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BEEER
Ac
ABSA
AIBN
Amyl
aq.
AtD14
AZADO
BArg
9-BBN
BINAP
BrettPhos
brsm
Bu

Bz

cat.

CDI

CL
CLA
cod

Cy
C-Phos
DACH
DIBAL-H
DIPEA
dba
DBU
DCC
DCE
DDQ
decomp.
DKR
DMA
DMAP
DMBQ
DMDO
DMSO
DMF
DMP

dppf

acetyl

4-acetamidobenzenesulfonyl azide
azobisisobutyronitrile

pentyl

aqueous

arabidopsis thaliana DWARF14
2-azaadamantane-/N-oxyl
tetrakis[(3,5-trifluoromethyl)phenyl]borate
9-borabicyclo[3.3.1]nonane
2,2"-bis(diphenylphosphino)-1,1'-binaphthyl
2-(dicyclohexylphosphino)3,6-dimethoxy-2',4',6'-triisopropyl-1,1'-biphenyl
based on recovered starting material

butyl

benzoyl

catalyst

1,1'-carbonyldiimidazole

carlactone

carlactonic acid

cyclohexadiene

cyclohexyl
2-dicyclohexylphosphino-2',6'-dimethoxybiphenyl
1,2-diaminocyclohexane
diisobutylaluminium hydride
diisopropylethylamine
dibenzylideneacetone
1,8-diazabicyclo[5.4.0]undec-7-ene
dicyclohexylcarbodiimide
1,2-dichloroethane
2,3-dichloro-5,6-dicyano-p-benzoquinone
decomposition

dynamic kinetic resolution
N,N-dimethylacetamide
N,N-dimethyl-4-aminopyridine
2,6-dimethoxy-1,4-benzoquinone
dimethyldioxirane

dimethylsulfoxide
N,N-dimethylformamide

Dess-Martin periodinane

1,1'-bis(diphenylphosphino)ferrocene



dr diastereomeric ratio

DTBM-SEGPHOS 5,5'-bis[di(3,5-di-fert-butyl-4-methoxyphenyl)phosphino]-4,4'-bi-1,3-benzodioxole

DTBPF 1,1-bis(di-tert-butylphosphino)ferrocene
ee enantiometric excess

eq equivalent

er anantioratio

Et ethyl

HEPEs 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
Hex hexane

HMDS hexamethyldisilazide

HSAB hard and soft acids and bases

imid imidazoyle

imid. imidazole

HPLC high performance liquid chromatography
IPA isopropanol

L-Selectride lithium tri-sec-butylborohydride

MCLA methylcarlactonic acid

min minute

Me methyl

MOM methoxymethyl

MS molecular sieve

Ms methanesulfonyl

quant. quantative

NBS N-bromosuccinimide

NHC N-heterocyclic carbene

NIS N-iodosuccinimide

NMO N-methylmorpholine-N-oxide

NMP N-methylpyrrolidone

NMR nuclear magnetic resonance

N.R. no reaction

pdp [V,N"-bis(2-pyridylmethyl)]-2,2'-bipyrrolidine
PTC phase-transfer catalyst

PMB para-methoxybenzyl

PMHS polymethylhydrosiloxane

PPTS pyridinium para-toluenesulfonate

pyr pyridine

Pr propyl

pin pinalolato

Ph phenyl

satd. satulated



SEM 2-(trimethylsilyl)ethoxymethyl

Sphos 2-dicyclohexylphosphino-2',6'-dimethoxybiphenyl
ShHTL Striga hermonthica hyposensitive to light
SL strigolactone

SM starting material

sp spartaine

sp. species

TBME tert-butyl methyl ether

TBS tert-butyldimethylsilyl

tbs bis(N-tert-butyl salicylaldiminato)
TBAC tetra-n-butylammonium chloride

TBAF tetra-n-butylammonium fluoride

temp. temperature

TES trimethylsilyl

Tf trifluoromethanesulfonyl

TFDO methyl(trifluoromethyl)dioxirane

THF tetrahydrofurane

THP tetrahydropyrane

TIPS triisopropylsilyl

TLC thin-layer chromatography

™ target molecule

TMP 2,2,6,6-tetramethylpiperidine

TMS trimethylsily

Ts p-toluenesulfonyl

TPAP tetra-n-propyl ammonium perruthenate
V-70 2,2'-azobis(4-methoxy-2,4-dimethylvaleronitrile)
YLG yoshimulactone green

Xphos 2-dicyclohexylphosphino-2',4',6'-triisopropylbipheny
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A NY IZ 7 k2 (Strigolactone, SL) [ THEMDFELET HT AR T, 7T — A% 2 7 —HFHIRE DR %
I EFHET DME S ST AVETH Y, W OT — A% 2 T —EHRE L OMAEREREHESTWD,
UTAR, SLTB S U IfIfEMA 23 5 2 L BB S A LT & LTHRMEND LT Tl,
ZOMEEE, ZBRIET 7 b (ABCEED) &7 7 /UK D) N/ — =T i LTT '
— NV EER LI AR EZA LTS, ZOFBITIIARFREDN 3D Balr, 8b AL, 2) HV., Zhb
1T CERDNS,R)-BLE (B ELAL)D strigol B! (Figure 1A) & (R, S)-ElE (o BL7)?D orobanchol ! (Figure 1B)IZ
KilEH, K7 & 0561 strigol DA, A £ 51X orobanchol B DO A BFER STV D, F2F N
APBILEH A 7O SL BRI TN D, ZD X HIZ, strigol Y SL & orobanchol 4 SL @ &5 5702 %
EFES DREM & | W A ERET DML T Do FTZRIRD SL ICHEWT, 2MFETREETH D,
VAR, 2D OffE L3R 5 IR SL b SL TV 5 (Figure 1C) %, FEEVR SL 13 =B PED RERZ S
R, )= —=T)EDEBRDTT U RMRFESNICHEZA LT\ 5, #i213 avenaol I3 B Bi#
A3 ERERSTEY . CHRBICMY T 20 L A& TEBB > T D 2,

A. Strigol type: B-orientation

00 O~ : o0 HO—~ s 0.0
C
sl o Ok
0,2 0 0. _0o 0. _0o
OH D =0 o

(0]
strigol sorgolactone sorgomol
B. Orobanchol type: a-orientation
‘p O ?O o ?O o
OH O“'LOZ:O OH O"'LO<&0 OH O"'L?&o
orobanchol solanacol fabacol
C. Atypical SLs
o OO
% M
O, _0O O, _0O
o LZ:O LZ:O

avenaol heliolactone carlactone

Figure 1. Structure of SLs.



SLIL Striga sp.X” Orobanche sp. & N> T2 iR FFA
WM ORFEEZRINT 52 b i hbambaTwn
Do T7VARA LR, R/3—)170 & DHLEEATT

AT DA NTA T (Striga)l£ 7 7 LFET [
EER L., T OMEE (witch weed)] & L TR
bNTWb, AMTIA T UERIY AR,V
WIT BT EDEEBYORIC A OIRZEEE f5E
MORERLKDEFESTED, AN TA HTHAES
WIAEWIZA RN T 6, IR 5
(Figure 2), 295 LTEBREASZT TOD LMIZATTT  pgure 2. % b5 sy anr iz B LT HHF, 20
N7 AAROELIZIEHOIC A AT D Z0 sy pmma s oo ien v s A, iz —ii 2 k54 475
K97 A N T A HIT XD EEREREITHFI1000 ER-TWD, (FHEX - 8 M B4 15
HBHT, 77V IDOANADI0FDOUIH T HEAD
N2 BEHZTWD EEbil, RN BRZEREORERM L /0> TN D,

Beo T, WM EBEEZ D LR AN TIATOEFOIZREARHESEILANTA NI IT 7 h
DRIFREC, SL ZBIRD A T = X LRIADRD 5N TWD, —J7, SLITEALE W) Rtk B 1 g DFf
WHEREIC DT I ng FREE LB N THE BT, SL OLFAERIC & 2B LA TH 57,

U bEDOERNS, BIEYMOIEDR L SL DR « & 7 F MREEOMY 2 B8 L TR % 7a§id
TEPEAHBIIFZE N B S 4V C & 7=, Zwanenburg H X7 SL OFEFRIAE RN %7 2 WG PEAE B &
WD X H I RTWS (Figure 3) ™%,

1) T ) =— MEE L BR o7 D EREIIEMRBUCLATH O . AIIN-BEERSIT K 2 AEWIEVET BitE
BEL 5T, B, ZOAD=XABEE SN, SLEZAKRS 37 AD14 & D BRHKO CLIM

& ﬂ%z TN B EAIRDOTFIED X B G 12 X - THER Sz ™,

2) A BROEMITAEMIEMEICH E W REEZ 523, BRERDH D,

3) MARMEFIFEE BN ER TIE 72,

Stereochemistry
is very important.

K& t& Lﬁ

a, B-unsaturated system
and D-ring are essential.

A-ring modifications
don't reduce activity.

Flgure 3. Structure and activity relationship of SLs.

