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Ac

ag.

Ar
BINOL
Bn
Boc
Bu

Bz
CAN
Cp
CPME
CSA
Cys

DBB
DBU
DDQ
decomp.
DIBAL
DIEA
DMAP
DMF
DMP
DMSO
ee

eq

ESI

Et

hex
HPLC

KHMDS

acetyl

aqueous

argon or aryl
1,1’-binaphthyl-2-2’-diol
benzyl
tertiary-butoxycarbonyl

butyl

benzoyl

cerium ammonium nitrate
cycropentadienyl

cyclopentyl methyl ether
10-camphorsulfonic acid
cystein

doublet
4,4’-di-tertiary-butylbiphenyl
1,8-diazabicyclo[5.4.0Jundec-7-ene
2,3-dichloro-5,6-dicyano-para-benzoquinone
decomposition
diisobutylaluminum hydride
diisopropylethylamine
4-(dimethylamino)pyridine
N,N-dimethylformamide
Dess-Martin periodinane
dimethyl sulfoxide
enantiomeric excess
equivalent(s)

electrospray ionization

ethyl

hour(s)

hexyl

high performance liquid chromatography
iso

infrared

potassium hexamethyldisilazide



LDA lithium diisopropylamide

LDBB lithium 4,4’-di-tertiary-butylbiphenylide
LHMDS lithium hexamethyldisilazide

m multiplet

m meta

M metal or molar

mCPBA 3-chloroperbenzoic acid

Me methyl

Mes mesityl

min minute(s)

MNBA 2-methyl-6-nitrobenzoic anhydride
MS mass spectrometry or molecular sieves
MTBE methyl tertiary-butyl ether

n normal

NaHMDS sodium hexamethyldisilazide

NMO 4-methylmorpholine-4-oxide

NMR nuclear magnetic resonance

OoTf trifluorometanesulfonate

p para

Ph phenyl

pH power of hydrogen

Ph-BPE 1,2-bis(2,5-diphenylphospholano)ethane
PMB 4-methoxybenzyl

ppm parts per million

PPTS pyridinium para-toluenesulfonate

Pr propyl

quant. guantitative

R rectus

rac racemic

recryst. recrystallization

Red-Al sodium bis(2-methoxyethoxy)aluminumhydride
rt room temperature

S singlet

S sinister

sat. saturated

t triplet



TBAF
TBDPS
TBS
TEMPO
tert
TFA
THF
TMEDA
TMS
TLC
TPAP
Tr

Ts
9-BBN

tertiary

tetrabutylammonium fluoride
tertiary-butyldiphenylsilyl
tertiary-butyldimethylsilyl
(2,2,6,6-tetramethylpiperidin-1-yl)oxy
tertiary

trifluoroacetic acid

tetrahydrofuran
N,N,N’,N’-tetramethylethylenediamine
trimethylsilyl

thin layer chromatography
tetrapropylammonium perruthenate
trityl

tosyl

9-borabicyclo[3.3.1]nonane
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p=({113
S

1872 4 Wurtz } T8 Borodin (2 L D & RLE N7 1 7L R— U iE, RRWRPESE ST B
<HEBND B-BE RaxihRh=tEme 1.3-R) A — 1 bEaMmEakT5Z LD TE
HEARTHRE LTHER2ED, 40 ETITHRARKOBER RSN TE 22, Hi37 v
VAT RO VAT y FEEEAMEEE U THWD SR TV R— VRO ER S
TWeb DD, KRGS TIIEOME N — o BIFET 2 EE % W5 A ISR
BHAET 5LV RERZAE LTV, &5ICT7 /0 F— /LB RIS S TR R
BETHY . LEMIIG. LRI ORI LD ap-REFD LR = ACEWDER L Zh
IZfe< =/ 77— h® Michel fHIIEE, L ka7 L R—) VUG &\ o T bk 2 22 R ROS % L 2
T2, HHOT W RV R A IR R <155 Z LR REETH -7, 1970 FFRIZAY
VF LT ) 53— h3R0 )L ) —Lo—F LD L ex ) F— M EHEFFHR L AN
HZEIZED INOLORBERNERTEZ D ZERRESIND & TV R—AIEOH A
BRIz B LT,

HAGRAR L) 77— 2 AVWDE TV R— ARSI EEEOR VLR E LTHRETD
JIRKAWHLRTWD L OO, Rl EEz AT 5, ThIE=/ 7— M FaiaR T 5
BUALFRERBEOFIEERES T LU AT v FIEEZ AW ARTER ST, LRERED
BEFMOERMNED M Th D, FHOTFREMEICERENEE Y BREAMOD 2V
FOICOBREPLEENLH T, =/ F7— NOFAGHRELZEE LW ¥4 L2 ~) 7R
— VIS OB ITEE AR T 5,

TV R=NVEIGIEARR T v U BEIO R THEITT A MKIGTH Y | {LFREREOFEED &
AT B MENRV, L L Dl i KRR TH D 7 L AT v RERAEESS
T VL AT y REEFRE A W2 BOSSE T ER D X 912 < DRIRJSEEED, IR K
ONLARERPEME T2, 20X 9 REIBUSZ T 272012, K 0 IRF72 56404 TS
BEMTHZEEFRRET D, @GR ZERFH LW RERS 5,

LRIEIFRE TIINA A e T LU ATy RN GRS A Wb Z iz kb,
T/ T — N R 2 BEORWBE R X A L7 R TV K=V U O BT )
LTW5 & AR TIIAA AL 7 Lo 2Ty REER IR L TRE S
EEAET 22 LIk, IRMBREHETRICEEITISE LI ENRTEHEEZLND,

LU G, 20X SRS AE LA L7 TV R— VTR C
INK OGN TS EIFEWVEHECORBIRTH D, ZOREKE LT, AT 2B
ThoI L, WHTELREICHIREN DV, MBI RFE S A L7 8TV K=V URED
BTN IRH TRV ENETOND, TROLEITHMERN TH ) BEEY & ARk L 72
WEWH T TIEE L DILFFICIEZ T AN LT, 2 X hRZ D% OEW R & CRE
FOFELY BEATHDZERROLNTNDEDTHD,



INHOBUREZEEE 2 FATAEER AR EF X A V7 STV R—V s & iz thuggacin B
DEER B 1 F) &, aCREEZAHT L7 I ROMBHRET L K—/VRIEOB% (5 2
) Z{To7-, % 1ETiX Evans 7V R— UG T ORDVICF AT I ROMIEAIRFE 2 A
L7 KTV R— VORIV D Z & TEDHROF T — VB E & BICAT\V, FAT 2
RO ARF LA V7 N TV R— VRGN EIZAER) TH 57217 T < . Z OB OEH
IZBWTH Evans 7V R— VRS E D HENTWD Z EOFEFEE Hig Lz, 5 2 = Cldmy
WD CREERT ) 7— b eERTHIVLEDOH S, a-CRIEEHT D INVR=bEMDT
b R =)V DBRFE AT - T2 kS, ABOS ISR AT L. B % & O SRR IRPE T
HZ25ZHRAM LI, FRlx= )/ 77— FBRLERKISITBNTIEL, =/ 7 — N & FHh]
PS5 L0 b T AT b RE(E T ORI S, AR T 2 HEC A HER
RIS CTH DT, RIS Z L L7 Z EITRWICERIELS . 5BOE 7 v FLaWo
AR TEERMAICR D EEXBND,

UL DB IR R LA LT BT K= VRS DB 5 2 — R LT DI Td D5,
KIFEN L < DRI FEDOHIZEEY . SROARILFMEORBICHEL T 52 L %
Do



A
A

% 123 thuggacin B O RF 44 AR

LE MR
1-1 thuggacin 50 B & A &R E

thuggacin #813 Sorangium cellulosum So ce895 L ¥ B X 7= KM Th 5, Jansen [T4EW)
T 2 RS KRR DIRSR 21T - T-#5 %= thuggacin A (1). thuggacin B (2). 13-Me-thuggacin A
(4) % BT 5I12%E -7 ° (Figure 1-1-1), thuggacin AlZA % J —LHTIRLIC ST AT &
Ak ZFE Z L, thuggacin B }2 O* thuggacin C (3) WA T 5, 2D b T A7 VAL I
EEOMBEIC I 0B L, Bl IIHERZEMENZ 2720 T 20 b7 U AT L kIEsE
BICHEFESIND Z ENMESNTWD, £z Jansen (7w h BTy 7Y 7 EHE
NOE % #|zE L. thuggacin A K& Tf C OEEMENT 21T 5 Z & T C7, C8, C10, C16-18 fir ™A
FIRFBOMMEEZRE L TWND, LnLAaRS, Y ORFIRSE (C19-20) DOAHXALE .
S ONHe Bl i V3R E Td o 72,

n-Hex

\\\\ = /N
n-Hex 0 n-Hex 0
thuggacin C (3) 13-Me-thuggacin A (4)

Figure 1-1-1. Structures of thuggacins.

T AL D DAPIE A2 T AALEIE 2008 4, Kirchning (2 & 0 fE & 72 1 (Scheme 1-1-1), 1
ZRUVBFET, 222V A X7 v bRISESELHE, EAT7E F=FK 5 6 121
Z.E/TREI=NMET ERURATE =K 8 AR LT, BoileT & b= FNED
g b ROR 7Y T ERERET D Z L TR OFRBLE SR E S, S BIT,
5 D 17 fi/kEEHE A MTPA = A 7 /LICZE T 5 2 L I2 X Y | thuggacin A (s ST AARRL & 2374
E Sz,



1

2,2-dimethoxypropane

TSOH. CH,Cly, 1 h is/sms = 3/5.5/13.5/1

n-Hex

n-Hex

Scheme 1-1-1. Determination of stereochemistry of thuggacin A via acetomde formation.

1-2 Kirschning |2 & % thuggacin B D24

Kirschning /3 2008 £ thuggacin B D282 #iE L T % ™ (Scheme 1-1-2), &I, 7
sua A 9K L TAFMELZ AT HHEr=y RO v e Ufia =y F&)ER
fMEsE2Z L2k, TEONKIFEZ/ETDINVR AR 10 2B LTz, LV AT AV
MR X 0 SRS L 72 RIA 11 & h VR R 10 OFFAIC L D 7 2 G 2R L, & BICHE
IR A Lo Tr oRE, SFNBRILICE2F 7V ) VBOME, 77V VEROBRLZE
AT TTF T —VEREHE L, C1-Cl2 77 7 A K 12 «é:%u\f:o

— 77, Wittig SSZ E 05D =/ 2 13 & AD-mix o DARF T E Rax i bz L v
A=l U, KBEEARELIZRICT LT E K14 EDOT )V R— G EITH ZE TR R
BXT A N ESR LT, SHICA R DU T AT LARINEEIL & R T L ¥ o i
AN&EFRTCL3CB 777 A M16 ZERK LT,

UboXr1cfEoniz 2 o077 72 NMIEED v 7V o7 e~ raZ 7 hove
(12 &V thuggacin B ~E 22TV 528, ZOFEMIZE 5 #i TR 5720 2 2 TIEHIET 5,

AEHIL CI-Cl2 757 A b 12 0)Azfxflz%ﬁél I AFMB A R T 577,
DI DOSLAREEIRMED 67% de & FREETH H R, F72CL3-C25 77 7 A k16 DERIFHET

FEOBNWAAI T A EANRITIUIR LW, KEGHREH L SIS SED A%
FELTWHEF A D,



7 7\
\ sf\ﬁcozEt
H--Cys-OH-HCI ——— = Trsﬂ_COZEt— 1

n-Hex 12n-Hex
1
(b)
Ho AR
OTBS
BzO = AD-mix o o 14 BZOW\/
o 82% ee TiCly, DIEA

TBSO O OH

NX25

(c)

. ) Shiina
Sonogashira coupling macrolactonization

12 + 16

thuggacin B (2)

Scheme 1-1-2. Outline of Kirschning’s total synthesis of thuggacin B. (a) Synthesis of C1-C12
fragment. (b) Synthesis of C13-C25 fragment. (¢) Completion of the total synthesis.

1-3Ye 2 X D C1-C12 7 7 7' A v b DA FRAI%E

Ye 134 /v 17 ZHFFEEE L7z C1-C12 75 7 X > b 26 OB A ®iE L1z 1
(Scheme 1-1-3), L #1IZ 17 % (1S)-alpine-9-BBN % Fi\ 7= Midland 387t 12 X ¥ 72%I =%, 82%
ge TT /N a—/L 18 ~EH LTz i< 3 TRROEMAKTT /LT b R 19 & L7= . Kirschning
5 E[RIEIZ 20 & BN 7= Evans 7V R— VIS &7V BIIO TV R— Ak 21 % BIF72 27
AT UAEIRME (3>20/1) THTWD IRIZ 2L DA 2 REMLE2 T TV — VEBRICEHT 5720,



FTLIMFAT IR 2RICEHL, EHICTREELEUBIFLLRSEDLZETFT
Y — )L 23 DERITRLEN LT-, % D Hantzsch F7 Y — VAR ¥ O 401% o fLIC R FIREED
HOEBATEA VNI D ZENMON TS, TFAA 2V AL 2 MT 5 2 &
TZOTE A VALORIBEA[EREL TV 5, 23 O TMS & RE L%, Pd ittt e F
B AL = AL EITV, FENTIURTUHETHZ T =ra—U R 24~ LTz, K&
|Z DIBAL %7t & Honor-Wadsworth-Emmons )&% 175 Z & TC1-Cl2 77 7 A | 26 DF

RRAETET LT,
RERTHE L7 OFFREC LD BENDT b3 /b 18 OIFHIEN 620 co &£ RIET
HY . FET- Evans 7L R— S DBITA I RERELZ F7 ) — B 5 7= 10 AR

e LT R, ?ﬂ"f\}\%ﬁmﬁ‘éz%i))&)@ S OITRBBLEL 72> TND,

TMS
gz . TMS TMS
o) = 1S)-alpine-9-BBN
(1S)-alpine-9 Ho,, 4 . TBSO, 4
PMBO 72% yield
17 82% ee PMBO 18 o

@) o)
&NJ(O TBSO,, Oj/COZEt
Bn)?o/ 5

HO Br
n-Bu,BOTf, EtzN then TFAA
77% yield
>20/1 dr
1. K,CO3, EtOH 1. DIBAL

2. Pd(PPh3),Cl,, n-BuzSnH;
(EtO),(0O)P~__CO,Et

n-Hex 25
NaHMDS

SﬂCOZEt
26 n-Hex

Scheme 1-1-3. Ye’s synthesis of C1-C12 fragment.
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1-4 Niel |2 &% C13-C25 7 7 7' A > N DA AL

Niel 5% Evans 7 /v R—/L &% V=3 v L7 C13-C25 7 5 7' A v b 32 DA%
LTS 1 (Scheme 1-1-4), SCEREFENIO 7 LT b R 14 2 HIFERE L, 20 & @ Evans 7
NV R—=NEEAT>Te RRX A I R27T Z RGBT AT VABRRIETH WD, K<
STROEMRTT VT K28 & Lizth, offICiEEEREEE AT HA I K29 ZREEA & L
T2EH® Evans 7V R— VR ZITV, TV %wwﬂi 30 A TREEDINE, KORAIFRY
T AT VHBPRETER LTz, R EFRRICA I ROT AT RO L 2 okigio
RAEAZIT> T30 %2 31 ~FHE L, &kl Mg ﬁﬁﬁiﬂ#ﬁ?? L= MY T FATFERIS S
%L 96:4 DYT AT LARIRIET T 1 UL AL EFT L, C13-C25 7 5 7 4 > b 32 35
oY (N

AERL— NIt PR Eof#s 1 5T oT-oTWnWAH72H, Cl6-18 itk K Fk
WA EFNENR HRFELTHR#ET H Z LA TE| thuggacin A-C ZESBITHED i H 2 &
MTEDLRTENTVD, LL2RNL 2 EEH LTS Evans 7 /L R—/V S T b &
MEOARFMEE (FT7IR), RUFRREROT I VEERLETH LD, £ < DFEE
WD ERM S I, BREEHFMPEDBLE N HBEEORMZTE L TV 5,
O o
A
: H

n /7
HM © NW/ T\/I\l)\/K/
n- BuzBOTf EtsN W

o 14 72% yield O OTES
>94% de 28
o 0
NJ(
o B
PBO —~ " -PMB o PMB
29 O LN X ———— H NN
n-Bu,BOTF, Et;N 7f
60% vyield ) O OH OTES (e O\ OTES
>20/1dr 30 TES 31
n-Bu3Sn\_ o’PNIB
= 1618 20 A A
// 17
MgBr,-OEt, OH O_ OTES
84% yield \TES
96/4 dr 32

Scheme 1-1-4. Outline of Niel’s synthesis of C13-C15 fragment.
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28 WG AT

B 1 HiCIRAR X DT, ZIVE TOARMIIGE CTIEAF R FE ORI 7284512 Evans
T R= G D TWS, REISIIMEEMEDO®mWHIETIEH 20D, L EmED
AREMERL NNEMALRIEZ VD LERH Y | 2L OREFEM AT VO MEREET
Do —H. LRI E T b B EOREIFY 2 — Ul & 22 REFTRIE O FUSBIC
ot ©, 7 a hBEIOR THEITT DB RF XA L7 R TV R— VRS E 0L
ONRE LTS & Z 2 TRAUTSRIHIZE SR TR SN R F Z A LY R T R—L
O % TR RS 2 SERIEIRIICHEZE L, BEFEM /b 720 thuggacin B DA% H 3

NP Y
UL boEsAE I, AR T2 Scheme 1-2-1 1Z/RT, w27 1 Z 2 ki BIL Kirschning

SEkE™ Cl-Cl2 757 A M12 L C13-C25 75 7 AL R 16 b EED v 7V v 7k

~7uZ 7 FAtEROCCHEET 25HE 43 C/z, C1-C12 77 7 A k12 DA C2 .=

v MIVT AT UARIRN 2T A= MUIC KV EAT L L, F7 YV —ARIET A

TIRELVERTEDLEEZD L, 121Fp-t FaFoF 47 I FIBITHEKEND, 33

[T ERIRFRF TR TRASE SNIZ LR XA L7 b TV F— LG B Ic L ARkTae & & %

720 CI3-C5 777 AL N16IXT AT E R34 L7 b 35DV T AT LAERIRET Vv K—
VRIS E . THUCHI BRERERICEI D27 AT U OEAICL VAR TH L Lz, 34 O
DA VNI TR ZE R I L VIR SNz a-8 Ru o7 b 39 ORI RFE X A L
KTV R—= VOGS &0 AT B R &2 3L T,
ARER— FOHNEFRFBIILL T OB Y Th 5.

- REMEAE VR, M RFE XA LT RT IV R— VR EERT 22 21080,
PEFM H IS T Z 2 AEE T 5,

- FAT I NEREICHAET 2ERE T LR T EARALCTF 7 Y —VREME T 2 2
LT ERE - BT CL1-CL2 77 7 A NOARKREITY ., EAKE#RE L
Kirschning, 72 C1-C12 7 7 7' X > b D& MR 4 e L 7= Ye H:IT Evans 7 /L R —/V X
JSEAT ST TF 7 — VEBRHESE 21T > CWA N, ZOEH TS TRU EZEL TV 5,
FTHAT I RENLT T Y —NVE~OEBRENRELAITHIZET, AT IROT IV R—
IV X EIZ AR T 5 7217 TIER < 2 D% OBV T Evans 7 /0 R —/ Vi
K HENLTWDL I EERT,

- BEORNA A I T A TIE e A O T L R— VORI LY syn-1,2-Y A — )b
AL AR L, RERBI A 72 C18-C25 7 T /' AL h DA EIT ),
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Sonogashira coupling

n-Hex O macrolactonization

thuggacin B (2)

alkynylation U

thiazole formation
N — +
S N —CO,Et

;
n-Hex
12 alkyne formation 16

aldol reaction

—
—

direct catalytic asymmetric

TBDPSO aldol reaction
OTBS
"o PGMH + H{K/K/
i~ Nallyl) TBSO O o)
S 33 34 35

N(allyl)

ally PGO H

Oﬁj + W 2 V\[( *
H

36 37 38 39
Scheme 1-2-1. Retrosynthetic analysis.
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H3Hi Cl-Cl2 75 7 A2 hNOARK
3-1 F47 I FEZFA EOREREREDORG

TBDPSO
TBDPSO catalytic asymmetric
NR', aldol reaction HO
o + Y ;
s NR';
H S
36 40 41
deprotection
TBDPSO
HO
\\\\ NH2 Oj/ R2 2
. R
S Br
42
43 44

Scheme 1-3-1. Initially planned retrosynthesis of thiazole 44.

