8 59.4 (CHy) 59.4 (CHy)
c-21 57.7 (CHy) 57.7 (CH>)
C-13 55.7 (CHy) 55.6 (CH>)
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C-10 52.4 (CHy) 52.4 (CHy)
C-2 51.8 (CH) 51.8 (CH)
C-12 39.1 (CH) 39.1 (CH)
C-4 38.4 (CHy) 38.3 (CHy)
C-5 37.1 (CH) 37.1 (CH)
C-9 37.0(C) 37.0(C)

C-32 36.1 (CHy) 36.1 (CHy)

C-11 32.4 (CHy) 32.4 (CHy)

C-19 26.9 (CHy) 26.8 (CHy)

C-28 26.7 (CHy) 26.7 (CHy)

C-25 26.6 (CHy) 26.6 (CHy)

C-16 25.9 (CHy) 25.8 (CHy)

C-22 25.5 (CHy) 25.5 (CHy)

C-15 25.4 (CHy) 25.4 (CHy)

C-14 23.9-22.9 (CHz, br) 23.2 (CHy)

C-31 22.7 (CHy) 22.7 (CHy)

Comparison of *H NMR of madangamine B
our synthetic sample natural sample
Proton IH NMR (500 MHz, C¢Ds,) IH NMR (500 MHz, C¢Ds)

31 5.48 (m, 1H)

18 5.45 (m, 1H)

24 5.44 (m, 1H)

30 5.53-5.36 (m, 7H) 5.43 (m, 1H)

23 5.41 (m, 1H)

17 5.40 (m, 1H)

26 5.38 (m, 1H)

20 5.20 (m, 1H)

5.25-5.17 (m, 2H)

27 5.20 (m, 1H)

2 3.72 (t, J = 2.9 Hz, 1H) 3.71 (t,J = 3.1 Hz, 1H)
19a 3.35(dt, J =13.2, 11.2 Hz, 1H) 3.34 (dt, J=13.3, 11.3 Hz, 1H)
10ax 3.15(d, J = 12.3 Hz, 1H) 3.14 (d, J=12.2 Hz, 1H)
4ax | 3.12 (dddd, J = 16.3, 12.0, 3.2, 2.9 Hz, 1H) 3.11 (m, 1H)
32a 3.02 (dd, J = 12.4, 7.5 Hz, 1H) 3.01 (dd, J = 12.3, 6.8 Hz, 1H)
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25a 3.01 (ddd, J=16.4, 8.9, 8.6 Hz, 1H) 3.00 (m, 1H)
13a 2.90 (ddd, J=13.8, 12.1, 5.8 Hz, 1H) 2.89 (ddd, J=13.8, 11.8, 5.6 Hz, 1H)
13b 2.71 (td, J = 13.8, 3.7 Hz, 1H) 2.69 (td, J = 12.5, 2.1 Hz, 1H)
25b 2.54 (brd, J = 17.0 Hz, 1H)
2.59-2.51 (m, 2H)
21a 2.53 (ddd, J=12.0, 10.4, 6.8 Hz, 1H)
8eq 2.48 (dd, J=11.4, 1.6 Hz, 1H)
2.51-2.46 (m, 2H)
10eq 2.47 (d, J=12.2 Hz, 1H)
22a 2.37 (m, 1H)
2.43-2.30 (m, 2H)
19b 2.33 (m, 1H)
11ax 2.39 (dt, J = 12.6, 2.9 Hz, 1H) 2.37 (dt, J=12.4, 3.5 Hz, 1H)
6eq 2.34 (brd, J = 10.9 Hz, 1H) 2.32 (brd, J = 10.8 Hz, 1H)
16a 2.30-2.22 (m, 1H) 2.27 (m, 1H)
4b 2.26 (dd, J = 16.3, 8.3 Hz, 1H) 2.24 (dd, J=16.9, 8.4 Hz, 1H)
21b 2.18 (ddd, J=12.0, 6.6, 3.4 Hz, 1H) 2.17 (ddd, J=9.7, 6.4, 3.2 Hz, 1H)
28a 2.20-2.09 (m, 1H) 2.14 (m, 1H)
29a 2.20-2.09 (m, 1H) 2.11 (m, 1H)
6ax 2.11 (dd, J=10.9, 3.2 Hz, 1H) 2.11 (dd, J=10.8, 3.1 Hz, 1H)
22b 1.96 (m, 1H)
28b 2.01-1.91 (m, 3H) 1.96 (m, 1H)
29b 1.95 (m, 1H)
14a 1.88 (m, 1H)
1.91-1.79 (m, 2H)
16b 1.82 (m, 1H)
5 1.77-1.70 (m, 1H) 1.72 (m, 1H)
32b 1.63 (dd, J = 12.4, 6.9 Hz, 1H) 1.62 (brdd, J = 12.3, 7.4 Hz, 1H)
14b 1.57-1.43 (m, 1H) 1.46 (m, 1H)
8ax 1.39 (d, J =11.2 Hz, 1H) 1.38 (d, J=11.4 Hz, 1H)
11eq 1.30 (dt, J = 12.6, 2.9 Hz, 1H) 1.28 (dt, J=12.4, 2.8 Hz, 1H)
12 1.22 (m, 1H)
1.26-1.15 (m, 3H)
15 1.20 (m, 2H)
Comparison of 3C NMR of madangamine B
our synthetic sample natural sample
13C NMR (125 MHz, C¢Ds,) 13C NMR (125 MHz, C¢Ds)
C-3 139.2 (C) 139.2 (C)
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C-30 133.1 (CH) 133.1 (CH)
C-26 129.6 (CH)
C-23 129.5 (CH)
= 129.7 (CH), 129.5 (CH), 129.2 (CH), 1202 CH)
129.1 (CH), 129.0 (CH), 128.5 (CH),
C-18 . 129.1 (CH)
128.4-127.7 (CH) (This peak was
C-17 _ 128.9 (CH)
overlapped with CsDs)