Mz T, ANTFAT (Striga hermonthica) DFEFRITIAEIZXET 5 GR24 D 212DV T OREIETEMEAH
BIBFZE N D . RN TH D C2-RKD I NEIENETH D Z LB HNTND Y ZLHSE, Ho
SL 52 251K ShHTL7 J#4R M & #8314 % 1b-A % sphynolactone-7 28 K, /& 512 L 0 #iE Sh7- (Figure 4),
AEIZBNTE 7T /Y Fa=y MIEHRICHETH L Z PRI TND
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o\\ /

Potentiation through

O
/©/S‘N hydrolysis
//\/\o K/N\(O /

o Hydrolysis-independent

activation Carbamate o 0, o
« Selectivity to ShHTL? linker L<V/
sphynolactone-7

Flgure 4. Structure-activity relationship of sphynolactone-7.

BTEH AM)IZTY FUDEEREER

SL DA R T A% AR STV B, SL ORI HGET B HfE{R & LT, carlactone (CL)
ZRELTND Z ERHE SN TWA®, CL 1T all-trans-B-carotene 7254 Y A F—F (D27)& 2 DDA
07 ) A RBRE Y 4% 7 —F(CCD7, CCD8) %I L TAARK SN S (Scheme 1),

carlactone (CL)

Scheme 1. Biosynthetic pathway of CL.

CL 2D SLIZE D AERIRIEIZ OV TIX . CLAF V7 —8IZ LY CL D 1847 & 19 (i3 b 4,
ECLDHINEXTT— BN I8 MLOPKEHENZZNS BC BEFBKT HZ & BHERFETT
ent-epi-deoxystrigol DR AR T H 2 LI2 X K EN TV (Scheme 2)®, Strigol D SL 125\ T
bR CEKRT S Z EBRHERIISN TS, L, 2D —HEOABRICE D D BEREOFEMIC S
WTIEE A S Tnauy,

C18, C19 oxidation

18 o . 0., _0
— carlactone oxidase ' o
(Os01g0700900) OH —
(2)-(R)-CL
00
internal
SR proton
transfer

ent-epi-deoxystrigol | Q
Stereochemistry of x/ ©
Orobanchol family

deoxystrigol [
Stereochemistry of X Y
Strigol family

Scheme 2. Biosynthetic pathway from Cl to SLs.



F=E RMUISU LFUOERKICET HETHE

SLOEAFFEIESih &, Raphael &, Brooks &, FRafia ©H. Zwanenburg ©, Mesmaeker & 23 L TV 2

» SLOFIOAAALIZ19744E12Sih 5, Raphael 512 K > TN Edustrigol DAL E LTl Sz, LA
TFIZSIhHDHID T ¥ I B ERHEMNT % (Scheme 3)°, BEHIDOP-H VAR ¥ S -q, B-AEFIT b 1% A F
NERAT AL L, NBSTULEL L C7 nxes ho2b Lz, Zhia~n o A7 L) U o AHEIFET
AB ) — VTS 5 Z LT, 80%INHETR-7 N AT NI~EEH LT, 307 v EFEA T NAFET
TOT NI AL E < BRIKGRRIZ LD . y-77 R VR iE4% A L2, 4% DIBAL-HCLELT 2 & |
HNR=NVEDET & BREN—2ITH#EIT L, =Rk Fex 77 F 52, S2KE T R U A
LOFBATFNAVAFIET, V2FNAZ—T VHTEET L2 LT —LenfGoini, 627 aE77 )/
U R7LK,CO3 L O HMPA THLEE9~ 2 Z L2 k0 | strigold 7 & 2 AN ER SN,

1. BrCH,CO,Me
éicOzH 1. Mel, K,COg CO,Me NaCH( CO2Me i‘é& ch03 coH_DIBALH DIBAL-H
I CO,Me
2.NBS, CCly i\i/ Br MeOH 2. 6N HCI [ I§ CHQCIz -78°C
o 70 °C 5 80%, 3 steps AcOH 60%, ca. 2:1dr

100 °C, 70%
1 2
ab )° o
NaH, HCO,Me
= — \wOH

Et,0, 78% K,CO4

HMPA
OH OH strigol (8 2'-epi- 8
5 6 ca. 25% ca. 25%

Scheme 3. Total synthesis of strigol reported by Sih et al..

19974F, FRilin O 1 Isorgolactone (18) & IO TRA L, TDOVT AT LA~ —IZBT 2 MG %
I LY, 2 2 TIEZEORAKIC OV TS (Scheme 4), BRMES b LR U EE13E Tl Toke 5
DG 2 BEIZARLTNE, = hak b9l Ve 2T k2 A9 5T ) L 10%BuOHT, KO-
Bu TS 5 Z & C, MichealSHINMZ#HE< 3 FNT v R— a3 EIT L, "R a2 AK L
72o 1M%ZNaOMe, #t< TICLALERIZ XV xS 57 b2~ B LT, 12% W2 TR 5 Z & T,
DKo fR. BiREE, —HFEAG O RMbEZ —FICET S TOAR VBRIB3EZ G LT, FH7213%
LmM@m*#:W¢_&T\t%m#V7&%/m%ﬁkom%am&mmm;@fm%?aky
15~ E B L7221, Zn-Cu TR L, Booik1652 572, ZOBFIEIZ L ua~ N7 T 7 41—k
D, T AT LA~—%% %LTM%ﬁ%LKO%@& RVINALE T T U TIZ L V18D S
A 5E T Lz,



o)
OZEt CO,Et  1.NaOMe

0
KOtBu (0.1 eq) MeOH COEt MO,
COZMe " BuwoH CoMe 5 ric, TiCls co,Me  DME
reflux, 26% NH4AcO reflux, 62%
82%
NaOH o
7 ke NaH, HCO,Et o
H CeCI3 7H,0 Zn- Cu a 2
cO, AN\woH
CH,Cl-H,0 AcOH 40% Et20 quant.
67% then MPLC
O 43 CBr4,:14R OH seperation 17
PhsP—15R = Br
O 2 O 3a
K2003 o2 o
NMP
sorgolactone 18)41% 2'-epi-18 39%

Scheme 4. Total synthesis of sorgolactone reported by Mori et al..

20124F, Mesmaeker 13 A T:SL, GR24DFRHEERE WA LTV HY, 2-9— R 7 = = LR % A
FNEZAT AL LTZ19E T UL R U T F LA L DStille v 7 U > 7 i < MK LD VR
207315 HAL72 (Scheme 5), 20% Y FIEMESE —#k 7 X D21 EHEA L. 7 X R228 L7e, 7 2 R2212THO
EcollidineZEHEHDZ LT T7 oA I =20 DA LT 4 & O FHNRRIBRACA IS ST L,
for <MK FRIZ K0 HFATEME S R 232G LTc, ZHvaaig{bksE TULEE4 % & | Baeyer-Villiger
AL HEEIT LT 7 R~ B ST, TO%FLVINLETeETT ) U RTEDA TV T
&;D(RM®TﬁA%% kL7,

1, /\/SnBu3
Pd(PPh3), (5 mol%) O EDCI, HOAt

©iY HZSO4 ©iY toluene, reflux, 65% Et3N DMF
| O MeOH,0°C OMe 3. aq. LioH
quant. quant.

93%

1. TH,0

KOtBu, HCO,Et
coII|d|ne Hzo2 8b THF, 0 °C then
2 CCly, HO i AcOH
reflux, 68% 0°C, 92% 020
23 92% ee °
GR24 (25) 20% 2'-epi-25 20%

Scheme 5. Asymmetric total synthesis of GR24 reported by Mesmaeker et al..

INHOFD X DT, SLOEERITITZ SO TIENH V| 1) ABCEREIOMEE, 2) AF /-IIBEREICE

T AHEREEOE A, 3)DERHMOBEA L KFITE S,

D), IZOWTIIRF A E B O R ABIENRE SN TWDER T, 3) 2OV T —FE Tk~ 5D
B OB % RO CHBERIE T ONARBIRETH D | DT RIFWEIIRIL L T wn, T7hbb, i
ET., F@ATFNVZH W ABC RED BN I /AN THEETAL L ) F— ersunT7 T /Y
R26) (p.12 Z2)F-ix7 077 /U K (DTURETLEM4:TH D, FEEE. 2o O&RMITkITR~
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“ARBITHHW STV D (Scheme 3-5), AT4EE Sih 573 strigol & 9] CTEAK LT-BICHE S h
TEY, ERORNELND, D%, HEIZIT KOBu, NaH, K,CO;, ONDE =7 I 25 5%
PEDRRICHE STV D T, E72, BCIRAKM L7 SL O AU OWT, —RAIZREAS 15 TTT
5 & BRI ORI 5 (Scheme 6)*,

HCO,Me, NaH

BuO.__0O
Y DMF. then ) N
_DMF.then
™ o O

(0]
Brmqo /16:0
27 7 28 1.9%

Scheme 6. Application to non-canonical SL.