Cl-C12 7 Z 7 A FDOF TV —/VEAEFEDOAIHIFHE % Scheme 1-3-1 (27”7, AN TF A
7 X ROMBERIARF LA L7 8TV R—= N KD B LT 3T AT I N4l % L#kTF
FTIRRITERBL, E5ICTaE b 43 LA LTTF T Y —VEREET L Z L &
FHE L=, 7 R—ARISCBWTTF AT I RERF T EORELITT V VENKE TH
DI ERBESNTOENRE ERMOT IV VIEIBRENREETH 2 = & RS0 %
TR T B ETe o Tz, 7 U VIR G AGHENZ 1T S 72V, & 2 CESICHR
ENAIRE/RER DR Z, ETNAIGEHANTITY 2 & & Lz, AW T RER OB
ez LI TR T,

« TN R= RO TFF 7 I RORIGHEICEEZ KT S 720K 5, TOF L ER#

HELTHWS,

- BRI CER S BMBLII AV (F4T 2 Rk 0 i3 st Shd),

o ARESA I LIS T VR (AT 2 FOREIR 2Bk En5),

BN DNV TIRESNT-F AT 2 K 40a 24 L, BEITHSRMETOBRR > DAl
K&z kst L7- (Table 1-3-1), 4 )& Li & DBB X v ik % LDBB® Z W C K a 1T - 7=
LA BHOLBTFAT I FABIIHELNT, XUUALEN L OREITRES N 27T A
7 X R 46 DER LT (entries 1-2), Z D 46 [ ISR A IER T2 ETHRTHZ LD, A
OSSR B N TRAIZGRE L TWD 2 ENRB I, ARSH 1 B E TEIL3 21
RIZHEAR 47 DEFEE TH Y ERDIETEZITIIANWI ETHD EHE X, RIZ TMSCI
WML CTRINZIT> 72 (entry 3), T 72 b A 47 73 TMSCI & US40 48 £ 720 |
2 BB OB VAT D L WIRF LTz, METOREER. RIGIREIZ-20 °C 235 Th
V. BHET 2 1T A7 I K45 08 16%IIGRTH O, ThBl ERISSEZSET D
TEMNTERDST, FEVFULFTTE L= FEAWEEME Y TR 2T 47 I R 46
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DB B, Birch BT T 7k~ U v A (1) 27250 2 TR DL LT
L 727> 7= (entries 4-7),

Table 1-3-1. Removal of Bn group under reductive conditions.

WNan conditions R NH, NHBn
/I /\g/

S THF, 12 h
40a 45 46
entr diti yield (%)

y conditions 5 46
1 Li (10 eq), DBB (10 eq), 0 °C 0 trace
2 Li (10 eq), DBB (0.5€eq), 0 °C 0 trace
3 Li (10 eq), DBB (0.5 eq), TMSCI, =20 °C 16 30
4 Li (10 eq), Naphthalene (0.5 eq), —20 °C 0 45
5 Li (10 eq), Naphthalene (0.5 eq), TMSCI, —20 °C 0 32
6 Na (excess),NH3, —78 °C 0 0
7 Sml, (5 eq), Et3N (20 eq), H,O (40 eq) 0 0

ITi TMS
S S

DBB
47 48

NRUDNVIEEBNERLS BRET DL ENRRHETH 72720, WIZ2-(F Y AF LT Y )= T
WIHTHRESI NI T AT IR 400 %7 b1 A I KV BR#EST L2 L2 MLz
(Table 1-3-2), 4 %D TBAF Z vy, THF 160 °C TIMEAL /=L Z A, 2-(FU AF LT
JNTEF VIR 1 DT BRESNIALAY 49 N ERL LT- (entry 1), 1% DMF ICZ T LK
JEREEA 100°C £ T LA SE 2 &, 400 1THE LN LELD LT A7 I R 45 138 < ARL
B, RDOVITA OB R Y AF ATV LR HEIT L, 50 MEF 57 (entry 2), X HIZF A
7 X REOBBERE DR B BAIZ 3 U bl ZRINA & LTI TRINEIT> 7223, X
H.oizeinotz (entry 3), 45 TiE72< 50 3G LN -BHIILL T O X 9 ITHEE L7z, C-N#&
B SN DT OIZIEF AT 2 RO C=S n flili & C-N o $LENFATIC/AR D Z L NEET
HY . 40 TIXZDONARREFEIZL Y F47T I R C-N HiES £ Y Oz, iR 5 1
ZHE0 BT S D C-No il & C=S n WLE S PATIC/AR D Z L3 T& % (Scheme 1-3-2a),
LL, 28&F AT I R A IINRFEEDR D F AT I R C-N B £V OEERAE Z
DI W=D, LR Y AF Lo U kD B0 T T4 % (Scheme 1-3-2b),

15



Table 1-3-2. Removal of 2-(trimethylsilyl)ethyl group by the action of fluride.

(\ TS s NH,
/Y N~ ™S conditions W

S
S
40b 45
entry conditions outcome
1 TBAF (4 eq.), THF, 60 °C, 12 h 40b + 49 (~1:1)
2 TBAF (4 eq.), DMF, 100 °C, 36 h 49 + 50 (~1:1)
3 TBAF (4 eq.), Cul, DMF, 100 °C, 36 h 49 + 50 (~1:1)
N N
S S
49 50

(@)

40b N

(b) \_©

TMS
Scheme 1-3-2. Possible reason for the formation of 50. (a) Steric repulsion allows 40b to form a

conformer suitable for the removal of 2-(trimethylsilyl)ethyl group. (b) 49 favors the planar

conformer, from which only desilylation takes place.
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UUEDEZENS 2-(FY AF ALY )T FLIEERETHZ LIZREETH S L& X, KIS
24-V A XU RUUNEEFTHFTAT IR 40c HEEAESRMET LT AT I K 45~
T AE %17 o7- (Scheme 1-3-33), ZCATHFZE A I % 21\ RUZF AT UFEFR, BBD
it & To72 L 2 A, entry 2 [T X 912 TFA W25 A ICBRE S HETT L, 45 2% 43%
PERTH LI, PERITHPRET ;’EE%Z)%)O)O)‘:’?AOD?ZFT K45 N3 57D T, IIZ
AFFINIARNGM 2T 52 & & Lz, 36 & 40c DT /v R—/Vii% LDA % W T1T
W E U7k I %A TBS TIRi#ET 5 & 7 & J1RD 51 13 47%IN R T H 7z (Scheme 1-3-3b),

DBl ZTFA/I N = F AT TR LT EZ A, BAD LFEFAT I FE21382<1EL
ﬁ“bﬁ‘ FEDOSREEH L OB TIH 7= (Scheme 1-3-3¢), = DOFGHE X 0 Fett sz Xk 2 fift

Wrsd b2 && Lz,

(a)

rAr
/\[(N\/Ar acid, Et;SiH /WNHZ
s CH,Cl,, 40 °C S
40c 45
Ar = 2,4—(0Me)2—C6H3

entry acid yield (%)

1 TfOH 0

2 TFA 43

(b)
TBDPSO
TBDPSO
1. LDA, —78 °C TBSO rAr
/\ﬂ/ ~A 2. TBSOTH, lutidine, 0 °C N._ Ar
47% (2 steps), 7.3/1 dr '
S
40c (+)-51

(c)

TBDPSO TBDPSO

TBSO Ar TFA, Et3SiH TBSO

\\\\\ N ~ Ar CH2C|2, 40 oC \\\\\ NH2

S S
(£)-51 (£)-52

Scheme 1-3-3. Removal of 2,4-dimethoxybenyl group under acidic conditions. (a) Investigation
of a model reaction. (b) Synthesis of fuctionalized thioamide 51. (c) Failed attempt at converting

51 to 52.
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32 FAZATNVERET LT TV — LG

3T AT I RE LT AT I NICEBT 52 LIZREETH 72720, RICF A= AT )L
R DA RIEERE LT-, & OA RN %Z Scheme 1-3-4 (279, 3T 47 2 K54 1%
KAFE T MellTFA T A2 § 5 L AFNTF AT AT IVEE ~EHTE 5 2 L AMEINTE
D 2 BEIEIEERTHF AT I FOLHEL LTLIELIEAWTE =5, $nF 42570
56 Z R CHERR T  E= U A E LS ED ETFT Y —ABT R ELNS Z ERHRESINT
W5 % TRHDMALY, 54T HEAFAL b ERIGESETF AT AT L8 2155
ZENTENI LS HET v E=U LA LEDORISIZED F TV =L B G6ND EEXT,

(a)

R'. _NRZ, Mel, TFA RLT¢O
E THF, H,0 SMe
54 55
(b)
3
R YO o NH,OAc R3\</’\17/ R4
{2~ eor (]
56 57
(c) o

R1WNR22 Br\)kRs R1\(o o NH,OAc R1\(N RS
7
s TFA, THF, H,0 s il AcOH sj/
58

59

Scheme 1-3-4. Strategy to form a thiazole ring. Precedents for the formation of (a) methyl thioesters
and (b) thiazoles. (c) Strategy to convert thioamides to thioazoles via thioester intermediates.

ETNANEELE L TCT VAVETHREINZT AT I R37TZ/HV, 7eE7 & R 60a KO
THaEENLE BT L 600 2T X LElE L TENENILNEIToT2 & A, 60a &= H
W AT A DT T A7 )L 6la 28 SA%INETH L b DD, 60b & AV -HA121E
FATATIL6lb 1T L GO o7 (Scheme 1-3-5a), EHHDHEA LT I F 62 1% <
RIELTEBY ., ZORIBIENINEZ %K & THRRICR>TWD EBE X Hvd, Scheme 1-3-5b
WRT LI, RRIGTIETRET bACK DT AT I RO S-TILF b L AKROAINT &
O AR 63 AT B, ZOHRUEND T X U AEET B RIS & F A — LSBT D R
WIFET Do FFIT 60b D K 91T R OB A REIMERENGE, FA— /L DGiBES 28R AME
FHINT IRV EAERTDHLEBERLLBND,

U EDEBRIDFATATARIREL 25 2 L IIREETH D LB 2, RITKIEFE T,
STNAXMELETT Y —NVBREEEZ —RIITHI VU Ry NAERAT, Thbb, 747
I RIT DT AFNMEEFEEET « BT VB AMEEFITHI 2 LT, TAFMEE AL IV
TERcZ R TR 64 SR L, S BICBRILRISHEIT L TF T Y —/L 65 3G Hi D &
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£F L7 (scheme 1-3-5c), ARG CTEERICKISZAIT O & RIERMITIZE A EEKET, 650
519U 3R CHARE S L7z (B OFERMEN B RN PRI L EF 5TV D),
EFETNVEETC—EORINIPGFONT-DT, WICAEEZ MW T ZORISEIEEZRET 5
ZrE L7, 51 ERBRICT OV R—= ARG KON TBS fR# 217> T 66 AR L. 60a, HEfET
VE=U A, BEBEEROCCKISEI T E A, TRICK UKISIEELS EIT Lo Tz
(Scheme 1-3-5d), 66 (% 37 X v & SZIKAYY ’bxé%< S-?zl/ﬂwwmi@: DIz WVWZ ENEIA
ThdEEZ, RPIERIZEDT TV — VEREEIINE LT,
(@)

S S
60a: R = Me
37 60b: R = CO,Et 61a: 54% (R = Me) 62
61b: 0% (R = CO,Et)

o]
WN(allyl)z .\ BerR TFA, THrlt:, H,O /Y\O)O]\ <+ WN(allyl)z >
@]

(b)
— HN(allyl),

0 +H,0 (N(a”yl)z 6

N(allyl),
/\n/ + Br\)kR (S\O% .

S
37 60 - HSR'

(c)

N
/\n/N(aIIyI)z 60a, NH,OAC /\@a',lly,h)z 51% /\(Nj/
s AcOH, 80 °C S\JJL\ S J
37 64 65
TBDPSO TBDPSO
NCallyl), LHMDS HO
/\n/ THF, 7810 0 °C
56% . N(allyl),

TBSOTY, 2,6-lutidine - (£)-33 S

CH,Cl,, 0 °C, W

TBDPSO
TBSO M» recovery of (i)_66
AcOH, 80 °C
\\\\\ N(allyl),
(+)-66 S

Scheme 1-3-5. (a) Model reaction to form ketothioesters 61. (b) Mechanism of amide formation.

(c) One-pot strategy to form thiazole 65. (d) Failed attempt at converting 66 to a thiazole.
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3-3S-AFILERIRT DT T ) — LB E 4

FA7 I N S AFALEATH T & TREFICIEM LS L, FiIFTTr I FA—n e
JOSE®EDEFTY I UBRBBERSND Z ERMESR TS PP, KFEEIF AT 2 K
KDEFR A L ORER DI AEF OT T > ) VERICHBAEN W &5 %)
FOBAPOHITEE LSO TIEZRWR, BIROF T YV — L ERBNTILS BWEREZ 5
2Tz, RFEERGTHZE L LT,

AN 2 $R/KEREL S TBS {Ri# S 7= 66 2 MeOTf THLEL L, fit\WTCU AT A LV AF /LT
AT INEMZD EFT U v 67 M 42%INHE T L7 (Scheme 1-3-6a), A S CTlk MeOTf
T S-AFIALEAT 9 BRI TBS FEDBREZZ TN DD DRIBUSAE Z 0 (EEPME T L7,
Tl 2 OGS 2 it UToRE R, MR OKBREE 2 2T 47 X K 33 QLA &
WIH TR D) ZREKFET MU U LR THEAAT LR OIS S GRS %
EHLIHEITE, Hi LY AT AV ATF AT AT ILEDRIGEEIRTITH> EF 7V U v 680
809 % C15 5 7= (Scheme 1-3-6b), X B2 dF 7 V' U v 68 IFEM O T4 212 L v b
L. FT7 Y=L 69 ~EWT 5HZ LN TET,

(a)

TBDPSO
TBSO MeOTf, Et,0, rt;
N(allyl), H-L-Cys-OMe, EtOH, 80 °C
) 42% CO,Me
(+)-66 S
(b)
TBDPSO
MeOTf, NaHCO4
HO CH2C|2, rt;
\\\\\ N(allyl) H-L-Cys-OMe, EtOH, rt
80%
33 S
BrCCl;, DBU

CH,Cl,, 0 °C, 90%

Scheme 1-3-6. Investigation of thiazole formation using (a) O-TBS-protected thioamide 66 and
(b) O-nonprotected thioamide 33.
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34 FAT I FOMBAIARF LA LT M TV R—=/VRUS

FAT I RETFT V= VERSENERTEWRS 2 Z LTI LD T, IRITEFIEM: 66
EERT HIOT AT I ROMBERARFT A VI N7V R—=LVIGSORG Z21To T2, 426
WFgEaR Tld, SR X B F 47 2 ROMBERIARHA 7V R=ARIGEHE LTV % AKX
S TCIXSRARBEA T 47 I R RPITEMEAL T2 2 & T, 7AT B RED S EIEE O
FAT I Roafiniir e bzl b2 EZ2 6N TW5D,

Cu(CH3CN)4PFg 3 mol %
(R,R)-Ph-BPE 3 mol %
ArOLi 3 mol %
o) S BPO 1.5 mol % OH S
o) z
Ay v ¢ NGy, 2 2ml % A Ny
R H 63-96% yield : (allylz

12/1->20/1 dr
88-97% ee

t > th 5 PPh2
o

blsphosphlne oxide
(R,R)-Ph-BPE ArOH (BPO)

8

Scheme 1-3-7. Shibasaki’s direct catalytic asymmetric aldol reaction of thioamides.

AT EREZ, TAVTE K36 EF47 I K37 2HOTT IV K= VUG DSRMERGE &
{To7z (Table 1-3-3), A% ¥ — RRGMTRISZIToT2 & 2 A, SIKERIEIZR W DD
INERIT 44% & TPREFEIC L E ko7 (entry 1), % Z T Bronsted Lﬁ%‘ﬁ%ﬁ@‘éﬁlﬂﬁ“@% % A
STV A I TR A TR U BOS 21T 5 LIRS m L (entry 2). IZ 2,2,5,7,8-~
B AFN-6-7 </ —/L (ArOH) ZINZ 2% & IFHIT 85%IZ2E L T- (entry 3) LL2NG
ARSI TIE=F o FAEIRNED 91% ee EATIR T LTERY . Z AU oiETES B3
EHZEICLDV M BRRTH D EHER LTz, £ 2 TR % 2mol %lZH U7z L =
Ay WEEHR ) Z el U F AR A R LS5 Z LITEEI LT: (entry 4),

A2 FOVER % IO T B3 SR D 0 b iR A R L — 05 TIRIE R — O LR
RENGFONTEHBIILLTO L 2IZE 2 545 (Scheme 1-3-8), HERAUME T LIOAr (I1)
ISR & DB T A BT KD CuOAr (I) & OFEERREEIZH V. FEERITHL 7 7 koAb %179
BOFEWREIL (1) THDEEZLND, ) 1ZFAT I REDENLIZED () ZFHLT
filr ) Z— K (IV) ZAEKL, 7T E RISHMUTIRT LRI — Nk (VE5 25,
ZOFREER (V) XV FTLTIVRT—F (V) EOFEMNCH Y, 2 (VD) 1TV hadsz
B LIZ W ERDhoTVD P i, EEEEOTEETHL EEZ6ND, Thb
B U F U LARFEET DUCRTUAE CIIRSOSED AR (1) < (V) 23 CTAEL H 7
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Table 1-3-3. Optimization of reaction conditions. TBDPSO
TBDPSO

%‘j . W (allyl), conditions HO
THF, —70 °C WS Nallyl),
37 33 S
entry conditions (mol %) time (h)  yield (%) dr*  ee (%)°
T AOLGLBRO UG ACh @ 40 4 201 93
2 MesCu (3), (R,R)-Ph-BPE (3) o4 56 w00/ 93
3 MesCu (3), (R,R)-Ph-BPE (3), ArOH (3) 24 85  >2011 91
4 MesCu (2), (R,R)-Ph-BPE (2), ArOH (2) 24 84 201 93

aDetermined by 'H NMR analysis of crude mixture.
blsolated yield.

