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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

Bu butyl

Bz benzoyl

c cyclo

cat. catalytic

Cbz benzyloxycarbonyl

CMPI 2-chloro-1-methylpyridinium iodide

Cp cyclopentadienyl

CSA camphorsulfonic acid

Cy cyclohexyl

dba dibenzylideneacetone

DBU 1,8-diazabicyclo[5.4.0Jundec-7-ene

DEAD diethyl azodicarboxylate

decomp. decomposition

DIBAL-H diisobutylaluminium hydride

DMAP 4-dimethylaminopyridine

DMF N,N-dimethylformamide

DMP Dess-Martin periodinane

DMSO dimethylsulfoxide

DPPA diphenylphosphoryl azide

dppf 1,1’-bis(diphenylphosphino)ferrocene

dr diastereomeric ratio

DTBMP 2,6-di-t-butyl-4-methylpyridine

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

Et ethyl

eq. equivalent

v



HATU O-(7-azabenzotriazol-1-yl)-N,N,N’, N -tetramethyluronium

hexafluorophosphate
Hex hexyl
HMPA hexamethylphosphoramide
HOBt 1-hydroxybenzotriazole
HRMS high resolution mass spectroscopy
hv irradiation with light
i iso
IBX 2-iodoxybenzoic acid
IR infrared (spectrum)
m meta
mCPBA m-chloroperoxybenzoic acid
Me methyl
MOM methoxymethyl
mp melting point
MPM p-methoxybenzyl
Ms mesyl (methanesulfonyl)
n normal
NMO 4-methylmorpholine N-oxide
NMR nuclear magnetic resonance
NOE nuclear Overhauser effect
NOESY NOE correlated spectroscopy
Ns 2-nitrobenzenesulfonyl
PDBBA potassium diisobutyl-z-butoxyaluminium hydride
PDC pyridinium dichromate
Ph phenyl
ppm parts par million
PPTS pyridinium p-toluenesulfonate
Pr propyl
Py pyridine
quant. quantitative
rt room temperature
SDBBA sodium diisobutyl-¢-butoxyaluminium hydride
SES 2-[(trimethylsilyl)ethyl]sulfonyl
t tertiary
TBAF tetrabutylammonium fluoride

v



TBAI tetrabutylammonium iodide

TBDPS t-butyldiphenylsilyl

TBS t-butyldimethylsilyl

TEMPO 2,2,6,6-tetramethylpiperidine 1-oxyl free radical
Tf trifluoromethanesulfonyl

TFA trifluoroacetic acid

THF tetrahydrofurane

THP 2-tetrahydropyranyl

TIPS triisopropylsilyl

TLC thin layer chromatography

TMEDA N,N,N’,N -tetramethylethylenediamine
TMS trimethylsilyl

TPAP tetra-n-propylammonium perruthenate
Ts tosyl (p-toluenesulfonyl)

9-BBN 9-borabicyclo[3.3.1]nonane
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Scheme 1. Nucleophilic addition to amide carbonyl groups and its inherent problems
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Scheme 2. Conventional methods of nucleophilic addition to amides
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Scheme 3. Nucleophilic addition to amides via acyl carbamates
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Scheme 4. Nucleophilic addition to amides via acyl carbamates (Suh)
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Scheme 5. Nucleophilic addition to amides via acyl carbamates (DeNinno)
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Scheme 6. Nucleophilic addition to amides via thioamides
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Scheme 7. Nucleophilic addition to amides via thioamides (Yoshida)
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Scheme 8. Nucleophilic addition to amides via thioamides (Ishida)
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Scheme 9. Nucleophilic addition to amides via thioamides (Hosomi)
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Scheme 10. Nucleophilic addition to amides via thioamides (Murai)
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Scheme 11. Nucleophilic addition to amides via iminium triflates
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Scheme 12. Nucleophilic addition to amides via iminium triflates (Huang)
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Scheme 13. Application to synthesis of natural products
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Scheme 14. Nucleophilic addition to amides via iminium triflates (Bélanger)
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Scheme 15. Nucleophilic addition to amides using Inl; and hydrosilane
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Scheme 16. Direct nucleophilic addition to amides (Calderwood)
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Scheme 17. Direct nucleophilic addition to amides (Denton)

de Meijere HIE, HR/LLT I K 65 2%F L TMSCI & filif £ Ti(OiPr), {717 T Grignard 7X3K %58
GERNZAINL, 766 2TV D (AF—2418) 5,

0 PhMgBr, TMSCI Ph Ph
cat. Ti(OiPr),

H)J\,\O THF HXO

0,
65 76% 66

Scheme 18. Direct nucleophilic addition to amides (de Meijere)
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Scheme 19. Nucleophilic addition to N-alkoxyamides
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Scheme 20. Nucleophilic addition to N-alkoxyamides (allylation)
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Scheme 21. Nucleophilic addition to N-alkoxyamides (cyanation)
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OMe OMe
83: 87% 84: 84%

Scheme 22. Amide-selective nucleophilic addition to N-alkoxyamides

KBISDEWAREZ, 77 41 FF v ORRMREGHRZ /R L (A% —2423), N-T/V
AXTT IR B LTNTE REA ABIFETHEG SED L. T A I =0 hA I K 86
ERELTEY R 87 AR Lz, fx DTRRICT 88 & L=, Schwartz i3 % V=38 5T, Fi
KTV MEIZTAF NN AT NV EEE R 9 2 L7 @I - @ REIRAIC 89 21572, 89 LV T
FICTHF 740 b X O2AKEERL TWD,

T™S Br(CH,)3CHO T™S
o} 2 BF5-OEt, N
W > BrMED —_—

M CH,Cly, —20 °C N™ 0
OMe OMe
85 (E/Z = 2.4:1) o T9% 86
single diastereomer
CO,M
[ H 20e [Cp,ZrHCI]
o i CH2C|2, 0 OC;
SnB
H ’}l 0 & l?l e /\/ nbus
T gg  OMe Sc(OTf)s, ~78 °C
84% (dr = 4.6:1)
—_—

gephyrotoxin

Scheme 23. Total synthesis of gephyrotoxin
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T, N-Tovaxs T I REICKH 2 5REMINEONIFEFICHE ARG TH D Z LIRS
iz, Ll 1 DHDOREAID DIBAL-H X° Schwartz 33K LA KU RAMIZEE S Tn5, b
KU ROBRT/L , $RARIRBREFIDPMHIMTED LRI BIZH AR5,
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B X UHIUH
- B - - AERTETES K OVEA U

<X UH I AT 1994 -, BT H D Andersen & FDILFMEE HIZL > TAT T =a—F=7
U A B VR . Xestospongia ingens 10 BB « fERE STz (A¥F—2024) P, <~ H
¥ B-E 1 1998 4FIC[RAFZEE 2L 0 . FADH S HEE - fERES TS Y v IV F
1$2007 £, 7T V)LD Berlinck & £ OILFEMITEE 512 K o THEMR. Pachychalina alcaloidifera XV
HLEE - MR TE SiL7e S, v XU L VHORBER 2R S LT, 3 0D 6 BERDIATA AUELE
CHEEE LTSI AR DT L U v | R ks ABC BA SRS L LTH LTS, 1o, <4
VIHIVAEFAXR TV EETLOIRERY IVBERGILEEK THY | DEROLNER S
T3,

madangamine C

Scheme 24. Madangamine alkaloids

WOND~Z LTI T ONWT, AEEPRRESN TS, ¥ I Ald~ U ZAEMR
P388 ffifid - & b ilifE AS49 MR -+ & MAMIESES U373 MAE - & b L MCF-7 MR &7 2 M i 2 5
EATH N, X DI PRI HT29 ML - b b IERRE PSNT ML k3 2 Ml iE 1k
EATL 0, AU I AR BT AS49 MM~ ORI ETEIEIX R b o 16, Fiz,
~H A F IR R SF295 Alild - & N ¥ MDA-MB435 #ifld - & kKM HCTS flifi -
b h FifE HL60 MR x4 2 MG s ST\ D, v F I A L D OAEYIENERE
LD EMNG, D BEOMIE L AMTEEORICITMHENH 2 Z LR END, SHIT, EHYHF
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IV BCEIZOWTHME TR DEMEREHT D EDBIFFSNLD,

v ZUH I EOEAERKE LT, 3-7AF ALY VUBEAAREAT AREAHEE S LT
D (AF—A525) P 3T AFINE Y DURBEMR 90 X0 o f- N4 BRI AOGIZ T 91 23ERKT
5o 7 UNALOERERAIZ KD 92 DA, i< FIRIZ TABRMEA I =0 LA A THIE 93 L7205,
WIZ redox JGIZ L DA R =T LA A OBEHNERZ 5T 94 L7200, Zhicx+ 50 FHNEb T~
BUHIVBERT DLV BDOTHD, 72720, BUEE TICHBIROIFEIIMER ST L,

Scheme 25. Proposed biosynthesis for madangamine A

iz h, 3-TAFNAE D CUFHEERE FRRE T HEARREIREINTWD KRR E LT,
AT FI R IVAERETOND (AF—126),

ingenamine Ho .
manzamine A

Scheme 26. Representative natural products biosynthesized from 3-alkylpyridine
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BH ~ X OB
< XU H VBT E OBURE TS L AEITEED S | %< ORFRFIC L0 SRR ST S,

I ZTlE. ABC BB I OUDE BOIS SRR, 285D 3 SI2OWTHEMNT 5,

—IH  ABC BR DG A

v H I VEORIED T R M SRR ABC BRIT. 2 < OFBIEFEIC L SRR
R4 DTS, Weinreb 1%, 7 ¥ -Claisen 57 # #ES & L, #10 ABC BROA A #HE L1z (R
F—2027) Y, 77295 XY Achmatowicz S T N,O-7 & X —/196 & L, Zi% BF;OEt, {71F
TEGSIH CEILLT= /297 & LT, 97 & 1,3-7 % V= & D Diels-Alder KNI T 2 BRPEEHS 98
AR LI, BIRICTTATE R 99 &Lk, P77 I NIV y A ZER SET,
T5HE.=F 2100 Z#EH LT Y-Claisen B 34T L 9 (L VURRIRFEZ B ie A I 101 L7210 |
THNENKGELTT VT e R 102 57, fExDOTRIZTTY 22103 & L2tk

7K, B BERIRLICTAREZBEL, 7 /7 Va— 104 5T,

T VT 4D

0
BF, OEt, 0
@\/NHSES mCPBA | Et,SiH
> _ >
o SESN ° B
0 CH,Cl,, 0 °C to rt 0°C sesn. 2
95 OH 68%
926 97

/ 2
Pd OCOCF3)
SESN — > SESN >
CHJCly, rt PhH, reflux

75%

" pph,

N
A 7 M A
=N HCl aq CHO
SESN SESN 68% (2 steps)  SESN
H 400 101 102
MPMO Ha(0COCE,  MPMO
NH2 THF, 0 oC; - A NH
_—
- SESN 0O,, NaCl, NaBH, SESN
(CF3),CHOH, rt OH
H . H
103 39% 104

Scheme 27. Construction of the ABC-ring (Weinreb)
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B ST 0FN NO-7 & & — AL &kl LT2iE o OS2 8506 & 9% ABC BRO G Rk Z s L T

W5 (AF—028) B v rm~Ft /105 L0FHE -7 Z—)L 106 & PPTS TRLEGT 5 L. 7

T2 — L DFREICLDT N 107 DA E . 107 ICXT 551N NO-7 & Z —/Abio T AC B

108 & L7-.108 % AlH; CAIEE4 25 & NO-7 & ¥ — /LDt 72 BIERIZ T 109 2N ERL L=, =Dk,
S SN2 FUNZ T BERZMEEE L 3 BRI EHS 110 & L7-,

O
, PPTS
—_—
—_—
acetone/H,0, reflux
75% B i
105
OMOM OBn
MOMO N AlH5 MOMO NH
A/L.O B,
Et,O, rt CbzN
TBSO TBSO
H 84% H
108

Scheme 28. Construction of the ABC-ring (Kibayashi)

Marazano Hl%, YZF LT R I HNARFI L — DT Fabt’) V=g bl I ~DFN%E

BERGS LT 5 ABC BEOFHIRREA L L (A% —229) ° PUDUI LVAKLEYE R

nE Y Y=y M2 1L, TR VAT T— FEAERSED EAIBUSHAEIT L, TURkER

DONRACEDR B2 5 2 DDA 13a-113b MR LT-, 21 Ex & 512 K,CO; TRLEET 5 L
ITEEEBR LS NE = » =B E R 116b 23
L 116a 5% 7-,

. 113b
13a i3 A BRP—ERHER L-RIZEROE X H Lt
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o =
br. CFACO, Etozc/\/\cozEt

MeO,C. -~y ® g ONa
| P .  F3COCHN N
S THF, rt
111 112
F,COCHN [ F4COCHN ] [ P ]
nPr NBn nPr Bn BnHN NHCOCF,
E—— - > <« J
EtO,C CO,Et EtO,C COzEt EtO,C CO,Et
113a  OH L J L 45 © ;
+ KoCO3, EtOH l
H50, reflux
nPr nPr nPr
F3COCHN
° ZNBn NBn NH
<~ g 5 B B A
EtO,C CO,Et HN BN
. 113p OH B O"H § H ]
116b  116b/116a = 65:35 116a

Scheme 29. Construction of the ABC-ring (Marazano)

Bonjoch &%, 2 FPNIES G ZFIH L7z ABC BROMEE A HE L7 (AF—2030) ¥, <UL
TIVFHERNT NS a~FE 118 & L, TivE NaOEt CULEET 5 &= /7 o~ Byt
ST 7T T REAND 1LAMAEIT L, RIS 19 3567, 119 0D TR T/

UIAVT I RERTAHT /L a—)L 120 ~EFE LT, 120 O FRNNIERISIZ LY . ZBEEE 121
NGB,

Bn
NHBn o
\i NaOEt H
_— CN
EtOH, rt H
77% S
117 119
DEAD, PPh; =
NHNs EtsN NNs
B A
" NHNs e BN
42% H
121

Scheme 30. Construction of the ABC-ring (Bonjoch)
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BOTH OKRERIRT 2 v D-EBROAHS

ABCEBRIZEHNIZ L b DD, KEIRT 2 > D-EBROGHA L #E SN TS, (LR - RS
T, XU HIVEDO EBOPIOAKRERE L (AF—2131) ™, v rm~xtb /122507
BH =123 L LT TN NO-TEZ = KICTACEREZAT D 124 2B LT, 124 B
THREZTH o125 & L. 125 12%F9 5 Still-Gennari 152 & 5 Horner-Wadsworth-Emmons 4" L7 ¢ >
I TEBIRIZ Z AL 7 0 A BAL 126 & LT, BT —ARX— b 127 ~EFHFEL, Z KD
Eo VAR ED Stille oy 7V TICCAF TV /T 57 /0 a—)L 128 #4147, TBDPS %
ERELTTAa—/L 129 & L%, BT I JBICE D REBIRT IV AMEL, v~ XTIy
8 ACE B2 130 OREEEITRLE) LT-,

o OBn
HCl aq BnO N
- A
MeOH, reflux O/@
51% OH
122 124
Q
OB (CF3CH,0),P<__COyMe oBn
KHMDS, 18-crown-6
—  ~ BnO NBoc BnO NBoc >
THF, rt
: __ CO,Me
o 83% (Z/E = 11:1)
125 126
\/(WOTBDPS OTBDPS
OBn BusSn OBn
Pd(dba)y, LiCl TBAF
BnO NBoc NBoc - -
DMF, rt _— THF, rt
~_~0CO,Me =
92% 97%
127 128
OH
1. DMP, CH,Cl,, rt
OBn 2. TFA, CH,Cl,, rt
BnO >
NBoc 3. NaBH(OAc);
MaOH/THF, rt
— =
129 35% (3 steps)

Scheme 31. Construction of the ACE-ring (Kibayashi)

Diaba, Bonjoch H1%, ~% v H2> DEBLE ® ABCD BEOAKZ#HE L1z (AF—L4 32) 2,
T R 131 HAEH5 132 % BusSnH B LN AIBN CTAEET 5 & 7 O I VEBRLISDHETT L,
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ACER 133 215972, 133 % 134 & L7214, 70 TRIERUSHES B/ 2 V32 T B 8RR &2 MEEE L —BRIMEE
¥ 135 2 157-, FDOH% N-T AL EABRA X B A KBTI, 7 FOETICTE A2 D
\ZAH49- % ABCD Bt 138a, 138b DOFESEIZ K EN LT-,

o)
c Clg EtO,C =
. Eto,c-~£NBn  BusSnH, AIBN HO NBn
PhH, reflux NsHN
NC
779 H
O 431 132 % 134
1. DEAD, PPhs
PhH, rt, 86% NB Grubbs 2nd
2. PhSH, K,CO3 HN Et;N, CH,Cl,, rt CH,Cl,, reflux

DMF, 70 °C, 78% H

135 136a: 75% (n = 2)
136b: 67% (n = 1)

1. H,, Pd/C
EtOH, rt NBn NBn
2. LiAIH, N N
THF, rt H
137a: 75% (n = 2) 138a 138b
137b: 67% (n = 1) 37% (2 steps) 54% (2 steps)

Scheme 32. Construction of the ABCD-ring (Diaba, Bonjoch)

B <X H I D OEAK

~HEUTIVED YD, BERPER I TS DL 2014 412 Amat, Bosch H 12 K > THE S
fe~w XU HIVDDORHTHD, ZZTiE, Amat, Bosch b OEFIFFEZMENT 5 'S,

Amat, Bosch 513 ABC RO HT-0 . T x=L 7 UL ) — L E W2 o FBRINET B
E R Yx ) U UERERIEICER L (R¥—2433), 77 UABAFILED AR ATRER T & 2
K139 LSRG/ 7 = =7 Y & ) — )1 140 % NapSO, 177E T UG S 1 2 & TR 22 BRALE
PHEITL, 9272 L1141 BWELND, 141ICAH LT (VAT L EEALTE /1428 L, 7Y
JVIED SRR 72 14T & 5 < BABR A Z & o ARUSIC T BB 143 2157, FI2. Sk
PRI T VRIS CTIURRIRZ A HEEE L, 144 & LT, 144 OT7 ==L 7 ) ¥ 7 —LELIE, Birch
EIL L LIAIHG I X DB T THREWNEETH -7, O 145 ZHTRICTT ¥ MEB LU= R
fEL. 146 Z157-, 146 % Staudinger SIS DS TS 5 & =R F 2 ROBHERZ1E O BRILSEIT L

2o T kT I % b L, ABC =ERVMEEHR 147 AR TE 7=,
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Ph. Na,S0Oq,, Et;0, 0 °C; O
. "(\OH 29Uy, Elo O~ N

NH °
& 2 15 mmHg, 75 °C

719
139 (racemate) 140 % 141

EZ>_/Br

NaH, TBAI

1. AllylMgBr, LiCl
Cul, THF, -78 °C

1. Na, lig. NH3
THF, =33 °C

2. Grubbs 2nd
CH,Cl,, rt

DMF, rt 2. LiAlH,4, 1,4-dioxane
reflux

3. BOCQO, CHzclz

90%

66% (2 steps)

45% (3 steps)

f
z

1. MesP, THF, rt O
= NTs
2. pTsCl, Et3N
CH,Cl,, rt BocN
. OH
60% (2 steps)

147

Scheme 33. Construction of the ABC-ring (Amat, Bosch)

2ODKEIRT I U DEBROMEIIHRA ¥ v ANISB I N~ 27 15 7 Z MUICTER SN
(AF—2134), 147 LV TRRIZT D RIBEICHLERT VX LVEHAZEA L 148 & L, 5 1 R
Grubbs filtlii 2 AW PABR A Z B ARINIZ R Y . DIRZFT 5 149 % E/ZIREME L TH 272, %t
WTC, KRBWRINZTA L7 4 VDIRILE Bn EOBREZFIFFICITV, A U7oKEERE % Dess-Martin i
L. 7 Fr150 & L7, 150 & RIRFREL U778 2k = 7 W & 0> Wittig SIS T E/Z SBRMEAMEN §
DO, vH L HIUDDOETDORFZBEEANL NS PO, Ts EORE, AT LT AT O
KREDWH, ~7 0T 7 X MEOSEME TS 5 & E BMSAEE I, 5 BUEHK 152 B4m L7,
REIZ2o07 I FEZFRFZEITL, v D OREMEER LT,
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o]
Z /
0 NTs Grubbs 1st NTs
NTs %N =N Q
4
BocN OBn CH,Cl,, reflux N
O H
OH
H
147

H OBn
148 149 (Z/E = 2:1)
BrPhsP =
1. Hy, Pd/C, EtOH, rt NTs  NaN(TMS),
o)
2. DMP, CH,Cly, rt N THF, 0 °C to 60 °C
75% (3 steps) H 0 70% (ZIE = 2.2:1)
150
1. Na, naphthalene
THF, —78 °C
2. aq. LiOH, THF LiAIH,
3. EDCI, HOBt THF, 1t
DMF/CH,Cl,

68%

75% (3 steps)
Scheme 34. Total synthesis of madangamine D

DX, XFTNRT e Raf VX U U BEOBELZHFEE L, ~X I D OWOEERK
BEERM L, EWIEEEZHAO T L, —FH, ARG TIEI D BREESAMOFHE THEEL TWHT29,

=
D BRDOZ NI D~ 7 2 0 L O 2 A~ DO RBIIREN TR SN D,
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P N-7Laxi 7 I REZ W EGR2E D ERLR EREEEOB%

S—H WFIET RdS & UM

A Cik 7o K 912, 7 X FEISHT 2 SKREEAIINBOSETIE. 7 X I 1 2 @&iE 2 ik
(8,9) ~E WU RITREAMAIMBISZ HIWNTEERT I 4 LT DB TIEN—KIITH D

(AT — 24 35), Z OTEMACERE 2 B 9I0Ak 2 2R EEA 2441 T & 2 ROSHPEZE T & UMD
WG E 720 9 D,

0 — S o) 4 RS
EMEE K% R'R
2 2 2 2
RVM\N/R RVH\N’R Rfﬂ\N,R 1&QI,R
1 RS 8 RS g Cbz 4 R3
B &M K

Scheme 35. Conventional methods of nucleophilic addition to amides

UIFTEE CIL IS LB 2 i 7 W T X REA~OREMISEE LTN-TAaxy T I R 69 12
HL7 (AF—2136), N-7/Lax7 I K69 % DIBAL-H TiErd 5 & HEBRY L— hHREIAK 153
BT Do ZHENA ABTUIRT DL A4 I =0 LA A 154 Z#8H LT 2 -2 H OREH DN
L, VyARy MZTo-BHRT I 155 %52 %,