T it FEMRISLIZ 43%E &4 S carlactonic acid (CLA) & methyl carlactonate (MeCLA) DA IEN
Mesmacker 52 L 0 A SN TAF 298 A~ T H —A31EN-AF/LEARY O TURIET S Z &
T, =/ —Vx=—TNA32% 5 L7 (Scheme 7), 32Z KM ONISTUE L7ZZIC NV =F LT I %
W52 LT, o-F— F-ap-FREEFIT AT N34~ AW LT-, 34L N TFILE =)L AXITIHFE T,
Pd,(dba); & AsPh; TULEE G5 Z & TStille » 7'V > 7 34T L, MeCLA (38) DA FIZ Ak Eh L 7=, [FlERIC
TT B R30S EEL L CCLA B9)D AR L HE LT\ 5D,

R éi\/SnB% R
NIS, AcOH
) A A
q S then Et;N ')\ 37 N
‘ — 0.0 - o o
Il N- mlftllwyl o 79 Pdy(dba); (7.5 mol%) o
29 (R = CO,Me) m°erH§'”e AsPh; (30 mol%) =

30 (R = CHO) ~ dioxane, 90 °C

32 (R = CO.Me) 77% 34 (R = CO,Me) 86% MeCLA (38) (R =CO,Me) 75%
33 (R = CHO) 92% CuBr, (5 mol%) [:35 (R = CHO) 80% CLA (39) (R =CO,H) 51%
TBHP, 95% —36 (R = COzH)

Scheme 7. Synthesis of noncanonical SLs, MeCLA and CLA reported by Mesmaeker et al..

FEOE AMEOREL#ER
DX BT ENS, FEHILSL ORI L CROBENRH D EEZTND

ORTEER S TWIRWIEIIE S O & Bl OfENT
@SL DB ER TH LT ) — VT —T IV EN LT=X TV T ' X — LAEIE(CD BRER) D SLARER O 5Lk
DHEST.

FEBI NS OREE RS D72 DI ZEICER VA, ZFEICE &0, DM ZER~%

— BT A B 2 A 2 IFIR SL, avenaol (40) DEAFKNZ DWW TR 5, Avenaol (40) (X7 1
D/\/J:@%%U\%Tﬁ%ﬁiifﬁgﬁﬁﬁﬂ . W/IN _@T%Ja%ﬁﬂ‘éfﬁi%@é\ﬁmﬂﬂi@b\(ZM%KS%
DT T&vR@asrsaryany) ER452 8 (‘:a“é)o L= T, FEIASL O&REE WV HFRET
HHIET TR, REBRWOLERKE L THHEMNRETH D, Fio, FReE a9 2 KAWL
ELUTCIREMEICRY B D720, GFRILEOICGERAT S Z EIXRERBERENSDHES 2D, 00§
B L AETEYEOBIEMIC L B DR - 2 Th 5, FFIL, BRVABERI 70T a0 ET
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NXVFovrarzanvof ) oy A L5 0T AT LA RMEIC K > TR L, 2R % EK
L72, =L 7T, &% L7 avenaol (40)% AW THEMIEMEIZBE T 5 TARAYEN L &2 572,

(@]
OH cat. CHO Io)ﬂo
\ [Ir(cod)(pyr)(PCy3)IBAE s
PMBO \/ CH,Cly, Hy, 1t PMBO, \/ — o

[ Me _68% T “Me
cis : trans

10:1 avenaol (40)

Avenaol (40) DEAK TITEY AEHY 7 0 7 U OBRRIENHREE o T-, BERTIEAV VY
L2 N =T X VT oy a T a N ORI LD B A EEEE A Lo, TR
MABENRETH T, -, DY ABES 7 0 a0 OARIE. > DRSS OREEE & ARBFZE 2 R
TIELEAERFI SN TBL TR OBETH o7, FEFILZOMBEICTY A, F_ETFrru”
2N HNVARFY I RO B LA X IWACIZRES B » 7V » FROGZ L D EEN /v A /2y AE#
7 a7 a R EIEOREIZONTIRARS, FHIXROGHIEIZEL Y ZOEEMR L, Qb v
17NV F Y IR 41128 LT iPNMgBu Z/E S E 5 2 & T X R BALATIRAIZ A Z L1k
W72 R oAby T 5, FEWT ZnCly, TS5 Z & C, Tu /L lign PR 42 Z/Epks %, 42 % Pd
fRIEAFAE T, TA7=17 e RERMIGSEDLZ LT, REI YT ‘/7“%)3“’%??1/ TAEBT N =
NERFT V=N rara"epngonsd 2L xR Uk, RIBISARINGARE - 72 5B Uk R & %
AT HEHE T R/4 /Xﬁ@%m%ﬁﬁﬁuaﬁﬁ%éoik\%@%@%%M;ﬁ%ﬁ7wﬁ:w%
ZHENFRER A CERANTH D,

R H t. [Pd R

RH Hy ca/[_\]\ RHL R=H

iPryNMgBu ~i7n Br—7/ ] = ¢ 14 examples, 30-99%
o . then ZnCl, J A (@) f, R

Me—————— Me =0 ™
NEt, stereoselective | g \| Cross-coupling NEt ° R = alkyl, aryl o
metalation 2 reaction 2 8 examples, 46-71%
41 R'=H, alkyl, aryl 42 43

HoETIR, FTATFA T LT —ENURT T = LA O 2B EEE R R B A L
y-7mnu77 U ROT7 v H—VERRSOGIZ L% SL ORMEHIE T OS4SR D %%k&@%%
DWTIRARD, HAEET ) — ()44 Z 1.1 HEO7ar 77 /U 26, 10 mol%DFF LT =7
VE=T L, REETE YT AFEE T, CH,CL-H,0 (20:1) S EES Z LT, T4%IER, T AT LA
~—Ft 92:8 T GR24 (25) DA FICHH) LTz, ARIETA B2 - 7o SERERIRAY 72 D SRS AVE L LT
MO TORBTH Y . BAFHEONR R WELE BRI S, £/o, ALk 7 v IAEICEMNT 22 & T, fii
fHIZ SL O HAEEIRN G ATRETH D Z LA /R LTz, = LT avenaol |25 Z & T, ZDHaxt 7K
B 2 R E L7,

M’(_\(za (1.1 eq) i Q
catalyst (10 mol %) \/@\
@ NHTs

Cs,CO3 (2.0 eq),

>99/° ee CH,Cly-H,0 (20:1), 0 °C, 48 hr (R)
74% yield, 92:8 dr GR24 (25) catalyst



£—ZE Avenaol DEERK

E—H HRER

2014 4, FEARBIE DRI 2 Hr a2 A3 % SL, avenaol (40) NFHHE RFOKILLIZE > TR T Y
F & ¥ (4vena strigosa) ARSI UM 7> & HLEE - #EIEDE S iz 2 Avenaol DHEERREH & LT, 1) JEA
BTS2 ABARBRIEEN 3 BERE 6 BERPMER LB Y7 041017 % ) AR E o> T DA,
2)BREN BV ABEMRL 7 0 T a N UAEETH LR 3) tMOA N T 7 M0 bR O RFEEDN
1 OZ V4 CEREE DERIABRS T ) — Lo —F UEEIIMMDOA N 77 F o 4@ L T b8,
DT B D, FRNLARELE L NOESY Z & T4 kot NMR IC LV IREINTE Y, Mk 7 IARE &
IR AW & ORMFEMEN GHEE STV D, AWIETE L U IR 2kt 2 38 SFRIE T et S h
THY ., 10nM B TIXY &' VAR (Orobanche minor) <°A &7 A 77 (Striga hemonthica) DFET-IXFEEF
L7eWis, 2wV 7 (Pinguicula ramosa) DFEIZx%F LTl 49%DFE 2 (49% germination /10 nM)
DA S TWD, Avenaol DEFHIZT TR, ZTNIZEENL BV AEMRL 7 0 T a /U FEOE
b, DIREEEZBROTIZE A PR SN TR LT, RIRIROBETH 72", FH 13 avenaol FEEHE
T DFARS Jo ORI T ARBLE ORERR. Kk % 72RO B AU & D S ETEYEFIBI O figi, o KM AL C
FRLNRNWEY AEHY 7 a7 a U ROFHMEIEORBEHIE L. ZO2AEMRICETF L,

all-cis substituted
cyclopropane

bicyclo[4.1.0]
heptanone

avenaol (40) o)

Figure 5. Structure of avenaol (40).