Ph
cu  : b HO thﬁk\% PPh;
S =
o
MesCu (R,R)—Ph—BPE ArOH b'Spho(sspglcg()a oxide
OH S
SN s
R Y7 N(allyl), \)K
Li i ArOCu* N(allyl),
a ) 0
o s
R/\:)kN(aIIyI)Z
Vi) ) ArOLi
Cu (N ,
/ \\ Ar\ /Cli
8 73
R™ Y 'N(allyl) H N(allyl),
z ArOH
V) (11
Cu-
o) 'S
=
R)LH \)\N(allyl)z
(V) Cu” = Cu/(R,R)-Ph-BPE complex

Scheme 1-3-8. Possible reaction mechanism of catalytic asymmetric aldol reaction of thioamides.
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DI BEMREDOREDMEL 720 | FOSEREPME T2, £D—F T C-C fMaTElD AT
> ZIEFE CHEE (V) 26T LTV D2, 85 SOl Z2 IV T b [RER O L AREIRE
PELID,

3-5C1-C12 77 7 A b 12 DERL

IR AR XA L7 BTV R— VUG & UK 7 Y — VERIBEIZ L W 15 57z 69
ZRAWTCL-CL2 7T 7 A b 12 DA EL{T 7= (Scheme 1-3-9), AT 2 Fh/KEE A % TBS
T—7 /L LTER#EL, $WVWTTBDPS JDBRE, SHICELET IV a—LOBRbEIT- 72
TNATE RTI0~NEWe, ZOTATE T 27 0F=/{bz ) F U LR AF LY
AT TV REREAIE LTHOWTRFLIZE ZA, THE FCIZEATRWY T AT LA

0]

1. TBSOTT, 2,6-lutidine
CH,Cly, rt TBSO

2. NH4F, MeOH, 50 °C
87% (2 steps)
3. DMP, CH,Cl,, rt, 96%

TMS Li
-78°C
in THF: 74%, 1/2.4 dr
\7/002'\/'9 in Et,0: 74%, 6/1 dr

\
\
\
W

70

1. TBAF, THF, rt Cp,Zr(H)CI, THF, 0 °C to rt;
2. 2,2-dimethoxypropane ° )
PPTS. THF. rt I, 0 °C to rt, 56%

1. DMP, CH,Cl,, rt, 95%

2.
EtO- ﬁ CO,Et

EtO” Y

n-Hex 12 n-Hex
THF, =78 °C
see table

entry  reaction scale (mmol)  base yield (%)? E/z2
1 0.010 LHMDS 91 10.5/1

2 0.010 NaHMDS quant. 4.71

3 0.010 KHMDS 93 4.01

4 1.0 LHMDS 93>  6.0/1

aDetermined by "H NMR analysis of crude mixture.
blsolated yield.

Scheme 1-3-9. Synthesis of C1-C12 fragment 12.
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V= MEENCAER LR, VEFAZ—T VR TIEELDO VT AT LA~ —NEAERY)
LLTELDOYT AT LAEBRMETH O, 71 OV U VEE TBAFIZTREL, AU
13-PA—NETE h=FE LTHELT 2 ~FE L, 'H NMR T OFEE, 72 Tlik=
F = NVEERT F 2 ¥ MALE LTEBEEZ B> TWD— 5T, TAF¥=/ b TR T4 L
T AT UAT—LVFEE LT epi-72 TIE=F = VENRT I T MU TIVITALE LB %
BoTWDZENFNY, T VLD FERET D Z LN TE 72 (Figure
1-3-1), 7212 Schwartz RIEAEM & T Fedra=vafkl, I UETHRLE L TT L
Foa—Y R 5 L PRI L TATF ALV AT ANRETL S, 1 KT ra—u
73 NER LT-, @ Schwartz EIZ = AT A AR IE LAV B Z e R b TV AT, F
T NVDOERFRANBTN A=Y KIENT D2 LR 2T VOBETLAMEES L TH
HiEZObND, 1 7V —/ L% Dess-Martin fig{fb L CT7 V5T b K& Lz,
Horner-Wadsworth-Emmons St D fgaf #1772, 0.010 mmol O 7 V5t R v T4
HDOAZ ) —=2 7% LI=f5ER, LHMDS 23 & BRVEIRMT IrEOE)-A V7 4 12 %
5.z 7= (entries 1-3), & Z CRIGA—/L% 1 mmol [ZA 47— T v 7 LR UM TRIG
ERLTZE Z A RS  BEKIRINRHZ ROSIRNIRD EH- L7272 DI BIZ @RYERE TR T
LT LE-728, thuggacin B DA E T 5 DIC 437280 C1-C12 75 7 A > b 12 %45
5HZ N TE T (entry 4),

H _ J=11.7H
J=5.1,6.2Hz J=10.1Hz ‘

\
\
\
W

= CO,M
e
S\/)/ 2
72
Figure 1-3-1. Determination of stereochemistry
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FAH Cl13-C25 777 Ay FOARK
4-1 7IVTE R34 DA

SRIFATFEZE Tld e Fr g b 39 ZsRIZA &3 D AR A 7 L B — VOGS & s L
T 5 Y (Scheme 1-4-1), A filifit |3 = F L #igh & linked-BINOL % AW TER#L S 1,
THF % CIEHSh & BUAr 175 3:2 DESIARREE A I > T\ D Z & 25 X BfG sa s G it e Of
NMR fEATIC L 0 HBI LT D, Z Ofliiz AT PMB RS2 T7 L7k K 38a &t K
BX 7 39 DTV R VLR EIToT2E 2 A, FRIEOSRERETYE Kaxvr
kY T4a 33 H4v7- (Scheme 1-4-2a), FHASARIC L 0 HFRIICHIFEZ: T4a & L7, U AR
AP EER S TCUA— NV EBRIRD —AR 33— b 75a ~EH# L7, KIZ mCPBA % 7z
Baeyer-Villiger fefbafat L7z & 2 A, BEMENESBIAERD S L < AT 5 Z LAV L
7z, T2 MRETORE R, T mMCPBA % /3K & FifEihIC L VR L 72 RIS ORIC W2 &
BiME LI\ E L, = AT L 76a 75 T0%INEE T H L7z, LIAIH IZ XD IR =1 3%
BIL LT R A—v e Liztk, KEEHD TBS fRi#, 1 &V bo—T L OBIRAIBLRGE,
EHICECELET Va—LORbEIT> CT AT K 3da 2 Ak Lz,

RIZFERD FIEZ LN A NVETRESNTZT VT E R 34b DGR EIT - 72
(Scheme 1-4-2b), X VNV THR#ESNIZT /LT b R 38b ZHFEIFEE L, ERE & AR
Wk T-> T AT )L T6b A LT=, 76b DB ILR=/LEDiETTIE Red-Al Z IV TITW,
AR LT B U A — % TBS fRi Lo, W b7 =0 LR NP2 {b LT
VIS ANEEANTEW LT, RBICV Y IVEDOREL T L a— L OBREIZE Y 7T K 34b
AR LT,

OH Et,Zn 2 mol % OH
RTH + (S,S)-linked-BINOL 1 mol % R
o) THF, =30 °C

O OMe OH O OMe
39

(@)
O L &Jz/ YiVA'se
99 /\/'\/\Ho
(S,S)-linked-BINOL OO
O Q L = thf

Zn(linked-binol),thf3 complex
Scheme 1-4-1. Direct catalytic asymmetric aldol reaction of hydroxyketone 39.
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(a)

OH
PMBOWH
+
(0]
(e} OMe
38a 39
PMBO

triphosgene, pyridine

CH,Cl,, 0 °C, quant.

1. LiAlH4, THF, 0 °C, 94%

2. TBSOTf, 2,6-lutidine, CH,Cl,, 0 °C

Et,Zn 2 mol %
(S,S)-linked-BINOL 1 mol %

THF, =30 °C, 18 h
85%, syn/anti =5.1/1

MeO
o)

mCPBA, NaH,PO,

OH

PMBO
OH O OMe
74a
83% ee
recryst. (81%) E 99.5% 6
OMe

PMBO

o CH2C|2, reflUX, 70%

<

3. CSA, MeOH, 0 °C, 64% (2 steps)

4. TEMPO, PhI(OAc),, CH,Cly, rt, 71%

(b)
OH

BnOwH
+
(e}
OMe

38b 39

triphosgene, pyridine

CH,Cl,, 0 °C, quant.

. Red-Al, THF, 0 °C, 91%

quant.

. TBSOTTf, 2,6-lutidine, CH,Cl,, 0 °

o~
75a ©
OTBS
PMBO H
TBSO O
34a
Et,Zn 2 mol %

(S,S)-linked-BINOL 1 mol %

THF, =30 °C, 18 h
quant., syn/anti = 6.2/1

mCPBA, NaH,PO,

6]
76a O«o

OH O OMe
74

OH
BnO
b

93% ee

recryst. (84%) [ >99.5% e6

OMe
BnO

o

CH,Cly, reflux, 94%

c OTBS

BzO

rt, 82%
. CSA, EtOH, 0 °C, 76%

. TEMPO, PhI(OAc),, CH,Cl,, rt, 88%

. RuCl,, NalO,, CH3CN/CCl,/H,0

TBSO O

34b

Scheme 1-4-2. Synthesis of aldehydes 34.
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4-2 PMB 1#i#1k 34a % IV 7= C13-C25 7 7 7' A > F DAL

PMB TSN T7 /LT K34a L7 b 35DV R—/Vi% 9-BBN R YU 7 F— k
FHWCITY &, 2 OV T AT LA~— (7T7a & epi-77a) # 21 OEIATHERK LT
(Scheme 1-4-3), AW DSLAELZITIRIE TH DA, IWH TR DR A LAR#ER 34
AW EBSOSORERN IR S L epi-TTa BNTEDO Y T AT LA~—ThbH, Th
5D 2 OOV T AT VAN —%EGHih, VT AT RXFUARTUEFL— ML LIZET
SEPICL VN EBLTHE T AT UARIRMEIZE L 20 DD T7a /5 78a 23,
72 epi-77a 725 epi-78a NENEN LAY & L TR LI, RICT A — /L OLRGE A R
FUET22-0 A MR T a0 ERWTITY &, 78a 0 DITHEMERIEEMR G LN DA T
BoTledy, epi-78a N HIFNRRELS T h= K epi-79 G oi7c, 2O XL THRLIL
72 epi-79a (2% L, DDQ Z M7z PMB X DORELREFIL L Z A, BHIOT L 2—)1 80 1%
L AERET, P2 OT UAMMINBL SNEZRIVERM Z 52 5 DB Th -7, 7 U AL
DAL ST BIZAERIT PMB VR L CW A EBRESNTIME DIREM TH o122 &
PO T UNALEEEIZ PMB EDRE XD S RIGHENRE WD &R I L7, % Z T DDQ

OTBS H{K)\/
25 TBSO

PMBO H o) PMBO PN
TBSO O 9-BBNOTf, DIEA, CH,Cl,
~7810 0 °C, 67%, 2/1 dr TBSO OH O
77a (major)
epi-77a (minor)

34a

Et,BOMe, NaBH,

. TBSO

THF/MeOH, —78 to -30 °C PMBO PN 2,2-dimethoxypropane
44%, 1.9/1 dr (for 77a) CSA, DMF, rt
60%, 4.0/1 dr (for epi-77a) TBSO OH OH ’ ’

messy (for 78a)
quant. (for epi-78a)
78a (major isomer from 77a)
epi-78a (major isomer from epi-77a)

TBSO DDQ TBSO
PMBO Xy HO X
CH,Cl,
TBSO 0. O phosphate buffer (pH = 7) TBSO O. .0
x rt, 0% 7<
epi-79a 80
TBSO TBSO
PMBO Xy + HO X
TBSO OH O TBSO OH O

Scheme 1-4-3. Attempted synthesis of C13-C25 fragment starting from 34a.
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IZ X% PMB EEOBREIHRIE L., EOMOBIRESRIE LG LTz, LarL7eA S CAN & H
W BB B SAE T MR A & 720 | Birch B IofE TIIRUSIT &L T Lo T,
T ZORERFTORMITIED O D, PMB RER 3da 22 OEREWER L, X A Lk
R Mb O OERERETT A L L LT,

4-3 X A UAREIR 34b % VN2 C13-C25 7 5 7 A v b DA

RN A NVEETHR#E ST VT & R 34b Z3RE Al 35 ZREAIE LTHNT
TV R— VSO 24T - 7= (Table 1-4-1), 7235 ERM O STV 21345 DM SIZ L 0
WE LTS, LHMDS Z8iE & L THWEGAITITZEATRWS T AT LA~ =3k L
THARK L7= (entry 1), NaHMDS X° KHMDS % H W= &3O YT AT LA~ — MBS
FIZAERR LT b DD, FIAERM S 2 < AL, RIGRIZE & F 572 (entries 2-3), 9-BBN k
U 77— e 550TiTentry Ll OA L RBRICERTRNT T AT LA~ —D03ME%E L

Table 1-4-1. Optimization of reaction conditions.

OTBS TBSO
BzO H 350r8  BzO X
TBSO O —r8°C TBSO OH O
34b 77b
entry conditions yield (%)°
desired isomer other diastereomers
1 35, LHMDS, THF trace 78
2 35, NaHMDS, THF 24 ND
3 35, KHMDS, THF 26 ND
4 35, 9-BBNOTf, DIEA, CH,CI, 1M 22
5 35, TiCly, DIEA, CH,Cl, ND ND
6 35, LHMDS, TMEDA, THF 6 88
7 35, KHMDS, toluene trace 50
8 35, KHMDS, Et,0 trace 29
9 35 KHMDS, CH,Cl, ND ND
10 81, TiCl,, CH,Cl, ND 90
11 81, SnCl,, CH,Cl, ND 20
12 81, BF3+OEty, CH,Cl,, —40 °C 49° 16°

aDetermined by 'H NMR analysis of crude mixture.

blsolated yield.
H\J\/K/ AH\/K/

O 35 OTMS 81
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THR LTz (entry 4), PEALTF# 2 HWEHGAIZIET R 3B IEHERTL2HLODOT L R—
JARDARITBLIA S 78 r > 72 (entry 5), U %?A@ﬁﬂ&%k LC TMEDA #/lx. &
PO EIGE LN, BHDOTT AT LAY —IL6WIERIC L EF -7 (entry6), ZiLE
T\‘T\‘%%E&b\ff*%%%ik KHMDS Z ik & LTV, OB 21T - 7223, THF LISk
DB E WG EIZIITEO T T AT LA~ —3T & A EARKR L~ 7= (entries 7-9),

U EDOBENOIEE DT Vv R—=VRISDOFRMETIIRFR YT AT VA ERMET 77 %215
HZENRREETHD EE X, WICHEILT NV R—= VLD E{To72, 7 h 3B &2 UL
T )= =TV 8L ~EW L, Fix DONA AW ERETLTIZ & 2 A, T LT 2 0l b
TPEANEBSIITEDO YT AT LA~ —13 e EK L0 > 72 H DD (entries 10-11),
BF;-OEt, %)ﬂb\f:;ﬁa WMDY T AT LA~ —MESERT AR L, 49%I0E THEES 2 2
LN TX7 (entry 12),

Boni=T v F—uik 770 Zf\\WT C13-C25 7 7 7/ A k 16 DA E(T- 1=
(Schemel-4-4), 77Tb 12V =F L A FF TR T UAFEF NaBH, Z1EH SE 5 L 61 DYT AT
LABEIRME T A —L 78b MG bz, Z DY A —/LiE Kirschning H12 Xk 0 s ST
HEMFEE Y THY ., BRSO ALY MAT—ERRESN TN H0E —H LTS
ZEDBAERMPBFTLD SR L2 G LT D Z & D3R S vi-, %12 Kirschning & O
B> TV ORHE L KT V¥ DEANEITVN, CL3-C25 7 T 7 A FDEAETE
TL,

TBSO Et,BOMe, NaBH, TBSO
BzO NG N BzO X
THF/MeOH, -30 °C
TBSO OH O 84%, 6/1 dr TBSO OH OH
77b 78b
(known intermediate)
1. 2,2-dimethoxypropane TBSO 1. TPAP, NMO, MS 3A
CSA, DMF, rt HO PN CH,Cly, rt, 77%
2. K,CO3, MeOH, rt 2. Ohira-Bestmann reagent
85% (2 steps) TBSO OXO K,COs3, MeOH, 0 °C, 73%
80
TBSO
e J 25

16

Scheme 1-4-4. Synthesis of C13-C25 fragment 16.
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% 5 i thuggacin B D&%

INETICAW L7 I 7 A2 k12 & 16 Z MV, Kirschning 2388 U 7= SO gtk o
T DU % h %2 T thuggacin B D&k &1T > 7= (Scheme 1-4-5), A 12 & 16 DEEED
TV TR 13- A 8L AT, VU NEDORRE L = AT NVONIKGRZLT> T
Tt RRFUEE 82 ~FE L, WICTIVF O ETL A Lindlar il 2 AV CTIT - 7228,
Kirschning 23245 L7-2 U U 2 RMNAIE L THWA R TIZ BRI cis-4 L 7 ¢ 13 30%
FRBE LOVERL L T2 2 & 28V O "H NMR AT L 0 I L7, & 2 TRiix 5t
ZRRET LIRS, A E LTid /2 U Ui Ch o 70, b7z cis-A L7 1 UIERK
D 82 f ONBRR T ETT LIZBIIAERM & DIREM TH o122, ThaET 52 L 7e<
HeAAEIZ L D~ 27T 7 M ALORETRISSELLZ A, TED~ I T 7 |2 8373
2 TH2 38%INHE T b LT, ixfklZ CSA W T T & h= ROifrRi#E % 1T > 7=, thuggacin B
IR S TR A TR BOG 2 Z LT figd 2 Z & Kirschning 12XV #iEITEH
D, EERCHRARICET BRIV ERESINICE Y ZOnMRIS R LI, £ZT
Kirschning & ARk, B & —BEfs 1k L C thuggacin B % 45Ef L 72 % (SR UGSy Z2 [/l U4
Bt &/ 72, 2 %4 7 L O thuggacin B DG FHERIT 39% & 72 ¥ | thuggacin B O A A
R LY

Pd(PPhs),Cl,
12416 Cul, Et;N 1. TBAF, THF, rt, 97%
+
CH,CN 2. KOH, EtOH, H,0

—20°Ctort, 72% rt, quant.