Q DIBAL-H IBL}\'/IBU LA Hi R3M R*H
_R2 ~ . ® OR
R1JJ\I}I HJ\ OR R1&N R1><N,R
OR N R2 OR
R2
69 153 154 155

Scheme 36. Nucleophilic addition to N-alkoxyamides using DIBAL-H

AN TIEVEACBERE 2 88 TITHEII IR - A EEZ b TRk~ 707 I NEIZ)E U CHE A rrae Ze LA
DEWKIETH D, LorL, 1 DHOREAIE LTDIBAL-HIZL D E KU RULMAMMTE 20 &0
I MERBZET B D, 1 D HOREH L U TRFAREAIDFIAATRRICRTY Ry F TEERN
BRI ORERENATREIC /2D (A% — 24 37, 69—158), S ERIEMRRFIL, Hix i EWTEET v
SivA FIZRONDEEREETH D Z Lnb RFEREAIDOAINA ATREIZ 2R AU A i O YL HE

NEBIZHET S EEX, WIRICETF LT
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R1

O 3
JJ\N’RZ R3M

Or  BERA

69

LA

157

R4M'

R3 R*
M _R2
R’ N

OR
158

Scheme 37. Construction of a-trisubstituted amines from N-alkoxyamides
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WO ON-TAIXTT I ROAR

KIDIZ, BIEN-TINAXL T 7 2 hafG Lz, 7vafx kit WEOREEZ < B
FRORENRVNANAR VAR Le, £7°, BHEORV 6 BV ULAX T T 7 ¥ L4163
AL (AF—2538) 20 AF NS5 A~AFE /T — N 159 24V VI CT AT E K160 & L
e, O-Xr e Faxi 7 IS, AFvhz—F0 161 L LIz, AF v hx—T
NERILLTT I 162 & LTct, KLY FULTRELIZE Z A, BILBUSHET L, NN
DUNAXRTT I H L1163 BEIRIC TR LN,

H,NOBN-HCI _0Bn
j\/\/\ 04, CH,Cly, ~78 °C; j\/\/\ pyridine 0 N
X MeO ~ )J\/\/U\
MeO PPh, © © EtOH, rt MeO H
159 74% 160 161
89%
.OBn 0]
NaBH;CN, AcCl o HN LIOH-H,0 OBn
> )w N/
MeOH MeO H THF/H,0
90% 162 88% 163

Scheme 38. Preparation of N-benzyloxylactam 163

WIZ. 7 eV AERILL L THT AN UL AXT T X A168 28 L= (A% — A4 39),
4-X ) A JVEEER 164 (ZXF L, AF T A —T /4L LT165 & L, ZhEEITLTT I 166 & L
72o 166 Z /K3 fiE L CTHNLR U E167 & L, FEEKINITT 7 X 5168 25k Lz,

H,NOBN-HCI NaBH,CN BnO.
o 0 pyridine o BnO\N AcCl o NH
. | -
HO)J\/\/U\Ph EtOH, rt HO Ph MeOH, rt MeO Ph
164 165 60% (2 steps) 166
(@]
; BnO.
LiOH 0 NH EDCI, EtsN 0Bn
THF/H,O, it HO Ph  CH,Cly, rt
Ph
78% for 2 st
167 % for 2 steps 168

Scheme 39. Preparation of N-benzyloxylactam 168

F72, FREOFNEIZ T 3RV ANT a4 R 169 LV 7= a2 H45 5 BEBRT 7 X A
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173 5/ L= (RAF—L4 40),

H,NOBn-HCI BnO NaBH,CN BnO..
Q pyridine IN AcCl NH
HO\H/\)J\Ph - = HO\H/\)\ _— > MeO\H/\)\Ph
3 EtOH, rt Ph MeOH, rt I
169 o 170 28% for 2 steps 171
BnO-\H EDCI, Et;N i
LiOH o m/\)\ , Etg N-OBn
THF/H,0, rt Ph CH,Cly, rt
o} Ph
83% for 2 steps
172 173

Scheme 40. Preparation of N-benzyloxylactam 173
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Hof AERMERRAOEE (77U k)

BRR LT N-XU DA T 7 2 5163 12k L CRE RIS 27z (£ 1), 1 2HOD
RFEREAE L CEHEAHREBRELMIML, ZOBALA ABET VNVAXEZRML, GEFENE
PURF AR LT, A ZABRIZOWTIL, YIEEOREDHZEIZEBNT, 7 U RIZKREE S
% Sc(OTf; #H WA Z L L LTz, 1 DHOBAKEREREKLE LTHKT LI =0 L5085 AW BRIC
VSREAIIEOE M Z & A TR T, ELEW 14 I3GONT- b DD, 5% L FEFITIRIETH -
7= (= FVU—1), Grignard #3EAE HW 2RI, DERITEFR ELE (=28 —2), RIZ, A
Y F U LRI E 2 A, BEEN 47% & REICmELE (2 FY—3), 62, 2 DHD
REFZANDERNZTE h=FUAZRMLTZE Z A, DEROKRIERA ENR N (2R
—4),

Table 1. Optimization of the synthesis of a-trisubstituted amine

o M7e8|v|°,CTHF \ Ve
.0OB B OB
N OBn N OBn
then Sc(OTf)3
/\/SnBUQ)
163 additive, rt 174
entry MeM additive yield
1 MesAl - 5%
2 MeMgBr -- 12%
3 MelLi - 47%
4 MelLi MeCN 92%

BonolstEzmic, e ORE « REAIC L 2 5B R NERRFEOBELZRF L (2%
— A 41), ZORER, 1 2H OREANEL MeLi D72 57 nBuLi 2 AWV THIER < SUSHHEIT L7z
(174, 175), F/=, 7==ATEF U FEHAVEEICHNRRE SERNERIREDBETE -
(176), — /T, 7=z =V ) F U L AWEBEICITLET LA 17T 132 B LN TE D o7z,
Fl BEBEL LT ==V AT OMEKEEDRE 2T 7 F DT 2 RIS S 5 BB -
B o9 IR E 1T L7z (178~180) , BURIR N LSS I8 R /2 EARSRIRPE THELT L |
Hicfb e B —RME L LTHR T,
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_OBn R3Li, THF, 78 °C;

Sc(OTf);, A >SnBu3
MeCN, —78 °C to rt

Ph
\
\ Me \ nBu \ // Ph
_0OBn
N,OBn N/OBn N/OBn N
175 176 177

174
92% 86% 81% 0%
\\—,,, Me \\— nBu \_,/ Me
Ph Ph
Ph
178 179 180
90%, single 72%, single 63%, single

Scheme 41. Substrate scope for the synthesis of a-trisubstituted amines (allylation)

LAY 178~180 DAL F1E NOE EBRIZE D IRE LT (Ax—24 42), HALEH DR P VAL
Ta kb, TUAMMTa b EOMEBIZLY . SRMEFEERE LT,

Me
\\— Me N-0Bn
B __ Ph—/ANZ/Me Ph—/-N_/-nBu Ph
NOBT = OB OB H
N e T,
Ph 2.9% 4.1% 24%
178 179 180
(CDClj3, 500 MHz) 72%, single 63%, single

Scheme 42. Determination of the stereostructure
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FUE AERUERRAOHEE (7 /1{b)

BT, 2 DHOREEAIZ TMSCN & L7 7 JUIZOW TG L7z (AF—2L4 43), ZOREE.
T U AL & FRRIZ A F AL T F RO REMA I Lz (181, 182), LirL, 7 ==AT&F
U ROINET U RIZHEABINETH -7 (183), —FH T, 7V /MEDOBRIZIZ 0% Th o727 ==
WU F T LOMIIED T T I ACDOERICIZ BRI RINER TEIT T 5 2 L 3bnrolz (184), £/, 7
2= NVRERT DT 7 Z LIKT M BIRE S H#EIT L2 (185,186), 7 == /VEAHTHT7 7 4
LD B 6 BERT 7 MOV TUINARIBRIN SRR HEIT Lz, —H T, SAERT 7 ¥ KI5
D BOS TIESARBIREDIZITHBL L e e WO R & e o7 (187),

o NC R3

N OBn R3Li, THF, -78 °C; OBn
N/
SnCly, TMSCN, MeCN
n R —78°Ctort n R
NC Me NC nBu NC NC Ph
é Bn é _ OBn
N
181 182 183 184
89% 89% 34% 73%
NC Me NC nBu NC, Me
i _OBn
N/OBn N/OBn N
Ph Ph
185 186 187 Ph
86%, single 62%, single 84%, dr = 1.3:1

Scheme 43. Substrate scope for the synthesis of a-trisubstituted amines (cyanation)

MARREIXZEOEEORETIIRECTH 72720, LLFO X I ICHFEN LRICIRE LT (AF
— A 44), 185 OV T/ HA LIAIH, TEIL LT k7 I 188 & L7z, Zhzxz by kL ThY
NTIR189 & LTz, 18 OXRUVNNLT B kb 2R T 2R afif & O NOE FHBIC & 0 2Rk
FERRE Uiz, MoERMIZE L CH RO TR T2 RTE LT,
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NQ Me
A _OBn

Ph
185

HoN—. Me
LiAIH, P OBn TsCl, EtsN
N~ —_—
Et,O, rt CHJCly, rt
Ph
188 70% (2 steps)

Ph N Me
HOBn
~__ NHTs

3.4%
189 ((CD5),CO, 500 MHz)

Scheme 44. Determination of the stereostructure
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= EI TR ATZ@ Y | N7 aF o7 I RIS L 1 DB OREAIE LTAEHYD F U AR
a2 OHOKREAIE LTT UL R AL TMSCN % WV, #EN 2 REM IR X 2 EEHNE
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Scheme 45. Results of nucleophilic addition to N-benzyloxylactam 163 using PhLi
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Scheme 46. Mechanistic rationale for nucleophilic addition to six-membered N-benzyloxylactam 163
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Scheme 47. Stereoselectivity of six-membered lactam
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Scheme 48. Woerpel’s model for steleoselective nucleophilic addition to
five-membered ring oxocabenium ion
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Scheme 49. Mechanistic rationale for nucleophilic addition to five-membered N-benzyloxylactam 173
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Scheme 50. Conventional method of nucleophilic addition to amides

INEMIT AFEE LT, UFEETII N-T A3 X7 I REEZFIH LRI S 2 BT
L7z (AF¥—2A451), RFEZ, 73 FEOTEMALEME 2L Z LTI RILVER=LVEEIZ 2 DD
1 >HOREXNZDIBAL-HIZ XAt KU RIZIESHILTUV =,

RIpDREMZEANTE D, Ll

o)
JJ\ , DIBAL-H
RV >N —
|
OR
69 i

iBu

o

153

N

R

\ _iBu

Al

HAN
R1

/

OR
2

LA

R3M

R3 H

Scheme 51. Nucleophilic addition to N-alkoxyamides using DIBAL-H
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Scheme 52. Construction of a-trisubstituted amines from N-benzyloxylactams
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Scheme 53. Synthetic plan for unified total synthesis of madangamines
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Scheme 54. Synthetic plan for the A-ring
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HO
199 97% 211 212

Boc TIPSO N Boc

TsCl, DIPEA N__o 9-BBN, THF, rt; o

CHCly, rt — PdCl,(dppf), Cs,CO;

63% (2 steps) TsO THF/H,0, 60 °C TIPSO
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Scheme 55. Suzuki-Miyaura coupling
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BAERLIALAEMERE LEZLZA, Er—1 216 Tholz, ZOMENS, 77 X AOBRICK
L7 VAT N a—LOSRKITIRNETH D LB R T,

Table 2. Attempted synthesis of allylalcohol 215

Boc
N (o) conditions NHBoc
— TIPSO\/\)/\/\
J_;j S OH
TIPSO
214 215
entry conditions yield EIOC
1 CeCl3-7H,0, NaBH4, MeOH, 0 °C 0% 4/_5—/7
2 DIBAL-H, CH,Cl,, -78 °C 0% TIPSO

216

Iz, BRI EMERB LT VAT v a— Ok ER ATz (AF—2456), Boc 77U 2211
TR TR P AT A 2T #HAHL TR 77— 1218 L L2218 & 7 U LT L a— Lk
BREDOAK BRIy 7 U ILRRINETEITL 219 252 7-,

NHBoc
o (Im),CO, THF, rt; O O LDA, Ts,0
BocHN BocHN
\)J\OH EtO,C._ COK \)J\/U\OEt THF,-50 °Ctort 180
CO,Et
211 MgCl,, 50 °C 217 92% 218 ?
89%
AN
TIPSO NHBoc
9-BBN, THF;
TIPSO N
PdClz(dppf), CSzCO3
THF, H,0, 60 °C CO,Et

219
83%

Scheme 56. Suzuki-Miyaura coupling
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Table 3. Synthesis of allylalcohol 220

NHBoc NHBoc
conditions TIPSO
TIPSO N A
CO,Et
219 2 220 1O
entry conditions yield
1 LiAlH4, Et,0, rt no reproducibility
2 DIBAL-H, CH,Cl,, =78 °C 32%
3 DIBAL-H, BF3-OEt,, CH,Cl,, —78 °C 94%

TUILT L a—)L 220 BES =D T, Johnson-Claisen 550712 & 5 WUk IRFZE DR 2 AT~ (X
F— LA 57), 220 % BuPh 14 /L h = A7 )L « fg L LITINET 2 LERI ORI EIT L, ~ XTI
RO 9 NIUMRIRFZZHHT D 221 N 2% TEMR CTE 72, E LT AT VITKEEL Y F o LTRSS

L. VKRR 222 ~EFHE LT,

NHBoc 5 _pitrophenol NHBoc NHBoc
MeC(OEt) LiOH-H,0
TIPSO N . TIPSO 9 —  * ~ TIPSO
tBuPh, 130 °C | THF/H,0, rt |
HO 79% EtO,C 70% HO,C
220 221 222

Scheme 57. Johnson-Claisen rearrangement
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Scheme 58. Curtius rearrangement
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Scheme 59. Plausible mechanism for formation of undesired lactam 224
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Scheme 60. Introduction of the N-allyl group
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Scheme 61. Johnson-Claisen rearrangement
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Scheme 62. Curtius rearrangement
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Scheme 63. Hofmann rearrangement
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Scheme 64. Synthetic plan for the cis-fused AB-ring
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/
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Scheme 65. Attempted synthesis of the alkenyl bromide
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Scheme 66. Attempted synthesis of enol triflate 243
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Scheme 67. Attempted transformation of alkyne 241
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Scheme 68. Trans-selective ruthenium-catalyzed cycloisomerization by Trost
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Scheme 69. Plan for the construction of cis-bicyclic system 239
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FOSHET L, RINRTIEH D HDD 239 NELNTZ (= bY—2), ZOW, MRS ET
L7z b d 8RS8 E RS THRE SN, £2 T, NAROEE A 1/10 12 LT
ik iz (o bY—3), ZOFE, SFEEISHIZ S, 239 OISR KIEIZ [ F LT,

Table 4. Ruthenium-catalyzed cycloisomerization

Roc CPRU(MeCN)PFg Re°
(10 mol%) |
TIPSO = TIPSO
> conditions H
TeocN \// TeocN
241 239
entry conditions yield

=N

DMF (0.02 M), 80 °C multispot
acetone (0.05 M), rt 15%
acetone (0.005 M), rt 82%

w N

R OSAREFET, LFO XS LTIRE LT (AF—2A 70), Trost 1L, A« hT 2 AHEER
K 249 - 247 ZZNEHAER L. NOESY EBRAZIT 72, L ORER, 249 (THMEERHO T m F &AL
T4 7ua bl OMBEANBRN S, —F T, 247 TIEL 13- T XU T NLVOBMRICH S T a b
[ EOMEBENBLIN S iz, ZORRERE 2 239 125 L NOE EBR 21T -7, ZORER, fEgiio >
B hrEtrrorra b OMHENERIS -0, ERITEL Y AERIKTH D HEE L
7

Trost's work

4.8%
H3

H 8.9% 4.0% H
247 (trans)
(CDCl3, 500 MHz)

o
N

<
(0]
T

Madangamines

Boc
TIPSO | o« 1.2%
s
TeocN H < 1.0%
H
239

(CDCl3, 500 MHz, 60 °C)
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Scheme 70. Determination of the stereostructure

Trost SRR T 2 SIS &~ 2 0 0 BT 2 ERERZ M E 2 OGS Z LU O L 51
HELE (AF¥—2A171), T, VT =0 AR EEOT UV ANLO C-H FEE TR LERERIRHN L,
-7 UNVT =0 LEEIR 248 ZIEAT D, Z O, VT =T AN BRERF LM T 5720, K
SRS 1 DICIRED L EZ LND, FO%, TIAFL~OFEAIZT 250 AR L. fBRICETTHm
HEICCTED 239 G ONTEEBE X TND,

B Boc
NoC TIPSO )
TIPSO _— @ u/C|o
P =
TeooN 7 a8 N
241
®
CpRu
Boc Boc
A TIPSO N ]
TIPSO
Cp
B [TH ®
TeocN TeocN RU
239 250 H

Scheme 71. Plausible mechanism for ruthenium-catalyzed cycloisomerization

BALSMEAGIC L D AB ZEBRMEEHS 239 OERUCHEI LTz, L L, ABRBEIIRICRT L HIC C
RIMBLEE THHLT VALY T U~OERPRNHETH D Z LB 572,239 1Tk 5 KA UHR
b & < BRIIC K DK EE DH AN Z i AT (3 5), AU FEAIL L LT I-BBN & 78T o THF $HED 2
FEAHNCTAH LT o AL, BfbE Tolc 2ARL T b a—)L 246 (TG oNR0-oT
(= hU—12), BIESIE LT, 22004 L7 4 AR TERENSM LT EBbnd U4 —v
251 RS I VHROA VT 4  OBRIMPEIRANT S LTz 252 L o b &M ol AV H#E
RITBFEERA LT 4V EDORIEPMERT D720, = F I VHROA VT ¢ v & ORIGHES
LieéEZX NS,
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Table 5. Attempted hydroboration-oxidation of 239

Boc Boc
N " N
conditions |
TIPSO > TIPSO
H H
TeocN TeocN OH
239 240 H
entry conditions yield
1 9-BBN, THF, rt; NaBO3-4H,0, H,0O 0%

2 BH3 THF, THF, rt; NaBO3-4H,0, H,0O 0%

Boc Boc

TIPSO
TIPSO OH OH

TeocN OH TeocN
251 252

FIT, 2 IR LENWE Y= F I U E NO-TEX— L ELTIRiETHZEE LT (RF
— 2 72), 239 % PPTS. =% /J— /)L CHEE L T NO-7 X — b xilAl=, NO-T kX —/L 253 L
EONHIbEWTER LTS DODOREETHY , HEECX 2o T,

Boc Boc
N N OEt
PPTS
TIPSO TIPSO
H EtOH, 60 °C H
TeocN TeocN
239 decomposition 253

Scheme 72. Attempted formation of N, O-acetal 253

CLEDOFERNS, B FakrvE bz vz 240 O8I CH D L&z 72, 2T, Hi-Z/2 B
BROMSEIEB LOWRIEEZ BRI+ 22 & L Lz,
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BT NT Uy MMlEA VD B RO

Trost &, /v 7 = U LMMIEIC K 2 BRAGEMAVSUS LRI EOG & LT, /NT V0 MMl A Fve
BALRMALSOG ZHE LTS (AF—24 73) 7, REOSTIE, BRRELOFL—va v aREL
IRNTZD | AN S AREERIR 249 L 72D,

cat. Pd,dbag-CHCls
MeOQC HCOzH M602C
N CO,Me
L\/égz/ CH,Cl,/MeCN, 40 °C H
AN
244 92% 249 O,Me

Scheme 73. Cis-selective palladium-catalyzed cycloisomerization by Trost

INEFRB LG RERERAETR L, (AF—LA74), TILX AT AT VLA EA LT 254
(kb9 2 BRAVEMALBORIT T AMEBRIA 255 W onbH b DL Lz, D% 1,422 T B BRO4
TONARFEREZEL LT-256 LT 5,

rE\Bloc rI%loc
Pd Al
TIPSO 3 IR - IPSO
COzMe B H
Toocl / TeocN CO,Me
254 256 H

COzMe

Scheme 74. New strategy for synthesis of the B-ring

F9°. 254 DL AEBREI L7 (326), nBuLi & Mander RIE X 2 WA L. 254 1ZE LN DD
HRREDOINERTH -T2 (= MU —1), I T, T ODOFRMLIZHE, 241 & — (VIR B IRFHS T ikt
BORT U LATRIET S L BIHARINER T AT V28 A LT 254 2157~ %

Table 6. Methoxycarbonylation of 241

(¢}
(o8]
(e}
(¢}

O

ZW

conditions
TIPSO TIPSO

=
TeocN \// TeocN \/
241 254

CO,Me

N\

entry conditions yield
1 nBulLi, THF, —-78°C; NCCO,Me, —40 °C 62%
2 CO, NaOAc, cat. PdCl,, CuCl,, MeOH, 0 °C 80%
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254 B OLNT-O T, BLRMALRINIC £ 5 255 DA AR (£ 7). Trost & & [AERDO LT
borvrmaxy /T N= bV VRATREETXEE & )T O Mt E O D 50T, 46% &
BREOWETHoT (v bU—1), RRISIE, BRI TH D 72D RSB O3 AT
L7icEEBEZ6ND, £2C, BEEZMZ D720 X0V IRBERBEECHD M 2RV &
Ay BRI T1% E REICm EL (= hU—2), UL, GO5ER E TIZ 2 FefijfEnnbn . K&
BB R LT, £ 2T IIGDIREZ 40°C 15 60°C & Liz & 2 A, KRIE 1 R Coefs
L. W#EE 4% ECTH ETE7 (= hY—3),

Table 7. Palladium-catalyzed cycloisomerization

Roc cat. Pddbag-CHCl,

HCO,H
=
TeocN/

TIPSO

COzMe solvent, temperature

254

entry solvent temperature time yield
1 (CH,CI),/MeCN 40 °C 2h 46%
2 PhMe/MeCN 40 °C 2h 71%
3 PhMe/MeCN 60 °C 1h 84%