1-1-1. 2L RE#RS o0 T0/>DERHA]

BVRAEBT I TR DERIZONT, —IEOFRWFETRE ST NS OO [R57
KB TIFEODLHEGIN B D, 2O ZRISIEROBENI LD 5L, LR~ %, 1984 412
Corey BT VT T VHEEEET AT )V EIK 45 % Cu(ths), fF1E F CHEGERT 22 L T, N7
TuNALic LD &V ABEHRY 7 u T a2 A K L TV 5 (Scheme 8a)'', AL 19-dehydroxyl
arisandilactone A X° licojaponicumin C DG K72 EIZJSH SN TE Y | LIFIZHB <5 FZ <5 & FE—
FEMED B 5%, 1995 4FIT Hanessian H1XF F LR AR T I R 4T HEDO T =4 L REF DS 7 n~Ft /
Y 48 ~O 1AFINZHEL S FNREZEBHSSIC LV & AEH Y 7 a7 a XU EREGR LTV
(Scheme 8b)'"*, AIEITEV AR 7 0 T a /L OYOFHELHFITH 5, 2004 4, Firstner &1 1,6-
T=V 50 AR CUEES 5 Z &L T THNBRIEDEITL, 2V AEHRI 7 a7 a/ v s1 B ELNH D
& AW LTV 5 (Scheme 8¢) ', LanL, U7 AT LA RIRMEITHRLE T, JLEDEMEMHIZH S S
LTV, 2008 FEIZHEA DITA T 2 2EE LT, 7 VT RATIITHF T LA Y D0 LMl %
EHSELZ L TRy AV 7 n T a8 53 ZRF A LTV 5 (Scheme 8d) 'Y, AIEIIFI ORI 7
BERBITH DN, BUABHRY 7 0T a S ORKIT 52 FIEINRN Y T T OREEEE LTS,
2013 4, Babu HIL N-F / U »-8-A LA VARFH I Rafidmik e 95 HE 54 2 T Pd il 2 fEH =
H.r7uFu DO CHT Y — MUk &R E#Y 707 a0 28 L TW5 (Scheme 8e) ',
722, RIECEATELEMRIELITT YV —NEOLT, 7NV —TICL DR T ATV Ll s
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NTWARNYY 2014 4E, 288 - BEDITy-F 7 PSR LETAX Y Fr o rnF sy 56 &b
KFTHZ & T, WfEICRY A B 7 07 a3 57 ZRESE L TV S (Scheme 808, LasL., A¥ED

KRNI B 2 F 272 AT v 7 a[3.1.0]~F /) VEKR TORBETENTEY . ZO—fMl

DV TIIHER STV 20, 2016 212 Moyna HIE A F/L haRe o &K~ LA FEO Diels-Alder
IR 58 %2, HHRET 52 L TRVABEBAOE L7 v[4.1.01~7T 59, 60 ~ & ZEH L TU 5 (Scheme

8g)'", AL BT R A B 7 0 TS A AT S AT H I LN TES, L, ]
LIV FE Lo A CE 720 728, avenaol 0)/\552 ZiE 3 DI ERRM D F D% DFEALIC

BIRRBBHSMRICE ZRE T 2 BENDH D

(a) Corey
| \
Cu(tbs), (5 mol%) N H
—_— ~
0 toluene, reflux A
N 92% o
o O
46

(c) Fiirstner

Q\“ (1.2 eq) Me
O N,
H A N,
Deve
s / N
BuLi (1.2 eq) B Me
(0]

THF, -78 °C
49 80%. 9:1 dr

N,CHCO,tBu (1.0 eq) H

b SIANGNIN

87%, cis : trans 4.5 : 1 80%, cis : trans >99 : 1 H
97% ee (cis) 53

R Aucl (5 moi%) O _ Ircat. (1mol%) L __.CO,fBu
DCE, rt R R_ ‘ CH,Cly, 0 °C
OAc

(e) Babu iodobenzene (8 eq)

Pd(OAc); (5 mol%)

\\N H\f Ag(OAC) (2.2 eq) - \; 7N
(@] toluene, 110 °C O I”
: e Q
L e Q ; Q

(f) Iwasa, Shibatomi

H H, H

10% Pd/C (5 mol%) H
0 — — > 0
H H

MeOH, rt " pMeCGH“
le} 88%, cis : trans >99 : 1 o Y I,rfalt ,,,,,,,,,,,,,,,,,
56 57
(g) Moyna
o yMeo MeO o come
hv @4
O —_—> R'IOZC“ Y "/H
4 n MeOH, rt RZOQC
58 59 R'= H, R?= Me 74%

60 R'= Me, R?= H 24%

Scheme 8. Previous work on synthesis of all-cis cyclopropanes.

8 Avenaol DA FEHE
1-2-1. #IEA&ES

AvenaollZRFERRICHOWTHEMBE TH S — ., =/ — /L o—F iEdEidmosSLE @l b, =
D Z & hbHavenaolF K CEHELR ML) BVAEMRS 7 a a2 5L 7 ad1.01~T % ) 7
K& OREEE, 2) CERIT DL & ABRES O ONAMMEF ORI L AHE S D, ZHE TITHE—, B3 7 1[4.1.0]
NTH ) B ERRT D ETHEE RO H 5 FIEEN RS ERE T2 0 R e T r Ry
It TH5 (Scheme 8a)'2, % Z THELII TN A DHT- DI, KFETEY ABEMS 7 0700
WRERTZ, £, 7 ua~F o U7 VEET AT 1612001 MY 7 1 a A X R F . Rhy(cap),
THLER L7228, #HMERIE AW A 5 %2 7= (Table la, entry 1), Corey & D45 L CU 5 Cu(tbs), & VT H —
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LR3I FHN D DA TH -7 (entry 2), £ DOMIZHEIRO LT Y = 2T VEFiEKRe4 7 et L7273,
WTNOEETH R 7 v 7 r /N ARlTH#EIT L2 > 72 (Table 1b), Corey > DIE L5 & AL
T 4 OEBIEONENRIR D, FEORG LIV T Y AT V61 TILBBIRBIZI N T, BEHfIED £
FNIE BRIV A RICVERKBERETL D EBEZHND,

Table 1. Intramolecular cyclopropanation.
(a)
é\ WH o

61

entry cat. yield

1 Rhy(cap);  complex mixture

2 Cu(tbs), 6380%

‘ Rh,(OAc),
= or Cu(tbs),

Me
75' =

64 65

& 5|2, Hannesian H D "° 222 Corey-Chaykovsky s CD Y 7 n Fu Ak b ii-, 7
RAFE )V 667 L ANT 4 =T ATEAT )L 6T FHE T, Flix OHEE LA AT LT, E9 T
DBU ZflW\We b 2 A, bxy Yruuiiy suaf/V Az LIEDTRORFICENTY
2 UNFTEIT L2 D > 72 (Table 2, entries 1-3), THF H1, X 0 5RWEIL & L C NaH TULBET 5 & &
MEZRIREMAE G272 (entry 4), HONLHA YU K 68 AT L THIHEDRMNR R HLD DA ThHh o7z
(entry 5),

Table 2. Initial attempt by Corey-Chaykovsky reaction.

o _ ‘ (0] ‘
Br
/\o)k/§\ or /\O)k?s\ H
67 68 N
CO,Et
base, temp. P

o solv. ¢}
66 69
entry  reagent base solv. temp. yield
1 67 DBU toluene rt N.R.
2 67 DBU CH,Cl, rt N.R.
3 67 DBU CHCly rt N.R.
4 67 NaH THF 0°Ctort complex mixture
5 68 - benzene 80 °C decomp.

U bogiiitaatl v, 25 OFEIT avenaol BRI S 722 &SRB I L7,
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Fro, EREMEEEZAET L7 a7 a R 3B GICHAT 2 2 LMo TS T2, ARk
FEIEORENEERL L2 bhb

AT, Ty a7 a/ A OWTEL FOHERNSH 5, 2006 4F, Sarpong H L7 L > %
HTHYT7 7 R 10 05 1+RYy7a7a X Auc kL, e 7 aB1.0~F Y VEsoT7 v X )T
viruaFunNsESE L TWS (Scheme 9a) ', T LU DTN 1 Fa s ARIC K B IREBRORE
FIIZD 1O TEH D, 2013 4E1T Charette H1XT7 Lo DT 7 v Fa i Abz2®iE L, Zo
%\IXTW%ﬁFDﬁEWOK BRI Z AT DY TV = AT )L T2a, 72b % Rh filift CALEE L C
HOSHELT L7y 72Dk LT, -2 7 /) PT VT AT )V T2¢ & B IZHWZ5A T RIS
bn;ﬁ#é EEMAE LTS (Scheme 9b), ZiLL v, 7 a7/ AbDRE. U7V R DE
HKrfamitT 2 EREETHDL Z ENRBEIND,

(a) Sarpong
OMe
(b) Charette
H H Et0,C, ,R
OMe  Rh,(OAc), : Et0,C. R == 3
i (3 mol%) Va oMe TNf (1eq) Ph “
CH,Cly, 1t 2 Rh,(OPiv), Bh
e 72a (R = CO,Me) %T‘)(':f’) 73a (R = CO,Me) 0%

N, COaEt 72b (R = NO,) 0eCrol T30 (R=NO;)0%
71 72¢ (R = CN) 73c (R = CN) 82%

70

Scheme 9. Previous reports of cyclopropanation of allene.

INOLOYRERE L, LD X D 7GR 23742 L7-, Avenaol (40) (%, ftho> SL DA B & IRk
. DT a7 7T ) U RT e ) =N T4 DTy TV T THRETHZLEL, &V AERY /B
TunRrEETeT7 77 A k74 DA E B L7z (Scheme 10), = L C, ¥ 7 n 7 a /XU ORI
BRI Z I C& 2 2Pk LT, 7AXUTorvrunrur 715 2R E L, 751%
TV ERTDHYT Y NUHER 76 O N7 a T a/ AR X 0 ERT A EEHEILTE, £
LT, 76 X Z&MMi72)5f 25 1| TR CHB X2 bEaEm 71 LV ak+T22 &L LT,

Howr®
gl 0
— ;ih — §/%kH
Intramolecular o 1
cyclopropanation R
76 77

avenaol (40)

Scheme 10. Retrosynthesis of avenaol (40).