1. Lindlar catalyst, quinoline
H,, AcOEt, rt

2. MNBA, DMAP, MS 4A
toluene, 70 °C, 38% (2 steps)

CSA, MeOH, rt
39% (after 2 cycles)

\
\
\
W

n-Hex O thuggacin B (2)
Scheme 1-4-5. Completion of the total synthesis of thuggacin B (2).
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H2% a-CRza 327 I FOMPBAIARF LA Lo BTV R—=)V L DRSS

i e R

1

BTy FACEWIIR R BRI (BRRE, BRI, KER- GRS SENK
NENREZ R T 2 & B IERESH CIEEH 2ED T D 2 L LARLE 7 v #HLh
VOB RTIEIRIERBR ETHY | HICAFHLEAT 287 v RILAW 2 LRI
IZARRT 5 FIEORITEE2ERETH S ¥, afill CR a2 AT 5 W LR = LAY
84 7 )V K— V)i (Scheme 2-1-1) [T KM Aonbs 7T a et o= F® CF;
BRI Z AT 2720 RERYOEIIEECRBLZEMEZ M B S 5 BRI PRI EN
HEHERNIGTHD, LN LUAKSTIET=, 7 — FHEEK 85 OREZMENMELS, EHI26 8
BEBINEEZ R L CASIC B DA Z 372 DINERL TV R— A UG 2T SE5 2
ENRRNEETH D Z ENFmER TG ¥,

FRD XS 72 ) T — N ORERDORIEDAET D720, KTV B— VUL D s FlI%
FRERITH D, HHIX 1984 4, a (il CR A BT 5= A7 /L 88 (2% L TMSOTf & KU =
FNAT I VEEREED ERBIETEERTT Y IATEE =L 8 NMELND Z & ik
LT3 *(Scheme 2-1-2a), #5< R AT AT b R EDORISIEMMEICHET L, 74 R—/k
90 2% 93%ILE TARL LTz, 2004 £, = RHZFH o=/ T7—F R #HNDHZ LTIV R—
NMNEEEH NS T AT LA RRETHESL Z LK LTS ¥ (Scheme 2-1-2b),
B3LYP/631LAN L~V TORADFER, 74 = ) T — b 92 [T ZEMHE T C-O-Ti OfE S
K 170 JELZITEAE L /oo TWDH T EVHIBAL, 85 DX 57 6 EERERIREAZ LY
W2 Wiz B BBERIIHI S TWbH EEZXBND, ZOFH T T — NOREMEEZF]
AU REMBIEZ TR OHe Bl 8 2 I 2 FERB O TR 7 v —7 L0 @iE
AL, BB E OSBRI TEHILTWS ¥ (Scheme 2-1-2¢), F7- 2011 4FIT1
Ramachandran (2 X VD (AR U HFExT /) T — M BN B Z & Z SR WL ERT ) T—FTHY |
TV K= VBN REF T 5 = L NHRE STV S *® (Scheme 2-1-2d),

#

O

o M s OH O
metal/base F O R?" H ZJ\)J\
1 R R
CF5 F 3
84 85 86
fast | -MF ﬁ
OH O OH OH
1 E YLTﬂﬁ
further decomp. FMW I
-~ ! CH3 CH3
87 :
l

Scheme 2-1-1. Importance and difficulty of developing aldol reactions of a-CF5 carbonyl compounds.
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(@)

o TMSOTf 1.2 eq PS OH O
oM Et;N 1.1eq FC /OTMS Ph™ 'H o om
e
CH,Cly, rt 3 OtBu _78°C e
CF, 80 CF,
88 > 90
1eq Eiz=1/4 93% yield
60/40 dr
(b) CI3Ti\ o o o
o TiCl, 1.2 eq o) R)kH :
Ph 3 Ph .
CF3 CH2C|2’ _78 oC T|(O|Pr)4 01 2 eq CF3
91 92 -78 °C 93
1eq 74-97% yield
97/3-99/1 dr
(c) o
Q j’\ Ticl,  1.0eq O/T'(Sz'3 L OH O S
HKN o0 _TIMEDA 25eq R™ H
0 F3C%/\ )J\ o R N ©O
CF. CH,Cl,, -78 °C N~ o —78100°C \
3 N \ / CF3 N
Bn B
94 Bn 06
1e
a 95 63-86% yield
>96% de
(d)
0 BOTf 1eq o Q
2 BR; )J\ OH O
EtsN 14 e R” “H
HJ\Ot—Bu ° d Z>0t-Bu ArMOt-Bu
CF3 CHZC|2, -78 °C CF3 —78to 0 °C CF3
97 98 (racemic)
1.1eq

52-95% yield
>99/1 dr

Scheme 2-1-2. Selected precedents of aldol reactions of a-CF3 carbonyl compounds.

LU ED@EF] TV b A5 B i

OIEMEALREE L2 W TR Y | EER o

AR STARBLE 2 FH 95 72 OITIIARFMEZ N D BLER B D720, £ OFEFEW = /£
T D EWOMEREAT D, EEARLERT ) 7— FEFEATRET 52 & AR, Ak
HBEATHY, TATE RFEE T 77— b &2FA SRR T 2 M R~ 45 41 L
7 N7V R—=/VEOGIE, BEFEM O AR ZIRIT D DORR 6 ANLE R K ZREIZTH
BT 5LV BEHRTHAEIN M EIE TH D L F XD,

SRR IE S CIIfE AR EF X A L7 b 70 R— VIS ORI flde T, 1-7 b
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T-THEAL L R VBENTT NV R—L R P —Th5DH I L2WE LTS *, ofiflc SMe &
EHT 57 I K100 D7V R— VRS ITERAEAFLE T PEICEIT L, @OSLIRRIREE T
NV R—K 101 % 52 %, RRIGTIEBZ v hAblic kb= 7 77— NOERKRIHEZ A, 100
SRR ZRIAZ LT 102 D K 5 72 F b— MEGE AT . B e b oAbMBRES LD L ARE
INTWD, FIBERHFZEE CTIX a2 CR 2 H 957 X K 103 % fV 7= Mannich
JEOBFFE LA L TR0 ¥, AR 104 IZERARBEAF/E T mIER « @ SEASEIREICE ST
%o REJSIZBWTT /7 — b 105 135 L— M RIC X v ZE{b S, 85 (Scheme 2-1-1) @
Lo 7 v FRFEFEET 6 BEERMEZERET 22 LIk pUBEZIHIL TnWd EEZXD
o,

UL RO S 2l E 2, BT 2 K103 ZREZAL, 7T b RERELHE LTl
BIARFEXA L7 N TV R— VRIS OBRICIR fir 2 & & L=,

(a)

AgBF,
(R,R)-Ph-BPE 3-8 mol %
Q LiO(CgHg-pOMe) ° OH O
o N LiOTf
. N
R™H MeS = THF, 60 °C MeS /=
\ N
— O - \ /
100 101
HJ\N up to 94% yield
MeS up to 98/2 dr
/ — up to 99% ee
AgN
\_/
102
(b)
CU(CH3CN)4PF6

(R)-DIPA-BIPHEP | 5-10 mol %
Barton's base

NBoc Hk
DG N R)\lxN

Stabilized Cu enolate

CF —
3 THF, rt CF%J“
\_/ 104 N
103 : Cu\ A
' O N=
_____________ F3C = / Tttt
NN up to 96% yield
105 up to >20/1 dr

up to 99% ee

Scheme 2-1-3. 1-Acyl-7-azaindoline in catalytic asymmetric (a) aldol and (b) Mannich-type reactions.
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28 o-CREZHATH7 I ROMBHAKZ A L7 M7V F—L i
2-1 PO DRk

2HREDT 2=V Y A XY —/LKFW 106a & RETH & L THWTRINSGEO i b
177 (Table 2-2-1), 7287 = =/ 7 U A FH — LKFPIIRR TLETH Y RS S
TWAETEKY L VENL TS, &OIZ ATV, (R)-Segphos, 2,2,5,7,8-2 % A F
JV-6-7 i~ ) —)L X0 S Bl A 10 mol %AV, BUSIRE DR 21T o728 25,
—40 °C i ThH v, T /b F— /UK 107a 28 97%IE, 141 DOV T AT LA BRI, 57% ee
(anti) TSIz (entries 1-4), & Z TSR 240 °C | .ﬂi L. WIZY VEALF DAY
V== T E Tolz, EORE. (RRy)-Taniaphos Z AW =8 A IZINEOIK F2#H < H DD
b o F R (70% ee) Tanti KRG HND Z & #/\Zno 7= (entries 5-10),

WRICHEIED A7 ) — =2 7 %4T > 72 (Table 2-2-2), FE4 WETORR, HERRALKFERD
TR K OV — T )L R DVEIEDS BTSRRI CAR & 5% % Z & AV L 72 (entries
1-13), H#1C MTBE Z WA IR bEm WY T AT L A B4R K O ) o F A 3R Ve 3 5
BALTZd. MTBE P CITAE ORI N2 | IR HEIMEZ B8 LT X 0 Efirto
BW kv o aiEmsst e Uiz, L L7ens M= cHREEITERI i?ﬁﬁ’s@éf
PRI O REILSE R I TR STV RV, — 5 T DMF 2R B W358 I3 E 23 5E

’iﬁﬁiﬁ‘é 728, DMF I/ R 7R2 VA CH - 72, entry 13 12" $ K 9 | ZIK{»QZE?;EP’C EEs

N OIER DG B AL D 0 DA SRR D R D TR < 725 72, DMF H IR A3 E

TeDIZV b a7y R=)VROSEE Z Y | SEREIRMEMET L7z & O 232 T, entry 14 T
i}iﬂ?% 0 TIEIL LT o FARPRNEZ MR LTz, 55 & AR DI 1L 60% ee
THY ., entry 13 D 8% ee |[ZLERTHFITHE WD & 006 FROGERNATE LW & DRIE S 4L
7o I DT F A RRER B A2 U CRORTREE 260 °C 12 F I TS ZT 2 7203,
I« SEARRIPEL I BUWEERIIE S o 72 (entry 15),
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Table 2-2-1. Screening of temperatures and phosphine ligands.

OH MesCu 10 mol % OH O
HJ\ ligand 10 mol % Ph ~
Ph \H/kOH + ArOH 10 mol % N
5 CFs /= THF, T°C, 18 h O CFy
106a 103 \ V/ 107a \
(2.0 eq)
entry ligand T[°C] yield [%]? antilsyn®  ee [%]°
1 (R)-Segphos 0 94 1.2/1 —23
2 (R)-Segphos -20 98 7 =30
3 (R)-Segphos -40 97 1.6/1 -57
4 (R)-Segphos —60 <10 ND ND
5 (R)-DTBM-Segphos —40 0 ND ND
6 (R)-DMM-Garphos —40 47 1711 —-45
7 (S)-Xyl-P-Phos —40 51 1.0/1 59
8 (RR ) Walphos —40 69 1.3/1 —-26
9 (R,Sp)-Josiphos —40 quant. 1.6/1 1
10  (R,Ry)-Taniaphos —40 65 4.4/1 70
aDetermined by 'H NMR analysis of crude mixture.
bEe of the anti isomer. Determined by chiral HPLC analysis.
o) O
" 1) 1)
o PPh, PAr,
o 0 ! PPh, <o g PAr,
ArOH <O ©
r
. (R)-DTBM-Segphos
(R)-Segphos (Ar = 3,5-t-Buy-4-OMe-CgHy)
OMe
OMe
(J S
I PPh
MeO PAr, Pz 2
MeO PAr, MeO PAr2 PPh;
MeO PAr, Fe :
\ -
| e
_N
OMe
OMe
(R)-DMM-Garphos S)-Xyl-P-Phos (R,Rp)-Walphos

(Ar = 3,5-Me,-4-OMe-CgH,)

(R,Sp)-Josiphos

PPh,

Fe PPh,
MeoN

(R,R,)-Taniaphos

=

7



Table 2-2-2. Screening of solvents.

o MesCu 10 mol % OH O
OH r/ﬂ\ (R.R,)-Taniaphos 10 mol %  py -
Ph\{H\OH . N ArOH 10 mol % NN
S CFs /= solvent, —40 °C, 18 h O CR /<
106a 103\~ 107a \_/
(2.0 eq)
entry solvent yield [%]? anti/syn? ee [%]°
1 THF 65 4.4/1 70
2 CH,Cl, 21 1.3/1 58
3 toluene 55 4.5/1 84
4 AcOEt 61 2.6/1 64
5° PhCF, 76 2.3/1 76
6 PhCI 49 3.9/1 83
7 m-xylene 64 5.4/1 76
8 pyridine 0 ND ND
9 CPME 46 3.6/1 76
10 Et,O 45 3.0/1 84
11 MTBE 49 6.0/1 85
12 n-hexane trace ND 65
13 DMF 98 1.9/1 8
14¢ DMF 4 ND 60
159f DMF 40 5.7/1 41

aDetermined by "H NMR analysis of crude mixture.

bEe of the anti isomer. Determined by chiral HPLC analysis.
€At —20 °C.

9At —60 °C.

®Reaction time was 30 min.

Reaction time was 36 h.

TV ATy R EORGHE R % Table 2-2-3 1273, ZHETIEA T L E 2,2,57,8-
NUBRAF G- a~w )=V EDFHMENDE T = /) ¥ FlE T L AT gl e L
THWTE 722, S 2D 720 CUPFg ([ E L CREAX DA ) —= 2 7 %475
oo NUZFAT IV ERWESEICIFEEERARE L TEBY o2 #EIT Lo T
23, DBU & % X Barton’s base & HV 72355 11X S 23 I HEST L, 72 DBU 3k E D
SEARERIRVE CAERM & 5 % 7=, LiOt-Bu X° KOt-Bu % i\ 2354121352 1 C CuOt-Bu A3 45K
LG HEIT 5 2 L 2R L7122, PRICK L CTRIRIEESH#AT Lighole, 202 &
NHYFUARLH VT LREDOT NV SREIIASZET L Z ERRB N, i
%12 106a DEE LI HFEE TR UL ZA, 2HBEOLE L ERWNLIARRET 107a 23
BONTOT, REMFEREFIrE UTRE LT,
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Table 2-2-3. Optimization of reaction conditions.

Cu salt 10 mol % OH O
Hk (RR,)-Taniaphos ~ 10mol %  pp_ :
Ph \H)\OH . base 10 mol % NN
CFs /= toluene, —40 °C, 18 h O CF; )<
N
106a 103 \ V 107a \_/
(x eq)
entry Cu salt base X yield [%]?  anti/syn?  ee [%]°
1 MesCu/ArOH - 2.0 55 4.5/1 84
2 Cu(CH5CN),PFg Et;N 2.0 0 ND ND
3 Cu(CH3CN),PFg DBU 2.0 60 11.0/1 95
4 Cu(CH3CN)4PFg  Barton's base 2.0 79 3.2/1 78
5 Cu(CH3CN),PFg LiOt-Bu 2.0 0 ND ND
6 Cu(CH3CN),PFg KOt-Bu 2.0 0 ND ND
7 Cu(CH3CN),PFg DBU 1.1 72° 11.2/1 93

aDetermined by "H NMR analysis of crude mixture.
PEe of the anti isomer. Determined by chiral HPLC analysis.
CIsolated yield.

_t-B HO
N u

Me,N~ “NMe, O
Barton's base ArOH

2-2 HHE— MO

O NIRRT THRE —RMEORF 21T o7 & 24, IEROE TR AL, #ilx
XTI A R VENEA ST LT & AR 106b 2 AWV TS 2 FEii L7z L 25,
107b DULRIL 42%IZ & &k - 7= (Table 2-2-4, entry 1), = DULROIK T i% 106b DIRAEEE )
Bz tichd B2, HODBEOREE 25123 2 SIEN M E L7 (entry 2), LarL72
MHPIRE LT L106b X EVIFEML T LT, OXHBMEOEN RS Th o7 2 &
5, DMF 2RI L CiafEtkzm Esw 5 Z & & Lz, Table2-2-2 Tikam L7= & 912, DMF
XU bR AR L, AR OSIRBRIEZ (N T S5 2 L3 9h- T\ izizh, DMF
DOEIMEITIRNRICINZ 5 Z & & Lz, bl IDMF = 9/1 OIRATREEAZ AV 5 & 106b 28
ERICIRIRE L, ILRN 86% L KEL M ELZbDD, VT AT LARRNE, =) F 45
PVERR IR R 6T, 2 2 CRYFFRMRFI AT o 7o R, entry 6 IZRT K DT b
T »IDMF = 40/1 DIRATREEZ FVy, 106b OIRE% 0.05 M &35 & @RI 2 R - 7=
FF 107b 23 64A%IRTH DT, ARG T 106b T2 L TH Y HEEOR
WHERE 525, SOICARMIGGREE 7 ==V 7 ) %% — LKFd) 106a 12 H Lz & 2
5. TRICK L TCHREDINRE MR T 27 LARRMENS SN2 (entry 7), L7223->
T106a (2B L T M DB EEEEEE U THW SRR Rl S Th 5,
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Table 2-2-4. Opimizaition of reaction coniditons for 106b.

MesCu 10 mol % MeO
\I:::l\ﬂ/i\ (R.R,)-Taniaphos 10 mol % OH O
ArOH 10 mol % N
CF3 — solvent, —40 °C, 18 h O CF; )—
106b 103 1070 N y
(1.1 eq)
entry solvent concentration [M]  vyield [%]?  antilsyn®  ee[%]°
1 toluene 0.1 42 >15/1 92
2 toluene 0.05 77 10.0/1 95
3 touene/DMF = 9/1 0.1 86 6.2/1 87
4 touene/DMF = 20/1 0.1 68 5.9/1 85
5 touene/DMF = 40/1 0.1 68 6.6/1 89
6 touene/DMF = 40/1 0.05 64° >15/1 93
7¢ touene/DMF = 40/1 0.05 58 3.6/1 ND

8Determined by "H NMR analysis of crude mixture.

bEe of the major diastereomer. Determined by chiral HPLC analysis.
Clsolated yield.

d106a was used as an electrophile.

~L 2 IDMF IR G T2 AV TGS U 72 E — it & Table 2-2-5 (2R 97, ARBUGIE~ >
BUBR EICEFREIESLE LGN H 5 HE BV TH MM <HEFT L72 (entries 2-6),
i?’:\ SARFRE DORBENRE 2 L d AV MIEREEZ AT 5 58E 2 HW25E6 b RISIEH

\CHEITL72 (entry4), RUBUBREICAFLUVARUVEEZAETLT LT B RATY

106g 1% ML= IDMF IR SR 39 D TAfREE DMK < L RN KIEIZIE T L2 (entry 7), 7
F7 2 BREATDTVTE RIIAKIIEWT D Z ENTERN2T23, TATE RO
FEISTHND T ENTE | BARIEE R ONLARERIWE CTERM DS G (entry 8), 7
VRNVIETEBINTZT VT B R 1061 # W56, KIBIZIEE A EHEf ﬁﬁ AR
JEWE LG D ivie o7z (entry 9), BLE X O ARRISDSFRIZETT A7201I21Z7 v 7T e R
DOEHIL R) W7V —1LETHY, £722D FLxIDMF EEEIC Jx*ﬂ%(ﬁﬁﬂ“zn AR

EBMETH D,
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Table 2-2-5. Substrate scope.

) Cu(CH3CN)4PFg 10 mol % OH O
OH HJ\ (R,Rp)-Taniaphos 10 mol % R z
Rm)\OH N N DBU 10 mol % N
8 = toluene/DMF = 40/1, —40 °C, 18 h O CF /=
106 103 \_/ 107 \
(1.1 eq)
107a_a 107b 107¢c
_72% yield 61% yield 62% yield
antilsyn = 11.2/1 anti/syn = 6.9/1 antilsyn = >15/1
93% ee 90% ee 91% ee
4. 5.
" L, CC
©;f MeO
107e 107f
107d
of 55% yield 72% yield
66% yield y _ 15/1 !
antilsyn = >15/1 antifsyn = >15 anti/syn = >15/1
93% ee 95% ee 95% ee
7.
o 8 9.
< /1
o s
107g 107h® 107i®
14% yield 83% yield trace
anti/syn = >15/1 antilsyn = >15/1
93% ee 88% ee

aToluene was used as a solvent.

bAldehyde was used instead of aldehyde hydrate as an electrophile.
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%5 1 ¥l thuggacin B D&/ %17 - 7=, thuggacin B |X 2L £ CRAEMBIEE W=7
v R— VRO K0 SR 2RI 5 AT 70 —F B2 STV, RimL Tk X
0BEFEY O VI NERRE B L, BERARE TV R— VUG & AW TR B O fil i 217
STz FAT I ROT IV R—=ARISIZE VBt L7- C1-C12 75 7 A O/ TIX, T
R—= V)G #% DT 2 TRRTTFAT I FEET 7Y — VRICERT L2 N T, &6
ik &5 L7z Kirschning, &7 C1-C12 7 7 7 A > N O/ M % #E L7- Ye I Evans
TV R—=I SIS TF T — VERERETIC 5 TRUEOEHREZELTWELZ NG, F
F7 I RHEIFHRICT NV R VRSO EZRFRRER O TIE R, ZOBROEBIZANRE
REHCTdH D Z EMFEFES Tz, C13-C25 7 7 7' A ¥ MEHRSA iz X 2 il i A5 7 L K —
VI, BTN BFs-OEt, /v A AfigE L CHWEMILT v R— Vs 28RS & L THERE
1Tt EHRERLHIC L O TRRENLECAR D FICHEO SN S N RFFAEEIE L
OFEOENA A I T AOEHZEREL TV BRREAWMODVREWVWERTHL EBZOND,
FEWVTE 2 B CTIIHHAFT TV F— VSO E1T o 72, o (\IZ CRs & B4 5 h LR
=LEMO T IV R— A ISIxNET D= ) 7 — EIISRLEETHH Z L LN KNEE T
HHZENMBNTWEN T-THA 2 R CHEDOT I NICHfli 2 EH S5 L8z /
T— MOVER U BB AL 292 &7 < a7 FTVT & RO S HEST L C
DU OV O STREIRME TR A DTz, ARFFEIT o fiLiC CR k2 A3 D LR =
WALE DT v R— VB TS TS Z b5 2 LIl LT\ b, REERT
J T — NERPTHRAEIE, AIRFICHEET 2AREIKIZ AN O THY . AIFRITAS %
DE 7 v FAEBEY DB RICB W THERERMABIC R EEZOND,
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FERIA (Experimental Section)
1. General
The round-bottom flasks and test tubes were fitted with a 3-way glass stopcock, and reactions
were run under Ar atmosphere. Flash chromatography was performed using silica gel 60
(230-400 mesh) purchased from Merck. All work-up and purification procedures were carried

out with reagent-grade solvents under ambient atmosphere.