BT, RN 7 14985517 - 72 (3 8), Striker A3 ZA W72 BRI THEIT L7220 »
Tz (= b U—1) % EONTERALOWEITHEN, KFEATRERT MY U AL NClL &2 V5T
ERATLE A, FONTEIT LEDBIERB IO T A7 VA~ — i3 Ko7z (= v U —2)
BT T RE D OB, KFEARTEF Y AL L OEESRE VD 1,458 70 % A A
7l A, i 253 RN OENRBINEICET (= b U =3) B Zhickh, = F b
VHOD B BRICIFET 52 TCORFRFEDFULI) LT,
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Table 8. Stereoselective 1,4-reduction of 255

Boc
conditions |
TIPSO
H
TeocN CO,Me
256 H
entry conditions yield
1 [(PhsP)CuH]g, PhSiH3, THF, rt no reaction
2 NaBH,, NiCl,-6H,O, MeOH, 0 °C 64% (dr = 2.5:1)
3 NaBH,, CuCl, MeOH, —20 °C 92% (dr =12:1)

R DSTARL 1L, NOESY FEBRICE W IRE L7 (A% —2A 75), NOESY EErAf1-o72L 2 A,
B RENC TR L7ZMBENB Sz, ZOREND, LA4RETIEROESIBLE A2 RE Lz, £7-.
ABERIZVAMEER L TWAZ b 2O R L VIR TE -,

Boc Boc

TIPSO

H
TeocN CO,Me TeocN

H H
256: major 256: minor

desired CeDe, 79 °C (500 MHz) undesired

Scheme 75. Stereochemical determination of 256

FONTAERE Trost ODFEBLUSHEIEIZ K 0 | T U0 A2 W BRALBMALEOSD A J1 =X
LEUTDOEIHE LT (AF—L476), £T. 0fliONT VT LEFHBNAGNTITLE RY R
257 WEL D, T 254 DT X MM LT A =485 D0 1 258 WAERKT 5, #0T A
BROA LT 4 U ~OFANCT BRI ERK 259 AT 5, &%IZ - RU REEESEZ V., 260 %
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B Lo BA & I EI b AW 255 NE LN EE X TV,

Boc
N TIPSO
A
TIPSO %% CO,Me TeocN — L NBoc
/ -
TeocN\/ j\[pd]' H
MeO,C ;

(0]

260

Scheme 76. Plausible mechanism for palladium-catalyzed cycloisomerization
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FIET ~ & X U C BRI DRSS

v AKEBR LT2 AB BR 256 AR CTE 72D T, CROMBEEZ MG L1-, CEBRIT=F I xt+ 501
NT VIALIZCTHEET 200 L Lz (RF—LA477), T72bb, 256 LOFEE LT VLT 261
Z7u NUBTUBT A I =T AL A 262 NEL D, ZHUSK L TNT U BB ETTT
IECBRMBEESN 263 MELND, UL, 262137 ULy T BNzl R TINICH D 262a 13
BEBIETHDH LEEZDND, TOBRETIE, SOSRIR O . BARUSITHETT L2,
BALT 2720120F, 262a DEJEEH L 262b L7 D LERH D, LinL, 262b Tix, 7Y LT
EABRLEDBICKER 13- UTIRITARBBNELDLZ ENTREIND, ZORE LT RLF—[E
BEAZ IR M X CBRYLZ FEBLT 272010, MEEFEO LA/ NS 2T VAT v L REFIOENT
VA I =T A F BRI AN T,

Boc Boc
N on TIPSO
| " H® ) s NBoc
256 ____, TIPSO rw > | TIPSO PTJ L
H TeocN
TeocN TeocN H Vi
261 H 262 H 263 H

TIPSO
H
TeocN
/
T™S ]
TMS 1.3-I7FI7IV I 5
— 262a 262b -

Scheme 77. Inherent issue in the formation of the C-ring

FT. CRERCEETHLT U AT T 261 2GR LTE (RAF—AL78), An FEIZL > THESH
T % PDBBA (KAIH(OBu)iBu,) % FV T 256 725 1| TR TOT VT & R 264 ODERERAT P, £
DFEFR. LT LT b Rl 30%RRE LG ool Vi, FEAEIRE S —T5T, 256
PIBRERE TSN /T LV a— L Thote, TOI LMD, TAT b ROBEEERITHE LT,
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Boc Boc
| KAIH(OtBu)iBu,
TIPSO TIPSO

H ° H
TeocN CO,Me THF, 0°C TeocN

256 H ~30% 264 H

Scheme 78. Synthesis of aldehyde 264

ZIT, TATNE L ETva— &L, BEIZTT AT R 264 L3 50— Faiatl
7z (AF—L5179), TAT/N256 ZKFTNVI=ULYFTAITT La—/ 265 ~EiEiE LT,
FEN T, 265 DRbZ st L7z, TEMPO (LTI, BT L7k R264 XG0T b DD, (RILHE
Tholz (= FU—1), IBX F&bX° Swern E2{t, Ley ML CIXHRREDINFE L2 >72 (= R
—2-4), F£72, 265 PALETH LT, WTHNOBILIZE N THFIMEICHEN S - 72,

Boc Boc Boc
| LiAIH, | conditions |
TIPSO TIPSO TIPSO o
H ° H H
TeocN CO,Me B0, 0°C TeocN TeocN
OH H
H 95% H H
256 265 264
entry conditions yield
1 TEMPO, PhI(OAc),, CH,Cly, rt 43%
2 IBX, DMSO, rt 72%
3 (COCl),, DMSO, CH,Cl,, —78 °C; Et3N, rt 77%
4 TPAP, NMO, MS4A, CH,Cl,, rt 84%

Scheme 79. Synthesis of aldehyde 264 via alcohol 265

COMBRERRT D720, Ta— 265 AR LRWT LT B R 264 OERKE RS (AF
— 1 80), 256 A A FF U AFNT I EFANT Weinreb 7 2 K 266 ~EZEH# L, Zh % DIBAL-H
TRILTDHETATE R264 BEDLILE M, 2 50 TREITWLTIL S SRS THEIT L, REELEY
ZARH LiaW @ B Z R LT, el T, 264 % Wittig SOSMIC TRImA L7 0 & L2tk 7V
N T O 2 AR Grubbs il A W=7 B A A X B VARG T, E/Z M 4:1 TELT ULy
7261 H451=,
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Boc
N MeNHOMe-HCI
| iPrMgCl
TIPSO
H THF, —20 °C
TeocN COsMe
256 H 97%
Boc
N 1. PhsPCH3Br, nBuLi
o o,
TIPSO | . THF,0°C,83%
TeocN H 2. CH,=CH,CH,TMS
H H cat. Grubbs 2nd
264

| DIBAL-H

TIPSO o
H _ o
TeocN THF, -78 °C
H l}lMe 0
266 OMe 95%
Boc
| T™MS
TIPSO |
g1
TeocN
261 H

CH20|2, reflux
93% (E/Z = 4:1)

Scheme 80. Preparation of allylsilane 261

TUNTT 261 BRFHNToD T, 3FNT VIKIZ L D CEROMELRART (9., £, b
L PPTS Z#EH SEME L2 & 2 A, RURITHEITE PR ZEIR L7z (= hY—1), %
Z T, PPTS LV HBVEETH D CSA W, LA L., JREIORINSCEE O 3N HEITT 5 O
TETe 263 3G bR oTc (B Y —23), FIZHRWERTH D TFA <° TIOH Z W72 BRICIE,
IR CH B ONENHEIT LTz (=2 b U —4.5),

Table 9. Attempted intramolecular allylation

Boc Boc H
| TMS 3 A
TIPSO | conditions TIPSO AN
S
TeocN TeocN
261 H 263 H
entry conditions result
1 PPTS, PhMe, 110 °C no reaction
2 CSA, PhMe, 110 °C decomp.
3 CSA, MeCN, 80 °C no reaction
4 TFA, CH,CI,, 0 °C decomp.
5 TfOH, CH,Cl,, 0 °C decomp.

ZI T, —EFIVEMATHD NO-TEZ— L ERETIRMICOVTHG L. (A% —A4

81), 261 =X /—)LH CSA ZIMZINET 5 & HRREDIERT NO-7 & X — LR EITL 267 %
58



Hx7z, 156172 267 Ik L, #hx A AfREZAWT CIROBELRF Lic, ¥ 7nn A X2 3%
B =78 °C IS THMENA ARz INA T, € DA, Sc(OTf); X° TMSOTS, TiCl, TIFMLEM D5y
WRBI, 263 135D o7 (2 U —1-3), LA L., BFy-OEt, & W2 BF DA SUS LT L,
i 263 UK 55% TH-RIEEL LTHL LN TE

Boc EOC OEt
| TMS A TMS
TIPSO CSA TIPSO I
s K [ : s T [
TeocN EtOH, 40 °C TeocN
261 H 529% 267 H
Lewis acid
entry Lewis acid yield CH,Cl,, -78 °C
1 Sc(0Tf)3 decomp.
Boc
2 TMSOTf decomp. N H
3 TiCly decomp. TIPSO A "N\
4 BF5-OEt y B
3 OEb 55% TeocN
263 H

Scheme 81. Intramolecular allylation via N, O-acetal 267

RS DSTARIEA1E NOESY ERRIC KX W E LT (AF—L4 82), NOESY ERrAZ1TH &, 37
0 Rl 13- UTRUTAORMRICSHD SAL- 117 e o E ORI ST, ZORENS,
263 DY = VIO N LR RE STz,

NOESY experiment

Boc TIPSO
N.__H
n NBoc
TIPSO N
- TeocN 3
TeocN 5 Z
263 H H o

(CDCl3, 500 MHz, 60 °C)

Scheme 82. Stereochemical determination of ABC-ring 263

BALRSIZIZ=F I o CIELS NO-T X — AN RETHD E VI MEARNES L, LvL,
REER NO-T X —NVERHET 50 FNT UV IRIZE D C EBOBEIZIFRKROLEM,S NO-
T H— UL EBRLE & BICHRREOILRD =, AR~ REEBR#ETCH -, £Z T, =

—
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NWETOHAZICIZ NO-T X —/VEHEELRNT T I b OEERE AT (X F— L4 83),
261 (XL, Yrun Ayl ) —/WREEEET BF;-OB, Z B SE72 L 24 BRALBIGD
7L, 1 TRIC TR 263 MR 66% TR b Lz, TLCIZK D80G, ISIE NO-T &
—/L 267 &k L CHEIT LTV D T & VR ST, IRE1T 267 Z HiEET 256 L~ 2 TR 29%
B 1 LR 66% & KIRIZHE Sz,

Eoc E]oc OEt
| TMS A TMS
TIPSO rJ BF3-OEt, TIPSO rJ
B H B
TeocN CH,CIo/EtOH, rt TeocN
261 267
H 66% L H -
Boc
N H
A i
TIPSO AN
B
TeocN
263 H

Scheme 83. One-pot cyclization of the C-ring
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BT & U IR EROGRK

F—IH B oL

AR L7 ABC =BBMEEHK 203 L~ X U B I VTR EBEO “EESOMBENRESL > TNAD (R
¥—LA84), T T, 263D EEADNEE~LLH I D T EESOMNE L RIESES D0
YR e N,

TIPSO
NBoc
TeocN ) / 19
263 H 3 20

Scheme 84. Comparison of 263 and madangamines

263 ~DONUE LA AI T AWV Ruaxivbld, o4 — VDT T AT LIRS 268 & HH
IRINRIZTE X H5DHTH ST (AX—1585).263 A4V USRI TT AT b RKE L= . Comins
HIEPZHNCT ) — L b 7T — Mua AT 269 1315 5N o 7=,

TIPSO TIPSO
NBoc 0OsOy4, NMO NBoc

TeocN S/ acetone/H,0, rt TeocN ,,,,{\OH
H H
263 268

detected by mass

TIPSO TIPSO
1. O3, CH,Cl,
NBoc -78°C NBoc
TeocN 2. Comins reagent TeocN OTf
wt KHMDS, THF =
H —78°Ctort H
263 269

multispot
Scheme 85. Attempted transformation of the terminal olefin of 263
ZOEIE, BFAT IV METIE, BRILERO E=VEOEBRBRNETH -7, FHTISEAT D

FEREAIZ ZIRTHO , 263 025 ORI TR OB N PINE#N TREND, 22T, L0fEffn Z
VT 4 AEREE WD FRARGHE AR LT,
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B PN T L= MBI R DT L DA

ABC ZBMEEROEICHTZ0 ., T UL T TlER, 7a vy o2 ln 58k e
B L7z (RF—L86), T u/ Ty T 270 R TS 5 L0 FRNT L= /bR EITLTT L
VAN EH 25, 21 EF Y URCT b 272 b LTctk, 2R REA LT 4 RIic T Z 3k
RIZ 213 BEOND EE X T, TO%, HIREART214 ~L3F58 L, v/ w77 &% Mulc Tl
B 275 2155,

Boc Boc

N ® N H TIPSO

A ™ H A

TIPSO | s R »~ TIPSO — NBoc
B H B TeocN
TeocN é TeocN
270 H 271 H H
TIPSO Z-selective  T)pgQ
Ando-
ozonolysis NBoc olefination NBoc
------------- > B, I Tt
TeocN TeocN cCoMe 7T >
H o H
272 273
TIPSO HO,C
macro-
NH lactamization
TeocN — —
H
274

Scheme 86. New strategy for the macrocyclic E-ring

I, T L2 O EToT (AF%—A87), T/ATE K 264 % KF--Bestman 33E 3 %
TRMTILF L 276 L LT, 276 DT LI AL T LT 0 270 24587, 270127 oo
AH A ) — R ETRET BF-OEL ZEFH S8 2 A MR ST%ITT LU 271 3 M5 bz,
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E‘OC I\lcle%;lg\[rAc EOC
e K .
TIPSO | 0 N, K00 TIPSO A TMSCH,, nBuLi
TeocN H o MeOH, rt TeocN B 1 H & THF/HMPA, —78 °C
264 H 94% 276 H 80%
N RS 4 TIPSO
TIPSO A ™S BF;-OEt, TIPSO A _ ] \Bos
TeocN H =~ CH,Cl,/EtOH, rt Tooctt? = TeocN
270 H 57% 271 o ¥

Scheme 87. Intramolecular allenylation of propargyl silane 270

TLUM BERTEEOTEREMEL, ~ ¥ H I VEHOIEBI Th 5 ABCE B LG
DERERAT (AF—L88), 271 A4 VfiIZ T b 272 & Licth, 272 1S L CREA L
74 A E T o Y, ZORER, B 273 3RO NIZbOD, EZ=1:1 LW IFERTH T,

TIPSO TIPSO

NBoc O3, MeOH, 78 °C; NBoc

TeocN PPh Teoc

271 H 272 H o

1l
(PhO)P._COMe TIPSO
DBU, Nal

NBoc
THF,-78°Ctort TeocN ___CO,Me
40% (2 steps) 273 H
(E/Z=1:1)

Scheme 88. Ando olefination

FTREA VT 4 ML TIER L RLEA Y R 277 & O Wittig SGZ A7z (2% — L4 89) %,
ZORER. 2 TARINE 44%\2 TR Z 1K 278 % Bi—BVEIRIC T 7=, LLE. E B OMEIC LT /24T
DIRFGOFENRI LTz,
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TIPSO TIPSO

NBoc O3, MeOH, -78 °C; NBoc

TeocN PPhs, rt TeocN
271 H 272 o

BrPhyP 2 217

NaN(TMS),, THF, 40 °C

44% (2 steps) 278 H
(Z only)

Scheme 89. Wittig reaction

RBEHDOEANICHI LD T 11 BETH D EBROEEZHRFI LIz (XF—2490), Wittig £
278 KLY F 7 DOKIEW TR L CTHNR U 279 2 @RI TR, T inz
TMSOTS & 2,6-lutidine % V7= Boc ZEDFREIZE Y 7274 & L, HOBt, EDCI #/EH S H® 5 &
~ a7 72 MERHET L, PUBRPEEHS 275 RNEIRICTHR O, ZhIckY, ~Z T U8
O E s ABCE BROMFA5E T LT,

LiOH aq TMSOTT, 2,6-lutidine
THF, 60 °C CH,Cly, rt
96%
TIPSO
HOQ HOB, EDCI
NH iProNEt
TeocN — CH,Clj, 1t
H )
i 274 1 67% (2 steps) 275

(common intermediate)

Scheme 90. Synthesis of common intermediate 275 for madangamine alkaloids
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Paivia i S0N

HAE ~F LTI CORERK

~F A IO IEERE 275 Z AR LIZTCD, BRx 7 D BRIA GO RKIRICHE T D~ 2
L UVHOMBH RGN AREE 2o (AF—A91), ABFETIX, IO HX U ATIVED I B,
RIZBEHBINBE SN TORVF T I CORERERLT,

Y H 275 Y
common
intermediate

Scheme 91. Unified total synthesis of madangamines

97, 275 O TIPS FEORIRA R EREZ G L7 (R 10), THE/KEGEE S, WIEEO TFA Z{F
MSEDE, BEOLEMMPER L, Lir 280 (X520 o7 (=2 b U —1), TBAF ZH iz
BRI IT R O X BIMLRAIREETH 0 280 DIZ Teoc F b B SN 281 NAERK L2 (= b U —2),
F T, AL — VI CSA TR LINEAT % & | TIPS JEOBIRIIBREECHITHEIT L, P
— & T L3 —L 280 UL 94% THREH N (= b Y —3),
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Table 10. Selective cleavage of the TIPS group

HO
conditions
TeocN
280
entry conditions yield
TFA/THF/H,O = 2:10:5 multispot
TBAF, THF, 0 °C 280, 281
CSA, MeOH, 40 °C 94% of 280

281 H

fEWN T, R LI —fk T v a— Ok A fREH L7 (3£ 11), Parikh-Doering F2{b<° IBX fi2{b Tl
FOGEITEFITFRHEIR & 72 o 72 (=2 b U —1.2), KIZ, Ley Befb 2527275 280 23 HE S D
ANZ TLC A% mfb L., 282 13 ool (= bV —4), £ZT, = X7 V0% A0
DEEEANZ SV TG L7z, TEMPO 2 W B2k Tl ROSITEATE TR ZER Lz (= F Y
—4), TIT, HMECL > THESNL TS AZADO ([ X Dbz RA (v FU—5) ¥, %
OFER. BUNMERAFRIEETH#EIT L, BT LT b K282 Z&IEIZTH 2 7=,

Table 11. Oxidation of the primary alcohol

conditions
entry conditions yield
1 DMSO, SO5-Py, EtzN, CH,Cly, rt no reaction
2 IBX, DMSO, rt no reaction
3 TPAP, NMO, CH,Cly, rt multispot
4 TEMPO, Phl(OAc),, CH,Cly, rt no reaction
5 AZADOL, Phl(OAc),, CH,Cly, rt 86%

TAT e R 282 BELNIZOT, Wittig SUSIC L DR GERA Tz (AF—L592), TALTE R
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282 1Zxf L., BRI LU 72BEE OB AR =7 At & NaN(TMS), B SH7- & 2 A Wittig &3
TL, ~Z U HIV CODRORENETEHASNIC 283 157, Lo, 47%& HFREEDIET
HY | R FTREZRBMAEMAROREGME L TR, D, 283 1350 b DD Z Dk~
EDLOIIREETH D LWL, BloL— MK D 283 DER AR,

HO,C PPhsBr
2 \(\,)/5 3
NaN(TMS),

THF, rt

47%
(E/Z mixture)

283

Scheme 92. Attempted Wittig reaction

FHLGHL— k& LT, Wittig BUG TR SR« Bl v 77 o 718 TRAMEIRAVITH IR T D v
— hERE LT (AF—212093), 77 b 282 12%F L, Wittig BUSICCI— RA LT 1284 % 7
BRI AGT-, RIZ, 284 ETHIRD 5-~FB ATV LEDEA - Bl v 7V v T il iz,
PdCly(dppf)-CH,Cl, & FlW 72 B2 iE, Bk 285 1345 b T &S AR %2 5- 27 (= h U —1),
Z 2T, PA(PPhy), W2 2 A, B v 7Y 7K 285 BUE 74% TR (= R U —2), =
NZKY, ~F T CODBROHEEIZLERETORIBEHOEANIIRI LT,

ICH,PPhgl, HMPA MeO,C” 115
NaN(TMS), 9-BBN, THF;
THF, -78 °C Pd, Cs,COs
69% THF, H,0, 1t
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Scheme 93. Suzuki-Miyaura coupling
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Scheme 94. Construction of the D-ring
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Table 12. Completion of the total synthesis of madangamine C

conditions
—_—
madangamine C
entry conditions result
1 IrCI(CO)(PPh3), (20 mol%), (Me,HSi),O, CH,Cl,, rt; TFA multispot
LiAlH, (solid), Et,O, rt multispot
LiAlH4 (THF solution), Et,O, rt 18%
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TIPSO N TIPSO N -
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CO,Et HO
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Scheme 95. Construction of the A-ring
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Scheme 96. Construction of the ABC-ring
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TIPSO TIPSO
=
A NBoc O3, MeOH, -78 °C; NBoG BrPhsP
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(0] 40 °C
H H
271 272 44% (2 steps)
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THF, 60 °C 2. HOBt, EDCI
96% iPI'zNEt, CH20|2
67% (2 steps)
CSA AZADOL, Phl(OAc),
MeOH, 40 °C CH,Cl,
94% 86%
275
M X
ICH,PPh3l, HMPA e0,C7 TN
NaN(TMS), 9-BBN, THF;
THF, =78 °C Pd(PPhg)s, Cs,CO4
69% THF, H,0, rt
74%
LiOH aq 1. TBAF, THF, rt
THF, rt 2. HOBt, EDCI
74% iProNEt, CH,Cl,
48% (2 steps)
LiAIH,
Et,0, rt

18%

Scheme 97. Total synthesis of madangamine C
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General Details. Reactions were performed in oven-dried glassware fitted with rubber septa under an argon
atmosphere. DMF was distilled from CaH,. Pyridine was distilled from sodium hydroxide. All distilled
solvents, CH,Cl,, (CH,Cl),, Et,0, PhMe, THF, o-xylene, MeCN, MeOH and EtOH were dried over activated
3A molecular sieves. Commercial reagents were used without further purification. Thin-layer chromatography
was performed on Merck 60 F,s4 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.). '"H NMR spectra were recorded at 500 MHz and *C NMR
spectra at 125 MHz with JEOL ECA-500 spectrometers. Chemical shifts are reported in ppm with reference to
solvent signals ['H NMR: CDCl; (7.26), C¢Ds (7.16); *C NMR: CDCl; (77.16)]. Signal patterns are indicated
as br, broad; s, singlet; d, doublet; t, triplet; q, 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). Melting points were measured with a

Mitamura-Riken microhot stage.
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Synthesis of 1-(benzyloxy)-6-phenylpiperidin-2-one (168)

H,NOBn-HCI NaBH5CN BnO..
(o) o) pyridine (o) BnO\N AcCl o NH
J PP
HOJ\/\/U\Ph EtOH, reflux ~ HO Ph MeOH, rt MeO Ph
164 165 60% (2 steps) 166
o)
LiOH o By EDCI, Et;N oBn
—— R N~
THF/H,0, rt HO Ph CH,Cly, rt
Ph
78% for 2 st
167 8% for 2 steps 168
BnO.
o “"NH
MeO/U\/\)\Ph
166

Methyl 5-((benzyloxy)amino)-5-phenylpentanoate (166)

o-Benzylhydroxyamine hydrochloride (1.87 g, 11.7 mmol) was added to a solution of 4-benzoylbutyric acid
164 (2.04 g, 10.6 mmol), pyridine (1.9 mL, 23 mmol) and EtOH (35 mL) at room temperature. The solution
was refluxed for 5 h, quenched with saturated aqueous NH,4C1 (30 mL), and extracted with EtOAc (2x 30 mL).
The combined organic extracts were washed with brine (40 mL), dried over Na,SO,, and concentrated. The
residue was directly used in the next reaction without further purification. For an analytical sample, the crude
mixture was purified by silica gel column chromatography (EtOAc/hexane 1:10 to 1:3) to afford pure 165:
white crystals, mp 72.0-73.0 °C; IR 3062, 3032, 2932, 2877, 1708, 1455, 1243, 1020, 930, 766, 737, 696
cm™; '"H NMR (500 MHz, CDCl5) § 7.68-7.61 (m, 2H), 7.43—7.25 (m, 8H), 5.22 (s, 2H), 2.86 (t, J = 7.7 Hz,
2H), 2.39 (t, J = 7.5 Hz, 2H), 1.88 (tt, J = 7.7, 7.5 Hz, 2H); °C NMR (125 MHz, CDCl;) § 179.4 (C), 157.9
(C), 138.1 (C), 135.4 (C), 129.3 (CH), 128.7 (CH), 128.5 (CH), 128.3 (CH), 127.9 (CH), 126.4 (CH), 76.4
(CH,), 33.6 (CH,), 25.8 (CH,), 21.5 (CH,); HRMS (ESI), caled for C;sHNO;" (M+H)" 298.1443, found
298.1441.