1-2-2. £ RE#IOTANCDOERK

FrLle DT NX VT ra T anN IS NLEVAEBRY Y a T a N ~OEBIE, A) TV IVER
O, B) #EfilukFfb, C) A7 1 OEMAL, D) 7V IVRIET AT VOETLERHNT HZ & &L
72 (Scheme 11), LLFZ DFHEIOFEMIC DN TIERS,
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radical .\‘R R
cyclization ‘ hydrogenation 7
- —_——
A B
R R
Y.
~T"0CO,Me . . /
/ | regioselective
H isomerization isomerization
- —_—
(o3 %é D
R
X R

Scheme 11. Strategies for synthesis of all-cis cyclopropanes.

A. T HIVEALES
TAXVTrvraranvefd b a7 vd—)V78 %, 7 2 H/VEIGA] & & eAl CUET UL,

HECTT RN TIHNTI LD S-exo-dig BRILSEAITL, CEREE 7 n 7 a /U ONARMEF 42—\
M TX 5 L% 27 (Scheme 12)'°, AIIG, "7 v X — /L 18 NBAELDETAFATOHAL 19T, T
TV DHEER 2 DAMANZAFAE T D BLE 79b & WANZAFTET D 79a DM ET H L HE 2 bivd, 22T,
B EOEHIL & ONLREE DA T T 79b 2 HERALASETTIUE, 8 LI DWW TEADNARLER S DI
Do WENTHELDYZ7 a7 m /LT VAL 80 ICOWTIL, EITHINHEER R D convex HHINHHEFT 5
FHEENAERNC2UE, By ABE#RS 7 7ar 81 BMELNLIXTTH D,

X

r
I&MOR radical initiator

; o +QOR
‘ reductant . ‘ 8 ‘ =
_— @ —_——— —_—
Me Me

Me

Py

(0]
‘ ST~

78 79a 79b 80 81

Scheme 12. Strategy for radical cyclization.

B. #fit/k#1b

it

E AL ORETIIAFE Y7 a[3.1.01F Y EREO convex TN T AR T\
T ORFTMAHEIT LTV D (Scheme 132)'8, FH X, B2 7 04101~ 4 J T H Rk
\Z convex [ HAEMMKFELAHEITT 5 2 & 2 WIFF L TR A MG 5 Z & & L7 (Scheme 13b),

@) Me Me (®)

. R
[ Ha H | H
| 10% Pd/C (5 mol%) H PdIH = || = Hj Pd
- from concave from convex
Oy~ MeOH, rt N
g H 8%cis:trans>99:1 4 H Me
56 57 82
oxabicyclo[3.1.0] bicyclo[4.1.0]
hexanone heptanone

Scheme 13. Strategy for hydrogenation.

12



C. AU 20 Lz oA L7 4 DB

2005 2 Guillou HIIKFEFRFXT Crabtree 2S5 2 LT, LI-#E#fi=F YA L7 1
83 O ZEMRNEEA L T 4 85 ~DBRMALZHE L TCWD, ZORE, =—T VEEFE BN L L L CHERE
T5Z LBERSTWS (Scheme 14a)'7, F£7-. 2009 4E1C Mazet H1E7 UL T /L—/L 86 DT /LT
b RADBRMABIZONT, KBRS A U 27 JTENL L TEMALT 5 2 & 284 L7 (Scheme 14b) ',
Z OB, FEERNIMET =4 BAp WD Z LT USRI BT D 2 EEHE LTV D,

(a) Guillou
MeQ H
s OMe [Ir(cod)(pyr)(PCy3)IPFe
(4 mol%)
Hy,, CHLCly, 1t
1009
OMe %
83
(b) Mazet
! CFs\ !
Me [Ir(cod)(pyr)(PCys)IBArE H=[Ir] Me o !
(10 mol%) Me/ OH ' B '
Ph” " oH : — ph o ;
1 min H,, degassed I i '
THF, 1t Ph 1 CFa/a:
98% . BAre .
86 dr1:1 87 88

Scheme 14. Previous work on Ir-catalyzed isomerization.

IIH OGS, EE e @R AP EER L OBEAINTET AR U T v 7 T a0 I il A
ER &5 &T, VARREMEESEITT 2 2L, 1 DHOT 7 v —F 13BN ~DRL
MIEDEANTH S (Scheme 15a), Z DIGH. BLrZEAEUNIHEEE T AUX, HiBRRD convex M6 E
R A ZALDETT 5 2 E08IfFSns, 2 2AOT 7o —FE7 U M i~ORAEDEANTH 5,

ZOHA, BAEAOMEAEERC LV, 92a /21T 92b B B R X XU LTS ATREMESMHIE S
% (Scheme 15b), Z DX, MEERARDERNERN SENL L7z 92a 133 7 a XU B EfED Y I KOS
KEFICEOARF LD T A7 a7 a8y ol [TARET. 92b 705 UGS HEFT L T4a s A E
ruaruNs 3 nGond s TELE

R

P H
(@) i\[lr]/ —
DG
89
DG
~7TDG /
M —— |~ —~ :
|
H
Me Me Me
92b 93

91 92a

Scheme 15. Strategy for diastereoselective Ir-catalyzed isomerization.

D. /3527 MMl A N T U VEREE T AT L DB TG
EHNIT VNVRIET AT L4OEITCICHE R LS, ARISIEIn-T VAR5 20 LGRS M+ % =
EVRMBENTWDEN, A B THNCH O DG EITEER Dc-T U LRT D0 AgERD 1 3-8 ALE T
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HIMLBEA HEITI 2 (Scheme 16), Z DL, b T v AMENELIVDHEE 96alTx =\ /X T 2 7 Al A3
concavelZfFAET A, ZHICE D NI ACENM LY Hy REBR EOBEBILICSIAE DAL T TAH
FNC2 D72, ¥ ARE SN DHEE 96bH b ST 5 & FA L -,

~™0CO,Me » OCOM LaPd—s
'| ’ Pd 7 Heo o PdL /
_EGN J 03
—»
H
Me Me
96b 97

94

Scheme 16. Strategy for diastereoselective Pd-catalyzed reductive isomerization.

E£=H Avenaol DEEREFDEE
1-3-1. ZIULXUToooaTanC0ER

DTN T aN At BRI 5720, BIMEORL LT Y Uik iERT6ae G L L T2
(Scheme 17), BEMIOT /L5 & R77°ZTHPRH Sz 7 0/ LF LT L a—)L LKL 2L kU A
FAT = DT LT, A U8 Rk e s A F b, #i < BRALERIC & 5 THPIE D 3= T98
BB, 98DE R T A =0 MUCHNTI UHETUHETH 2 LT, 7TLr9% 52722 71299
IXTIPSIRRE, R4 L7 0 V@RI E FaR v #E b, #i< AZADOML I L 0 71 /LR iE100e~ & 254
L7z, [AfRIZ, X o= —7/1100a, MOMT—7 /L100b% &% L72, 100a% Ghosezit 3K ClatE L)
NEBW U RICHFRE L2V T Y =X EDMAPTHLE S 5 2 L TUT V7 b 2 76a% (RULE 72 M3
ST, VT, EELICE A TFIETI00a%p-7 b= AT )L~ L% ABSAZ AW 7 B
KVB-7 h-a-T T VAT NT6b~ E LWL To, ®ZIT, 100aZBEKY 28 L= 27 vk, B-7
k= b U A~OZEHF . (imid)SON; 2 W2 P T VHAALIC KV B-7 b-a-P 7 Y = b U LT6e%z ARk L1275,

WIZTNAX VT o rar7aNr ezt 572D ReB IO Cufil#iiic X 57 L2 76a-¢c D4y 1N
yaFaNAbEE Lic, &OINS, BOEREEBMNPREL 25720 TREOHNBE FFTE 5 A F
TV R T6a BB E LTHRE LT, T6a fFE N7 mnm A o filliii o Rhy(OAc), TRLEE
L7k ZA, BTG LNT 100a 728 26%ILRTH LN, T Y7 b 76a KVALLZ0 T A
NARNIRZETH DT, KV EBETHIGMEDOEWEE E LTBR-7 h-0-T T Y =27V 76b % H\ 7=

. [FEEOFER % B 2 7= (Table 3, entry 1), & Z C Cu(CH3;CN),PF, ~ & filfit - 28 7 U 7=28, #HEHEZRIRE

W5z 7= (entry2), — 5 T, HE% B-7 b-a-T 7 V=R UL T6c ~EEBET D5 & MIMTRFICHEITL
HINOT7T X VT v rmaraNr 75¢ % 85% IR CEREDH -7 AT L A~—E LTHLIZ LIS
i L7= (Scheme 17), 1% 5 AV BRALIRO ARSI AARELE X NOE FHRIIC L » THRIE Lo, Fo, [AERORE
K CAR L7 MOM =—7 /L 76d &N TIPS =—7 /L 76e |2 O\ C HERMICHIW & 5 2 7=,
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1. BnBr or MOMCI or