2. Instrumentation

Infrared (IR) spectra were recorded on a JASCO FT/IR 410 Fourier transform infrared
spectrophotometer. NMR spectra were recorded on JEOL ECS-400 or ECA-600 spectrometers.
Chemical shifts for proton are reported in parts per million downfield from tetramethylsilane
and are referenced to residual protium in the NMR solvent (CDCls: § 7.26 ppm, DMSO-ds: § 2.5
ppm). For 13C NMR, chemical shifts were reported in the scale relative to NMR solvent (CDCls:
77.00 ppm, DMSO-ds: 3 39.52) as an internal reference. For 1F NMR, chemical shifts are reported
in the scale relative to CF3COOH (8 -76.5 ppm) as an external reference. NMR data are reported
as follows: chemical shifts, multiplicity (s: singlet, d: doublet, dd: doublet of doublets, t: triplet,
q: quartet, m: multiplet, br: broad signal), coupling constant (Hz), and integration. Optical
rotation was measured using a 2 mL cell with a 1.0 dm path length on a JASCO polarimeter
P-1010. ESI mass spectra were measured on Waters-ZQ4000. High-resolution mass spectra (ESI
TOF (+)) were measured on ThermoFisher Scientific LTQ Orbitrap XL. HPLC analysis was
conducted on a JASCO HPLC system equipped with Daicel chiral stationary phase columns
(0.46 cm ¢ x 25 cm).

3. Materials

Unless otherwise noted, materials were purchased from commercial suppliers and were used
without purification. THF, CH2Cly, and toluene were dispensed from solvent purification
system (Glass Contour). Reagents were used as received from commercial suppliers unless
otherwise noted. Column chromatography was performed with silica gel Merck 60 (230-400
mesh ASTM).

4. Experimental Procedures and spectroscopic data (Chapter 1)
(2R,3S)-N,N-Diallyl-5-(tert-butyldiphenylsilyloxy)-3-hydroxy-2-methylpentanethioamide (33)

MesCu 2mol % TBPPSO

TBDPSO (R,R)-Ph-BPE 2 mol %
. N(allyl), ~ArOH 2 mol % HO.
© /\[SI/ THF,=70°C, 24 h S N(allyl),
H 84% yield, >20/1 dr, 93% ee 1
36 37 33
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A flame-dried 500 mL round-bottom flask equipped with a megnetic stirring bar and 3-way
glass  stopcock were charged with (RR)-Ph-BPE (246 mg, 0484 mmol),
2,2,5,7,8-pentamethyl-6-chromanol (ArOH, 107 mg, 0.484 mmol), and mesitylcopper (88.4 mg,
0.484 mmol) under Ar atmosphere. To this mixture was added dry THF (120 mL) at rt. The
resulting solution was cooled in a dry ice/acetone bath. Aldehyde 36 (8.32 g, 26.6 mmol) and
thioamide 37 (4.4 mL, 24.2 mmol) were added and the mixture was stirred at -70 °C. After 18 h,
AcOH solution in THF (10 mL, 0.1 M, 1.0 mmol) was added, followed by sat. NH4Cl aq. The
mixture was warmed to rt, and bipyridine (156 mg, 1.0 mmol, essential to make sure the
dissociation of the product from Cu complex) was added. The resulting mixture was extracted
with AcOEt and combined organic layers were washed with brine, and then dried over Na>SOs.
After filtration, volatiles were removed under reduced pressure and the resulting residue was
submitted to TH NMR analysis to determine diastereomeric ratio (>20/1). The residue was
purified by silica gel column chromatography (AcOEt in n-hexane, 0% to 15%) to afford 33 (9.84
g, 20.4 mmol, 84%) as a yellow oil. Enantiomeric excess was determined to be 93% ee by chiral
HPLC analysis.

Yellow oil; IR (neat) v 2930, 1427, 1111 cm-}; 1H NMR (CDCl3) 6 1.04 (s, 9H), 1.28 (d, | = 6.6 Hz,
3H), 1.58-1.66 (m, 1H), 1.70-1.79 (m, 1H), 2.98 (dq, | = 3.4, 6.6 Hz, 1H), 3.83 (t, ] = 6.0 Hz, 2H),
410-4.18 (m, 3H), 4.44 (dd, | = 6.0, 14.9 Hz, 1H), 4.57 (brs, 1H), 4.77 (dd, | = 5.5, 14.9 Hz, 1H),
5.08-5.26 (m, 4H), 5.69-5.79 (m, 1H), 5.81-5.92 (m, 1H), 7.35-7.45 (m, 6H), 7.64-7.68 (m, 4H); 13C
NMR (CDCl) § 15.3, 19.1, 26.5, 26.8, 37.1, 46.8, 52.6, 55.4, 62.2, 72.0, 117.6, 1184, 127.7, 129.7,
130.6, 131.1, 133.4, 133.5, 135.50, 135.54, 210.0; [a]p?” -41.4 (c 1.35, CHCls, for 93% ee sample);
HRMS (ESI*) caled. for CasHyoNO2SSi m1/z 482.2544 [M+H]*, found 482.2538; HPLC conditions:
Daicel CHIRALCEL OZ-H (0.46 cm ¢ x 25 cm), n-hexane/IPA = 20/1, detection at 254 nm, flow

rate 1.0 mL/min, tr = 5.8 min (major), 10.1 min (minor).

Racemic sample Reaction sample
1 100000 | 1
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100000 80000 -

[unknown 5775 49.923
lUnknown 10.100{ 50077
peak R [min] | area%
60000 iUnknown 5.792]  96.316)
Unknown 10092 3684

Intensity [uV]

Intensity [pV]

50000 - 40000 -

20000 -

J l_ A i v 28

0 i i L

T T T
0.000 0.000

10.000 5.000 10.000
Retention Time [min] Retention Time [min]

42



Methyl 2-((2R,3S)-5-(tert-butyldiphenylsilyloxy)-3-hydroxypentan-2-yl)thiazole-4-carboxylate
(69)

TBDPSO
MeOTf, NaHCO;, CH,Cl,, rt; HO. BrCCl,, DBU
HS LN CH,Cl,, —78 to 0 °C
j\ EtOH, 0 °C, 80% ’\)----COZMe 90%
H,N” >Co,Me S

68

To a stirred solution of 33 (4.82 g, 10.0 mmol) in dry CH>Cl> (40 mL) were added NaHCO; (840
mg, 10.0 mmol) and MeOTf (1.7 mL, 15.0 mmol) at 0 °C. The reaction mixture was stirred at rt
for 3 h. After removal of volatiles under reduced pressure, EtOH (40 mL) and H-L-Cys-OMe
(1.96 g, 14.5 mmol) were added at 0 °C. After 30 min of stirring, volatiles were removed under
reduced pressure and the resulting residue was directly purified by silica gel column
chromatography (n-hexane/AcOEt = 3/1) to give the thiazoline 68 (3.89 g, 8.0 mmol, 80%) as a
colorless oil. This compound was unstable and immediately used in the next reaction.

The thus-obtained thiazoline was dissolved in dry CH>Cl> (40 mL) and cooled to -78 °C. To this
solution were added DBU (3.0 mL, 20 mmol) and BrCCl3 (1.18 mL, 12.0 mmol) at -78 °C, and
stirred at 0 °C for 30 min. Volatiles were removed under reduced pressure and the resulting
residue was directly purified by silica gel column chromatography (AcOEt in n-hexane, 15% to
30%) to afford thiazole 69 (3.46 g, 7.2 mmol, 90%) as a yellow oil.

Yellow oil; IR (neat) v2952, 1722, 1110 cm%; 1H NMR (CDCl;) § 1.04 (s, 9H), 1.44 (d, ] = 7.1 Hz,
3H), 1.56-1.64 (m, 1H), 1.70-1.80 (m, 1H), 3.38 (dq, ] = 4.6, 7.1 Hz, 1H), 3.81-3.89 (m, 2H), 3.94 (s,
3H), 4.21 (ddd, ] = 2.3, 4.6, 9.6 Hz, 1H), 7.35-7.45 (m, 6H), 7.62-7.67 (m, 4H), 8.11 (s, 1H); 13C
NMR (CDCls) 3 15.4, 19.0, 26.8, 35.6, 44.3, 44.7, 52.3, 63.2, 74.0, 127 .4, 127.8, 129.81, 129.83, 132.76,
132.83, 135.47, 135.49, 145.9, 161.9, 175.1; [a]p* 5.0 (c 1.08, CHCl3); HRMS (ESI*) caled. for
CosH3aNO4SSi m/ z 484.1972 [M+H]*, found 484.1963.

Methyl 2-((2R,3S)-3-(tert-butyldimethylsilyloxy)-5-hydroxypentan-2-yl)thiazole-4-carboxylate
(S1)

1. TBSOTf, 2,6-lutidine, CH,Cl,

2. NH,F, MeOH, 50 °C, 87%

N
- CO,Me
S\/)’ 2
69

To a stirred solution of 69 (3.44 g, 7.12 mmol) in dry CH>Cl» (40 mL) were added 2,6-lutidine
(2.58 mL, 14.2 mmol) and TBSOTf (2.45 mL, 10.7 mmol) at 0 °C. After 15 min of stirring, sat.
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NH4Cl aq. was added to quench the reaction. The resulting mixture was extracted with Et>O
and the combined organic layers were washed with brine, and then dried over Na>SO,. After
filtration and concentration, the residue was dissolved in methanol (40 mL). To this solution
was added NH4F (2.64 g, 71.2 mmol) and the reaction mixture was stirred at 50 °C for 4 h. Sat.
NaHCO; aq. was added and the resulting mixture was extracted with Et;O. Combined organic
layers were washed with brine, and then dried over NaxSOs. After filtration and concentration,
the residue was purified by silica gel column chromatography (n-hexane/AcOEt =10/1 to 1/1)
to furnish primary alcohol S1 (2.23 g, 6.20 mmol, 87% in 2 steps) as a yellow oil.

Yellow oil; IR (neat) v 3333, 1731, 1243, 1216, 1096 cm-!; 'TH NMR (CDCls) 5 -0.23 (s, 3H), 0.00 (s,
3H), 0.81 (s, 9H), 1.38 (d, ] = 6.9 Hz, 3H), 1.59-1.66 (m, 1H), 1.73-1.81 (m, 1H), 3.04 (brs, 1H), 3.38
(dq, ] = 4.1, 6.9 Hz, 1H), 3.63-3.73 (m, 2H), 3.88 (s, 3H), 4.16-4.21 (m, 1H), 8.04 (s, 1H); 3C NMR
(CDCl) 6 -5.1, -4.7, 14.5, 17.9, 25.75, 25.77, 36.6, 43.3, 52.2, 59.0, 73.0, 127.1, 145.7, 161.8, 175.1;
[a]p? -0.57 (c 1.32, CHCl3); HRMS (ESI*) caled. for Ci16H3oNO4SSi m/z 360.1659 [M+H]*, found
360.1663.

Methyl 2-((2R,35)-3-(tert-butyldimethylsilyloxy)-5-oxopentan-2-yl)thiazole-4-carboxylate (70)

HO
TBSO\i/ DMP
NN CH,Cl,, rt, 96%
S\/7—C02Me
S1

To a stirred solution of alcohol S1 (2.23 g, 6.20 mmol) in CH>Cl> (50 mL) was added Dess-Martin

periodinane (3.42 g, 8.06 mmol) at rt. After 30 min of stirring at the same temperature, the
reaction mixture was concentrated and purified by silica gel column chromatography
(n-hexane/ AcOEt = 3/1) to afford aldehyde 70 (2.13 g, 5.96 mmol, 96%) as a yellow solid.
Yellow solid; IR (neat) v 1731, 1718, 1243, 1213, 1095 cm-!; "H NMR (CDCls) 8 -0.10 (s, 3H), 0.04
(s, 3H), 0.85 (s, 9H), 1.45 (d, ] = 7.1 Hz, 3H), 2.52 (ddd, ] = 2.5, 6.4, 16.2 Hz, 1H), 2.63 (ddd, ] = 2.1,
6.4, 16.2 Hz, 1H), 3.39 (dq, ] = 4.6, 7.1 Hz, 1H), 3.94 (s, 3H), 4.62-4.67 (m, 1H), 8.10 (s, 1H), 9.75
(dd, J=2.1, 2.5 Hz, 1H); 3C NMR (CDCl;) 5 -4.9, -4.6, 15.1, 18.0, 25.75, 25.80, 44.6, 48.6, 52.4,70.7,
127.5, 146.3, 161.9, 173.3, 200.6; [a]p?® -7.0 (c 0.58, CHCls); HRMS (ESI*) caled. for C16H2sNO,SSi
m/z 358.1503 [M+H]*, found 358.1501; mp 51-53 °C.
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Methyl 2-((2R,3S5,5S5)-3-(tert-butyldimethylsilyloxy)-5-hydroxy-7-(trimethylsilyl)hept-6-yn-2-
yl)thiazole-4-carboxylate (71)

OsH
TBSO. Li—=—TMS
NN © Et,0, -78 °C, 74%, 6/1 dr
- Me
Sj 2

70

To a stirred solution of trimethylsilylacetylene (2.51 mL, 18.1 mmol) in dry Et:O was added
n-BuLi (6.86 mL, 18.1 mmol, 2.64 M) at 0 °C. After 30 min of stirring, the solution was cooled at
-78 °C and a solution of 70 (2.16 g, 6.04 mmol) in dry Et;O (30 mL) was slowly added via a
syringe. After 4 h, sat. NH4Cl aq. was added and the biphasic mixture was extracted with ethyl
acetate. Combined organic layers were washed with brine and dried over Na>SO;. After
filtration and concentration, the residue was purified by silica gel column chromatography
(AcOEt in n-hexane, 0% to 20%) to furnish 71 (2.13 g, 4.45 mmol, 74%, dr 6/1) as a yellow oil.
The diastereomers were inseparable and used in the next reaction without further purification.
H NMR (CDCl;) 3 -0.06 (s, 3H), 0.10-0.17 (m, 12H), 0.89 (s, 9H), 1.46 (d, ] = 7.1 Hz, 3H),
1.64-1.72 (m, 1H), 1.86-1.91 (m, 1H), 2.26 (brs, 1H), 3.43 (m, 1H), 3.94 (s, 3H), 4.33 (ddd, ] = 3.9,
3.9, 8.2 Hz, 1H), 4.44-4.49 (m, 1H), 8.10 (s, 1H).

Methyl 2-((R)-1-((4S,65)-6-ethynyl-2,2-dimethyl-1,3-dioxan-4-yl)ethyl)thiazole-4-carboxylate
(72)

\ o. #
2,2-DMP, PPTS, THF

rt, 63% LN
[ ~)CoMe
72

TBAF
THF, rt, 84%

S:N/)—COzMe " S/\Nrcone
71 s2
To a solution of 71 (2.10 g, 4.39 mmol) in THF (30 mL) was added TBAF (17.5 mL, 17.5 mmol,
1.0 M in THF) at rt. After 20 min of stirring at rt, water was added and the resulting biphasic
mixture was extracted with AcOEt. Combined organic layers were washed with brine and dried
over NaxSO,. After filtration and concentration, the residue was purified by silica gel column
chromatography (n-hexane/AcOEt = 2/1 to 2/3) to give S2 (999 mg, 3.71 mmol, 84%) as an
inseparable mixture of diastereomers. This mixture was dissolved in THF (30 mL). To this
solution were added 2,2-dimethoxypropane (4.55 mL, 37.1 mmol) and PPTS (185 mg, 0.74
mmol) at rt. After 48 h of stirring at rt, sat. NaHCO; aq. was added and the resulting biphasic

mixture was extracted with AcOEt. Combined organic layers were washed with brine and dried
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over NaxSOs. After filtration and concentration, the resulting residue was purified by silica gel
column chromatography (n-hexane/AcOEt = 4/1, 4 times) to give 72 (727 mg, 2.35 mmol, 63%,
dr >20/1) as a yellow oil.

Yellow oil; IR (neat) v 3265, 1735, 1243, 1212, 1101 cm!; "TH NMR (CDCls) 5 1.39 (s, 3H), 1.42 (d, |
=7.1 Hz, 3H), 1.55 (s, 3H), 1.65-1.71 (m, 1H), 1.94-2.03 (m, 1H), 2.46 (d, ] = 2.3 Hz, 1H), 3.39 (dq,
4.1,7.1 Hz, 1H), 3.94 (s, 3H), 429 (ddd, | = 4.1, 5.1, 10.1 Hz, 1H), 4.69 (ddd, | = 2.3, 5.1, 6.2 Hz,
1H), 8.11 (s, 1H); °C NMR (CDCls) 8 15.7, 23.4, 28.2, 33.9, 43.3, 52.4, 59.1, 68.2, 74.2, 83.5, 100.8,
127.9, 145.7, 162.0, 173.5; [a]p* 17.6 (c 0.81, CHCls); HRMS (ESI*) calcd. for C1sH19NOsSNa m/z
332.0927 [M+Na]*, found 332.0925.

Stereochemistry of the propargylic position was determined from coupling constants in H

NMR. (see below).

J=5.1,6.2Hz

(2-((R)-1-((4S,65)-6-((E)-2-Iodovinyl)-2,2-dimethyl-1,3-dioxan-4-yl)ethyl)thiazol-4-yl)methanol

(73)
. \ 0.,
Cp,Zr(H)CI, THF, rt; o)
LN I, rt, 56% L
- CO,Me N -~
Sf z S\/)——\OH
72

73

A

To a stirred mixture of Cp>Zr(H)CI (2.02 g, 7.83 mmol) in dry THF (20 mL) was added a solution
of alkyne 72 (673 mg, 2.18 mmol) in dry THF (10 mL) at 0 °C. The reaction mixture was allowed
to warm to rt and stirred for 1 h. The heterogeneous reaction mixture became homogeneous as
the reaction proceeded. The resulting homogeneous mixture was cooled to 0 °C and I> (1.11 g,
4.36 mmol) was added in one portion. The reaction mixture was again allowed to warm to rt
and stirred for 1 h. The reaction was quenched by the addition of sat. Na>5,0; aq. and the
resulting mixture was diluted with AcOEt, giving a suspension. After filtration, the filtrate was
extracted with AcOEt. Combined organic layers were washed with brine and dried over Na>SO.,.
After filtration and concetration, the residue was purified by silica gel column chromatography
(n-hexane/ AcOEt =2/1 to 1/1) to afford 73 (500 mg, 1.22 mmol, 56%) as a yellow oil.

Yellow oil; IR (neat) v 1349, 1222 cm-%; 1H NMR (CDCls) 6 1.30-1.42 (m, 9H), 1.53-1.61 (m, 1H),
1.74-1.81 (m, 1H), 2.68 (brs, 1H), 3.24 (dq, ] = 6.9, 6.9 Hz, 1H), 4.00-4.10 (m, 1H), 4.21-4.27 (m, 1H),
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4.74 (s, 2H), 6.31 (dd, ] = 1.3, 14.6 Hz, 1H), 6.52 (dd, ] = 5.7, 14.6 Hz, 1H), 7.08 (s, 1H); 13C NMR
(CDCls) 3 17.0, 24.4, 25.3, 34.6, 434, 60.9, 69.28, 69.30, 77.7, 101.0, 114.3, 145 4, 155.3, 173.0; [o]p*
-281 (c 0.60, CHCl;); HRMS (ESI*) caled. for CiHnINOsS m/z 410.0281 [M+H]*, found
410.0278.