C-31 128.5 (CH)
C-24 128.0 (CH)
C-20 122.1 (CH) 122.0 (CH)
C-6 61.2 (CHy) 61.1 (CHy)
C-8 59.3 (CHy) 59.3 (CHy)
C-21 57.7 (CHy) 57.7 (CHy)
C-13 56.2 (CH2) 56.2 (CHz)
C-10 53.0 (CH2) 53.0 (CHy)
c-2 51.8 (CH) 51.8 (CH)
C-32 40.1 (CHy) 40.0 (CHy)
C-12 38.42 (CH) 38.4 (CH)
C-4 38.39 (CH>) 38.3 (CHy)
C-9 37.14 (C) 37.1(C)

C-5 37.11 (CH) 37.1(CH)
C-11 32.4 (CHy) 32.4 (CHy)
C-29 31.8 (CHy) 31.7 (CHy)
C-28 28.9 (CHy) 28.9 (CHy)
C-19 26.9 (CHy) 26.8 (CH2)
C-25 26.4 (CHy) 26.3 (CHy)
C-16 26.0 (CH>) 26.0 (CHy)
C-15 25.4 (CHy) 25.4 (CHy)
C-22 24.7 (CHy) 24.7 (CHy)
C-14 24.1-23.5 (CHy) 23.8 (CHy)
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Comparison of the optical rotation

B LT~ H 2 AE (1-5) 12OV, Andersen & 23R4 U7ZEEFEYGEE & Amat & 23 ARk
LI TADEEE R L (R 2), v I B (2). C 3) DA E
I% Andersen HNHLEEL 728 VO HENE E —B LT, Fo, xR ER LT~ F I D

(4) OHFENE L Amat RS LT PO IENLE S BW—8 &2 Rk L, —FH, v ¥4
22 A OARL & R D LEFESEEE X —E U 720> o 72 (B - [a]Pp +146 (¢ 0.10, EtOAC, 95%
ee). KM : [a]p +319 (¢ 1.00, EtOAC)), Akt D~ & 72 v A (1) DEFEEE L, A8 pH,
IREE, IREZBRE LIS, RIDIENE & —& Leho7z, E£7=, Andersen b DHFFEEIZK
RINBHEE SNz~ Z T A (D) OV TIRES TR T=i=h, RERW O Llie e
EHERE L CHKT D2 X TE R Tz,

Table 2. ~4 > 77 3 A-E D HFENCE D bl

Natural product Amat’s sample Our synthetic sample
[a]?p +142
Mad i A [a]o +319 (c 0.50, EtOAC, 95% ee)
adangamine -
J (c 1.00, EtOAC) % [a]?p +146
(c 0.10, EtOAC, 95% ee)
] [a]o +150.7 [a]?p +146
Madangamine B -
(c 0.067, EtOACc) & (c 0.067, EtOAC, 95% ee)
] [a]o +140.8 [a]?p +133
Madangamine C -
(c 0.09, EtOACc) 2 (c 0.09, EtOAC, 95% ee)
alo +101.3 a]®p +96.3
Madangamine D not reported lalo [2]"o
(c 0.29, CHClI3) 2 (c 0.29, CHCls, 95% ee)
a]?p +90.9
Madangamine E not reported - (e
(c 0.40, EtOAC, 95% ee)

Madangamine A (1) Madangamine B (2) Madangamine C (3) Madangamine D (4) Madangamine E (5)
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