N\~
- . —OH TIPSCI, 84-95% Hwr ' OR
o 1=CH,OTHP LiAIH4 then I, H 2. 9-BBN then aq. H,0, _"
\/\%k BnMesNOH, 94% Et,0, -78 °C, 86% . 88-99%
—_— —_— >
NS H = .
. s . 2
77 99% (2 steps) 98 99 84-86% 100a (R = Bn)
100b (R = MOM)
N 100c (R = TIPS)
w— " "OBn
Ghosez reagent H-” *0Bn
CH,Cly, 1t ,l Rhy(OAc)4 (5 mol%)
e EE— 0,
then DMAP N CH,Cl, ey <+ 100 26% >
then CH3CHN,, o M 0°Ctort ©
0°Ctort, 20% © o
’ 76a 75a 0%
1. monoethyl- N Table 3
gglloré?}eMg H'||‘\\\an © OB entry  cat. yield
i 2
50 °C,52% | cat. (5 mol%) / 1 Rhy(OAc), 100a 35%
2. ABSA, Et3N N, CH,Cl, T ~CO,E 2 Cu(CH3CN)4PFg complex mixture
85% o
° o' “co,Et 0°Ctort o
see Table 3
76b 75b ‘
N
~~OR NOE'/'(H-TS\OR cl
1. PivCl then MeOH H'” H l"" (E) Ghosez reagent
quant. (2 steps) | Rhy(OAc)4 (5 mol%)
—_— O
2. LHMDS, CH5CN N CH,Cl, T CN
THF, 78°C,90% 7S¢y ouch J N//\NJKN/\\N
3. (mid)SOoN3. 87% 1o oo 75¢ (R = Bn) 85% = =
76d (R = MOM) 75d (R = MOM) 96% CDI
76e (R = TIPS) 75e (R = TIPS) 99%

Scheme 17. Synthesis of alkylidene cyclopropanes and investigtation of intramolecular cyclopropanation.

B-7 h-a-T 7Y = N U N TOHBBIMNE G ZTHBICOWTILL T O X D ICHIITE 5, —MAIZ,
FLT7 4 b@RANR DTN AUTEFEE R VT 4V EBEBFARBREBR NN
DAEDLEICEBNT, BWatE2RT, L7 4 AZOWTIARRIGTIE, 7L rE2HNnTnbiz
DIZBUSHEDME Y, Z D72, P77 b HWTEBCITE OIS ET Lo T2, B-7 h-a-V 7T
VAT LB T RRBBANN D Z BT D03, — RN AV & T VIR = VRS EAT T DR
JEBMWNA LD LB FEC IV EETHD LI TWD (Figure 6), = DECJE TIEH LR ERNLE 1L
RO n B ITE TE R\, — ., B-7 b-0-T T Y = F U ANSAERT 8B L CIEHIC
VT LR m BICFEL, ETHIENTE DL, ZHUCEY, B ba-T TV = MU LHED
TV LIINNRNE BT b0-T T Y AT VRO IR = T AT NN L) B RET
PEDNE < . FTRORUSHEIT LT L HEZR L TV 57,

EWG, EWG, EWG,,
=ML, EtO ML, ML,
O{ //C
OFEt o N7
A B (o3
in-plane out-of-plane
conformation conformation

L M=C forced to be conjugated
more electrophilic carbene

L,M=C fully conjugated L,M=C not conjugated

Figure 6. Explanation for chemoselectivity.

Flo, E)-AVT7 4 ORELNTZEEBEE L TL, TUVVEREOFF AT LI LEr VT AT
AT LTWD Y T REDISERRFEIZ L - T, XV AFAEDOEHUNG > 7 a7 a s Abpid
ITT2EBIRETS-A DHNBTS-B LY bAFNIRDHT-DTHD EHLE L TV D (Figure 7).
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O

H—U"‘\

|
N>
I

CN
76e

TOTIPS

R

(e}

s

'\
[Rh]

CN
TS-A

|

TIPS(@‘ oH

\
[Rh]

NC
TS-B

“TOTIPS

—

O

“SoTIPs

CN

75e
(E)

TIPSO

NC™ |
(2)

Figure 7. Explanation for diastereoselectivity.

BoNT=TAXVT v rarsans 15e DVT )k AFNVIEALE BT 572D, TALT e RO
Wolff-Kishner 32t &5t L7z, 75¢ ZKFLARTVHEFT M) UL EHEAEY U ATUHTHETT AT L
A ERANE T LT L, E U728 k7 v a—/L % TBS =—7 /L 101a ~ & 2544 L 7= (Scheme 18a), 3=
AL ) DA R STARECE 35 O JCA L-Selectride & WV BEO FAERM) 106 & —E L= Z LI K 0 #E
HILTW% (Scheme 18b), TBS =—7 /L' 101a % DIBAL-HiZE cIZ LY 7 /L7 & F102a & L, Wolff-Kishner
WL AERR L7z, E RTIUUIFET, 7/ATE R 102a ZIBVLEE L= L 2 A, FE O MIHERR S
7= (Scheme 18a)’, L VIRFI725FTdH 5 TBS b KTV U &2 RMT 25447 T8 HOKISIE
T EILAIE LT POPr); Z HWTH, BHERIBRAEME 52 5D E o727,

T T, TATEZ —NVORMEI CATF NI BT 5 Z & ailAT-, 102a KN 1,2-25 T F
F—nETr7ua AL BFOE, TR L Z A UVFA 78X —L 104 13560 T 7 a7 ax
VEBABRIAR 105 28 90%INRTIE BTz, Wi AE P2 F Lo —F N~ BRI LH L RISHEIMET LS
DD, 104 13 Q2%IUHETHE LI, FIAEMY 105 1L TO L I U TAER LI EHERI Lz, £, A

ﬁﬂi

““OBn 1.NaBH, o~

N SN RN
\ CeCly7H,0 ‘ OBn OBN  H,NNH,H,SO, =~ ~0Bn
89%, dr = 17:1 . DIBAL-H | H,NNH,-H,0 |
= T -~ RO ————— T8BSsOQ,
N 2. TBSOTf -/ toluene, -78 °C Y 65 °C Y/
I 2,6-lut., quant. or | “CN | ~YCcHO decomp. | “Me
75¢ ol DIPEA 101a (R = TBS) 102a (R=TBS)87%  (R=TBS) 103
o 101b (R = MOM) 102b (R = MOM) 47%
(b) —~ Raney Ni
~ "OBn ‘\\OBn EtOH, trace

L-selectride

: . R=TB
\ ‘ ( S) BF3 OEt,
- i solv. TBS!
R .
HO ~ s
0,
3 1 “CN 0°Ctort TSeN (CH,Cl,) 105 90%

THF
71%, 14:1 dr 106 (Etz0) 104 62% 1048

\\O
© —\ =
v/\ HS  SH N\ <d4\> >

S

o<> Ph . TBSOH .,
‘ o ~om y ) 105

BF, Ke)

TBSO - - - .
/ S = S
| J

L s

104 105

Scheme 18. Wolff-Kishner reduction and reduction of dithioacetal.
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AR L > THEMHA AL SNT=R_ P —F )L 104 12560 L TRERIE 72D 1,2-2 8 0 DF F— vk
B 5 2 L TR DA —T LR T 3 — L 107 ~ LM S LD (Scheme 18¢)™, ZALIZ X b, KR
DREEEAL L 720 . BEARICIEMAL Sz TBS =— T AMEEST 5 L 9 1IC LTy 7 n P a R BrsBRZL,
105 ~EHX- LB 27, BTHRREHT R O —F L & T AT b ROIEMALZ I L, 5
DIERT L RISIEDOIHIZBI EEZ LIz LB TN D,

BOENTYF AT X —)1 104 % Raney Ni THLEE L7 = A, WHEIT O L. EHEOFHA 103 A3
TERENDDOHRTH -7,

BENTT a2 — Ll LT A F A ERICT D545 L, 747 K 102a ZKFE AT
FFT RV TUALATELL TE KT /L —/L 108a 215372 (Table 4),108a (Zxt L T3 v HE LKL kL1l
ARSI N IS LR > 72 (entries 1, 2), TBS FEDNAKEE NS OHEATZI T TNDH EE X, A
b E R T A AT ABIK 109ac DR E A L T2 m bk 109ad B4R L7- (entry 3), —
JFTHFRY T — bk 109ae ~DOFEAITEREMIZHEIT L7 (entry 4), 109ae Z AIBN &KL U 7 F /L
AR THER U723, BMERIREWE B2 DDHTH-T-, —KH. 101b 7 HEEL L2 MOM =—7 /L
108b % FEEICTHW D & 72%INER T 3 7 1K 109ba 2345 5417 (Scheme 19, Table 4, entry 5),

Table 4. Reduction via alcohol 108a or 108b.