2-((R)-1-((4S,65)-6-((E)-2-Iodovinyl)-2,2-dimethyl-1,3-dioxan-4-yl)ethyl)thiazole-4-

carbaldehyde (S3)
o) (@)
CH,Cl,, rt, 95% "
NG NG
J)’\;H ﬁ (0]

S

73 S3

To a stirred solution of 73 (58 mg, 0.14 mmol) in CH>Cl, (2.0 mL) was added Dess-Martin
periodinane (110 mg, 0.26 mmol) at rt. After 30 min of stirring, sat. NaHCO3 aq. was added and
the aquous layer was extracted with CH>Cl,. Combined organic layers were washed with brine
and dried over Na,SO,. After filtration and concentration, the residue was purified by silica gel
column chromatography (AcOEt in n-hexane, 0% to 15%) to give S3 (54 mg, 0.13 mmol, 95%) as
a colorless oil.

IR (neat) v1698, 1379, 1223 cm; "TH NMR (CDCls) 5 1.38 (s, 3H), 1.39 (s, 3H), 1.44 (d, ] =7.1 Hz,
3H), 1.62-1.68 (m, 1H), 1.76-1.84 (m, 1H), 3.36 (dq, ] = 7.1, 7.1 Hz, 1H), 4.10 (ddd, ] = 6.0, 6.0, 9.2
Hz, 1H), 4.20-4.26 (m, 1H), 6.33 (d, ] = 14.4 Hz, 1H), 6.52 (dd, ] = 5.5, 14.4 Hz, 1H), 8.1 (s,1H),
10.00 (s, 1H); 3C NMR (CDCl;) 3 16.1, 24.4, 25.2, 34.0, 43.2, 68.7, 69.3, 77.8, 101.1, 128.2, 145.2,
154.1, 173.8, 184.6; [a]p® -33.8 (c 0.56, CHCIz); HRMS (ESI*) calcd. for CisHisINOsSNa m/z
429.9944 [M+Nal*, found 429.9942.

(E)-Ethyl 2-((2-((R)-1-((4S,65)-6-((E)-2-iodovinyl)-2,2-dimethyl-1,3-dioxan-4-yl)ethyl)thiazol-4-
yl)methylene)octanoate (12)

0
EtO=} .,
\ O, EtO’HYCOZEt Ar O !
o n-Hex ¢
LHMDS, THF, —78 °C AN
] H , THF, CO,Et
NN 93%, E/Z = 6/1 Y
%

s n-Hex
S3 12

To a stirred solution of the phosphonate (0.68 mL, 2.0 mmol) in dry THF (10 mL) was added
LHMDS (2.0 mL, 2.0 mmol, 1.0 M in THF) at 0 °C. After 30 min of stirring at the same
temperature, the reaction mixture was cooled to -78 °C. A solution of aldehyde S3 (408 mg, 1.0

mmol) in dry THF (10 mL) was added via a syringe over 10 min and stirred for 8 h. Sat. NH4Cl
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aqg. was added and the resulting biphasic mixture was extracted with AcOEt. Combined organic
layers were washed with brine and dried over NaxSOs. After filtration and concentration, the
residue was purified by silica gel column chromatography (AcOEt in n-hexane, 0% to 10%) to
give C1-C12 fragment 12 (520 mg, 0.93 mmol, 93%, E/Z = 6/1) as a yellow oil. This E/Z mixture
was further purified by chiral stationary phase HPLC (Daicel CHIRALPAK IC (2.0 cm ¢ x 25
cm), eluent: n-hexane/IPA = 100/1, flow rate: 20 mL/min, tg = 8.5 min) to give fragment 1 as a
single geometical isomer (423 mg, 0.75 mmol, 75%, E/Z = >20/1).

Yellow oil; IR (neat) v 1705, 1378, 1224 cm-1; TH NMR (CDCls) 6 0.86-0.90 (m, 3H), 1.22-1.66 (m,
21H), 1.75-1.82 (m, 1H), 2.86-2.89 (m, 2H), 3.28 (dq, ] = 7.1, 7.1 Hz, 1H), 4.10 (ddd, ] = 6.4, 6.4, 8.9
Hz, 1H), 4.18-4.29 (m, 3H), 6.30 (dd, | = 1.4, 14.4 Hz, 1H), 6.51 (dd, ] = 5.5, 14.4 Hz, 1H), 7.29 (s,
1H), 7.53 (s, 1H); 3C NMR (CDCls) § 14.1, 14.3, 13.8, 22.7, 244, 25.3, 27.9, 29.2, 29.7, 31.8, 344,
43.5,60.7, 69.28, 69.32, 77.7,101.0, 121.3, 129.8, 134.0, 145.4, 151.5, 168.7, 171.3; [a]p?® -46.3 (c 0.50,
CHCl3); HRMS (ESI*) caled. for Co4HssINO4S m/z 562.1482 [M+H]*, found 562.1480.

These spectroscopic data are in good agreement with those reported by Kirschning!!.

(2R,35)-5-(Benzyloxy)-2,3-dihydroxy-1-(2-methoxyphenyl)pentan-1-one (74b)

BnO Et,Zn 2mol% BnO
U (5,5)-Linked-BINOL 1 mol % OH
+ THF, -30°C, 18 h -
0 O OMe
38b 39

quant., syn/anti = 6.2/1 74b0H O OMe
recryst. [—93% ee
(84%) >99.5% ee

A flame-dried 500 mL round-bottle flask equipped with a megnetic stirring bar and 3-way glass
stopcock was charged with (S,5)-linked BINOL (117 mg, 0.175 mmol, contains residual Et;O and
n-hexane) and dry THF (90 mL). The resulting solution was stirred at -78 °C and Et>Zn solution
(0.35 mL, 0.35 mmol, 1.0 M in n-hexane) was added. After stirring at -20 °C for 30 min, the
mixture was cooled to -30 °C. Hydroxyketone 39 (5.80 g, 34.9 mmol) and aldehyde 38b (2.81 mL,
17.5 mmol) were added and the reaction mixture was stirred at the same temperature for 18 h.
The reaction was terminated by the addition of 1 N HCl aq. and the resulting biphasic mixture
was extracted with AcOEt. Combined organic layers were washed with sat. NaHCOs3 aq. and
brine, and dried over Na»SOs. After filtration and concentration, the residue was purified by
silica gel column chromatography (AcOEt in n-hexane, 15% to 70%) to afford syn-diol 74b (5.03
g, 15.2 mmol, 87%, 93% ee) and anti-diol (799 g, 2.42 mmol, 14%). The syn-diol was
recrystallized from AcOEt/n-hexane to give 4.24 g (84%) of enantiopure (>99.5% ee) syn-diol
74b. Enantiomeric excess was determined by chiral HPLC analysis.

White solid; IR (neat) v 3440, 1662, 1598 cm-1; TH NMR (CDCls) 6 1.90-2.08 (m, 2H) , 3.61-3.71 (m,
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2H),3.79 (s, 3H), 4.13 (ddd, J=4.1, 4.1, 0.92 Hz, 1H), 4.47 (s, 2H), 5.04 (d, ] = 1.1 Hz, 1H), 6.92 (d,
J=82Hz, 1H), 7.03 (td, ] = 5.5, 2.9 Hz, 1H), 7.22-7.31 (m, 5H), 7.48-7.53 (m, 1H), 7.84 (dd, = 7.7,
1.7 Hz, 1H); 3C NMR (CDCls) 6 35.2, 55.6, 67.8, 69.9, 73.2, 79.4, 111.7, 1214, 124.1, 127.7 (2 x C),
128.4, 131.6,134.9, 138.3, 158.8, 201.2; [a]p? 52.7 (c 0.44, CHClz); m.p. 90.5-93.4 °C; HRMS (ESI*)
caled. for Ci9H»OsNa m/z 353.1359 [M+Na]*, found 353.1359; HPLC conditions: Daicel
CHIRALCEL OD-3 (0.46 cm ¢ x 25 cm), n-hexane/IPA = 3/1, detection at 254 nm, flow rate 1.0

mL/min, tg = 8.2 min (minor), 11.1 min (major).

Racemic sample Reaction sample
2
60000:7 400000 |
peak R [min] | area%
[Unknown 817550367 o
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S 40000 - . o 300000 7 Knknown 81830070
= = Unknown 11.142]  99.930)
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§ § 200000
S S
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100000 - J
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(4S5,5R)-4-(2-(Benzyloxy)ethyl)-5-(2-methoxybenzoyl)-1,3-dioxolan-2-one (75b)

MeO
0
OH triphosgene, pyridine BnO O\
CH,Cl,, 0 °C, quant. \k(\
OH O OMe °

74b

To a solution of 74b (6.0 g, 18.2 mmol) in CH>Cl> was added pyridine (7.33 mL, 91.0 mmol). The
mixture was cooled to 0 °C, and triphosgene (7.01 g, 23.6 mmol) in CH>Cl> (40 mL) was slowly
added. After 1 h of stirring, NaHCOj3 aq. was added and the mixture was extracted with CH>Cl..
Combined organic layers were washed with brine, dried over NaxSO,, filtered, and
concentrated. The resulting residue was purified by silica gel column chromatography (AcOEt
in n-hexane, 20% to 40%) to give cyclic carbonate 75b (6.47 g, 18.2 mmol, quant.)

Colorless oil; IR (neat) v 1808, 1678, 1598 cm-!; TH NMR (CDCl;) 6 2.08-2.22 (m, 2H), 3.62-3.77
(m,2H), 3.87 (s, 3H), 4.47 (s, 2H), 4.92-4.96 (m, 1H), 5.50 (d, | = 3.9 Hz, 1H), 6.96 (d, ] = 8.5 Hz,
1H), 7.03-7.07 (m, 1H), 7.23-7.32 (m, 5H), 7.52-7.57 (m, 1H), 7.77 (dd, | = 7.8, 1.8 Hz, 1H); 13C
NMR (CDCls) 6 34.9, 55.9, 65.2, 73.5, 76.6, 82.7, 111.7, 121.6, 124.2, 127.8, 127.9, 128.5, 131.5, 135.7,
137.9, 154.5, 159.0, 194.6; [a]p* -42.6 (c 1.08, CHCl;); HRMS (ESI*) calcd. for CaHOsNa 11/z
379.1152 [M+Na]*, found 379.1152.
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(4R,55)-2-Methoxyphenyl 5-(2-(benzyloxy)ethyl)-2-oxo-1,3-dioxolane-4-carboxylate (76b)

Mfm g
BnO. OO
B0y Oy mCPBA, NaH,PO, Y \©
! _MCPBA N - !
o CH,Cl,, reflux, 94%

0
o~<\o 0*@0
75b 76b

To a stirred solution of 75b (4.21 g, 11.6 mmol) in CH>Cl> were added NaH»POy (4.18 g, 34.8
mmol) and mCPBA (4.00 g, 23.2 mmol, purified mCPBA was used) at rt. The reaction mixture
was stirred at 40 °C for 5 h. NaxS;03 aq. was added to terminate the reaction and CH2Cl, was
removed under reduced pressure. The resulting mixture was extracted with diethyl ether.
Combined organic layers were washed with NaHCO3 and brine, and dried over NaxSOs. After
filtration ahd concentration, the residue was purified by silica gel column chromatography
(n-hexane/ AcOEt = 3.5/1) to afford ester 76b (4.06 g, 10.9 mmol, 94%).

White solid; IR (neat) v 1808, 1778, 1498 cm-'; 'H NMR (CDCls) 6 2.15-2.30 (m, 2H), 3.73 (s, 3H),
3.67-3.80 (m, 2H), 4.52 (s, 2H), 5.13-5.17 (m, 2H), 6.94-6.98 (m, 2H), 7.04-7.06 (m, 1H), 7.23-7.37
(m, 5H); 13C NMR (CDCls) 6 34.2, 55.9, 65.1, 73.6, 77.0, 77.6, 112.5, 121.0, 122.3, 127.86, 127.92,
128.0, 128.6, 137.7, 138.8, 150.6, 153.5, 165.5; [a]p?® -58.8 (¢ 0.47, CHCls); m.p 74.0-74.9 °C; HRMS
(ESI*) caled. for CaoH2407N m/z 390.1547 [M+NH4]*, found 390.1543.

(25,35)-5-(Benzyloxy)pentane-1,2,3-triol (S4)

OMe

BnO Oy .0 BnO.
3 © Red-Al, THF, 0 °C OH
H _Red-AlL THF,0°C__
o 91% OH
O OH
~<\o 76b sa

To a solution of 76b (5.0 g, 13.4 mmol) in THF (100 mL) was added Red-Al (11.5 mL, 40.3 mmol,
ca. 3.5 M in toluene) at 0 °C. After 30 min of stirring, 30% Rochelle salt aq.(200 mL) was added
and the mixture was stirred for 10 min before extracted with AcOEt, washed with brine, and
dried over NaxSOs. After filtration and concentration, the residue was purified by silica gel
column chromatography (100% AcOEt) to afford triol S4 (2.76 g, 2.2 mmol, 91%).

Colorless oil; IR (neat) v 3389, 1650 cm-; TH NMR (CDCl3) 6 1.68-1.75 (m, 1H), 1.79-1.86 (m, 1H),
3.36 (s, 3H), 3.46 (dd, | = 9.0, 4.2 Hz, 1H), 3.57-3.66 (m, 4H), 3.77-3.82 (m, 1H), 4.45 (s, 2H),
7.21-7.31 (m, 5H); 13C NMR (CDCls) 633.3, 64.6, 68.2, 71.5, 73.5, 74.0, 127.9, 128.0, 128.6, 137.8;
[a]p? 6.7 (c 1.08, CHCl3); HRMS (ESI*) caled. for Ci2Hi1sOsNa m/z 249.1097 [M+Na]*, found
249.1097.
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(55,65)-5-(2-(Benzyloxy)ethyl)-6-(tert-butyldimethylsilyloxy)-2,2,3,3,9,9,10,10-octamethyl-4,8-
dioxa-3,9-disilaundecane (S5)

OH TBSOTY, 2,6-lutidine ~ °N© oTBS
_—
OH  CH,CI,, 0°C, quant. oTBs

OH OTBS
sS4 S5

BnO

To a stirred solution of S4 (1.50 g, 6.63 mmol) in CH>Cl> (30 mL) were added 2,6-lutidine (3.86
mL, 33.2 mmol) and TBSOTf (6.1 mL, 26.5 mmol) at 0 °C. After stirring for 30 min at the same
tempareture, 1 N HCl aq. was added and the mixture was extracted with CH>Cl,. Combined
organic layers were washed with brine and dried over Na)SO;. After filtration and
concentration, the residue was purified by silica gel column chromatography (AcOEt in
n-hexane, 0% to 5%) to give S5 (3.76 g, 6.61 mmol, quant.) as a colorless oil.

Colorless oil; IR (neat) v 1472 cm; TH NMR (CDCl3) 6 -0.014 (s, 3H), -0.0062 (s, 3H), -0.0027 (s,
3H), 0.020 (s, 6H), 0.040 (s, 3H), 0.84 (s, 9H), 0.85 (s, 9H), 0.86 (s, 9H), 1.38-1.46 (m, 1H), 2.01-2.09
(m, 1H), 3.42-3.53 (m, 3H), 3.61-3.65 (m, 1H), 3.73-3.77 (m, 1H), 3.80 (dd, ] = 10.1, 2.3 Hz, 1H),
4.45 (s, 2H), 7.21-7.27 (m, 1H), 7.29-7.30 (m, 4H); 3C NMR (CDCl3) 6 -5.3, -5.1, 4.7 (C x 2), -4.2,
-4.0, 18.1, 18.3, 18.5, 25.97, 26.00, 26.2, 314, 64.1, 67.7, 70.9, 72.7, 76.9, 127.5, 127.6, 128.4, 138.9;
[a]p?® -35.5 (¢ 1.1, CHCl3); HRMS (ESI*) calcd. for C3oHgoO4sSisNa m1/z 591.3692 [M+Nal*; found
591.3692.

(35,45)-3,4,5-Tris(tert-butyldimethylsilyloxy) pentyl benzoate (S6)

BnO RuCl;, NalO, B20
" oTBS CH4CN/CCl,/H,0 oTBS
—_— % 2
oTBs Tt 82% oTBS
OoTBS oTBS
S5 S6

To a solution of S5 (3.76 g, 6.61 mmol) in CH3CN (20 mL), CCls (20 mL) and water (20 mL) were
added NalO4 (2.83 g, 13.2 mmol) and RuCl; - nH>O (68 mg) at rt. After 4 h of stirring, RuCls-
nH>O (68 mg) was added again and stirred for 1 h. Sat. Na:5:03 aq. was added to terminate the
reaction. The mixture was filtrated through a pad of Celite and the filtrate was extracted with
AcOEt. Combined organic layers were washed with brine and dried over NaxSO;. After
filtration ahd concentration, the residue was purified by silica gel column chromatography
(n-hexane/ AcOEt =100/0 to 40/1) to give S6 (3.15 g, 5.40 mmol, 82%).

Colorless oil; IR (neat) v 1725, 1472 cm-1; 8 TH NMR (CDCls) 6 0.045 (m, 6H), 0.053 (s, 3H), 0.069
(m, 6H), 0.087 (s, 3H), 0.87 (s, 9H), 0.90 (s, 18H), 1.63-1.66 (m, 1H), 2.18-2.26 (m, 1H), 3.51 (dd, ] =
10.1, 7.8 Hz, 1H), 3.70-3.74 (m, 1H), 3.85-3.90 (m, 2H), 4.28 (td, ] = 10.4, 5.2 Hz, 1H), 4.43-4.48 (m,
1H), 7.41-7.45 (m, 2H), 7.55 (tt, | = 7.4, 1.5 Hz, 1H), 8.03-8.05 (m, 2H); 1*C NMR (CDCls) 6 -5.3, -
5.1,-4.9,-4.8,-4.2,-4.0,181, 182,185, 25.9 (2 x C), 26.2, 30.4, 62.2, 63.9, 70.6, 76.7, 128.4, 129.7,
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130.5, 132.9, 166.6; [a]p® -37.7 (c 0.87, CHCl); HRMS (ESI*) caled. for CspoHssOsSisNa m/z
605.3484 [M+Na]*, found 605.3484.

(35,45)-3,4-Bis(tert-butyldimethylsilyloxy)-5-hydroxypentyl benzoate (S7)

BzO. BzO.

OTBS CSA OTBS
OTBS  EtOH, 0 °C, 76% OH
OTBS OTBS
S6 S7

To a solution of S6 (7.4 g, 12.7 mmol) in EtOH (200 mL) was added (+)-CSA (2.95 g, 12.7 mmol)
at 0 °C. After 27 h of stirring at the same tempareture, sat. NaHCOs aq. was added and the
mixture was extracted with AcOEt. Combined organic layers were washed with brine and dried
over Na,SO,. After filtration and concentration, the residue was purified by silica gel column
chromatography (AcOEt in n-hexane, 0% to 10%) to give alcohol S7 (4.53 g, 9.66 mmol, 76%).
Colorless oil; IR (neat) v 3534, 1723, 1472 cm-!; '"H NMR (CDCls) & 0.06 (s, 3H), 0.08 (s, 3H), 0.10
(s, 6H), 0.88 (s, 9H), 0.90 (s, 9H), 1.73-1.80 (m, 1H), 2.21-2.30 (m, 1H), 3.65 (dd, ] = 10.9, 5.8 Hz,
1H), 3.76-3.84 (m, 2H), 3.95-3.98 (m, 1H), 4.30 (td, ] =10.5, 5.0 Hz, 1H), 4.47-4.52 (m, 1H), 7.43 (t,
] =7.8 Hz, 2H), 7.54-7.58 (m, 1H), 8.03 (dd, ] = 8.2, 1.1 Hz, 2H); 3C NMR (CDCl;) 6-4.9, -4.6 (C x
2), -4.2,18.0, 18.1, 25.8, 25.9, 30.1, 62.0, 62.9, 71.4, 73.6, 128.5, 129.6, 130.4, 133.0, 166.6; [a]p® -
37.5 (c 0.88, CHCI3); HRMS (ESI*) caled for CosHyOsSixNa m/z 491.2619[M+Nal*, found
491.2617.