Acetyl chloride (11 mL, 159 mmol) was added dropwise to MeOH (20 mL) at 0 °C. The solution was
allowed to warm to room temperature, and stirred for 30 min. The resulting HCI in MeOH was added to a
solution of the crude 165 and MeOH (33 mL) at 0 °C. Sodium cyanoborohydride (2.00 g, 31.8 mmol) was
then added to this mixture at 0 °C. The mixture was allowed to warm to room temperature, stirred for 15 h at
room temperature, and quenched with saturated aqueous NaHCO; (40 mL). The resulting mixture was
extracted with EtOAc (2x 30 mL). The combined organic extracts were washed with brine (40 mL), dried over
Na,S0O,, and concentrated. The residue was purified by silica gel column chromatography (EtOAc/hexane
1:20 to 1:10) to give 2.00 g of 166 (60% for 2 steps): a colorless oil; IR (film) 2950, 2864, 1737, 1454, 1206,
1159, 700 cm™; "H NMR (500 MHz, CDCl;) § 7.40-7.20 (m, 10H), 5.65 (s, 1H), 4.63 (d, J= 11.5 Hz, 1H),
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4.56 (d,J=11.5 Hz, 1H), 3.97 (dd, J = 8.0, 5.4 Hz, 1H), 3.63 (s, 3H), 2.29 (ddd, J=16.5, 7.2, 1.5 Hz, 1H),
2.24 (ddd, J=16.5, 7.2, 1.5 Hz, 1H), 1.84 (dddd, J = 12.9, 10.4, 5.4, 5.4 Hz, 1H), 1.66 (dddd, J = 10.4, 8.0, 5.4,
5.4 Hz, 1H), 1.64-1.43 (m, 2H); °C NMR (125 MHz, CDCl3) § 173.8 (C), 141.4 (C), 137.9 (C), 128.6 (CH),
128.5 (CH), 128.4 (CH), 127.84 (CH), 127.82 (CH), 127.7 (CH), 76.8 (CH.), 65.6 (CH), 51.6 (CHs), 34.0
(CH,), 33.2 (CH,), 21.6 (CH,); HRMS (ESI), caled for C1oH,3N Na O;" (M+Na)™ 336.1576, found 336.1576.

Preparation of 1-(Benzyloxy)-6-phenylpiperidin-2-one (168)

Lithium hydroxide monohydrate (1.34 g, 31.9 mmol) was added to a solution of 166 (2.00 g, 6.38 mmol),
THF (43 mL) and H,O (21 mL) at room temperature. The solution was maintained for 5.5 h at room
temperature, and quenched with saturated aqueous NH4CI (50 mL). The resulting mixture was extracted with
EtOAc (5x 30 mL). The combined organic extracts were washed with brine (80 mL), dried over Na,SO,, and
concentrated. The residue was directly used in the next reaction without further purification.
1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride (1.22 g, 6.38 mmol) was added to a solution
of the crude 167, Et;N (0.89 mL, 6.4 mmol) and CH,Cl, (32 mL) at room temperature. The solution was
maintained for 1 day at room temperature, and quenched with H,O (30 mL). The resulting mixture was
extracted with EtOAc (2x 20 mL). The combined organic extracts were washed with brine (30 mL), dried over
Na,SO,, and concentrated. The residue was purified by silica gel column chromatography (EtOAc/hexane

1:20 to 1:10) to give 1.41 g of 168 (78% for 2 steps): white crystals, mp 89.0-90.0 °C; IR (film) 3031, 2952,
2875, 1668, 700 cm™; 'TH NMR (500 MHz, CDCls) § 7.40—7.26 (m, 8H), 7.18-7.15 (m, 2H), 5.03 (d, J=10.0
Hz, 1H), 4.63 (d, /= 10.0 Hz, 1H), 4.53 (dd, /= 6.0, 6.0 Hz, 1H), 2.62 (ddd, J=17.2, 6.6, 6.6 Hz, 1H), 2.56
(dddd, /=17.2,7.5, 6.0, 0.9 Hz, 1H), 2.13-2.05 (m, 1H), 1.96-1.87 (m, 1H), 1.80-1.71 (m, 1H), 1.68-1.58
(m, 1H); "C NMR (125 MHz, CDCl;) § 168.8 (C), 140.4 (C), 135.4 (C), 129.6 (CH), 128.6 (CH), 128.6 (CH),
128.4 (CH), 127.9 (CH), 127.0 (CH), 76.4 (CH,), 65.7 (CH), 33.6 (CH,), 33.0 (CH,), 18.4 (CH,); HRMS
(ESI), calced for C3,HgN,OsSi, " (M+H)" 609.4119, found 609.4130.
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Synthesis of 1-(Benzyloxy)-5-phenylpyrrolidin-2-one (173)

H,NOBN-HCI BnO. NaBH5;CN BnO.
Q pyridine IN AcCl NH
HO\H/\)J\Ph - = HO\”/\)\Ph e MeO\”/\)\Ph
o EtOH, reflux MeOH, rt S
169 o 170 28% for 2 steps 171
BnO. o
LiOH NH EDCI, EtzN
HO N/OBn
THF/H,0, rt Ph CH,Cly, rt
(0] 0 Ph
83% for 2 st
172 % for 2 steps 173
BnO.
NH
MeO
Ph
(0]
171

Preparation of methyl 4-((benzyloxy)amino)-4-phenylbutanoate (171)

o-Benzylhydroxyamine hydrochloride (1.96 g, 12.3 mmol) was added to a solution of 3-benzoyl propionic
acid 169 (2.00 g, 11.2 mmol), pyridine (2.0 mL, 25 mmol) and EtOH (37 mL) at room temperature. The
solution was refluxed for 14 h, quenched with saturated aqueous NH4Cl (30 mL), and extracted with EtOAc
(2x 30 mL). The combined organic extracts were washed with brine (40 mL), dried over Na,SO,, and
concentrated. The residue was directly used in the next reaction without further purification. For an analytical
sample, the crude 170 was filtered through a pad of silica gel and then purified by HPLC (PEGASIL Silica
120-5, 250%x20 mm, UV 254 nm, EtOAc/hexane 1:14, 10 mL/min, Tgx = 17.0 min) to afford pure 170: a
colorless oil; IR (film) 3062, 3032, 2927, 2877, 1710, 1453, 1023, 761, 695 cm™; "H NMR (500 MHz, CDCls)
§ 7.66-7.60 (m, 2H), 7.44-7.28 (m, 8H), 5.24 (s, 2H), 3.12-3.06 (m, 2H), 2.67-2.59 (m, 2H); "C NMR (125
MHz, CDCl;) 6 179.0 (C), 156.9 (C), 137.9 (C), 135.1 (C), 129.5 (CH), 128.7 (CH), 128.5 (CH), 128.3 (CH),
128.0 (CH), 126.4 (CH), 76.5 (CH,), 30.7 (CH,), 22.3 (CH,); HRMS (ESI), calcd for C;;H;sNO;" (M+H)"
284.1287, found 284.1287.

Acetyl chloride (12 mL, 170 mmol) was added dropwise to MeOH (20 mL) at 0 °C. The solution was
allowed to warm to room temperature, and stirred for 30 min. The resulting HCI in MeOH was added to a
solution of the crude 170 and MeOH (33 mL) at 0 °C. Sodium cyanoborohydride (2.11 g, 33.6 mmol) was
then added to this mixture at 0 °C. The mixture was allowed to warm to room temperature, stirred for 18 h at
room temperature, and quenched with saturated aqueous NaHCO; (40 mL). The resulting mixture was
extracted with EtOAc (2x 30 mL). The combined organic extracts were washed with brine (40 mL), dried over
Na,S0O,, and concentrated. The residue was purified by silica gel column chromatography (EtOAc/hexane
1:60 to 1:10) to give 0.884 g of 171 (28% for 2 steps): a colorless oil; IR (film) 3030, 2951, 1737, 1454, 1169,

751, 700 cm™; '"H NMR (500 MHz, CDCl3) & 7.40-7.25 (m, 10H), 5.66 (s, 1H), 4.66 (d, J = 11.5 Hz, 1H),
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4.60 (d, J=11.5 Hz, 1H), 3.99 (dd, J = 6.6, 6.6 Hz, 1H), 3.61 (s, 3H), 2.30-2.14 (m, 3H), 2.02-1.91 (m, 1H):
3¢ NMR (125 MHz, CDCly) & 173.8 (C), 140.8 (C), 137.9 (C), 128.63 (CH), 128.60 (CH), 128.4 (CH),
127.90 (CH), 127.86 (CH), 127.8 (CH), 76.9 (CHa), 65.1 (CH), 51.7 (CHs), 30.8 (CH,), 29.0 (CH,); HRMS
(ESI), calcd for C;sHy N Na O;" (M+Na)' 322.1419, found 322.1416.

0]

( :N/OBn

Ph

173
1-(Benzyloxy)-5-phenylpyrrolidin-2-one (173)
Lithium hydroxide monohydrate (621 mg, 14.8 mmol) was added to a solution of 171 (884 mg, 2.95 mmol),
THF (20 mL) and H,O (10 mL) at room temperature. The solution was maintained for 1 day at room
temperature, and quenched with saturated aqueous NH4CI (30 mL). The resulting mixture was extracted with
EtOAc (5x 30 mL). The combined organic extracts were washed with brine (30 mL), dried over Na,SO,4, and
concentrated. The residue was directly used in the next reaction without further purification.
1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride (1.22 g, 6.38 mmol) was added to a solution
of the crude 172, Et;N (0.41 mL, 3.0 mmol) and CH,Cl, (15 mL) at room temperature. The solution was
maintained for 19 h at room temperature, and quenched with H,O (20 mL). The resulting mixture was
extracted with EtOAc (2x 20 mL). The combined organic extracts were washed with brine (20 mL), dried over
Na,S0,, and concentrated. The residue was purified by silica gel column chromatography (EtOAc/hexane 1:3)
to give 0.656 g of 173 (83% for 2 steps): white crystals, mp 78.0-79.0 °C; IR (film) 3032, 2950, 2880, 1717,
1456, 1369, 1053, 1033, 753, 700 cm™; "H NMR (500 MHz, CDCls) § 7.41-7.24 (m, 8H), 7.22-7.18 (m, 2H),
5.03 (d,J=10.3 Hz, 1H), 4.69 (d, J=10.3 Hz, 1H), 4.44 (dd, J=6.9, 6.9 Hz, 1H), 2.56-2.48 (m, 1H),
2.43-2.31 (m, 2H), 2.00-1.90 (m, 1H); °C NMR (125 MHz, CDCl;) § 172.1 (C), 139.8 (C), 135.3 (C), 129.5
(CH), 128.9 (CH), 128.8 (CH), 128.5 (CH), 128.4 (CH), 127.1 (CH), 77.4 (CH,), 62.8 (CH), 27.3 (CH,), 25.8
(CH,); HRMS (ESI), calcd for C,;H;sNO," (M+H)" 268.1338, found 268.1338.

\

Me
_0OBn

174

[General procedure A: Synthesis of a-trisubstituted amines through the allylation]

2-Allyl-1-(benzyloxy)-2-methylpiperidine (174)
Methyllithium (1.07 M in Et,O, 0.18 mL, 0.19 mmol) was added dropwise to a solution of 163 (30.6 mg, 149

umol) and THF (1.5 mL, freshly distilled from sodium/benzophenone) at —78 °C. The solution was
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maintained for 10 minutes at —78 °C, and then MeCN (0.50 mL), allyltributyltin (0.14 mL, 0.45 mmol) and
Sc(OTf); (95.5 mg, 0.194 mmol) were added to the solution at —78 °C. The mixture was allowed to warm to
room temperature, and stirred for 1 day. The reaction mixture was quenched with saturated aqueous NaHCO;
(3.0 mL) and extracted with EtOAc/hexane = 1:1 (2x 5 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 (hexane to EtOAc/hexane 1:40) to give 21.6 mg of 174 (92%): a colorless oil; IR (film) 2936,
2853, 1453, 1369, 911 cm™; '"H NMR (500 MHz, CDCl;, 60 °C) & 7.37-7.24 (m, 5H), 5.97-5.83 (m, 1H),
5.09-5.01 (m, 2H), 4.69 (s, 2H), 3.09-2.79 (m, 2H), 2.44 (dd, J=12.6, 6.9 Hz, 1H), 2.41 (dd, J=12.6, 6.3 Hz,
1H), 1.72-1.26 (m, 6H), 1.13 (s, 3H); °C NMR (125 MHz, CDCl;, mixture of two lotamers) & 138.0 (C),
135.5 (CH), 128.5 (CH), 128.4 (CH), 127.7 (CH), 117.1 (CH,), 75.5 (CH,), 75.1 (CH,), 61.2 (C), 49.5 (CH,),
48.9 (CH,), 46.1 (CH,), 35.5 (CH,), 34.3 (CH,), 25.7 (CH,), 25.2 (CH,), 19.8 (CH,), 19.8 (CH,), 14.5 (CHj;);
HRMS (ESI), caled for CsHpNO™ (M+H)" 246.1858, found 246.1860.

2-Allyl-1-(benzyloxy)-2-butylpiperidine (175)

Following the general procedure A using n#-BuLi (1.67 M in hexane, 0.15 mL, 0.24 mmol), 163 (33.3 mg,
0.162 mmol) was converted to 175 (40.0 mg, 86%): a colorless oil; IR (film) 2934, 2858, 1453, 1028, 909
cm’'; "H NMR (500 MHz, CDCl;, 60 °C) & 7.36-7.23 (m, 5H), 6.03—5.87 (m, 1H), 5.07-5.00 (m, 2H), 4.68 (d,
J=10.9 Hz, 1H), 4.66 (d, J = 10.9 Hz, 1H), 3.08-2.97 (m, 2H), 2.48 (dd, J=14.3, 7.2 Hz, 1H), 2.38 (dd, J =
14.3, 7.5 Hz, 1H), 1.71-1.53 (m, 4H), 1.51-1.26 (m, 8H), 0.92 (t, J = 7.2 Hz, 3H); "C NMR (125 MHz,
CDCl;, 60 °C) & 138.5 (C), 136.1 (CH), 128.4 (CH), 128.3 (CH), 127.6 (CH), 116.4 (CH,), 74.8 (CH,), 63.2
(C), 48.8 (CH,), 44.0-32.0 (CH; x2, broad), 31.4 (CH,), 26.0 (CH,), 24.8 (CH,), 23.8 (CH,), 19.7 (CH,), 14.3
(CH;); HRMS (ESI), calcd for CoH3NO" (M+H)" 288.2327, found 288.2328.

Ph

\__ //

_0Bn
N

176

2-Allyl-1-(benzyloxy)-2-(phenylethynyl)piperidine (176)
n-Butyllithium (1.67 M in hexane, 0.21 mL, 0.35 mmol) was added dropwise to a solution of phenylacetylene
(38 uL, 0.35 mmol) and THF (0.75 mL, freshly distilled from sodium/benzophenone) at —78 °C. The solution
was maintained for 15 min at —78 °C, and was then added to a solution of 163 (30.7 mg, 0.150 mmol) and
THF (0.75 mL) via cannula at —78 °C. After the solution was maintained for 10 minutes at —78 °C, MeCN
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(0.50 mL), allyltributyltin (0.14 mL, 0.45 mmol) and Sc(OTf); (96.2 mg, 0.195 mmol) were added to the
solution at —78 °C. The resulting mixture was allowed to warm to room temperature, and stirred for 1 day. The
reaction mixture was quenched with saturated aqueous NaHCOj; (3 mL) and extracted with EtOAc/hexane 1:3
(2x 5 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 (hexane to EtOAc/hexane =
1:40) to give 40.3 mg of 176 (81%): a colorless oil; IR (film) 2939, 2853, 1490, 1442, 1364, 1294, 1027, 913,
755,692 cm™; "H NMR (500 MHz, CDCl3) § 7.47—7.24 (m, 10H), 6.05 (dddd, J=16.9, 9.2, 8.0, 7.2 Hz, 1H),
5.15(d,J=16.9 Hz, 1H), 5.12 (d, J=9.2 Hz, 1H), 4.76 (d, /= 11.2 Hz, 1H), 4.73 (d, J=11.2 Hz, 1H),
3.11-3.02 (m, 2H), 2.93 (dd, J = 13.8, 7.2 Hz, 1H), 2.46 (dd, J = 13.8, 8.0 Hz, 1H), 1.92—1.47 (m, 6H); °C
NMR (125 MHz, CDCl;) 6 137.9 (C), 134.6 (CH), 132.0 (CH), 128.8 (CH), 128.3 (CH), 128.2 (CH), 127.9
(CH), 127.8 (CH), 123.7 (C), 117.7 (CH,), 89.2 (C), 87.5 (C), 75.4 (CH,), 64.0 (C), 52.2 (CH,), 44.3 (CH,),
36.7 (CH,), 25.8 (CH,), 21.0 (CH,); HRMS (ESI), calcd for Co3sHosNO™ (M+H)" 332.2014, found 332.2018.

N e

"~
~

CLOBH
N
Ph

178

2-Allyl-1-(benzyloxy)-2-methyl-6-phenylpiperidine (178)

Following the general procedure A, 168 (70.0 mg, 0.249 mmol) was converted to 178 (71.8 mg, 90%): a
colorless oil; IR (film) 2936, 2868, 1454, 1368, 1027, 911, 748, 698cm™; '"H NMR (500 MHz, CDCl;) &
7.55-7.45 (m, 2H), 7.37-7.25 (m, 3H), 7.20-7.11 (m, 3H), 6.78-6.68 (m, 2H), 5.81 (dddd, J=17.2, 9.5, 6.9,
6.6 Hz, 1H), 5.09 (d, J=17.2 Hz, 1H), 5.04 (d, J=9.5 Hz, 1H), 4.40 (d, J = 8.9 Hz, 1H), 4.05-3.93 (m, 1H),
3.83 (d, J=8.9 Hz, 1H), 2.67 (dd, J = 12.3, 6.9 Hz, 1H), 2.56 (dd, J = 12.3, 6.6 Hz, 1H), 1.90-1.43 (m, 6H),
1.33 (s, 3H); "C NMR (125 MHz, CDCl;) § 143.7 (C), 137.1 (C), 135.7 (CH), 129.1 (CH), 128.8 (CH), 128.1
(CH), 128.0 (CH), 127.7 (CH), 127.3 (CH), 117.1 (CH,), 77.8 (CHp), 65.1 (CH), 63.0 (C), 35.3 (CH,), 35.1
(CH,), 33.0 (CH,), 27.6 (CH;), 19.7 (CH,); HRMS (ESI), caled for C,,H,sNO'™ (M+H)" 322.2171, found
322.2173.

NOE experiment for 178

Ph N Me
/
N
2.9%

178 (CDCl;, 500 MHz)
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2-Allyl-1-(benzyloxy)-2-butyl-6-phenylpiperidine (179)

Following the general procedure A using #-BuLi (1.59 M in hexane, 0.13 mL, 0.21 mmol), 168 (45.0 mg,
0.160 mmol) was converted to 179 (42.0 mg, 72%): a colorless oil; IR (film) 2939, 2870, 1454, 1261, 1096,
1026, 911, 804, 749, 698 cm™; 'H NMR (500 MHz, CDCl;) & 7.62-7.42 (m, 2H), 7.38-7.25 (m, 3H),
7.21-7.10 (m, 3H), 6.75-6.64 (m, 2H), 5.92-5.77 (m, 1H), 5.07 (d, /= 17.2 Hz, 1H), 5.03 (d, /= 9.7 Hz, 1H),
4.30 (d, J= 8.6 Hz, 1H), 4.07-3.96 (m, 1H), 3.00 (d, J= 8.6 Hz, 1H), 2.69 (dd, J=12.6, 6.9 Hz, 1H), 2.50 (dd,
J=12.6, 6.0 Hz, 1H), 1.88-1.23 (m, 12H), 0.96 (t, J = 6.9 Hz, 3H); >*C NMR (125 MHz, CDCl;) & 144.4 (C),
137.2 (C), 136.1 (CH), 129.0 (CH), 128.8 (CH), 128.1 (CH), 128.0 (CH), 127.6 (CH), 127.2 (CH), 117.0
(CHy), 77.0 (CH,), 65.6 (CH), 64.9 (C), 37.2 (CH,), 35.5 (CH,), 34.2 (CH,), 31.6 (CH,), 25.2 (CH,), 23.7
(CH,), 19.4 (CH,), 14.6 (CH3); HRMS (ESI), caled for C,sH3,NO" (M+H)" 364.2640, found 364.2642.