NN NN

B B R S

| OBn | OBn -‘* “oBn “>ogn

AIBN \
RO, ~/ NaBH, RO, ~/ conditions RO ~ nBuzSnH TBSO
——eee H —_—
| "CHO  MeOH,0°C T~ see table I~ (X = O(CS)SMe) \\/
= e Me

102a (R = TBS) 108a (R = TBS) 72% _ _ - -
1025 (R = MOM) 108 (R = MOM) 47% 109aa (R=TBS,X=1)  109ad (R = TBS, X = Cl) 110 0%

109ab (R = TBS, X = OTs) 109ae (R = TBS, X = OC(

S)SMe) .
109ac (R = TBS, X = OMs) 109ba (R = MOM, X = ) (complex mixture)

entry R X conditions yield
1 TBS | Iz, PPhg, imid. CH,Clj, rt N.R.
2 TBS OTs TsCl, EtzN, DMAP, CH,Cl,, rt N.R.
3 TBS OMs MsCI EtsN, DMAP, CH,ClI,, rt mixture of 108a + 109ac + 109ad
4 TBS O(CS)SMe  CS,, NaH, Mel, THF, 0 °C to 50 °C 109ae quant.
5 MOM | I, PPhg, imid. CH,Cl,, rt 109ba 72%

SARBEEAZERETHZ LTI UMT AFAANERTEL Z LB L2, Fix DI v{LT L%
ZEBRL, BESRMEZHRE Lz, LORFTHEONT 109ba FE T, 7 PV AVETRIECH Lz s 2
A aFaN UKD S BT (Table 5, entry 1), Btk #E b OKFELY F7 0 Y =F
VAR T U EBETTHE L THWEBRICITEMERIRA WA 5 272 (entries 2, 3)*°, EE % SEM ——F /L
109ca & L CTEmD/NEWVRITAIE LTKFET VI =T AU FULERHOZAFE L THRIGTEL
TL72h o7 (entry 4, —F7 T, DMSO H1 80 °C, KFE A THET MU LA TS LHZ LIk,
EULER T HAOERICE 111b M5 55 Z EAVHBA L7 (entry 5) P9 Z OFEEITRD X 9 IZHFATE 5,
FOGm.E720 9% I LT VXA A L 7 4 CEALEO TR B E S DO SREFIATH D, — 7.
KigfEL 725 RY RBEGLAIZHET 5 &, KFEMLT VI =0 LY F UL BEVREHS, KF AR
VT MU U LARREBIOVKRE TR EB X B D, HSABHIC K W AKFEARTFETF MU U ARG
PEREWEHERI SIS, ETONELDONEREELERT DL, A7 0 LD b3 v{bT v¥%r
AL D T DISEARBNT ARG > T D, BITANIKRFELY FUL N ZFART Uik bmm <. KFEL
RUFRT R TARERLENNSD, INHEFEEDDH E, SHENE  SREEZ 2 1712 < VWksE1E
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RUFRT P TLEHNLZET, ANDETERPGFEONTND LHEE LTz,

Table 5. Reduction of alkyl iodide
Y SN

~‘ OBn ‘ OBn
RO, reduction RO,
)YA R
\ | “Me
109ba (R = MOM) 111a (R = MOM)
109ca (R = SEM) 111b (R = SEM)
entry R conditions yield
nBuzSnH, V-70 (30 mol%) 0% H ~ Soft
1 MOM benzene, 40 °C (Cyclopropane was cleaved.) ard
LiAIH,4 LiBHEt; NaBH,4
2 MOM  10% Pd/C, H,, MeOH, 40 °C 0 % (complex mixture) unfavored favored
3 MOM LiBHEt; 0% (complex mixture)
4 SEM LiAIH,, THF, 60 °C 0% (N.R.) Bulky < Small
5 SEM  NaBH,, DMSO, 80 °C 93% LiBHEt; ~ LiAlH,  NaBH,
unfavored favored

il Lo AR 2 OB 5T X VT oy a7 uRr 75d, 75e (A LIZE A, 6 L
FETAF ALK 114a, 114b 2 ZNENERT D Z LTI L 72 (Scheme 19),

NN
“SoR o~n~o, 1. DIBAL-H o o~
\ 1. NaBH,, CeCl, ‘ OR " toluene-THF (3:1) ‘ OR ‘ OR
MeOH, 0 °C VEO 78°Ctort o 1.1, PPhg, imid.
PMB
ey 2. PMBCI, NaH ~/ 2. NaBH, /] OH  2.NaBH, DMSO ]
4 Nal, THF, 50 °C I ~CN MeOH, 0 °C | 80°C | " Me
75d (R = MOM) 112a (R = MOM) 90%, dr 20:1; 93% 113a (R = MOM) 92%; 100% 114a (R = MOM) 93%; 55%
75e (R = TIPS) 112b (R = TIPS) 95%, dr 17:1; 97% 113b (R = TIPS) 76%, 2 steps 114b (R = TIPS) 84%; 76%

Scheme 19. Reduction from CN group to Me group.

1-3-2 £ RABH| O TONCDERK

ST ) ATFNIEANLEWRA D LR TEED, SO TRYABIRS 7 07 o0 DA EBH
L7z, ATICZ DA RS,
A 3FRNT VANEBORIZ LT e —F

114b O TIPS A RE LB IEGONE R T L a—LE = /LoF/Lo—F )L & NBS TULH L T
TaE7EH—/L U5 ~EFHELTZ (Table 6), 304172 15 KV Z VA NVERILBIS & E LTz, 54l
(2115 & b T UAVEIMGAIE LT V70, EooAlE LTTKRE B Y T F LA XA VLT 40 °C
TRISSETE Z A, T9%IRTYT AT LA~ —IRGW E L TERIUIK T-epi-116 7313 D7 (entry 1),
& PMB EORE, 78X — /L ONIKS R, TPAP FE{LIZE 5 TT 7 by T-epi-116 ~ & FHEAL L |
VT AT VA=A LTNOLEDEHRR LT L ZA.2.4:1.8:1 L 7roTc, T ¥V HNVEEGH % ELB
L CTEVIRBTOSRMERFILIZE A, KISHIFKT L2000, BHTHFOTVT AT LA BRMSE
MDEBNT (entry 2), ZD—FTEILHEZ LV & &V PhySnH IZ L TH, BIRPEOUEIT R bt o
72 (entry 3), BFONTBRALIKRD 7LD 7 v 7 a S BOMS SARBLEIZ OV TIE 6 if & DA B U FES
BTNy 7V TEENOHIM LTz, TRbb, AIO2 SDOFEDT AT LAY —D%4ST5H
v 7Y T ERIT 6Hz K TH D, —F. Aveanaol (40) D > 7V LV EEIL90HZz THY, K&EL
BAAEET S TNAZ END, BILKIZ 7O T R TF Ay 7 araXrofiliEsfF LTnd D
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LT ENT Y

Table 6. Investigation of radical cyclization. EtO
Br
S>oTips 1. TBAF, THF -’\\\Qwoa initiator ? NC
| 89% ‘ reductant H H
8 M N=N M
PMBO, ~/ 2. 20kt PMBQ, ~ toluene PMBO 0 OMe
<. NBS K. temp. /¢ oN
-20 °C, 98% see table | “Me
115 116 V-70
114b diastereomeric mixture
BT
3 5.2 (major) ‘
1,5,',6, (mlnot)‘ entry initiator reductant temp. yield dr for 117
1.DDQ, 84% " " N 0
2 1M Hcl 1 V-70 (25 mol%) nBuzSnH (2.0eq) 40°C 116 79% 2.4:1.8:11
. © o, 0, . .4b
3. TPAP (cat.) 2 Et3B(2.5 eq)/O, nBu3zSnH (5.0 eq) 78 °C 116 63%, 115 36% 6.2:4.4:1
NMO, MS4A 3 Et;B(3.0 €q)/O, PhsSnH (5.0 eq) -78°C 116 44%2 115 41%

93% (2 steps)

. o 2Dr was almost the same as entry 2 on "H NMR.
(derived from entry 2) 117

b ratio of 117 (major for C8) : 117 (minor for C8) : 7-epi-117 (mixture for C8)

o, .
7-epi-117

DT AT LRI OWTIELA T DO L 912542 L7= (Scheme 20), 8 LD NARLZEIZHOWT, T /L%
TG IRANDF VT 4 SO FPRIBOSITELE A KN B OO MAE 2 bd, ZOE, v 7
aA~FYr EOBBENT S T U T IALIFE L THRRNEKRE L e bR > 7272012, A, BWT
NDBLED S HATMDHELT U, BIRMENEIL Lo EHERI L7z, £72, 27 uFuy B TALOSE
EFZONWTITEBIRE C BLUD B2 6D, ZOE, MM KVAER LT OHiTF L7
4 NCHRT s E AT D720, =277 b U T LB L TR ENE L, BE D 95 ORIGD
JFISEEE C D DRSS KD b AR L 2o EHEEL TV D,

RO
ST~ 9]
° -2, Ot
" |PmMBO N T H YS!
</ PMBO,
Me
Br | “Me
ST A
< O LoEt  Eyei0, 116
‘ nBuzSnH
PMBO, ~/ toluene 1.4 :1for C8 1 1:11 for C7
Y -78°C
» © 65% oR
5 1.4 1for C8 Q,OEt o_OR o
1:11for C7 \,
. 0o
— | L3 w2, : ol
PMBO, pmBo,  f\ PMBO, .
~/ /] i
| “Me | “Me Me
B D 7-epi-116

Scheme 20. Explanation for diastereoselectivity of radical cyclization.