(35,4R)-3,4-Bis(tert-butyldimethylsilyloxy)-5-oxopentyl benzoate (34b)

BzO BzO

oTBS oTBS
o4 _TEMPO, Phi(OAc), Y
CH,Cl,, 1T, 88%
OTBS TBSO O
s7 34b

To a solution of S7 (4.53 g, 9.66 mmol) in CH>Cl> (100 mL) were added PhI(OAc)» (6.22 g, 19.3
mmol) and TEMPO (75.5 mg, 0.48 mmol) at 0 °C. The reaction mixture was allowed to warm to
rt and stirred for 12 h. Sat. NaHCO; aq. and sat. NaxS5;0; aq. were added and the resulting
mixture was extracted with CH>Cl,. Combined organic layers were washed with brine and
dried over NaxSOs. After filtration ahd concentration, the residue was purified by silica gel
column chromatography (n-hexane/Et:O = 100/0 then 10/1) to give 34b (3.97 g, 8.51 mmol,
88%) as a white solid.

White solid; IR (KBr) v 1740, 1722, 1472 cm-1; 1H NMR (CDCls) 6 0.05 (s, 3H), 0.07 (s, 3H), 0.10 (s,
6H), 0.91 (s, 9H), 0.91 (s, 9H), 1.69-1.79 (m, 1H), 2.22-2.31 (m, 1H), 4.09-4.17 (m, 2H), 4.28-4.36 (m,
1H), 7.42-7.46 (m, 2H), 7.54-7.59 (m, 1H), 8.01-8.04 (m, 2H), 9.82 (d, ] = 0.7 Hz, 1H); *C NMR
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(CDCls) 6 -5.3, 4.9, -4.6, -4.5,17.9,18.1, 25.6, 25.7, 31.8, 61.4, 71.0, 79.6, 128.3, 129.5, 130.2, 132.9,
166.4, 202.8; mp 37-39 °C; [a]p? -62.9 (c 0.29, CHCl3); HRMS (ESI*) caled. for CosHy3lOsSi m/ z
467.2644 [M+H]*, found 467.2641.

(4E,6E)-4,6-Dimethylocta-4,6-dien-3-one (35)

kn/k ‘ h toluene, 100 °C «
™ —_— N
F’Ph3 77%
o 0 o
S8

35

To a suspension of ylide S84 (5.0 g, 14.4 mmol) in dry toluene (50 mL) was added tiglic
aldehyde (2.8 mL, 28.0 mmol) and the resulting mixture was stirred at 100 °C. After 12 h, tiglic
aldehyde (1.5 mL, 15.5 mmol) was added again. The reaction mixture was stirred for 12 h before
it was cooled to rt. Volatiles were removed under reduced pressure and the resulting residue
was purified by silica gel column chromatography (n-hexane/Et.O = 100/0 to 20/1) to afford
dienone 35 (1.68 g, 11.0 mmol, 77%) as a yellow oil.

Yellow oil; IR (neat) v 1667, 1621 cm-; 'H NMR (CDCl;) 6 1.10 (t, ] = 7.3 Hz, 3H), 1.77 (d, ] = 6.8
Hz, 3H), 1.87 (s, 3H), 1.95 (s, 3H), 2.70 (q, ] = 7.1 Hz, 2H), 5.74 (q, ] = 6.8 Hz, 1H), 6.96 (s, 1H); 13C
NMR (CDCls) 6 9.0, 13.1, 14.1, 16.2, 30.6, 131.2, 133.3, 133.9, 142.8, 203.4; HRMS (ESI*) calcd. for
C1oH17/10 m/z 153.1274 [M+H]*, found 153.1271.

((2Z,AE,6E)-4,6-Dimethylocta-2,4,6-trien-3-yloxy)trimethylsilane (81)

1. LHMDS, THF, =78 °C
kn)\/‘\/ 2. TMSCl /\)\/k/
’ OTMS

(0]
35 81

To a solution of dienone 35 (850 mg, 5.0 mmol) in THF (30 mL) was added LHMDS (6.0 mL, 6.0
mmol, 1.0 M in THF) at -78 °C. After 10 min of stirring at the same tempareture, TMSCI (0.95
mL, 7.5 mmol, distilled before use) was added and the reaction mixture was stirred for 10 min.
Sat. NaHCOs aq. was added and the resulting mixture was extracted with n-hexane. Combined
organic layers were washed with brine and dried over NaxSO;. After filtration ahd
concentration, a crude mixture of 81 (1.25 g) was obtained and used in the next reaction without

further purification.
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(35,4S,5R,6R,8E,10E)-3,4-Bis(tert-butyldimethylsilyloxy)-5-hydroxy-6,8,10-trimethyl-7-
oxododeca-8,10-dienyl benzoate (77b)

B
0N orss BON otes
BF5°OEt,
H IR "
— ° 0,
TBSO O OTMS CHCly, ~40°C, 49% TBSO OH O
34b 81 77b

To a solution of aldehyde 34b (934 mg, 2.0, mmol) and silyl enol ether 81 (0.61 mL, ca. 2.4 mmol)
in dry CH>Cl> (20 mL) was added BF3 - OEt, (0.34 mL, 2.4 mmol) at -40 °C. After 2.5 h of stirring
at the same tempareture, sat. NaHCO; aq. was added to quench the reaction. The resulting
mixture was extracted with CH>Cl,, and combined organic layers were washed with brine and
dried over NaxSOs. After filtration and concentration, the residue was purified by silica gel
column chromatography (n-hexane/Et,O = 10/1 to 3/1) to give a mixture of diasteromers,
which was further purified by preparative HPLC (CHIRALPAK IC (20 cm ¢ x 25 cm),
n-hexane/IPA = 9/1, flow rate 20 mL/min, tr = 4.3 min) to afford 610 mg (0.98 mmol, 49%) of
the desired isomer as well as 197 mg (0.318 mmol, 16%) of undesired isomers. The ratio of
undesired isomers was about 5:4, based on 'H NMR analysis.

Colorless oil; IR (neat) v1721, 1655, 1273, 1105 cm-1; 'H NMR (CDCls) 6 0.03 (s, 3H), 0.05 (s, 3H),
0.06 (s, 3H), 0.07 (s, 3H), 0.88 (s, 9H), 0.96 (s, 9H), 1.21 (d, ] = 6.9 Hz, 3H), 1.77 (d, ] = 6.9 Hz, 3H),
1.86 (s, 3H), 1.93 (s, 3H), 2.16-2.21 (m, 1H), 2.44 (d, ] = 8.5 Hz, 1H), 3.44-3.53 (m, 2H), 3.86-3.91 (m,
1H), 4.13 (ddd, ] = 2.7, 8.2, 9.8 Hz, 1H), 4.27 (ddd, ] = 4.8,10.5, 10.5 Hz, 1H), 4.49 (ddd, ] = 3.9, 6.0,
10.5 Hz, 1H), 5.74 (q, ] = 7.1 Hz, 1H), 6.95 (s, 1H), 7.40-7.44 (m, 2H), 7.52-7.57 (m, 1H), 8.01-8.03
(m, 2H); 3C NMR (CDCls) 6 -5.4, -4.8, -4.0, -3.9, 13.0, 14.1, 15.0, 16.1, 17.9, 18.0, 25.8, 25.9, 30.7,
429, 61.9,70.3,70.5, 74.3, 128.2,129.4, 130.4, 131.7, 132.7, 133.2, 133.7, 143 .4, 166.5, 205.2; [a]p? -
39.1 (¢ 0.45, CHCIs); HRMS (ESI*) calcd. for CasHssO6SioNa m/z 641.3664 [M+Na]*, found
641.3652.

(35,4S,5R,6S,7S,8E,10E)-3,4-Bis(tert-butyldimethylsilyloxy)-5,7-dihydroxy-6,8,10-trimethyldod
eca-8,10-dienyl benzoate (78b)
BzO.
W Et,BOMe, NaBH, B0 oTBS
THF/MeOH, -30 °C R
TBSO OH O 84% TBSO OH OH
77b 78b

To a solution of ketone 77b (610 mg, 0.98 mmol) in THF/MeOH (4:1, 10 mL) was added a
solution of Et;BOMe (1.96 mL, 1.96 mmol, 1.0 M) in THF at rt. The reaction mixture was cooled
to -30 °C and NaBH; (370 mg, 9.8 mmol) was added. After 3 h of stirring at the same
tempareture, sat. NH4Cl aq. was added. The resulting mixture was extracted with CH2Cl, and

combined organic layers were washed with brine, and dried over Na>SOs. After filtration and

54



concentration, the residue was dissolved in THF (10 mL) and MeOH (10 mL), and treated with
30-35% H>O> aq. (2 mL). After stirring for 12 h, water was added and the mixture was extracted
with CH>Cl. Combined organic layers were washed with sat. Na»S;O03 aq. and brine, and then
dried over NaxSOs. After filtration and concentration, the residue was purified by silica gel
column chromatography (AcOEt in n-hexane, 5% to 10%) to give 78b (510 mg, 84%). This
compound contained an inseparable diastereomer.

Colorless oil; IR (neat) v 3496, 1722, 1645, 1272, 1097 cm'; "H NMR (CDCls) & 0.07 (s, 3H), 0.09 (s,
3H), 0.13 (s, 3H), 0.15 (s, 3H), 0.84 (d, ] = 7.1 Hz, 3H), 0.90 (s, 18H),1.66-1.69 (m, 6H), 1.74 (s, 3H),
1.77-1.90 (m, 2H), 2.12-2.21 (m, 1H), 2.85 (d, ] = 5.7 Hz, 1H), 3.51 (s, 1H), 3.68 (dd, | =4.2, 42 Hz,
1H), 3.93-3.99 (m, 1H), 4.07-4.13 (m, 1H), 4.25-4.32 (m, 2H), 4.51 (ddd, ] = 3.9, 6.0, 10.3 Hz, 1H),
5.36 (q, ] = 6.9 Hz, 1H), 6.02 (s, 1H), 7.43 (dd, ] = 7.6, 8.0 Hz, 2H), 7.56 (t, | = 7.6 Hz, 1H), 8.05 (d, |
= 8.0 Hz, 2H); 3C NMR (CDCls) 6 -5.2, -4.8, - 3.9, -3.5, 5.6, 13.6, 15.5, 16.8, 17.8,17.9, 25.7, 25.8,
29.8, 39.1, 61.6, 70.4, 72.4, 74.7, 80.1, 123.5, 128.2, 128.6, 129.4, 130.2, 132.8, 133.3, 133.6, 166.4;
[a]p? -36.7 (c 0.68, CHCls); HRMS (ESI*) caled. for CzsHeoOsSi2Na m/z 643.3821 [M+Na]*, found
643.3813.

These spectroscopic data are in good agreement with those reported by Kirschning!!.

(35,45)-3,4-Bis(tert-butyldimethylsilyloxy)-4-((4R,5S,65)-2,2,5-trimethyl-6-((2E,4E)-4-methylhe
xa-2,4-dien-2-yl)-1,3-dioxan-4-yl)butan-1-ol (80)

B20 HO.
oTBs 1.2,2-DMP, CSA, DMF, rt QTBS
Ny Ny
2. K,CO5, MeOH, 85%
TBSO OH OH TBSO OXO

78b

80
To a solution of diol 78b (510 mg, 0.82 mmol) in DMF (15 mL) were added 2,2-DMP (3 mL) and
(+)-CSA (30 mg) at rt. After 1 h of stirring, NaHCO3 aq. was added and the resulting mixture
was extracted with Et;O. Combined organic layers were washed with brine and dried over
NaxSOs. After filtration and concentration, the residue was dissolved in MeOH (20 mL) and
K>COs (400 mg, 2.8 mmol) was added at rt. After stirring for 12 h, sat. NaHCO3 aq. was added
and the resulting mixture was extracted with Et>O. Combined organic layers were washed with
brine and dried over Na>SOs. After filtration and concentration, the residue was purified by
silica gel column chromatography (AcOEt in n-hexane, 0% to 10%) to give 80 (388 mg, 0.70

mmol, 85%). Spectroscopic data for this compound have already been reported!™.
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(35,45)-3,4-Bis(tert-butyldimethylsilyloxy)-4-((4R,5S,65)-2,2,5-trimethyl-6-((2E,4E)-4-
methylhexa-2,4-dien-2-yl)-1,3-dioxan-4-yl)butanal (S9)

OsH
QTBS TPAP, NMO, MS 3A OTBS
\ NS —_—
CH,Cl,, 1t, 77% XN

TBSO 0O T8S0 0O

x X

80 S9
To a solution of 80 (388 mg, 0.70 mmol) in CH>Cl» (15 mL) were added activated MS 3A (350
mg) and NMO (123 mg, 1.05 mmol) at rt. After stirring for 10 min, TPAP (24.6 mg, 0.07 mmol)
was added. The reaction mixture was stirred for 1.5 h. The solvent was removed under reduced
pressure and the resulting residue was purified by silica gel column chromatography
(n-hexane/AcOEt = 30/1) to give S9 (299 mg, 0.54 mmol, 77%). Spectroscopic data for this

compound have already been reported?.

(55,65)-2,2,3,3,8,8,9,9-Octamethyl-5-(prop-2-ynyl)-6-((4R,5S,6S)-2,2,5-trimethyl-6-((2E,4E)-4-
methylhexa-2,4-dien-2-yl)-1,3-dioxan-4-yl)-4,7-dioxa-3,8-disiladecane (16)

H
oT8S Ohira-Bestmann's reagent I OTBS
N K,CO,, MeOH SN

TBSO 0O TBSO OXO

X

S9 16

To a solution of S9 (299 mg, 0.54 mmol) in MeOH (5 mL) were added K»COs (186 mg, 1.35

mmol) and Ohira-Bestmann’s reagent (120 pL, 0.81 mmol) at 0 °C. After stirring for 24 h, water
was added and the resulting mixture was extracted with Et,O. Combined organic layers were
washed with brine and dried over Na>SO,. After filtration and concentration, the residue was
purified by silica gel column chromatography (n-hexane/AcOEt = 50/1) to afford C13-C25
fragment 16 (217 mg, 0.39 mmol, 73%). Spectroscopic data for this compound have already been

reported!l.

(E)-Ethyl 2-((2-((R)-1-((4S,65)-6-((6S,7S,E)-6,7-bis(tert-butyldimethylsilyloxy)-7-((4R,5S,6S)-
2,2,5-trimethyl-6-((2E,4E)-4-methylhexa-2,4-dien-2-yl)-1,3-dioxan-4-yl) hept-1-en-3-ynyl)-2,2-
dimethyl-1,3-dioxan-4-yl)ethyl)thiazol-4-yl)methylene)octanoate (81)

\ O,
g oTBS

+ /Y'\')\'/K)\/ Pd(PPh;),Cl,, Cul, Et;N
%coza TBSO oxo CH4CN, —20 °Cto rt, 72%

s n-Hex

12 16

To a solution of fragment 16 (212 mg, 0.385 mmol) and fragment 12 (216 mg, 0.385 mmol) in dry
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CH3CN (15 mL) were added Pd(PPhs).Cl> (27.0 mg, 0.0385 mmol), Cul (36.7 mg, 0.193 mmol)
and EtsN (322 pL, 2.31 mmol) at -20 °C. The cooling bath was removed and the reaction mixture
was stirred for 45 min. Phosphate buffer (pH = 7) was added and the resulting mixture was
extracted with AcOEt. Combined organic layers were washed with brine and dried over Na>SO..
After filtration and concentration, the residue was purified by silica gel column
chromatography (AcOEt in n-hexane, 0% to 5%) to give 81 (272 mg, 0.276 mmol, 72%).

Spectroscopic data for this compound have already been reported!!.

(E)-Ethyl 2-((2-((R)-1-((4S,65)-6-((6S,7R,E)-6,7-dihydroxy-7-((4R,5S,65)-2,2,5-trimethyl-6-
((2E,4E)-4-ethylhexa-2,4-dien-2-yl)-1,3-dioxan-4-yl)hept-1-en-3-ynyl)-2,2-dimethyl-1,3-dioxan-
4-yl)ethyl)thiazol-4- yl)methylene)octanoate (S10)

OTBS

TBAF, THF, rt, 97%;
HPLC separation, 50%

NN CO,Et
“ 2 eI\ CO,Et
s\/7/\r 81 /\/)/\( 2 s10

n-Hex
5 n-Hex

To a solution of 81 (270 mg, 0.274 mmol) in THF (10 mL) was added TBAF (1.1 mL, 1.1 mmol,
1.0M in THF) at rt. After 5 h of stirring at the same tempareture, phosphate buffer (pH = 7) was
added and the resulting mixture was extracted with AcOEt. Combined organic layers were
washed with brine and dried over Na>SO,. After filtration and concentration, the residue was
purified by silica gel column chromatography (AcOEt in n-hexane, 10% to 30%) to give 30 (200
mg, 0.265 mmol, 97%) as a mixture with a diastereomer. This was further purified by
preparative HPLC (CHIRALPAK IC (2.0 cm ¢ x 25 cm), n-hexane/IPA = 9/1, flow rate 20
mL/min, tg = 10.0 min, 2 cycles of purification was necessary to obtain pure samples) to afford
pure S10 (100 mg, 0.132 mmol, 50%) as a colorless oil. Spectroscopic data for this compound

have already been reported!.

(E)-2-((2-((R)-1-((4S,65)-6-((6S,7R,E)-6,7-Dihydroxy-7-((4R,5S,6S)-2,2,5-trimethyl-6-((2E,4E)-4-
methylhexa- ,4-dien-2-yl)-1,3-dioxan-4-yl)hept-1-en-3-ynyl)-2,2-dimethyl-1,3-dioxan-4-
yl)ethyl)thiazol-4- yl)methylene)octanoic acid (82)

KOH, EtOH, H,0
rt, quant.

NN CO,Et
20 et 510
T

n-Hex

To a solution of S10 (80 mg, 0.11 mmol) in EtOH (10 mL) was added 3 M KOH aq. (5.0 mL) at

57



0 °C. After stirring at rt overnight, the reaction mixture was cooled to 0 °C and 1N HCI (ca. 10
mL) was added (pH = 2). The resulting mixture was extracted with AcOEt. Combined organic
layers were washed with brine and dried over Na,SOs. After filtration and concentration,
dihydroxyacid 82 (77.2 mg, 0.11 mmol, quant.) was obtaind as a colorless foam. This compound

was used in the next step without further purification.