NOE experiment for 179

4.1%
179 (CDCl;, 500 MHz)

N/OBn

Ph
180

2-Allyl-1-(benzyloxy)-2-methyl-5-phenylpyrrolidine (180)

Following the general procedure A, 173 (42.8 mg, 0.160 mmol) was converted to 180 (30.9 mg, 63%): a
colorless oil; IR (film) 2969, 2872, 1454, 1368, 1028, 911, 752, 698 cm™; '"H NMR (500 MHz, CcDs) &
7.61-7.56 (m, 2H), 7.36-7.30 (m, 2H), 7.28-7.22 (m, 3H), 7.18-7.08 (m, 3H), 5.91 (dddd, J = 16.0, 11.2, 8.0,
7.2 Hz, 1H), 5.16 (dddd, J = 11.2, 2.6, 1.2, 1.2 Hz, 1H), 5.14 (dddd, J = 16.0, 2.6, 1.2, 1.2 Hz, 1H), 4.67 (d, J
=10.6 Hz, 1H), 4.50 (d, /= 10.6 Hz, 1H), 4.26 (dd, J=9.5, 7.7 Hz, 1H), 2.74 (ddddd, J = 13.5, 7.2, 1.2 1.2,
0.9 Hz, 1H), 2.41 (dddd, J=13.5, 8.0, 1.2, 1.2 Hz, 1H), 1.97 (dddd, J = 12.6, 9.5, 9.5, 7.2 Hz, 1H), 1.81 (ddd,
J=12.0,9.5,3.7 Hz, 1H), 1.67 (dddd, /= 12.6, 10.3, 7.7, 3.7 Hz, 1H), 1.58 (dddd, J = 12.0, 10.3, 7.2, 0.9 Hz,
1H), 1.39 (s, 3H); °C NMR (125 MHz, CDCl;) & 144.5 (C), 137.7 (C), 136.1 (CH), 128.7 (CH), 128.29 (CH),
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128.26 (CH), 128.21 (CH), 127.7 (CH), 127.2 (CH), 117.4 (CH.), 77.9 (CH.), 67.9 (CH), 66.4 (C), 37.2 (CH,),
31.9 (CH,), 28.8 (CH,), 25.8 (CH;); HRMS (ESI), caled for CoHyNO'™ (M+H)™ 308.2014, found 308.2013.

NOE experiment for 180

Me

A
S

2.4%
180 (CsDs, 500 MHz)

NC Me
_0OBn

181

[General procedure B: Synthesis of a-trisubstituted amines through the cyanation]

1-(Benzyloxy)-2-methylpiperidine-2-carbonitrile (181)

Methyllithium (1.07 M in Et,0, 0.18 mL, 0.19 mmol) was added dropwise to a solution of 163 (30.5 mg,
0.149 mmol) and THF (1.5 mL) at —78 °C. The solution was maintained for several minutes at —78 °C, and
then MeCN (0.50 mL), TMSCN (32 pL, 0.45 mmol) and SnCl; (23 pL, 0.19 mmol) were added to the
solution at —78 °C. The mixture was allowed to warm to room temperature, and stirred for 1 day. The reaction
mixture was quenched with saturated aqueous NaHCO; (3.0 mL) and extracted with EtOAc/hexane = 1:1 (2x
5 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 = 1:20 to 1:10) to give 29.3 mg
of 181 (85%): a colorless oil; IR (film) 2944, 2852, 1454, 1369, 1026, 698 cm™; '"H NMR (500 MHz, CDCls)
0 7.38-7.28 (m, 5H), 4.73 (d, J = 11.5 Hz, 1H), 4.71 (d, J = 11.5 Hz, 1H), 3.22-3.10 (m, 1H), 2.80 (ddd, J =
11.2, 11.2, 2.6 Hz, 1H), 1.95 (ddd, J = 10.3, 2.6, 2.6 Hz, 1H), 1.78-1.68 (m, 1H), 1.64—1.50 (m, 7H); C
NMR (125 MHz, CDCl;) 8 137.0 (C), 128.9 (CH), 128.4 (CH), 128.1 (CH), 119.5 (C), 76.0 (CH,), 62.3 (C),
53.2 (CH,), 37.4 (CH,), 25.4 (CH3), 25.2 (CH,), 21.1 (CH,); HRMS (ESI), calcd for C,H;oN,O" (M+H)"
231.1497, found 231.1498.



1-(Benzyloxy)-2-butylpiperidine-2-carbonitrile (182)

Following the general procedure B using n-BuLi (1.67 M in hexane, 0.16 mL, 0.27 mmol), 163 (33.0 mg,
0.160 mmol) was converted to 182 (38.9 mg, 89%): a colorless oil; IR (film) 2957, 2868, 1455, 1365, 1022,
751, 698 cm™; 'H NMR (500 MHz, CDCl;) & 7.38-7.28 (m, 5H), 4.72 (d, J = 11.2 Hz, 1H), 4.69 (d, J=11.2
Hz, 1H), 3.22-3.14 (m, 1H), 2.84 (ddd, J = 10.3, 10.3, 2.3 Hz, 1H), 2.12 (ddd, J = 13.2, 11.7, 4.9 Hz, 1H),
2.04-1.97 (m, 1H), 1.78-1.18 (m, 10H), 0.92 (t, J = 7.2 Hz, 3H); °C NMR (125 MHz, CDCl;) § 137.0 (C),
128.9 (CH), 128.4 (CH), 128.1 (CH), 119.1 (C), 75.7 (CH,), 66.6 (C), 53.2 (CH,), 37.0 (CH,), 34.1 (CH,),
25.9 (CH,), 25.1 (CH,), 23.0 (CH,), 21.0 (CH,), 14.1 (CHs); HRMS (ESI), caled for C;;H,sN,O" (M+H)"
273.1967, found 273.1971.

183

1-(Benzyloxy)-2-(phenylethynyl)piperidine-2-carbonitrile (183)

n-Butyllithium (1.67 M in hexane, 0.18 mL, 0.30 mmol) was added dropwise to a solution of phenylacetylene
(33 uL, 0.30 mmol) and THF (0.75 mL, freshly distilled from sodium/benzophenone) at —78 °C. The solution
was maintained for 15 min at —78 °C, and was then added to a solution of 163 (30.6 mg, 0.149 mmol) and
THF (0.75 mL) via cannula at —78 °C. After the solution was maintained for 20 minutes at —78 °C, MeCN
(0.50 mL), TMSCN (32 puL, 0.45 mmol) and SnCl, (23 uL, 0.19 mmol) were added to the solution at —78 °C.
The resulting mixture was allowed to warm to room temperature, and stirred for 1 day. The reaction mixture
was quenched with saturated aqueous NaHCO; (3 mL) and extracted with EtOAc/hexane 1:1 (2x 5 mL). The
combined organic extracts were washed with brine (10 mL), dried over Na,SQO,, and concentrated. The residue
was purified by silica gel column chromatography (hexane to EtOAc/hexane = 1:10) to give 16.1 mg of 183
(34%): a colorless oil; IR (film) 2949, 2935, 2858, 2236, 1491, 1444, 1146, 1022, 756, 692 cm™; '"H NMR
(500 MHz, CDCl;, 60 °C) 6 7.47 (d, J = 8.0 Hz, 2H), 7.41 (d, J = 7.2 Hz, 2H), 7.38-7.25 (m, 6H), 5.09-4.86
(m, 2H), 3.30-2.76 (m, 2H), 2.45-2.05 (m, 2H), 1.80-1.55 (m, 4H); °C NMR (125 MHz, CDCls, mixture of
two rotamers, signals of the major rotamer are reported) 6 136.9 (C), 132.0 (CH), 129.3 (C), 129.2 (CH),
129.0 (CH), 128.5 (CH), 128.4 (CH), 128.1 (CH), 121.6 (C), 84.8 (C), 84.0 (C), 76.8 (CH,), 60.1 (C), 53.1
(CH,), 37.8 (CH,), 24.6 (CH,), 20.2 (CH,),; HRMS (ESI), calcd for C;H;N,O" (M+H)" 317.1654, found
317.1658.



1-(Benzyloxy)-2-phenylpiperidine-2-carbonitrile (184)

Preparation of PhLi in Et,O: Bromobenzene (0.32 mL, 3.1 mmol) was added to a mixture of Lithium wire
(3.2 mm diam., 42.9 mg, 6.18 mmol) and Et,O (1.6 mL, freshly distilled from LiAlH,4) at room temperature.
The mixture was stirred for 30 min with ultrasound, and then centrifugalized for 40 min. The supernatant of
the mixture was used in the next reaction. Concentrations of PhLi in Et,0O was determined as 0.8 M by
reported method ).

Following the general procedure B using PhLi (0.8 M in Et,0, 0.28 mL, 0.22 mmol), 163 (30.2 mg, 0.147
mmol) was converted to 184 (31.3 mg, 73%): brown crystals, mp 97.0-98.0 °C; IR (film) 2928, 2853, 1449,
1017, 755, 698 cm™; "H NMR (500 MHz, CDCl3) § 7.79-7.73 (m, 2H), 7.45-7.36 (m, 3H), 7.23-7.17 (m, 3H),
6.95-6.90 (m, 2H), 4.38 (d, /= 10.6 Hz, 1H), 4.17 (d, /= 10.6 Hz, 1H), 3.35 (ddd, J=11.5, 3.4, 2.3 Hz, 1H),
2.99 (ddd, J = 11.5, 11.5, 3.2 Hz, 1H), 2.11-2.01 (m, 2H), 1.88-1.80 (m, 1H), 1.76-1.65 (m, 3H); °C NMR
(125 MHz, CDCl3) 6 139.0 (C), 136.7 (C), 128.8 (CH), 128.7 (CH), 128.5 (CH), 128.2 (CH), 127.9 (CH),
126.9 (CH), 117.6 (C), 75.4 (CH,), 71.7 (C), 53.7 (CH,), 39.8 (CH,), 25.2 (CH,), 21.4 (CH,); HRMS (ESI),
calced for CoH, N,O" (M+H)" 293.1654, found 293.1658.

NC Me
2 N,OBn
Ph
185

1-(Benzyloxy)-2-methyl-6-phenylpiperidine-2-carbonitrile (185)

Following the general procedure B using 1.7 equivalent of MeLi, 168 (45.0 mg, 0.16 mmol) was converted to
185 (42.3 mg, 86%): white crystals, mp 124.0-125.0 °C; IR (film) 2945, 2871, 1456, 1241, 1033 cm’; 'H
NMR (500 MHz, CDCl,) 6 7.55-7.45 (m, 2H), 7.41-7.30 (m, 3H), 7.21-7.14 (m, 3H), 6.81-6.74 (m, 2H),
4.38 (d, J = 10.0 Hz, 1H), 3.96-3.91 (m, 1H), 3.92 (d, J = 10.0 Hz, 1H), 2.11-2.01 (m, 1H), 1.92-1.72 (m,
5H), 1.70 (s, 3H); °C NMR (125 MHz, CDCl;) § 141.5 (C), 136.0 (C), 129.1 (CH), 129.0 (CH), 128.6 (CH),
128.3 (CH), 128.2 (CH), 127.9 (CH), 119.9 (C), 78.1 (CH,), 69.3 (CH), 63.8 (C), 37.6 (CH,), 34.0 (CH,), 26.1
(CH3), 21.4 (CH,); HRMS (ESI), caled for CoH,,N,NaO" (M+Na)™ 329.1630, found 329.1627.

Stereochemical determination of 185

NC Me ) TsHN—., Me
A OBn 1. LiAlH,, Et,0, rt 4. _OBn
N N
2. TsCl, Et3N, CH,CI
Ph rtSC , t3 , C QC 2 Ph
185 70% for 2 steps 189

M. F. Lipton, C. M. Sorensen, A. C. Sadler, J. Organomet. Chem. 1980, 186, 155-158.
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[General procedure C: Stereochemical determination of 185]
N-((1-(Benzyloxy)-2-methyl-6-phenylpiperidin-2-yl)methyl)-4-methylbenzenesulfonamide (189)

Lithium aluminium hydride (42.1 mg, 1.11 mmol) was added to a solution of 185 (9.2 mg, 30 umol) and Et,O
(3.7 mL) at room temperature. The mixture was stirred for 2 h at room temperature, quenched with saturated
aqueous (+)-potassium sodium tartrate (5.0 mL), stirred for 1 h, and extracted with CHCI; (3x 5.0 mL). The
combined organic extracts were washed with brine (10 mL), dried over Na,SO,, and concentrated. A column
containing Dowex-50 Wx8 (200-400 mesh, 4.0 g) was charged with the residue. After elution with 1 M
aqueous NaOH, the collected solution was extracted with CHCl; (3x 10 mL). The combined organic extracts
were washed with brine (15 mL), dried over Na,SO,, and concentrated to give the amine, which was directly
used in the next reaction without further purification.

p-Toluenesulfonyl chloride (21.2 mg, 0.111 mmol) was added to a solution of the crude amine, Et;N (77 pL,
0.56 mmol) and CH,Cl, (3.7 mL) at room temperature. The solution was maintained for 1 h at room
temperature, quenched with H,O (5.0 mL), and extracted with EtOAc (2x 5.0 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 1:7 to 1:3) to give 36.4 mg of 189 (9.7 mg, 70% for 2
steps): a colorless oil; IR (film) 3286, 2926, 2872, 2854, 1454, 1326, 1162, 1094, 1071, 700, 551 cm™; 'H
NMR (500 MHz, (CD;),CO) 6 7.71 (d, J = 8.0 Hz, 2H), 7.49-7.25 (m, 7H), 7.21-7.12 (m, 3H), 6.77-6.67 (m,
2H), 6.24 (dd, J = 6.3, 6.3 Hz, 1H), 4.50-4.22 (m, 1H), 3.96-3.72 (m, 2H), 3.46-3.33 (m, 2H), 2.41 (s, 3H),
2.01-1.25 (m, 9H); °C NMR (125 MHz, CDCl;) § 143.2 (C), 142.7 (C), 137.3 (C), 136.1 (C), 129.7 (CH),
129.0 (CH), 129.0 (CH), 128.5 (CH), 128.3 (CH), 128.1 (CH), 127.7 (CH), 127.2 (CH), 78.3 (CH,), 66.0
(CH), 61.9 (C), 44.5 (CH,), 37.5 (CH,), 34.8 (CH,), 25.9 (CH3), 21.7 (CH3), 19.7 (CH,); HRMS (ESI), calcd
for C7H33N,05S" (M+H) " 465.2212, found 465.2209.

NOE experiment for 189
OBn
I
Ph \'[N Me
H
»__ “NHTs
3.4%

189 ((CD3),CO, 500 MHz)

NC nBu
” N,OBn
Ph
186
1-(Benzyloxy)-2-butyl-6-phenylpiperidine-2-carbonitrile (186)
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Following the general procedure B using n-BuLi (1.59 M in hexane, 0.13 mL, 0.21 mmol), 168 (45.0 mg, 0.16
mmol) was converted to 186 (34.7 mg, 62%): a colorless oil; IR (film) 2958, 2872, 1699, 1456, 761, 698, 669
cm™; 'TH NMR (500 MHz, CDCl3) § 7.56-7.44 (m, 2H), 7.40-7.29 (m, 3H), 7.21-7.13 (m, 3H), 6.80—6.72 (m,
2H), 4.35 (d, J=10.0 Hz, 1H), 3.97 (dd, J=9.7, 5.2 Hz, 1H), 3.87 (d, /= 10.0 Hz, 1H), 2.25-2.07 (m, 2H),
1.92-1.70 (m, 6H), 1.59—1.47 (m, 2H), 1.43—1.35 (m, 2H), 0.95 (t, J= 7.2 Hz, 3H); °C NMR (125 MHz,
CDCl;) 8 141.7 (C), 136.0 (C), 128.7 (CH), 128.7 (CH), 128.3 (CH), 128.2 (CH), 127.92 (CH), 127.90 (CH),
119.5 (C), 77.8 (CH,), 69.4 (CH), 68.1 (C), 37.4 (CH,), 34.1 (CH,), 33.9 (CH,), 26.0 (CH,), 23.1 (CH,), 21.2
(CH,), 14.1 (CH3); HRMS (ESI), calcd for C,3H2oN,O" (M+H)" 349.2280, found 349.2285.

Stereochemical determination of 186

NC nBu TsHN—_ nBu

1. LiAlH,, Et,0, rt ~,
.OB 4 =2 .OB
N N
Ph 2. :;SC', Et3N, CH20|2 Ph
186 75% for 2 steps 288

N-((1-(Benzyloxy)-2-butyl-6-phenylpiperidin-2-yl)methyl)-4-methylbenzenesulfonamide (186)

Following the general procedure C, 186 (21.3 mg, 61.1 umol) was converted to 288 (23.1 mg, 75% for 2
steps): a colorless oil; IR (film) 3293, 2952, 2871, 1454, 1329, 1162, 699, 548 cm’; "H NMR (500 MHz,
(CD5),CO) 6 7.70-7.63 (m, 2H), 7.45-7.27 (m, 7H), 7.22-7.16 (m, 3H), 6.76—6.68 (m, 2H), 6.15-6.08 (m 1H),
4.35-4.26 (m, 1H), 3.88-3.80 (m, 1H), 3.80-3.72 (m, 1H), 3.40 (dd, /= 12.9, 4.3 Hz, 1H), 3.35-3.26 (m, 1H),
2.43 (s, 3H), 1.86-1.27 (m, 12H), 0.94 (t, J = 6.6 Hz, 3H); °C NMR (125 MHz, CDCl;) § 143.1 (C), 143.0
(), 137.1 (C), 136.0 (C), 129.7 (CH), 129.0 (CH), 129.0 (CH), 128.5 (CH), 128.4 (CH), 128.1 (CH), 127.6
(CH), 127.3 (CH), 78.1 (CH,), 66.2 (CH), 64.0 (C), 44.0 (CH,), 36.6 (CH,), 34.9 (CH,), 34.3 (CHp), 25.1
(CH,), 23.6 (CH,), 21.7 (CH3), 19.4 (CH,), 14.3 (CHs); HRMS (ESI), calcd for C3H3N,03S" (M+H)"
507.2681, found 507.2683.
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NOESY experiment for 288

I
Ph \'[N n-Bu
H
w_A "NHTs

288 ((CDs),CO, 500 MHz)

1-(Benzyloxy)-2-methyl-5-phenylpyrrolidine-2-carbonitrile (187)

Following the general procedure B using 1.7 equivalent of MeLi, 173 (42.8 mg, 0.160 mmol) was converted
to 187 (39.2 mg, 84%, dr = 1.3:1). For analytical samples, the diastereomeric mixture was purified by HPLC
(PEGASIL Silica 120-5. 250x20 mm, EtOAc/hexane 1/14, major product: Ty = 16.0 min, minor product:
Tg = 18.0 min) to afford pure products: major product: a colorless oil; IR (film) 2923, 2877, 2854, 2240,
1454, 1376, 1028, 750, 698 cm™; "H NMR (500 MHz, CDCl;) § 7.49-7.44 (m, 2H), 7.40~7.30 (m, 3H),
7.25-7.20 (m, 3H), 7.05-7.00 (m, 2H), 4.77 (d, J=10.0 Hz, 1H), 4.37 (d, /= 10.0 Hz, 1H), 4.07 (dd, /= 8.9,
8.9 Hz, 1H), 2.57 (ddd, J=12.9, 10.6, 5.7 Hz, 1H), 2.20 (dddd, J=12.9, 9.5, 8.9, 5.7 Hz, 1H), 2.05 (ddd, J =
12.9, 9.5, 5.7 Hz, 1H), 1.91 (dddd, J = 12.9, 10.6, 8.9, 5.7 Hz, 1H), 1.59 (s, 3H); °C NMR (125 MHz, CDCl;)
0 141.1 (C), 136.4 (C), 129.1 (CH), 128.6 (CH), 128.4 (CH), 128.2 (CH), 128.1 (CH), 128.0 (CH), 123.4 (O),
77.8 (CH,), 67.6 (CH), 60.3 (C), 34.7 (CH,), 28.5 (CH,), 19.3 (CH;); HRMS (ESI), calcd for CoH;N,O"
(M+H)" 293.1654, found 293.1650.; minor product: a colorless oil; IR (film) 2924, 2853, 1455, 1368, 1026,
753, 698 cm™; "H NMR (500 MHz, CDCl3) § 7.49 (d, J = 7.5 Hz, 2H), 7.42-7.29 (m, 3H), 7.25-7.19 (m, 3H),
7.09-7.02 (m, 2H), 4.43 (d,J=10.6 Hz, 1H), 4.28 (d, /= 10.6 Hz, 1H), 4.30-4.23 (m, 1H), 2.44-2.25 (m,
2H), 2.03-1.94 (m, 1H), 1.89-1.80 (m, 1H), 1.52 (s, 3H); °C NMR (125 MHz, CDCl;) & 141.4 (C), 136.8 (C),
128.9 (CH), 128.6 (CH), 128.33 (CH), 128.25 (CH), 128.07 (CH), 128.05 (CH), 120.5 (C), 77.8 (CH,), 69.5
(CH), 64.3 (C), 33.7 (CH,), 28.1 (CH,), 23.7 (CH3); HRMS (ESI), calcd for C;oH,;N,O" (M+H)" 293.1654,
found 293.1655.
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NOE experiment for 187 (major)

NC

N-0OBn
ﬂe Ph
Me
A
2.4%

187 (major) (CDCl; 500 MHz)

/\/
NHBoc TIPSO NHBoc
9-BBN, THF;
TIPSO
TsO™ ™S PdCl,(dppf), Cs,CO4 o
COzEt  THF, H,0, 60 °C CO,Et
218 219
83%

Unsaturated ester (219)

9-Borabicyclo[3.3.1]nonane (0.5 M solution in THF, 23 mL, 12 mmol) was added to a solution of
(allyloxy)triisopropylsilane’® (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 quenched with H,O (1.6 mL, 91
mmol). This solution was added to a mixture of Cs,COs (4.93 g, 15.1 mmol), PdCl,(dppf)-CH,Cl, (247 mg,
302 pmol). A solution of tosylate 218" (3.02 g, 7.56 mmol), H,O (1.9 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 H,O (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 219 (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,
CDCl;, 60 °C) 6 5.77 (s, 1H), 4.67 (brs, 1H), 4.16 (q, /= 7.2 Hz, 2H), 3.83 (d, /= 5.7 Hz, 2H), 3.75 (t, /= 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); *C NMR (125 MHz, CDCl3) & 166.3 (C), 159.8 (C), 155.8 (C), 114.7 (CH), 79.9 (C),
63.4 (CH,), 59.8 (CH,), 46.3 (CH,), 32.1 (CH,), 28.5 (CH3), 27.4 (CH,), 18.1 (CH3;), 14.4 (CH;), 12.1 (CH);
HRMS (ESI), calcd for C,3H4sNOsSiNa“™ (M+Na)' 466.2965, found 466.2962.

(2 Twasaki, M.; Hayashi, S.; Hirano, K.; Yorimitsu, H.; Oshima, K. J. Am. Chem. Soc. 2007, 129, 4463-4469.
Bl Baxter, J. M.; Steinhuebel, D.; Palucki, M.; Davies, I. W. Org. Lett. 2005, 7, 215-218.
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NHBoc NHBoc
DIBAL, BF;-OEt,
TIPSO N TIPSO N
CH,Cl,, -78 °C
CO,Et
219 2 94% 220 HO

Allylic alcohol (229)

Boron trifluoride diethylether complex (3.0 mL, 25 mmol) was added to a solution of unsaturated ethyl ester
219 (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,, and concentrated. The residue was
purified by silica gel column chromatography (EtOAc/hexane 1/4) to give allylic alcohol 229 (8.50 g, 94%): a
colorless oil; IR (film) 3350, 2942, 2866, 1696, 1514, 1463, 1271, 1172, 1106, 882, 681 cm™; "H NMR (500
MHz, CDCly) & 5.62 (t, J = 6.9 Hz, 1H), 4.61 (brs, 1H), 4.17 (d, J = 6.9 Hz, 2H), 3.71 (d, J = 5.2 Hz, 2H),
3.68 (t, J = 5.7 Hz, 2H), 2.22 (t, J = 7.5 Hz, 2H), 1.65 (tt, J = 7.5, 5.7 Hz, 2H), 1.44 (s, 9H), 1.14-1.02 (m,
21H); "C NMR (125 MHz, CDCl;) § 156.0 (C), 140.0 (C), 125.2 (CH), 79.5 (C), 62.4 (CH,), 58.6 (CH,),
45.5 (CH,), 31.5 (CH,), 28.5 (CH;), 25.0 (CH,), 18.1 (CH;), 12.1 (CH); HRMS (ESI), calcd for
C,H4i3NO,SiNa™ (M+Na)' 424.2859, found 424.2861.

NHBoc NHBoc
TIPSO A0 Py. DMAP  1ipso
N A
CH,Cly, rt
220 HO 99% 229 AcO

Allylic acetate (229)

Acetic anhydride (5.8 mL, 61 mmol) was added to a solution of allyic alcohol 220 (12.3 mg, 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 229 (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, CDCl;) 5 171.0 (C),
155.9 (C), 142.8 (C), 119.6 (CH), 79.5 (C), 62.8 (CH,), 60.8 (CH,), 45.6 (CH,), 32.0 (CH,), 28.5 (CH3), 25.6
(CH,), 21.1 (CH3), 18.1 (CH3), 12.1 (CH); HRMS (ESI), calcd for C,3H4sNOsSiNa" (M+Na)' 466.2965, found
466.2965.
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Br Boc
NHBoc AP, NaH

TBAI, DMF, 0 °C; j\
TIPSO N TIPSO SN

MeOH
85%

229 AcO 228 HO

Allylic alcohol (228)

Sodium hydride (2.3 g, 61 mmol) was added to a solution of allylic acetate 229 (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 NH4CIl (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,S0O,, and concentrated. The residue was purified by silica gel column chromatography (EtOAc/hexane 1/9)
to give allylic alcohol 228 (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) § 5.77 (ddt, J = 16.9, 10.3, 5.8 Hz, 1H), 5.50 (t,
J=6.9 Hz, 1H), 5.12 (dt, /= 10.3, 1.2, 1.2 Hz, 1H), 5.09 (dt, /= 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, CDCl;, 60 °C) § 155.7 (C), 138.6 (C), 134.0 (CH), 126.3
(CH), 116.5 (CH,), 79.8 (C), 62.9 (CH,), 58.9 (CH,), 51.1 (CH,), 48.7 (CH,), 31.9 (CH,), 28.5 (CHs;), 25.0
(CH,), 18.1 (CH3), 12.3 (CH); HRMS (ESI), calcd for C,,H4;7NO,SiNa” (M+Na) 464.3172, found 464.3167.

Boc
N MeC(OMe)s Roc
j\ tBuCO,H
o-xylene, 160 °C |
HO MeOQC
228 230

81%

Methyl ester (230)

A sealed tube was charged with allylic alcohol 228 (2.22 g, 5.03 mmol), pivalic acid (51.1 mg, 0.503 mmol),
trimethyl orthoacetate (3.2 mL, 25 mmol) and o-xylene (50 mL). The solution was heated to 160 °C, and
maintained for 8 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 230 (2.04 g, 81%): a colorless oil; IR (film) 2944, 2866, 1739, 1699, 1462, 1405, 1248,
1171, 1104, 883, 681 cm™; "H NMR (500 MHz, CDCls, 60 °C) & 5.87 (dd, J=17.8, 11.2 Hz, 1H), 5.75 (ddt, J
=17.2,10.3, 5.2 Hz, 1H), 5.12-5.03 (m, 2H), 5.09 (d, J = 11.2 Hz, 1H), 4.98 (d, J = 17.8 Hz, 1H), 3.92-3.80
(m, 2H), 3.67 (t, J = 6.3 Hz, 2H), 3.64 (s, 3H), 3.45 (d, /= 14.6 Hz, 1H), 3.34 (d, /= 14.6 Hz, 1H), 2.49 (d, J
=15.2 Hz, 1H), 2.45 (d, /= 15.2 Hz, 1H), 1.70-1.62 (m, 2H), 1.62—-1.50 (m, 2H), 1.45 (s, 9H), 1.13-1.04 (m,
21H); C NMR (125 MHz, CDCl;, 1:1 mixture of rotamers) & 172.3 (C), 172.3 (C), 156.7 (C), 156.4 (C),
143.8 (CH), 143.8 (CH), 134.2 (CH), 133.8 (CH), 116.0 (CH,), 115.8 (CH,), 113.4 (CH,), 113.4 (CH,), 80.1
(©), 79.5 (C), 63.9 (CH,), 63.9 (CH,), 53.6 (CH,), 53.6 (CH>), 51.9 (CH,), 51.9 (CH,), 51.3 (CH3), 51.3 (CHa),
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44.2 (C), 44.2 (C), 38.0 (CH,), 38.0 (CH,), 31.5 (CH.), 31.5 (CH,), 28.4 (CH3), 28.4 (CH,), 27.4 (CH,), 27.4
(CH,), 18.1 (CH3), 18.1 (CHs), 12.1 (CH), 12.1 (CH); HRMS (ESI), calcd for Co;Hs;NOsSiNa™ (M+Na)*
520.3434, found 520.3428.

Boc Boc

N N
HCONH,, NaOMe
TIPSO k TIPSO j\
| DMF, 100 °C |
MeO,C H,NOC

80%
230 235

Primary amide (235)

Sodium methoxide (543 mg, 5.03 mmol) was added to a solution of methyl ester 230 (1.00 g, 2.01 mmol),
formamide (1.2 mL, 30 mmol) and DMF (4.0 mL) at room temperature. The solution was heated to 100 °C,
and maintained for 19 h. After cooling to 0 °C, the solution was quenched with saturated aqueous NH4CI (10
mL), and extracted with EtOAc (3x 20 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 primary amide 235 (774 mg, 80%): a colorless oil; IR (film) 3344, 3192, 3082,
2943, 2866, 1675, 1464, 1406, 1249, 1163, 1102, 915, 882, 680 cm™; '"H NMR (500 MHz, CDCl;, 60 °C) &
7.67 (brs, 1H), 5.84 (dd, J=17.8, 11.2 Hz, 1H), 5.73 (ddt, J=17.2, 10.3, 5.5 Hz, 1H), 5.26 (brs, 1H), 5.15 (d,
J=11.2 Hz, 1H), 5.11 (d, J=10.3 Hz, 1H), 5.05 (d, /= 17.2 Hz, 1H), 5.01 (d, /= 17.8 Hz, 1H), 3.91 (dd, J =
16.4, 5.5 Hz, 1H), 3.80-3.68 (m, 1H), 3.67-3.56 (m, 2H), 3.12 (d, /= 12.6 Hz, 1H), 2.41 (d, /= 13.8 Hz, 1H),
2.33 (d, J = 13.8 Hz, 1H), 1.77-1.65 (m, 1H), 1.62—1.49 (m, 3H), 1.45 (s, 9H), 1.13-1.03 (m, 21H); "C NMR
(125 MHz, CDCl;) 6 173.8 (C), 157.8 (C), 143.8 (CH), 133.7 (CH), 116.2 (CH,;), 114.3 (CH,), 80.5 (C), 63.8
(CHy), 53.5 (CHp), 52.5 (CH,), 44.1 (C), 40.0 (CH,), 32.9 (CH,), 28.4 (CH;), 27.4 (CH,), 18.2 (CH;), 12.1
(CH); HRMS (ESI), calcd for C,HsN,0,Si" (M+H)" 483.3618, found 483.3614.

2-TMS-ethanol Roc

Boc
N N
PhI(OAc),
TIPSO j\ TIPSO j\
WP% (CH,Cl),, 60 °C |
H,NOC TeocHN
235

85% 236

2-(Trimethylsilyl)ethyl carbamate (236)

(Diacetoxyiodo)benzene (4.28 g, 13.3 mmol) was added to a solution of primary amide 235 (5.83 g, 12.1
mmol), 2-trimethylsilyl ethanol (8.7 mL, 60 mmol) and (CH,ClI), (120 mL) at room temperature. The solution
was heated to 60 °C, and maintained for 12 h at 60 °C. After cooling to room temperature, the solution was
quenched with saturated aqueous NaHCO; (50 mL), and extracted with CH,Cl, (3x 30 mL). The combined
organic extracts were washed with brine (50 mL), dried over Na,SO,, and concentrated. The residue was
purified by silica gel column chromatography (EtOAc/hexane 1/44 to 1/34) to give 2-(trimethylsilyl)ethyl
carbamate 236 (6.14 g, 85%): a colorless oil; IR (film) 3368, 2945, 2866, 1723, 1684, 1517, 1464, 1411, 1250,
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1159, 1103, 883, 837, 682 cm™; "H NMR (500 MHz, CDCl;, 60 °C) & 6.26 (brs, 1H), 5.77-5.67 (m, 1H), 5.72
(dd, J=18.1, 11.2 Hz, 1H), 5.15 (d, J= 11.2 Hz, 1H), 5.10 (ddt, /= 10.4, 1.2, 1.2 Hz, 1H), 5.05 (ddt, J=17.2,
1.4, 1.4 Hz, 1H), 5.02 (d, J = 18.1 Hz, 1H), 4.14 (t, J = 7.7 Hz, 2H), 3.90-3.80 (m, 1H), 3.76 (dddd, J = 16.1,
5.2, 1.4, 1.2 Hz, 1H), 3.69 (dt, J = 9.8, 5.5 Hz, 1H), 3.62 (dt, J = 9.8, 5.8 Hz, 1H), 3.36 (d, J = 14.9 Hz, 1H),
3.29 (dd, J=13.8, 7.2 Hz, 1H), 3.16-3.03 (m, 1H), 3.07 (d, J = 14.9 Hz, 1H), 1.68-1.31 (m, 4H), 1.45 (s, 9H),
1.12-1.03 (m, 21H), 0.98 (t, J = 7.7 Hz, 2H), 0.04 (s, 9H); °C NMR (125 MHz, CDCl;) § 157.4 (C), 157.4
(C), 142.6 (CH), 133.7 (CH), 116.1 (CH,), 114.8 (CH,), 80.3 (C), 63.9 (CH,), 62.6 (CH,), 51.9 (CH,), 51.8
(CH,), 45.5 (C), 42.5 (CH,), 30.6 (CH,), 28.4 (CHs), 27.1 (CH,), 18.2 (CH;), 17.8 (CH,), 12.1 (CH), 1.3
(CHs); HRMS (ESI), calcd for C3;HgN,05Si,” (M+H)™ 599.4276, found 599.4269.

Roc (PCys3),Cl,RU=CHPh Roc
(2.5 mol%)
TIPSO § > TIPSO _—
| CH,Cl,, 40 °C
TeocHN 97% TeocHN
236 o 237

Tetrahydropyridine (237)

A solution of 2-(trimethylsilyl)ethyl carbamate 236 (7.26 g, 12.1 mmol) and CH,CI, (242 mL) was heated to
reflux, and maintained for 2 h at that temperature for deoxygenation. The Grubbs 1 generation catalyst (249
mg, 0.303 mmol) was then added to the solution at 40 °C, maintained for 3 h at 40 °C, and cooled to room
temperature. This solution was quenched with a solution of potassium 2-isocyanoacetate'” (376 mg, 3.03
mmol) and MeOH (10 mL) 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 tetrahydropyridine 237 (5.76
g, 97%): a colorless oil; IR (film) 3350, 2945, 2866, 1724, 1701, 1518, 1425, 1249, 1104, 860, 837, 681 cm’';
'H NMR (500 MHz, CDCls, 60 °C) & 5.72 (d, J = 10.1 Hz, 1H), 5.58 (d, J=10.1 Hz, 1H), 4.92 (m, 1H), 4.14
(t,J=8.3 Hz, 2H), 4.00 (d, J = 18.3 Hz, 1H), 3.74 (d, /= 18.3 Hz, 1H), 3.67 (dt, /= 9.8, 6.3 Hz, 1H), 3.64 (dt,
J =938, 6.3 Hz, 1H), 3.55 (brs, 1H), 3.27 (dd, J = 13.8, 7.8 Hz, 1H), 3.08 (m, 1H), 3.02-2.92 (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); *C 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 (CH,), 63.9 (CH,), 63.1 (CH,), 62.9
(CH,), 47.5 (CH,), 46.4 (CH,), 46.2 (CH,), 46.2 (CH,), 44.1 (CH;), 43.1 (CH,), 40.1 (C), 40.1 (C), 31.3 (CH,),
31.2 (CH,), 28.5 (CH,), 28.5 (CH3), 27.3 (CH,), 27.3 (CH,), 18.2 (CHj;), 18.2 (CH;), 17.8 (CH,), 17.8 (CH,),
12.1 (CH), 12.1 (CH), —1.4 (CH3;), —1.4 (CH;); HRMS (ESI), caled for CoHsoN,OsSi,” (M+H)" 571.3963,
found 571.3991.

I Galan, B. R.; Kalbarczyk, K. P.;Szczepankiewicz, S.;Keister, J. B.; Diver, S. T. Org. Lett. 2007, 9,
1203-1206.
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Eoc Br/\ rE\Sloc

NaH, TBAI

TIPSO = TIPSO =
DMF, 0 °C

1 //

7 TeocHN 929% 241 TeocN\/

Eneyne (241)

Sodium hydride (580 mg, 15 mmol) was added to a solution of tetrahydropyridine 237 (5.76 g, 10.1 mmol),
propargyl bromide (1.1 mL, 15 mmol), tetrabutylammonium iodide (373 mg, 1.01 mmol) and DMF (100 mL)
at 0 °C. This solution was maintained at this temperature for 4 h, quenched with saturated aqueous NH4CI (50
mL), and extracted with EtOAc/hexane = 1/3 (3x 50 mL). The combined organic extracts were washed with
brine (30 mL), dried over Na,SO,, and concentrated. The residue was purified by silica gel column
chromatography (EtOAc/hexane 1/29 to 1/12) to give 5.67 g of eneyne 241 (92%): a colorless oil; IR (film)
3313, 2945, 2866, 1702, 1418, 1249, 1175, 1147, 1105, 839 cm™; '"H NMR (500 MHz, CDCl;, 60 °C) &
5.74-5.66 (m, 1H), 5.63 (d, J=10.6 Hz, 1H), 4.20 (t, /= 8.6 Hz, 2H), 4.10 (brs, 2H), 3.92-3.78 (m, 2H), 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—1.42 (m, 4H), 1.48 (s, 9H), 1.14-1.00 (m, 23H), 0.05 (s, 9H); °C NMR (125 MHz,
CDCl;, 1:1 mixture of rotamers) 6 157.1 (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 (CH,), 63.9 (CH,), 52.8
(CHy), 52.1 (CH,), 48.0 (CH,), 46.8 (CH,), 43.7 (CH,), 42.9 (CH,), 41.2-40.4 (C x2), 38.4 (CH,), 38.4 (CH,),
32.8 (CH,), 32.5 (CH,), 28.6 (CH3), 28.6, (CH3), 27.4 (CH,), 27.4 (CH,), 18.2 (CH3), 18.2 (CH3), 17.9 (CH,),
17.8 (CH,), 12.1 (CH), 12.1 (CH), —1.4 (CH3), —1.4 (CH3); HRMS (ESI), calcd for C3,Hg N,O5Si," (M+H)"
609.4119, found 609.4130.

Eoc Boc
CpRu(MeCN)3PF6 |
TIPSO = TIPSO
\// acetone, rt H
TeocN = TeocN
241 82% 239

Exo-olefin (239)

Tris(acetonitrile)cyclopentadienylruthenium hexafluorophosphate (1.0 mg, 23.3 umol) was added to a solution
of eneyne 241 (10.7 mg, 17.6 pmol) in acetone (4.7 mL). The solution was maintained for 6 h, concentrated
and the residue was purified by silica gel column chromatography (EtOAc/hexane 1/9) to give exo-olefin 239
(11.6 mg, 82%): a colorless oil; IR (film) 2944, 2866, 1707, 1464, 1432, 1367, 1250, 1168, 1108, 860, 838
cm'; 'TH NMR (500 MHz, CDCl;, 60 °C) & 7.03—6.67 (m, 1H), 5.01 (brs, 1H), 4.85 (brs, 1H), 4.77—4.49 (m,
1H), 4.23-4.03 (m, 3H), 3.81-3.32 (m, 3H), 3.65 (ddd, J = 15.5, 9.5, 5.8 Hz, 1H), 3.64 (ddd, J=15.5, 9.5, 5.8
Hz, 1H), 3.17 (d, /= 12.9 Hz, 1H), 3.10 (brs, 1H), 2.65 (brs, 1H), 1.64—1.33 (m, 4H), 1.49 (s, 9H), 1.13-0.97
(m, 23H), 0.05 (s, 9H); C NMR (125 MHz, CDCl;, 60 °C) § 155.9 (C), 152.7 (C), 143.9 (C), 126.0 (CH),
113.4 (CH,), 105.6 (CH), 81.2 (C), 64.0 (CH,), 63.7 (CH,), 48.4 (CH,), 47.5-46.0 (CH, x2), 44.8 (CH), 35.9
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(C), 31.7 (CH,), 28.5 (CH3), 26.9 (CH,), 18.21 (CH3), 18.16 (CH,), 12.3 (CH), —1.3 (CH;); HRMS (ESI),
caled for C3,Hg N,OsSi, " (M+H)" 609.4119, found 609.4117.

CO (balloon)
Roc PdCl, (2 mol%) Roc
CuCl,, NaOAc
TIPSO = TIPSO =
> MeOH, 0 °C /C02Me
a1 TeocN\/ 80% 254 TeocN

Methyl ynoate (254)

A flask containing PdCl, (7.8 mg, 44 pmol), CuCl, (739 mg, 5.50 mmol), NaOAc (542 mg, 6.60 mmol) and
MeOH (10 mL) was fitted with a septa and a balloon of carbon monoxide gas. A solution of eneyne 241 (1.34
g, 2.20 mmol) and MeOH (10 mL) was added to the mixture via cannula at 0 °C. This mixture was stirred at

0 °C for 12 h, quenched with saturated aqueous NH,CI/NH,OH = 9/1 (10 mL), and extracted with
EtOAc/hexane = 1/4 (3x 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

1/29 to 1/19) to give 1.17 g of methyl ynoate 254 (80%): a colorless oil; IR (film) 2945, 2866, 2239, 1702,
1462, 1423, 1250, 1175, 1104, 839 cm™; "H NMR (500 MHz, CDCls, 60 °C) & 5.76-5.69 (m, 1H), 5.60 (d, J =
10.0 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, /= 6.0 Hz, 2H),
3.56-3.32 (m, 1H), 3.42 (d, J= 14.3 Hz, 1H), 3.35 (d, /= 14.3 Hz, 1H), 3.24 (brs, 1H), 1.62—-1.45 (m, 4H),
1.48 (s, 9H), 1.13—-1.00 (m, 23H), 0.06 (s, 9H); BC NMR (125 MHz, CDCls;, 1:1 mixture of rotamers) 6 156.9
(©), 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), 83.8 (C), 80.1 (C), 80.1 (C), 64.7 (CH,), 64.7 (CH,), 63.9 (CH,), 63.9 (CH,), 52.8 (CHj;), 52.8 (CHs),
52.7 (CH,), 52.7 (CH,), 48.0 (CH,), 46.7 (CH,), 43.7 (CH,), 43.0 (CH,), 40.9 (C), 40.6 (C), 38.6 (CH,), 38.5
(CH,), 32.9 (CH»), 32.1 (CH,), 28.6 (CHj;), 28.6 (CH3;), 27.4 (CH,), 27.4 (CH,), 18.2 (CHj;), 18.2 (CH3;), 18.0
(CH,), 17.9 (CH,), 12.1 (CH), 12.1 (CH), —1.4 (CH3), —1.4 (CH3); HRMS (ESI), calcd for C34Hg;N,0;Si,"
(M+H)" 667.4174, found 667.4173.