(E)-2-((2-((R)-1-((4S,65)-6-((1E,3Z,6S,7R)-6,7-Dihydroxy-7-((4R,55,65)-2,2,5-trimethyl-6-((2E,4E)-
4-methylhexa-2,4-dien-2-yl)-1,3-dioxan-4-yl)hepta-1,3-dienyl)-2,2-dimethyl-1,3-dioxan-4-
yl)ethyl)thiazol-4-yl)methylene)octanoic acid (S11)

Lindlar catalyst
quinoline, H,, AcOEt

NN CO,H
- 2
sﬂ 82

n-Hex

To a solution of acid 82 (11.5 mg, 15.7 pmol) and quinoline (200 pL) in AcOEt (1.0 mL) was
added Lindlar catalyst (23 mg) at rt. The resulting mixture was stirred under H, atmosphare
(balloon) for 1 h. The catalyst was removed by filtration through a pad of Celite, and the filtrate
was washed with 0.5 M HCI and brine, and then dried over Na,SOs. After filtration and

concentration, desired (Z)-olefin S11 was obtained as a mixture with over-reduced products.

Thuggacin B bisacetonide (83)

\ 0.~
0
AN _HO 00
2
X
) OH X su

n-Hex

MNBA, DMAP, MS 4A
toluene, 70 °C, 38% (2 steps)

The mixture obtained above was dissolved in toluene (80 mL), and acticated MS 4A (100 mg)
and DMAP (11.5 mg, 94.2 umol) were added. The mixture was heated to 70 °C, and MNBA (16.2
mg, 47.2 pmol) was added. After 16 h of stirring at the same tempareture, MS 4A was removed
by filtration and the filtrate was concentrated in vacuo. The resulting residue was purified by
pTLC (n-hexane/AcOEt = 4/1, 2 cycles) to give thuggacin B bisacetonide 83 (4.3 mg, 6.0 umol,

38%) as a colorless foam. Spectroscopic data for this compound have already been reported?!.
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Thuggacin B

CSA, MeOH, rt

thuggacin B

To a solution of 83 (14.9 mg, 20.9 umol) in MeOH (6 mL) was added (+)-CSA (2 mg) at rt. After
4 h of stirring at the same tempareture, phosphate buffer (pH = 7) was added. The resulting
mixture was extracted with CH>Cl,. Combined organic layers were washed with brine and
dried over NaySO,. After filtration and concentration, the resulting residue was purified by
pTLC (n-hexane/AcOEt = 1/2) to give thuggacin B and thuggacin B monoacetonide. The
monoacetonide (6.6 mg) was dissoleved in MeOH (2 mL) and treated with (+)-CSA (1 mg).
After 2 h of stirring at rt and purification as shown above, thuggacin B (5.2 mg, 8.2 mmol, 39%)
was isolated in total as a white solid.

White solid; H NMR (DMSO-ds) 6 0.83-0.90 (m, 6H), 1.23-1.51 (m, 11H), 1.61-1.71 (m, 11H),
1.80-1.82 (m, 1H), 1.92-2.00 (m, 1H), 2.50-2.60 (m, 2H, under residual DMSO-ds), 2.63-2.71 (m,
1H), 3.25-3.40 (m, 1H, under water), 3.65-3.75 (m, 2H), 3.75-3.81 (m, 1H), 3.84-3.92 (m, 2H), 4.48
(d, J=5.3 Hz, 1H), 4.62-4.66 (m, 2H), 4.89 (d, ] = 5.3 Hz, 1H), 4.94 (dd, ] = 2.3, 6.9 Hz, 1H), 5.04 (d,
] = 4.8 Hz, 1H), 5.30-5.46 (m, 2H), 5.65 (dd, | = 4.3, 15.4 Hz, 1H), 5.81 (s, 1H), 5.97 (dd, ] = 11.1,
11.1 Hz, 1H), 6.13 (dd, J = 11.1, 15.4 Hz, 1H), 7.77 (s, 1H), 7.99 (s, 1H); 3C NMR (DMSO-ds) 6
8.57,13.5,13.6, 13.9, 16.7, 17.9, 22.0, 27.5, 27.6 (C x 2), 28.7, 31.1, 31.8, 37.1, 39.5, 44.3, 66.3, 70.0,
70.1,70.7,77.8,77.9,119.3,123.3, 123.5, 128.9 (C x 2), 129.6, 132.2, 133.1, 136.2, 138.9, 149.7, 167.7,
170.2; [a]p? +80.1 (c 0.25, MeOH); HRMS (ESI*) caled. for CssHzaNOS m/z 632.3616 [M+H]*,
found 632.3607.

5. Preparetion of glyoxal derivatives
Glyoxal derivatives and their hydrates 106 were either purchased (106a, 106e, 106g) or
synthesized (106b-d, 106f, 106h-i) as described below*!.

SeOz, Hzo OH (@]
R 1,4-dioxane, reflux;
3 3 3 R R
T oo ook o By
(0] O
S12 106a-g 106h-i

A 200-mL round-bottom flask was charged with 1,4-dioxane (30 mL), water (5 mL) and SeO»
(2.22 g, 20 mmol). The mixture was heated to 50 °C and stirred until SeO, was completely
dissolved. To this solution was added methyl ketone derivative S12 (20 mmol), and the mixture

was stirred under reflux overnight. After cooling to rt, the reaction mixture was filtrated
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through filter paper, and volatiles were removed under reduced pressure. The resulting residue

was purified by either method A or method B.

Method A

To the residue was added water (20 mL), and the mixture was refluxed overnight. After
filtration through filter paper, the filtrate was allowed to cool to rt, and then 0 °C. Precipitates
formed during this cooling process were collected by filtration to give the desired aldehyde
hydrates. If necessary, the products were further purified by recrystallization from

acetone/n-hexane.

Method B

The residue was purified by distilltion under reduced pressure to give the desired aldehydes.

6. General procedure for a catalytic asymmetric aldol reaction of a-CF; amide 103

Table 2-2-4, entry 1

To a flame-dried 20 mL test tube equipped with a magnetic stirring bar and a 3-way stopcock
were charged with Cu(CH3CN)4PFs (3.7 mg, 0.01 mmol) and (R,Ry)-Taniaphos (6.7 mg, 0.01
mmol) in a dry box. To this mixture were added aldehyde hydrate 106a (16.7 mg, 0.11 mmol),
amide 103 (23.0 mg, 0.1 mmol), and toluene (0.95 mL). Then the mixture was cooled to -40 °C,
and DBU solution in toluene (0.2 M, 0.05 mL, 0.01 mmol) was added via a syringe. After stirring
at the same temperature for 18 h, NH4Cl aq. was added, and the mixture was extracted with
AcOEt, washed with brine, dried over Na>SOs, and concentrated. The resulting residue was
submitted to TH NMR analysis to determine the diastereoselectivity (anti/syn = 11.2/1).
Purification by preparative TLC using n-hexane/acetone = 3/1, and then toluene/acetone = 6/1
as eluents afforded desired aldol product 107a (26.4 mg, 0.072 mmol, 72%). Enantiomeric excess
was determined to be 93% ee by chiral HPLC analysis.

(25,3R)-1-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridin-1-yl)-3-hydroxy-4-phenyl-2-(trifluoromethyl)
butane-1,4-dione (107a)

colerless oil; IR (neat) v 1687, 1638, 1595, 1422 cm-1; TH NMR (CDCls) 6 3.13 (dd, J = 8.5, 8.5 Hz,
2H), 4.13-4.26 (m, 2H), 5.45-5.54 (m, 2H), 6.43-6.56 (m, 1H), 6.93 (dd, ] = 7.3, 5.0 Hz, 1H), 7.46 (dd,
J=7.7,7.7Hz, 2H), 7.98 (d, ] = 4.6 Hz, 1H), 8.04 (d, ] = 7.4 Hz, 2H); 3C NMR (CDCls) 4 24.0, 46.2,
46.6 (q, Jcr = 26 Hz), 72.3, 119.4, 124.9 (q, Jcr = 279 Hz), 126.6, 128.7, 129.6, 134.0, 134.26, 134.31,
146.1, 154.7, 166.5 (q, Jcr = 2.9 Hz), 197.6; F NMR (CDCls) 6 —63.76 (d, Jr-u = 8.7 Hz); [a]p® -
148.1 (c 0.60, CHCls); HPLC conditions: Daicel CHIRALPAK IC-3 (0.46 cm ¢ x 25 cm),
n-hexane/IPA =4/1, detection at 254 nm, flow rate 1.0 mL/min, tr = 19.9 min (major), 26.0 min
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(minor).

(25,3R)-1-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridin-1-yl)-3-hydroxy-4-(4-methoxyphenyl)-2-(trifl
uoromethyl)butane-1,4-dione (107b)

colerless oil; IR (neat) v 1661, 1592, 1414 cm}; TH NMR (CDCls) 6 3.12 (dd, | = 8.7, 8.7 Hz, 2H),
3.87 (s, 3H), 4.13-4.25 (m, 2H), 5.40-5.50 (m, 2H), 6.45 (qd, | = 8.9, 2.5 Hz, 1H), 6.90-6.95 (m, 3H),
752 (dd, ] = 7.3, 1.4 Hz, 1H), 7.92-8.09 (m, 3H); 3C NMR (CDCls) 6 24.0, 46.2, 46.8 (q, Jcr = 26
Hz), 55.7, 72.2, 113.9, 119.3, 124.9 (q, Jcr = 280 Hz), 126.6, 127.3, 132.0, 134.2, 146.1, 154.7, 164.2,
166.7 (q, Jcr = 2.9 Hz), 196.0; F NMR (CDCl3)  -63.74 (d, Jr.u = 8.9 Hz); [a]p® -131.2 (¢ 0.68,
CHCl;); HPLC conditions: Daicel CHIRALPAK IA-3 (0.46 cm ¢ x 25 cm), n-hexane/IPA = 4/1,

detection at 254 nm, flow rate 1.0 mL/min, tg = 40.8 min (major), 49.7 min (minor).

(25,3R)-1-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridin-1-yl)-3-hydroxy-4-(4-bromophenyl)-2-(trifluo
romethyl)butane-1,4-dione (107¢)

colerless oil; IR (neat) v 1685, 1636, 1587, 1419 cm-1; TH NMR (CDCls) 6 3.13 (dd, | = 8.4, 8.4 Hz,
2H), 4.09-4.27 (m, 2H), 5.43 (m, 1H), 5.57 (d, ] = 10.5 Hz, 1H), 6.45 (qd, ] = 8.7, 2.5 Hz, 1H), 6.97
(dd, J=7.4,5.0 Hz, 1H), 7.55 (d, ] = 7.4 Hz, 1H), 7.60 (d, ] = 8.5 Hz, 2H) 7.92 (d, ] = 8.5 Hz, 2H),
8.03 (d, ] = 5.0 Hz, 1H); 3C NMR (CDCls) 8 24.0, 46.0, 46.3 (q, Jcr = 26 Hz), 72.7, 119.6, 124.8 (q,
Jcr =280 Hz), 126.6, 129.3, 131.2, 132.1, 133.1, 134.3, 146.1, 154.6, 166.7 (q, Jcr = 1.9 Hz), 196.7; 19F
NMR (CDCls) 6 —63.75 (d, Jeu = 8.7 Hz); [a]p?2 -149.4 (c 0.50, CHCls); HPLC conditions: Daicel
CHIRALPAK IA-3 (0.46 cm ¢ x 25 cm), n-hexane/IPA = 4/1, detection at 254 nm, flow rate 1.0

mL/min, tr = 11.4 min (major), 13.5 min (minor).

(25,3R)-1-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridin-1-yl)-3-hy droxy-4-(2-methylphenyl)-2-(triflu
oromethyl)butane-1,4-dione (107d)

colerless oil; IR (neat) v1637, 1594, 1422 cm-1; 'H NMR (CDCls) & 2.33 (s, 3H), 3.07-3.13 (m, 2H),
5.06 (d, ] =10.6 Hz, 1H), 545 (dd, ] = 10.6, 3.4 Hz, 1H), 6.44 (qd, ] = 8.7, 3.4 Hz, 1H), 6.92 (dd, | =
7.4, 5.0 Hz, 1H), 7.14-7.17 (m, 1H), 7.29 (d, ] = 7.4 Hz, 1H) 7.36 (ddd, ] = 7.4, 7.4, 1.4 Hz, 1H),
7.50-7.53 (m, 1H), 7.77 (dd, ] = 78, 14 Hz, 1H), 7.92-796 (m, 1H), ; BC NMR
(CDCls) 6 21.2,24.0,46.2, 47.4 (q, Jcr = 26 Hz), 73.1, 119.3, 124.7 (q, Jcr = 280 Hz), 125.8, 126 4,
129.6, 132.0, 132.2, 134.2, 134.7, 139.6, 146.0, 154.6, 165.9 (q, Jcr = 2.9 Hz), 201.6; YF NMR
(CDCls) 6 -63.62 (d, Jru = 8.7 Hz); [a]p® -125.8 (c 0.55, CHCI3); HPLC conditions: Daicel
CHIRALPAK IA-3 (0.46 cm ¢ x 25 cm), n-hexane/IPA = 4/1, detection at 254 nm, flow rate 1.0

mL/min, tr = 9.6 min (minor), 11.1 min (major).
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(25,3R)-1-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridin-1-yl)-3-hydroxy-4-(3-methoxylphenyl)-2-(trifl
uoromethyl)butane-1,4-dione (107e)

colerless oil; IR (neat) v1684, 1638, 1594, 1422 cm-1; TH NMR (CDCls) 6 3.13 (dd, | = 8.5, 8.5 Hz,
2H), 3.81 (s, 3H), 4.10-4.25 (m, 2H), 5.43-5.52 (m, 2H), 6.46 (qd, ] = 8.7, 2.5 Hz, 1H), 6.94 (dd, | =
7.6, 5.0 Hz, 1H), 7.12 (ddd, | = 8.2, 2.8, 0.5 Hz, 1H), 7.38 (dd, | = 8.0, 8.0 Hz, 1H), 7.48-7.55 (m,
3H), 7.66-7.70 (m, 1H), 7.97-8.00 (m, 1H) ;13C NMR (CDCls) § 24.0, 46.2, 46.7 (q, Jcr = 27 Hz),
55.6,72.4,113.2,119.4, 120.9, 122.4, 124.9 (q, Jcr = 282 Hz), 126.6, 129.8, 134.3, 135.6, 146.1, 154.7,
159.9, 166.5 (q, Jcr = 2.9 Hz), 197.4; 19%F NMR (CDCl3) § -63.78 (d, Jr.z = 8.7 Hz); [a]p® -248.3 (c
0.72, CHCl3); HPLC conditions: Daicel CHIRALPAK IA-3 (0.46 cm ¢ x 25 cm), n-hexane/IPA =

4/1, detection at 254 nm, flow rate 1.0 mL/min, tr = 10.6 min (minor), 11.2 min (major).

(25,3R)-1-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridin-1-yl)-3-hydroxy-4-(naphthalen-2-yl)-2-(triflu
oromethyl)butane-1,4-dione (107f)

colerless oil; IR (neat) v 1679, 1637, 1593, 1420 cm-1; TH NMR (CDCls) 6 3.14 (dd, | = 8.4, 8.4 Hz,
2H), 4.17-4.24 (m, 2H), 5.56 (d, ] = 10.5 Hz, 1H), 5.68 (dd, ] = 10.5, 2.5 Hz, 1H), 6.54 (qd, ] = 8.7,
2.5 Hz, 1H), 6.90 (dd, ] = 6.9, 5.2 Hz, 1H), 7.51-7.65 (m, 3H), 7.85-7.88 (m, 2H), 7.93-8.03 (m, 3H),
8.68 (s, 1H) ; 13C NMR (CDCls) 6 24.0, 46.2, 46.7 (q, Jcr = 26 Hz), 72.6, 113.2,119.4, 124.6, 124.9 (q,
Jcr = 280 Hz), 126.3, 126.6, 127.0, 127.9, 128.5, 129.1, 130.0, 131.6, 132.1, 132.5, 134.2, 136.0, 146.0,
154.7, 166.6 (q, Jcr = 2.9 Hz), 197.5; F NMR (CDCls) 6 —63.67 (d, Jr.u = 8.7 Hz); [a]p? -135.8 (c
0.86, CHCls); HPLC conditions: Daicel CHIRALPAK IA-3 (0.46 cm ¢ x 25 cm), n-hexane/IPA =

4/1, detection at 254 nm, flow rate 1.0 mL/min, tr = 12.8 min (major), 14.0 min (minor).

(25,3R)-1-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridin-1-yl)-3-hydroxy-4-(thiophen-2-yl)-2-(trifluoro
methyl)butane-1,4-dione (107h)

colerless oil; IR (neat) v 1675, 1639, 1598, 1422 cm-1; TH NMR (CDCls) 6 3.14 (dd, ] = 8.5, 8.5 Hz,
2H), 4.09-4.23 (m, 2H), 5.29 (dd, J = 10.8, 3.0 Hz, 1H), 5.55 (d, ] = 10.8 Hz, 1H), 6.54 (qd, ] = 8.7,
3.0 Hz, 1H), 6.96 (dd, ] = 7.6, 5.0 Hz, 1H), 7.17 (dd, ] = 5.0, 3.9 Hz, 1H), 7.51-7.55 (m, 1H), 7.69 (dd,
J=5.0,1.1 Hz, 1H), 8.06-8.09 (m, 2H) ; 13C NMR (CDCls) 8 23.9, 46.1, 46.6 (q, Jcr = 26 Hz), 73.9,
119.5, 124.6, 124.7 (q, Jcr = 280 Hz), 126.5, 128.3, 134.2, 135.0, 135.2, 140.7, 146.1, 154.5, 166.5,
191.2; YF NMR (CDCl3) 8 —63.74 (d, Jru = 8.7 Hz); [a]p® -170.1 (¢ 1.02, CHCls); HPLC
conditions: Daicel CHIRALPAK IC-3 (0.46 cm ¢ x 25 cm), n-hexane/IPA = 4/1, detection at 254

nm, flow rate 1.0 mL/min, tr = 26.2 min (major), 28.4 min (minor).
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7. Determination of absolute configuration of the aldol products by X-ray analysis

Aldol product 107c was converted to silyl ether S13 by the following procedure.

Br /TBS
Br. QH o 9 o)
- TBSOTY, 2,6-lutidine ~ N
N CH,CI
O CF; /J— 2> o CFsN —
107 N ) s13 1\ _y

To a solution of 107¢ (26.9 mg, 60.7 umol) in CH>Cl> were added 2,6-luditine (21.2 puL, 182 pumol)
and TBSOTf (27.8 pL, 121 umol) at rt. After stirring at the same temperature for 30 min, the
reaction mixture was directly purified by silica gel column chromatography (AcOEt in n-hexane,

5% to 20%) to afford S13 (27.7 mg, 49.7 umol, 82%) as a colorless solid.

Crystallization by diffusing n-pentane into a concentrated solution of S13 in AcOEt afforded
colorless platelet crystals which are suitable for X-ray analysis. The crystal having approximate
dimensions of 0.060 x 0.060 x 0.010 mm was mounted on a glass fiber. All measurements were
made on a Rigaku R-AXIS RAPID diffractometer using graphite monochromated Cu-Ka
radiation. The data were collected at a temperature of —180 + 1 °C to a maximum 26 value of
136.5°. The structure was solved by direct methods (SIR2008) and expanded using Fourier
techniques. The non-hydrogen atoms were refined anisotropically. Hydrogen atoms were
refined using the riding model. Refined crystallographic parameters are summarized in Table

S1. ORTEP representation of S13 is depicted in Figure S1.
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Table S1. Summary of crystallographic data of S13.

molecular formula
cystal color, habit
crystal system
space group

cell constants

a (A)

b (A)

c(A)

o (deg)

B (deg)

7 (deg)

Vv (A%)

z

Pealcd (9/cm?)

Ry

wR,

F(000)

Flack parameter

Co4H4803N,F3SiBr
colorless, platelet
orthorhombic
P2,242,4

9.7854(3)
13.9543(4)
18.4900(6)
90

90

90
2524.78

4

1.467
0.0435
0.0777
1144.00
0.005(17)

Figure S1. ORTEP diagram of S13 at 50% probability.
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