Boc
Roc Pd,dbaz-CHCly
HCO,H TIPSO
TIPSO % H
’ CO,Me  PhMe/MeCN, 60 °C TeocN
TeocN\/ 84% b
254 255 CO,Me

Unsaturated methyl ester (255)

Tris(dibenzylidenacetone)dipalladium chloroform adduct (11.0 mg, 10.4 pumol) was added to a solution of
methyl ynoate 254 (348 mg, 0.522 mmol), HCO,H (99 pL, 2.6 mmol) and PhMe/MeCN = 49 (52 mL). The
solution was heated to 60 °C, maintained for 1 h, quenched with saturated aqueous NaHCO; (20 mL) at room
temperature, and extracted with EtOAc (3x 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
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(EtOAc/hexane 1/19) to give unsaturated methyl ester 255 (293 mg, 84%): a colorless oil; 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), 5.75 (s, 1H), 5.01 (brs, 1H), 4.56 (brs, 1H), 4.40—4.11 (m, 1H), 4.18 (t, J = 8.6 Hz, 2H), 3.84-3.56 (m,
4H), 3.72 (s, 3H), 3.30 (d, /= 9.7 Hz, 1H), 2.87 (d, /= 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, CDCl,, 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
(CH,), 51.4 (CHs;), 51.4 (CHs;), 46.7 (CH,), 46.3 (CH,), 46.0 (CH), 45.6 (CH), 44.4 (CH,), 44.2 (CH,), 37.4
(©), 37.2 (C), 32.0 (CHy), 31.7 (CHy), 29.8 (CH,), 29.8 (CH.,), 28.3 (CH3;), 28.3 (CH3), 26.7 (CH,), 26.7 (CH,),
18.1 (CH3), 18.1 (CH3), 18.0 (CH,), 17.9 (CH,), 12.0 (CH), 12.0 (CH), —1.4 (CH3), —1.4 (CH3); HRMS (ESI),
caled for C34,HgN,0,Si,Na™ (M+Na)™ 689.3993, found 689.3984.

Boc
TIPSO NaBH4, CuCl TIPSO
H o
EtOH, —20 °C
TeocN ’ TeocN :
92% (dr = 12:1) u Qi
255 COMe 256: major 256: minor
Methyl ester (256)

Copper (I) chloride (15.0 mg, 0.156 mmol) and NaBH, (5.9 mg, 0.16 mmol) were added to a solution of
unsaturated methyl ester 255 (104 mg, 0.156 mmol) and EtOH (1.6 mL) at —20 °C. Copper (I) chloride (15.0
mg, 0.156 mmol) and NaBH, (5.9 mg, 0.16 mmol) were added to the mixture every 15 min until TLC analysis
indicated the complete consumption of unsaturated methyl ester 255 (total: CuCl 8.0 equiv., NaBH, 8.0
equiv.). The mixture was quenched with saturated aqueous NH4Cl (1.0 mL), and extracted with EtOAc (3x 5
mL). The combined organic extracts were washed with brine (5 mL), dried over Na,SO,, 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, 50x300 mm, EtOAc/hexane 9:91 to 30:70, 45 mL/min,
256: major: Tr = 38.0 min, 256: minor: Tr = 42.0 min) to afford methyl esters 256: major (88.0 mg, 85%) and
256: minor (6.8 mg, 7%). 256: major: a colorless oil; IR (film) 2946, 2865, 1742, 1703, 1652, 1436, 1367,
1250, 1168, 1110 cm™; "H NMR (500 MHz, C¢Ds, 79 °C) & 7.20-6.90 (m, 1H), 4.43 (dd, J = 8.9, 1.7 Hz, 1H),
4.29 (t, J = 8.3 Hz, 2H), 4.12-3.96 (m, 1H), 3.94-3.72 (m, 1H), 3.63-3.54 (m, 2H), 3.38 (s, 3H), 2.91 (d, J =
13.2 Hz, 1H), 2.87 (d, J = 13.5 Hz, 1H), 2.52-2.40 (m, 2H), 2.23 (brs, 1H), 2.06 (dd, J = 15.8, 6.9 Hz, 1H),
2.01 (dd, J = 15.8, 6.9 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); >C NMR (125 MHz, CDCl;, 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 (CH,),
63.7 (CH,), 63.7 (CH,), 63.6 (CH;), 51.9 (CHj;), 51.9 (CH;), 48.9 (CH,), 47.9 (CH,), 45.5 (CH,), 45.1 (CH,),
44.2 (CHy), 43.9 (CH,), 38.2 (CH), 37.5 (CH), 35.2 (CH,), 35.0 (CH,), 34.0 (C), 34.0 (C), 31.7 (CH), 31.4
(CH), 30.7 (CH,), 30.5 (CH,), 28.4 (CH3), 28.4 (CH3), 26.4 (CH,), 26.4 (CH,), 18.2 (CHj3), 18.2 (CH3), 17.9
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(CH,), 17.9 (CH,), 12.1 (CH), 12.1 (CH), —1.4 (CH3), —1.4 (CH;); HRMS (ESI), calcd for C34HgN,0,Si,Na"
(M+Na)" 691.4150, found 691.4172.; 256: minor: a colorless oil; IR (film) 2947, 2866, 1741, 1705, 1649,
1369, 1249, 1173, 1136, 1110 cm™; "H NMR (500 MHz, C¢D, 79 °C) & 7.20-6.85 (m, 1H), 4.67 (dd, J = 8.0,
5.4 Hz, 1H), 4.41-4.33 (m, 1H), 4.31 (td, J = 10.9, 7.5 Hz, 1H), 4.26 (td, J = 10.9, 7.5 Hz, 1H), 4.13 (d, J =
13.8 Hz, 1H), 4.00-3.75 (m, 1H), 3.61-3.52 (m, 2H), 3.37 (s, 3H), 3.28 (d, /= 13.5 Hz, 1H), 2.71 (d, /= 13.8
Hz, 1H), 2.45 (dd, J=13.2, 11.2 Hz, 1H), 2.30 (dd, J = 14.6, 3.4 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); “C 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), 1254 (CH), 125.0 (CH), 104.2 (CH), 103.7 (CH), 81.1 (C), 81.1 (C), 63.8 (CH,), 63.8
(CHy), 63.7 (CH,), 63.7 (CH,), 51.8 (CHj3), 51.8 (CH3;), 50.5 (CH,), 50.5 (CH,), 48.5 (CH,), 48.3 (CH,), 44.3
(CHy), 43.6 (CH,), 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 (CHs;), 28.4 (CHj;), 26.8 (CH,), 26.7 (CH,), 18.1 (CH3), 18.1 (CH3), 17.9 (CH,),
17.9 (CH,), 12.0 (CH), 12.0 (CH), —1.3 (CH3), —1.3 (CH3); HRMS (ESI), calcd for C3,HgsN,O;Si,” (M+H)"
669.4330, found 669.4363.

NOESY experiment for 256: major and 256: minor

Teoc H

MeO,C H OTIPS

H

256: major (CéDs, 500 MHz, 79 °C) 256: minor (CsDs, 500 MHz, 79 °C)

Boc Boc

MeNHOMe-HCI
TIPSO | FPrMgCl TIPSO | o
H —20° H
TeocN CO,Me THF, —20°C TeocN

256 H 97% 266 H iMe
OMe

Weinreb amide (266)

Isopropylmagnesium chloride (2.0 M in THF, 3.3 mL, 6.5 mmol) was added to a mixture of methyl ester 256
(1.09 g, 1.63 mmol), MeNHOMe - HCI (319 mg, 3.26 mmol) and THF (20 mL) at —20 °C. The mixture was
stirred for 15 min, and quenched with saturated aqueous NH4CI (5.0 mL). 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 1/3) to give

Weinreb amide 266 (1.11 g, 97%): a colorless oil; IR (film) 2944, 2866, 1703, 1670, 1367, 1250, 1170, 1110
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cm™; '"H NMR (500 MHz, CDCls, 60 °C) § 7.02-6.72 (m, 1H), 4.69 (brs, 1H), 4.16 (t, J = 8.3 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 = 12.9 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 (t, J =
8.3 Hz, 2H), 0.04 (s, 9H); *C NMR (125 MHz, CDCl;, 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 (CH;), 61.4 (CH3), 49.0 (CH,), 47.9 (CH,), 45.4 (CH,),
45.2 (CH,), 44.4 (CH,), 44.3 (CH,), 38.8-37.0 (CH x2), 34.1 (C), 34.0 (C), 32.8-32.0 (CH; x2, CH, x2), 31.0
(CH), 30.9 (CH), 30.7 (CH,), 30.5 (CH,), 28.4 (CH;), 28.4 (CHj;), 26.5 (CH,), 26.5 (CH,), 18.1 (CH3), 18.1
(CH3), 17.9 (CH,), 17.9 (CH,), 12.0 (CH), 12.0 (CH), —1.4 (CH;), —1.4 (CH3); HRMS (ESI), calcd for
C35sHesN;0,Si,” (M+H)' 698.4596, found 698.4590.

Boc Boc
| DIBAL-H
TIPSO o TIPSO | o
H
_78° H
TeocN NMe THF, 78 °C TeocN ’
266 H SMe 95% 264 H

Aldehyde (264)

Diisobutylaluminium hydride (1.0 M in hexane, 710 pL, 0.71 mmol) was added to a solution of weinreb
amide 266 (165 mg, 0.237 mmol) and THF (7.9 mL) at —78 °C. This solution was maintained at this
temperature for 1 h, and quenched with saturated aqueous (+)-potassium sodium tartrate (5.0 mL). The
resulting mixture was allowed to warm to room temperature, stirred for 1 h, and 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 1/4) to give aldehyde 264 (145
mg, 95%): a colorless oil; IR (film) 2945, 2866, 2723, 1703, 1367, 1250, 1169, 1111, 838 cm™; 'H NMR (500
MHz, CDCl;, 60 °C) 6 9.79 (s, 1H), 7.02-6.72 (m, 1H), 4.61 (brs, 1H), 4.17 (t, J = 8.3 Hz, 2H), 3.91-3.77 (m,
1H), 3.75-3.55 (m, 4H), 3.09-2.94 (m, 1H), 2.83 (d, /= 12.9 Hz, 1H), 2.63-2.49 (m, 2H), 2.45 (dd, J = 16.6,
5.2 Hz, 1H), 2.37 (dd, J = 16.6, 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 (t, J = 8.3 Hz, 2H), 0.05 (s, 9H); >C 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 (CH,), 63.78 (CH,), 49.3-47.5 (CH,,
broad), 45.7 (CH,), 44.5 (CH,), 44.3 (CH,), 38.5 (CH), 34.3 (C), 31.1 (CH,), 29.5 (CH), 28.5 (CHj3), 26.6
(CH,), 18.2 (CH3), 18.1 (CH,), 12.3 (CH), —1.3 (CH;); HRMS (ESI), calcd for C33HgN,O¢Si," (M+H)
639.4225, found 639.4222.

Boc Boc
N
Ph;PCH4Br, n-BuLi
TIPSO | o sTHPSEn B pso |
H o H
TeocN H THF, 0°C TeocN |
264 H 83% 289 H
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Terminal olefin (289)

n-Butyllithium (1.6 M in hexane, 0.38 mL, 0.62 mmol) was added dropwise to a solution of Ph;PCH;Br (245
mg, 0.686 mmol) and THF (5.6 mL) at 0 °C. After stirring at 15 min at 0 °C, a solution of aldehyde 264 (219
mg, 0.343 mmol) and THF (3.0 mL) was added to the suspension of the ylide via cannula at 0 °C. The mixture
was stirred for 10 min, quenched with saturated aqueous NH,Cl (5.0 mL), and allowed to warm to room
temperature. 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 1/19) to give terminal olefin 289 (181 mg, 83%): a colorless oil; IR
(film) 2944, 2865, 1703, 1650, 1366, 1250, 1169, 1109 cm™; '"H NMR (500 MHz, CDCl;, 60 °C) § 7.01-6.69
(m, 1H), 5.77 (dddd, J = 16.9, 10.3, 6.9, 6.9 Hz, 1H), 5.08 (d, J = 16.9 Hz, 1H), 5.06 (d, J = 10.3 Hz, 1H),
4.72 (brs, 1H), 4.17 (t, J = 8.3 Hz, 2H), 4.00-3.50 (m, 5H), 2.97 (brs, 1H), 2.76 (d, J=11.7 Hz, 1H), 2.42 (dd,
J=12.3,12.3 Hz, 1H), 2.29 (brs, 1H), 2.11-2.00 (m, 2H), 1.99-1.89 (m, 1H), 1.63—-1.42 (m, 4H), 1.50 (s, 9H),
1.14-1.03 (m, 21H), 1.02-0.96 (m, 2H), 0.05 (s, 9H); °C NMR (125 MHz, CDCls, 60 °C) § 156.2 (C), 152.8
(C), 135.9 (CH), 126.8 (CH), 116.9 (CH,), 102.1 (CH), 81.2 (C), 64.0 (CH,), 63.6 (CH,), 50.0-47.8 (CH,,
broad), 45.7 (CH,), 44.4 (CH,), 38.1 (CH), 34.7 (CH,), 34.5 (CH), 34.2 (C), 30.9 (CH,), 28.5 (CHy), 26.7
(CH,), 18.2 (CH3), 18.1 (CH,), 12.3 (CH), —1.3 (CH;); HRMS (ESI), calcd for C3,HgN,05Si,Na" (M+Na)"
659.4252, found 659.4261.

Boc /\/TMS ’E\BIOC
TMS
| cat. Grubbs 2nd |
TIPSO TIPSO
H H f
TeocN | CH2Cly, reflux TeocN
289 H 93% (E/Z = 4:1) 261 H
Allylsilane (261)

A solution of terminal olefin 289 (181 mg, 0.284 mmol), allyltrimethylsilane (0.45 mL, 2.8 mmol) and CH,Cl,
(240 mL) was heated to reflux. After stirring for 2 h, Grubbs 2nd catalyst (24.2 mg, 28.4 umol) was added to
the resulting solution. The solution was stirred for 4 h at this temperature. After cooling to room temperature,
a solution of potassium 2-isocyanoacetate (17.6 mg) and MeOH (1.0 mL) was added. The resulting mixture
was stirred for 1 h and concentrated. The residue was purified by silica gel column chromatography
(EtOAc/hexane 1/24) to give a mixture of E/Z isomers 261 (181 mg, 93%, E/Z = 4.0:1): a colorless oil; IR
(film) 2950, 2866, 1704, 1651, 1366, 1249, 1169, 1109, 857, 840 cm™; "H NMR (500 MHz, CDCl;, 60 °C, a
4:1 mixture of E/Z isomers, signals of the £ isomer were reported) 6 7.00—6.68 (m, 1H), 5.46 (dt, J=15.2, 8.0
Hz, 1H), 5.19 (dt, J=15.2, 6.9 Hz, 1H), 4.72 (brs, 1H), 4.16 (t, J = 8.3 Hz, 2H), 3.97-3.58 (m, 5H), 2.95 (brs,
1H), 2.75 (d, J=12.3 Hz, 1H), 2.39 (dd, J = 12.9, 12.3 Hz, 1H), 2.29 (brs, 1H), 2.07-1.92 (m, 2H), 1.89 (brs,
1H), 1.60-1.40 (m, 6H),1.49 (s, 9H), 1.12-1.04 (m, 21H), 1.02-0.96 (m, 2H), 0.04 (s, 9H), 0.00 (s, 9H);
HRMS (ESI), caled for C3sH7sN,05Si;" (M+H)™ 723.4984, found 723.4950.
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Boc Boc

| TMS BF5-OFEt e //
TIPSO | 32 TIPSO
o
TeocN CHCl,, EtOH, rt TeocN
261 H 66% 263 H

Diazatricyclic core (263)

Boron trifluoride diethylether complex (21 pL, 55 umol) was added to a solution of allylsilane 261 (40.0 mg,
55.3 pmol), CH,Cl, (5.3 mL) and EtOH (0.28 mL) at room temperature. The solution was maintained for 19 h,
quenched with saturated aqueous NH4Cl (10 mL), and extracted with EtOAc (3x 20 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 diazatricyclic core 263 (23.7 mg,
66%): a colorless oil; IR (film) 2945, 2866, 1693, 1414, 1251, 1176, 1139, 838 cm™; "H NMR (500 MHz,
CDCls, 60 °C, 1:1 mixture of rotamers) 6 5.85 (ddd, J = 16.9, 10.3, 6.6 Hz, 1/2H), 5.79 (ddd, J = 16.9, 10.3,
6.6 Hz, 1/2H), 5.02 (d, J = 16.9 Hz, 1H), 4.98 (d, /= 10.3 Hz, 1/2H), 4.97 (d, J = 10.3 Hz, 1/2H), 4.43 (brs,
1/2H), 4.28-4.11 (m, 5/2H), 4.03 (brs, 1H), 3.82 (brs, 1H), 3.75-3.58 (m, 3H), 3.10 (d, J = 14.3 Hz, 1/2H),
3.05 (d, J = 14.3 Hz, 1/2H), 2.91-2.81 (m, 1H), 2.61 (d, J = 14.0 Hz, 1/2H), 2.58 (d, J = 14.0 Hz, 1/2H),
2.47-2.31 (m, 1H), 2.11-2.04 (m, 1H), 1.99-1.88 (m, 1H), 1.78-1.58 (m, 3H), 1.56-1.34 (m, 5H), 1.43 (s,
9H), 1.12-1.04 (m, 21H), 1.01 (t, J = 8.3 Hz, 2H), 0.06 (s, 9/2H), 0.05 (s, 9/2H); °C NMR (125 MHz, CDCl;,
60 °C, 1:1 mixture of rotamers) & 156.95 (C), 156.88 (C), 156.1 (C), 156.0 (C), 141.0 (CH), 140.6 (CH), 114.2
(CHy), 114.0 (CH,), 79.5 (C), 79.4 (C), 64.1 (CH,), 64.0 (CH,), 63.8 (CH,), 63.8 (CH,), 51.1 (CH,), 51.1
(CHy), 49.5 (CHy), 49.4 (CH,), 48.5 (CH), 47.9 (CH,), 47.7 (CH,), 47.1 (CH), 45.3 (CH), 44.1 (CH), 35.7
(CH), 35.3 (C), 35.0 (C), 34.9 (CH), 34.8 (CH), 34.7 (CH), 33.1 (CH,), 32.9 (CH,), 30.3 (CH,), 30.1 (CH,),
29.6 (CH,), 29.4 (CH,), 28.64 (CHj;), 28.59 (CH;), 27.0 (CH,), 27.0 (CH,), 18.21 (CHj3;), 18.21 (CHj3), 18.16
(CH,), 18.16 (CH,), 12.3 (CH), 12.3 (CH), —1.3 (CHj3), —1.3 (CH;); HRMS (ESI), calcd for C3sHeN,OsSi,Na"
(M+Na)" 673.4408, found 673.4406.

NOESY experiment for 263

TIPSO

NBoc

'////

TeocN

H
\\/H

263 (CDCl;, 500 MHz, 60 °C)
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Boc Il Boc
Meo;P\n, Ac
MeO . . KyCOs |
TIPSO o 2 ~ TIPSO
TeocN H MeOH, rt TeocN //
94%
264 H ° 276 H

Alkyne (276)

Potassium carbonate (453 mg, 3.28 mmol) was added to a solution of aldehyde 264 (1.05 g, 1.64 mmol),
Ohira-Bestmann reagent (473 mg, 2.46 mmol) and MeOH (16 mL) at room temperature. The solution was
maintained for 3 h, quenched with saturated aqueous NH,4Cl (10 mL), and 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 1/9) to give alkyne 276 (977 mg,
94%): a colorless oil; IR (film) 3074, 2894, 1704, 1465, 1366, 1169, 1111, 839 cm™; '"H NMR (500 MHz,
CDCl;, 60 °C) 6 7.01-6.67 (m, 1H), 4.65 (brs, 1H), 4.17 (t, J = 8.3 Hz, 2H), 3.99 (brs, 1H), 3.90-3.50 (m, 4H),
3.08-2.92 (m, 1H), 2.76 (d, J = 13.2 Hz, 1H), 2.53-2.40 (m, 2H), 2.28-2.07 (m, 3H), 2.07-1.97 (m, 1H),
1.60-1.45 (m, 4H), 1.49 (s, 9H), 1.14-0.97 (m, 23H), 0.05 (s, 9H); °C 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 (CH,), 63.6 (CH,), 48.3
(CHy), 45.6 (CH,), 44.2 (CH,), 37.8 (CH), 34.3 (C), 34.2 (CH), 30.8 (CH,), 28.5 (CH3;), 26.6 (CH,), 19.9
(CHy), 18.2 (CH,), 18.1 (CHy), 12.3 (CH), —1.3 (CH;); HRMS (ESI),

Boc Boc
TMSCHjl, nBuli
TIPSO | 2 TIPSO | ™S
H o H
TeocN = THF/HMPA, —78 °C TeocN =Z
276 H 80% 270 H
Propargyl silane (270)

n-Butyllithium (1.6 M in hexane, 0.59 mL, 0.96 mmol) was added dropwise to a solution of alkyne 276 (582
mg, 0.917 mmol) and THF (8.0 mL) at —78 °C. After stirring at 15 min at —78 °C, HMPA (1.2 mL) and
TMSCH,I (0.16 mL, 1.10 mmol) were added to the solution at —78 °C. The mixture was stirred for 20 min,
quenched with saturated aqueous NH,4Cl1 (5.0 mL). 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 1/9) to give propargylsilane
270 (530 mg, 80%): a colorless oil; IR (film) 2953, 2866, 1705, 1345, 1250, 1170, 854 cm™; "H NMR (500
MHz, CDCl;, 60 °C) § 7.01-6.67 (m, 1H), 4.80-4.60 (m, 1H), 4.16 (t, J = 8.0 Hz, 2H), 4.05-3.54 (m, 5H),
3.05-2.90 (m, 1H), 2.74 (d, J = 13.5 Hz, 1H), 2.52-2.36 (m, 4H), 2.27-2.17 (m, 1H), 2.16-2.00 (m, 2H),
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1.60—1.45 (m, 4H), 1.50 (s, 9H), 1.14-0.97 (m, 23H), 0.10 (s, 9H), 0.05 (s, 9H); °C NMR (125 MHz, CDCl,,
60 °C) § 156.2 (C), 152.8 (C), 126.8 (CH), 102.4 (CH), 81.2 (C), 79.6 (C), 75.5 (C), 64.0 (CH.), 63.6 (CH,),
48.5 (CH,), 45.6 (CH,), 44.5 (CH,), 38.0 (CH), 34.6 (CH), 34.3 (C), 30.9 (CH,), 28.5 (CH3), 26.7 (CH,), 20.5
(CH,), 18.22 (CHs), 18.19 (CH,), 12.3 (CH), 7.28 (CH.), —1.33 (CH3), —1.84 (CH;)

Boc
B TIPSO
TIPSO | ™S BF3-OEt, NBoc
H CH,CI,/EtOH, rt TeocN
TeocN // 2v2 eo¢
o 57% H
270 271

Allene (271)

Boron trifluoride diethylether complex (2.6 pL, 21 umol) was added to a solution of propargylsilane 270 (15.0
mg, 20.8 pmol), CH,Cl, (1.9 mL) and EtOH (0.21 mL) at room temperature. The solution was maintained for
2 h, quenched with saturated aqueous NaHCO; (5.0 mL), and extracted with EtOAc (2x 5.0 mL). The
combined organic extracts were washed with brine (5.0 mL), dried over Na,SO,, and concentrated. The
residue was purified by silica gel column chromatography (EtOAc/hexane 1/19) to give diazatricyclic core
271 (7.7 mg, 57%): a colorless oil; IR (film) 2945, 2865, 1696, 1279, 1174, 1105, 839 cm™'; "H NMR (500
MHz, CDCl;, 60 °C) & 5.004.55 (m, 3H), 4.19 (d, J = 8.0 Hz, 2H), 4.10-3.98 (m, 1H), 3.90-3.77 (m, 1H),
3.90-3.77 (m, 1H), 3.73-3.57 (m, 3H), 3.23-3.07 (m, 1H), 2.86 (d, J = 12.3 Hz, 1H), 2.68-2.50 (m, 2H),
2.40-2.30 (m, 1H), 2.18-2.12 (m, 1H), 2.00 (brs, 1H), 1.72-1.66 (m, 1H), 1.60-1.36 (m, 13H), 1.15-0.82 (m,
23H), 0.06 (s, 9H); >C NMR (125 MHz, CDCl;, 60 °C) & 205.5 (C), 156.8 (C), 155.7 (C), 99.6 (C), 79.7 (C),
77.4 (CH), 74.0 (CH,), 63.94 (CH,), 63.88 (CH,), 51.1 (CH,), 49.1 (CH,), 48.5 (C), 47.4 (CH,), 35.2 (CH),
34.8 (CH), 33.0 (CH,), 29.9 (CH,), 29.5 (CH,), 28.6 (CHj3), 27.0 (CH,), 18.2 (CHj3), 18.1 (CH,), 12.3 (CH),
—1.3 (CHy)

TIPSO TIPSO
- - NBoc O3, MeOH, -78 °C; NBoc
TeocN PPhg, rt TeocN
O
271 H 272 H
M(a\OfD TIPSO
BrPhsP /277

NaN(TMS),, THF TeocN
40 °C

44% (2 steps)




Skipped diene (278)

Ozone gas was bubbled to a solution of allene 271 (102 mg, 0.157 mmol) and MeOH (5.2 mL) at —78 °C. The
solution was maintained for 0.5 h, quenched with PPh; (41.2 mg, 0.157 mmol). The solution was warmed to
room temperature, evapolated. The residue was filtered through a pad of silica gel. The ketone 272 was
directly used in the next reaction without further purification.

Sodium hexamethyldisilamide(1.0 M in THF, 63 uL, 63 umol) was added dropwise to a solution of
known phosphoniu salt 277 (33.4 mg, 67.2 umol) and THF (1.0 mL) at room temperature. After stirring at 15
min at room temperature, a solution of ketone 272 (13.4 mg, 21.0 umol) and THF (1.0 mL) was added to the
suspension of the ylide via cannula at room temperature. The mixture was stirred for 4 h at 40 °C, quenched
with saturated aqueous NH4Cl (5.0 mL). The resulting mixture was extracted with EtOAc (2x 10 mL). The
combined organic extracts were washed with brine (10 mL), dried over Na,SQO,, and concentrated. The residue
was purified by silica gel column chromatography (EtOAc/hexane 1/9) to give skipped diene 278 (8.5 mg,
44% for 2 steps): a colorless oil; IR (film) 2946, 2866, 1741, 1692, 1436, 1250, 1131, 839 cm™; 'H NMR (500
MHz, CDCl3, 60 °C) 6 5.40-5.30 (m, 2H), 5.22-4.92 (m, 2H), 4.19 (brs, 1H), 4.01 (brs, 1H), 3.85 (brs, 1H),
3.73-3.58 (m, 3H), 3.66 (s, 3H), 3.12 (d, J = 14.0 Hz, 1H), 3.04-2.95 (m, 1H), 2.84 (d, J = 13.2 Hz, 1H),
2.65-2.50 (m, 2H), 2.34-2.22 (m, 1H),2.31 (t, J = 7.5 Hz, 2H), 2.18-2.08 (m, 3H), 1.93 (brs, 1H), 1.75-1.63
(m, 3H), 1.60—1.40 (m, 4H), 1.45 (s, 9H),1.14-0.97 (m, 26H), 0.06 (s, 9H); °C NMR (125 MHz, CDCl;,
60 °C) 8 174.1 (C), 156.8 (C), 155.4 (C), 136.4 (C), 129.5 (CH), 129.0 (CH), 125.0 (CH), 124.1 (CH), 79.5
(C), 64.0 (CH,), 63.8 (CH,), 51.4 (CH3), 51.1 (CH,), 49.1 (CH,), 47.3 (CH,), 44.3 (C), 36.3 (CH), 36.0 (CH),
35.4 (CH,), 33.7 (CH,), 32.9 (CH,), 30.0 (CH,), 28.7 (CH3), 27.0 (CH,), 26.8 (CH,), 26.1 (CH,), 25.1 (CH,),
18.2 (CHs3), 18.1 (CH,), 12.3 (CH), —1.3 (CH;); HRMS (ESI), caled for C4,H76N,0,Si;Na” (M+Na)' 799.5089,
found 799.5090.

TIPSO
LiOH aq
THF, 60 °C
278 96%

Carboxylic acid (279)

Lithium hydroxide solution (1.0 M in H,O, 0.77 mL) was added to a solution of 278 (4.5 mg, 5.79 umol) and
THF (0.39 mL) at room temperature. The solution was maintained for 6 h at 60 °C, and quenched with
saturated aqueous NH,CI (5.0 mL). The resulting mixture was extracted with EtOAc (3x 10 mL). The
combined organic extracts were washed with brine (10 mL), dried over Na,SQO,, and concentrated. The residue
was purified by silica gel column chromatography (EtOAc/hexane 1/3) to give carboxylic acid 279 (4.2 mg,

83%): a colorless oil; IR (film) 2944, 2866, 1691, 1415, 1250, 1132, 839 cm™; '"H NMR (500 MHz, CDCl;,
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60 °C) & 5.43-5.28 (m, 2H), 5.22-4.92 (m, 2H), 4.28-4.12 (m, 2H), 4.01 (brs, 1H), 3.86 (brs, 1H), 3.77-3.57
(m, 3H), 3.18-3.07 (m, 1H), 3.05-2.78 (m, 1H), 2.68-2.50 (m, 2H), 2.36 (t, J = 7.7 Hz, 2H), 2.32-2.20 (m,
1H), 2.17-2.10 (m, 2H), 1.94 (brs, 1H), 1.76-1.63 (m, 3H), 1.60—1.28 (m, 16H), 1.12-0.88 (m, 25H), 0.06 (s,
9H); >C NMR (125 MHz, CDCls, 60 °C) § 177.4 (C), 156.9 (C), 155.4 (C), 136.2 (C), 129.7 (CH), 128.9
(CH), 125.4 (CH), 124.2 (CH), 79.8 (C), 64.0 (CH,), 63.9 (CH,), 51.2 (CH,), 49.2 (CH,), 47.4 (CH,), 44.5 (C),
36.2 (CH), 35.9 (CH), 35.5 (CH,), 33.4 (CH,), 32.8 (CH,), 30.0 (CH,), 28.7 (CH3), 27.0 (CH,), 26.7 (CH,),
26.1 (CH,), 249 (CH,), 182 (CHj), 18.1 (CH,), 12.3 (CH), —1.3 (CHs); HRMS (ESI), calcd for
C4H74N,0,Si;Na" (M+Na)" 785.4932, found 785.4937.

o TIPSO
1. TMSOT({, 2,6-lutidine
CH,Cly, rt
2. HOBt, EDCI TeocN
iPI’zNEt, CH20|2, rt
67% (2 steps) 275

(common intermediate)

Common intermediate of madangamine alkaloids (275)
Trimethylsilyl trifluoromethanesulfonate (155 mg, 0.486 mmol) was added to a solution of carboxylic acid
279 (124 mg, 0.162 mmol), 2,6-lutidine (114 pL, 0.972 mmol) and CH,Cl, (3.2 mL) at room temperature. The
solution was maintained for 1 h, quenched with Et;N (0.28 mL), and concentrated. The crude amine was
directly used in the next reaction without further purification.

1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride (155 mg, 0.81 mmol) was added to a
solution of the crude amine, /Pr,NEt (0.28 mL, 1.62 mmol) HOBt (110 mg, 0.810 mmol) and CH,Cl, (160
mL) at room temperature. The solution was maintained for 19 h at room temperature, and quenched with H,O
(10 mL). The resulting mixture was extracted with EtOAc (2x 10 mL). The combined organic extracts were
washed with brine (10 mL), dried over Na,SO,4, and concentrated. The residue was purified by silica gel
column chromatography (EtOAc/hexane 1/4) to give lactam 275 (70.7 mg, 67% for 2 steps): a colorless oil;
IR (film) 2944, 2865, 1697, 1633, 1438, 1249, 1103, 839 cm™'; 'H NMR (500 MHz, CDCl;) & 5.53 (brs, 1H),
5.41 (brs, 1H), 5.28 (brs, 1H), 5.00 (brs, 1H), 4.28-4.10 (m, 3H), 4.00 (brs, 1H), 3.85 (brs, 1H), 3.67 (brs, 1H),
3.63-3.53 (m, 1H), 3.18-3.05 (m, 1H), 2.98-2.78 (m, 2H), 2.75-2.38 (m, 4H), 2.35-1.92 (m, 4H), 1.88-1.65
(m, 2H), 1.50-1.35 (m, 6H), 1.11-0.88 (m, 23H), 0.06 (s, 9H); °C NMR (125 MHz, CDCl;, 60 °C) § 173.5
(C), 156.8 (C), 137.2 (C), 129.2 (CH), 128.0 (CH), 125.5 (CH), 63.91 (CH,), 63.86 (CH,), 50.4 (CH,), 49.1
(CH,), 48.1 (CH), 45.2 (CH,), 36.3 (C), 35.8 (CH), 35.2 (CH), 35.1 (CH,), 34.5 (CH,), 32.9 (CH,), 32.5 (CH,),
30.6 (CH,), 27.8 (CH,), 26.9 (CH,), 26.5 (CH,), 25.8 (CH,), 18.19 (CHj), 18.15 (CH,), 12.3 (CH), -1.3
(CH;); HRMS (ESI), calcd for C3HgsN,O4Si, " (M+H)" 645.4483, found 645.4487.
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CSA

MeOH, 40 °C
94%

275
(common intermediate)

Alcohol (280)

Camphorsulfonic acid (72.0 mg, 0.310 mmol) was added to a solution of lactam 275 (99.9 mg, 0.155 mmol)
and MeOH (3.1 mL) at room temperature. The solution was maintained for 1 h at 40 °C, quenched with
saturated aqueous NaHCO; (10 mL), and extracted with EtOAc (3x 10 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 (MeOH/EtOAc 1/19) to give alcohol 280 (71.3 mg, 94%): a colorless oil; IR (film)
2950, 2921, 1693, 1613, 1438, 1249, 1059, 839 cm™; "H NMR (500 MHz, CDCl;) & 5.60 (brs, 1H), 5.38 (brs,
1H), 5.26 (brs, 1H), 5.02 (brs, 1H), 4.40-4.12 (m, 3H), 4.10-3.80 (m, 2H), 3.63 (brs, 1H), 3.52 (brs, 1H), 3.10
(ddd, J=14.9,9.5, 9.5 Hz, 1H), 2.92-2.77 (m, 2H), 2.75-2.44 (m, 4H), 2.33—-1.95 (m, 6H), 1.87-1.53 (m, 6H),
1.52-1.36 (m, 2H), 1.15 (brs, 1H), 1.02 (t, J = 8.3 Hz, 2H), 0.06 (s, 9H); °C NMR (125 MHz, CDCl;, 60 °C)
6 173.8 (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 (CH,), 48.4 (CH), 43.5 (CH,), 37.1 (CH), 36.8 (C), 34.9 (CH,), 33.9 (CH,), 32.6 (CH,), 31.8 (CH,), 30.6
(CHy), 27.8 (CH,), 26.5 (CHp), 26.3 (CH,), 25.7 (CH,), 18.2 (CH,), —1.3 (CH;); HRMS (ESI), calcd for
Cy7H4sN,04Si™ (M+H)™ 489.3149, found 489.3153.

AZADOL, Phl(OAc),

CH,Cly, rt
86%

Aldehyde (282)

Iodobenzene diacetate (44.1 mg, 0.137 mmol) was added to a solution of aocohol 280 (55.6 mg, 0.114 mmol),
AZADOL (1.7 mg, 11.4 umol) and CH,Cl, (3.8 mL) at room temperature. The solution was maintained for 6 ,
quenched with saturated aqueous NaHCO; (5 mL), and extracted with EtOAc (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 column chromatography (EtOAc/hexane 3/1) to give aldehyde 282 (47.8 mg, 86%): a
colorless oil; '"H NMR (400 MHz, CDCl5) & 9.75 (s, 1H), 5.62 (brs, 1H), 5.38 (brs, 1H), 5.24 (brs, 1H), 5.00
(brs, 1H), 4.33-3.78 (m, 3H), 3.20-3.07 (m, 1H), 2.90-2.75 (m, 2H), 2.74-2.30 (m, 5H), 2.28-2.08 (m, 3H),
2.07-1.92 (m, 2H), 1.91-1.75 (m, 2H), 1.45-1.20 (m, 2H), 1.01 (t, J = 8.4 Hz, 2H), 0.05 (s, 9H)
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ICH,PPhsl, HMPA I
NaN(TMS),

THF, -78 °C
69%

Iodoalkene (284)

Sodium hexamethyldisilamide(1.0 M in THF, 0.11 mL, 0.108 mmol) was added dropwise to a solution of
ICH,PPh;I (63.1 mg, 0.119 mmol) and THF (2.6 mL) at —78 °C. After stirring at 15 min at —78 °C, HMPA (38
pL, 0.22 mmol), a solution of aldehyde 282 (17.5 mg, 36.0 umol) and THF (1.0 mL) was added to the
suspension of the ylide via cannula at —78 °C. The mixture was stirred for 15 min at —78 °C, quenched with
saturated aqueous NH4CI (3.0 mL). The resulting mixture was extracted with EtOAc (2x 10 mL). The
combined organic extracts were washed with brine (5.0 mL), dried over Na,SO,, and concentrated. The
residue was purified by silica gel column chromatography (EtOAc/hexane 1/3 to 1/1) to give iodoalkene 284
(15.2 mg, 69%): a colorless oil; IR (film) 2948, 2918, 1693, 1628, 1441, 1248, 840 cm™; 'H NMR (400 MHz,
CDCl;) 6 6.17 (d, J = 7.3 Hz, 1H), 6.12 (dd, J = 13.8, 7.3 Hz, 1H), 5.58 (brs, 1H), 5.38 (brs, 1H), 5.24 (brs,
1H), 4.99 (brs, 1H), 4.30-3.78 (m, 5H), 3.22-3.08 (m, 1H), 2.93-2.61 (m, 4H), 2.60-2.38 (m, 3H), 2.32-1.93
(m, 7H), 1.88-1.70 (m, 2H), 1.55-1.20 (m, 4H), 1.08-0.95 (m, 2H), 0.04 (s, 9H); HRMS (ESI), calcd for
C,5H43N,0;SiINa” (M+Na)™ 633.1985, found 633.1985.

MeO,C” 15N

9-BBN, THF;

Pd(PPh3)4, 032CO3
THF, H,0, rt

74% 285

Methyl ester (285)

9-Borabicyclo[3.3.1]nonane (0.5 M solution in THF, 98 pL, 49 umol) was added to a solution of methyl
5-hexenoate (42 mg, 33.8 umol) and THF (7.1 mL) at room temperature. The solution was maintained for 3 h
at room temperature, and quenched with H,O (7.1 pL, 0.405 mmol). This solution was added to a mixture of
Cs,CO; (8.2 mg, 25.2 pmol), Pd(PPh;), (1.5 mg, 1.26 pmol). A solution of iodoalkene 284 (7.7 mg, 12.6
umol), H,O (0.13 mL) and THF (1.3 mL) was then added to the resulting mixture. The mixture was stirred for
3 h at room temperature. After cooling to 0 °C, the mixture was quenched with NaBO;-4H,0 (5.8 mg, 37.8
umol) and H,O (1.3 mL) at 0 °C, stirred for 1 h at room temperature, and extracted with EtOAc (2x 5.0 mL).
The combined organic extracts were washed with brine (5.0 mL), dried over Na,SO, and concentrated. The

residue was purified by silica gel column chromatography (EtOAc/hexane 1/3) to give methyl ester 285 (5.7
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mg, 74%): a colorless oil; IR (film) 2948, 2926, 1738, 1695, 1631, 1437, 1249, 859, 839 cm’'; "H NMR (400
MHz, CDCl;) 6 5.56 (brs, 1H), 5.50-5.12 (m, 4H), 4.98 (brs, 1H), 4.33-3.75 (m, 5H), 3.70-3.60 (m, 2H), 3.66
(s, 3H), 3.22-3.08 (m, 1H), 2.92-2.38 (m, 6H), 2.38-1.86 (m, 8H), 1.85-1.53 (m, 4H), 1.48-1.17 (m, 10H),
1.01 (t, J = 8.2 Hz, 2H), 0.05 (s, 9H); HRMS (ESI), calcd for C3sHs;N,0sSi" (M+H)" 613.4037, found
613.4037.

LiOH aq

THF, rt
74%

283

Carboxylic acid (283)

Lithium hydroxide solution (1.0 M in H,0, 0.44 mL) was added to a solution of methyl ester 285 (4.0 mg,
6.53 umol) and THF (0.87 mL) at room temperature. The solution was maintained for 7 h at room temperature,
and quenched with saturated aqueous NH,4Cl (2.0 mL). The resulting mixture was extracted with EtOAc (2x
5.0 mL). The combined organic extracts were washed with brine (5.0 mL), dried over Na,SO, and
concentrated. The residue was purified by silica gel column chromatography (EtOAc/hexane 1/1) to give
carboxylic acid 283 (2.9 mg, 74%): a colorless oil; '"H NMR (400 MHz, CDCl;) & 5.59 (brs, 1H), 5.55-5.12
(m, 4H), 4.99 (brs, 1H), 4.33-3.80 (m, 5H), 3.28-3.08 (m, 1H), 2.92-2.40 (m, 6H), 2.38-1.88 (m, 8H),
1.85-1.55 (m, 4H), 1.54-1.10 (m, 10H), 1.02 (brs, 1H), 0.05 (s, 9H); HRMS (ESI), calcd for C3,HssN,OsSi"
(M+H)" 599.3880, found 599.3878.

1. TBAF, THF, rt

2. HOBt, EDCI
iperEt, CH2C|2, rt

283 48% (2 steps)

Bislactam (287)

Tetrabutylammonium fluoride (1.0 M solution in THF, 20 pL, 20 pmol) was added to a solution of carboxylic

acid 283 (6.0 mg, 10.0 pmol) and THF (1.0 mL) at room temperature. The solution was maintained for 1 h,

and concentrated. The crude amine was directly used in the next reaction without further purification.
1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride (19.2 mg, 0.100 mmol) was added to a

solution of the crude amine, iPr,NEt (34 pL, 0.20 mmol) HOBt (13.6 mg, 0.100 mmol) and CH,Cl, (10 mL)
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at room temperature. The solution was maintained for 10 h at room temperature, and quenched with H,O (5.0
mL). The resulting mixture was extracted with EtOAc (2x 5.0 mL). The combined organic extracts were
washed with brine (5.0 mL), dried over Na,SO,4, and concentrated. The residue was purified by silica gel
column chromatography (EtOAc/hexane 1/3) to give bislactam 287 (2.1 mg, 48% for 2 steps): a colorless oil;
'H NMR (400 MHz, CDCl5) & 5.66-5.55 (m, 1H), 5.54-5.46 (m, 1H), 5.44-5.30 (m, 2H), 5.27-5.17 (m, 1H),
4.98 (brs, 1H), 4.45 (d, J = 14.0 Hz, 1H), 4.27 (d, /= 13.1 Hz, 1H), 3.60 (d, J = 14.0 Hz, 1H), 3.22-3.10 (m,
1H), 2.94 (d, J = 13.7 Hz, 1H), 2.81 (d, J = 14.2 Hz, 1H), 2.76-2.65 (m, 2H), 2.55-2.18 (m, 9H), 2.17-1.50
(m, 20H), 1.46-1.10 (m, 10H); HRMS (ESI), calcd for CosH4N,O," (M+H)" 437.3168, found 437.3167.

LiAIH,

Et,0, rt
18%

madangamine C

Madangamine C

Lithium aluminium hydride (1.0 M solution in THF, 25 pL, 25 umol) was added to a solution of bislactam
287 (1.1 mg, 2.5 pmol) and Et,0 (0.84 mL) at room temperature. The solution was maintained for 1 h at room
temperature. The reaction mixture was quenched with saturated aqueous (+)-potassium sodium tartrate, stirred
for 1 h, and extracted with EtOAc (2x 5 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
(iPro,NH/Et,O/hexane 0.1/25/75) to give madangamine C (48%, internal standard: mesitylene): a colorless oil;
'H NMR (500 MHz, CDCl;, 65 °C) § 5.50-5.35 (m, 3H), 5.23-5.13 (m, 2H), 3.72 (brs, 1H), 3.44-3.30 (m,
2H), 3.18-3.10 (m, 1H), 2.88-2.80 (m, 1H), 2.76-2.55 (m, 4H), 2.40-2.20 (m, 12H), 1.90-1.80 (m, 2H),
1.75-1.07 (m, 15H), 0.85-0.95 (m, 1H); HRMS (ESI), caled for CyHysN,™ (M+H)™ 409.3583, found
409.3585.
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