B. #fkF ik 57 Fu—F

ANRDOT VXY F oo 7a7a /N 1M4b Ik L, A F /) — )V CHEMkFELEZRAARTZ L 2 A, 2:1 D
VT AT LA — T PMB HEOFRE SR ILIR 118 237F H A7z (Scheme 22), 118 % TPAP ik L T
BFoNr b 119 O NOE M E N v 7Y U VERZMR LI A, M T A 7ura/RrnE
R TH D Z ERERI N, - B D OWE LT BE IS E RSN FEE L 72 Do T,

b’i_’
LE
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s T EFHDOHWIE 114b TIIERINLD A FIVEDSTREEZ X - T concave 7> & O NG F)
Lo T LESTAREMENRE 2 b s 1Y

SJngpr=5.7 Hz SJnepr=5.7 Hz 3Jnep7= 8.6 Hz
OTIPS
OTIPS OTIPS NOE OTIPS
OTIPS TPAP (cat.) 7 OE. 4
‘ H,, 10% Pd/C 7 7 NMO, MS4A b 7
PMBO, _ HO HO _— 6 4 6
Y/ MeOH, rt Y/ O/ CH,Cly, 1t T~ Me T "Me
| “Me 45% | “Me | “Me quant. o) o
114b 118 7-epi-118 119 7-epi-119
%/—J
1:2 1:2

Scheme 21. Hydrogenation for synthesis of all-cis cyclopropane.

C. AUy Lz WA L7 ¢ DAL

FEWNT, BemRZFH LIcA Y U Ml L o4 v 7 4 ORI ERE LIz, = MUV 112a &
Crabtree fiftii ([Ir(cod)(pyr)PCy3)]PF)FFE T\ KFRIRPAS T CTLER L T b SUGIEHETT L7ehr > 72 (Table 7,
entry 1) *°, Z OFERITL T EEIHE & U CHET 5 L0 LB L CRIEMLICH G L2 2 & 2R
T5, —HT, T/a—)b M3a &EH L LIZGE, V7 0 o ORMIIMEICETL, =/ —Lx
—7 L 121b ZH—DTT AT LA~w—& LTHT (entry 2), [AIERIC, TIPS M THi# S 7= 2E 113b
THH—OVT AT L Av—L LT 8%NRTEVAEMR Y 7 v a0 121e 3535172 (entry 3),
LarL, 121b, 121c OFFEAITY 7 v 7 a0 OBREPMER T 2FORIBUSHERET 5720, WETH
STz, ZIHOFERIZOW T AT 5 (Table 8, Scheme 22), & 2 C. I A F/VHiA~ L2844 U 7= iz
FALIK 114b THFT L 72, ZOREER, BIALIA 121d DMEICR 2N B 572 (entry 4), S EOm L%
B LT, FEROATERET =4 > (tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, BAry)'* 2473 %5 A U 27 A
fil i ([Ir(cod)(pyr)PCy3)|BArp) & iV 72 & 2 A FUEHIZERICIHE SNy b T o AKRD 121d, 122d 78

Table 7. Investigation of Ir-catalyzed isomerization for synthesis of all-cis cyclopropane.

Ha"N0oR? ) )
ca OR
[Ir(cod)(pyr)PCy3)X 12120 R=¢ N ,
PMBO, > F’MBO PMBO 122a-eR = /\/OR
CH,Cly, Hy, 1t O
| YR R? 123R =
112a, 113a
113b, 114b, 120 all-cis trans
entry substrate R’ R2 X yield (all-cis:trans)?
1 112a CN MOM PFg No reaction
2 113a CH,OH MOM PFg 121b: 52% (all-cis only)
3 113b CH,0H TIPS PFe 121c: 89% (all-cis only)
4 114b Me TIPS PFg 121d: 6% (2.3:1)°

121d: 17% (trans only)

5 114b Me TIPS BArE 122d: 75% (trans only) CFs
e
123: 61% (2.7:1) . B
6 120 Me H PFe 122e: 5% (2.7:1) '
: CF3/,
123: 68% (10:1) : BAr,
7 120 Me H BATE 122e: <5% (26:1)  e-em-eo- R

aThe ratio was estimated using "H NMR spectroscopy. 2114b (64%) was recovered.

BoNDDOHRTH T (entry 5), eV T, 114b O TIPS T—T /L& RE LT VLT /b a—/L 120 TH
#f L7z, Crabtree itz W 72555, o ABRIMEIIERWE 7257228 (entry 6), [Ir(cod)(pyr)PCy;)]BArg
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TIXT A/ T A 10:1 £THE LT (entry 7),

INDOFRERIZOWTIEIMU TFTO X HITBE LTz, 7/b2— L 1132, 113b ZHE & LRI e
TAFIVIEBRA Y DT ARBECEANL L CRUGT D 2 & T HAD D OREIEDET L, ¥ AMRO AN
HiL7c (Figure 8a), — /7. WiEAFEILIK 114b TIXELMENEET 256, A1 U P T AN TIPS =—TF /L &
BONL L7 Y 205 B LA T AU & A@EHL Y 7 10 7 a R iM% 55 (Figure 8b), — 5. PMB ——
TIVEEML LT 205 BYHEET T U R T Ay s a T a v b, Al X0 BN E 2T
K9V [Ir(cod)(pyr)PCy3)1BAre 22 W T BRIZITNAAR R E O /N S WPMB = — 7 L2l M AE & L CTHERE L T
N7 UAEPELNI EHERIL TV D, ZORR, EILK 122d DR E WO iéﬁi*ﬁéﬁsi{b{mij
RHIZZENTER Y | BIROMIGEENERN-HEEEZEZTWD, —FH, 7 I AT a—1 120 = 5E
L 7= BRI KR JE & [Ir(cod)(pyr)PCys)|BATE @(ﬁ)aEP»mbx%ﬁltt@amﬁ%é.\%ﬁ;ﬁﬁz*ré 722, PMB T—
TR T Y T R E ODﬁ{ZIKJi%\éiﬁ{iL Ul-t-, BV ABH 7 a7a XU’ G5l EHERIL T
V5 (Figure 8¢), 72, £V BUL%E 321712 < V> Crabtree filtfit 2 72 BRI IR IERLAL AL oD BAMEAL 23 HEAT L |
RN RTEIRER LT S & f%i“(b V% (Table 7, entries 4, 6),

S)

CysP~ @ Py X coordination of directing group to [Ir]
-OH > -OPMB » -OTIPS
|/ \]
Ha
® RO
H
OR CY3P\I -Pyl © OR /
~Na| X
| Mg ® (]
PMBO, \/ PMBO, \/ :' PMBO, '\/ @)
] OH I OH I OH
113a, 113b 121b, 121c¢ (all-cis)
TIPSO
PMBO, ~ PMBO, ~J (b)
| Me | Me
121d (trans) 121d (all-cis)

OH
I/
I~[ir]
- 120 — PMBO\/ '_\| — PMBO (©)
T “Me | “Me Me

123 (trans) 123 (all-cis)

Figure 8. Discussion on cis/trans selectivity.

EReXF U ATFNREETLITAXI T v 7ar ey 113a OA Y U0 Atz X 5 BYE(LT
EE YT AT UARIRIC AT A @S 7 v a8 121b A2 5 2 7= (Table 7, entry 2), % 2 T 121b

DOFEAL AT,

121b % avenaol ~FHEALT DITIL S ML DMIKBMNETH D, £ZTET, b ek vHksfisn
AK—EHI7 AN v 7Y T aEBaf Lz, £9. 121b 2787 > —THF $$EATUET 5 L. b Fak
U FLOWEITH RS T E 72 (Table 8, entry 1), & Z THRALT UL, BR{LER(I). Pd(dpp)Cl. 3M /KER{L,
BV T LKIEREINMZTCRNTOH v 7Y o T R TN UNTET Lo 72, Z O, BR{LALEE
WX DE T L a—)L 125a 28 50%ILR, 4:1 O T AT LA ~—lTHELNZ, 2D 125a 132 T
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FE T 126 ~LZ&H#H L, NOE fHBIC LV 8 fLDSLR b AR E LTz, fi\ T, 9-BBN K UEF =2 —/1
RZ7 o ThOe FurvFEbzRa-ne< BONIET L2~ 7= (entries 2, 3), £ Z Tk Kuhkv#H
ELIZRICR T VD AT AR AR T, 1,5-v7aF 7 X b DT AT VA ITET L
T2, TDH%OA IV T RISTHREL T LE ST (entryd), B F T —/LRT L EDT AT ILASH
HRATZ0 BIIISE S 72 > 72 (entry 5).

Table 8. Hydroboration for Suzuki-Miyaura Cross-Couping.

MOMO. MOMO, MOMO 3 MOMO,
/ conditions B R ‘ HO 1. TBSCI
8 E—— - ‘ PMBO imid.
PMBO PMBOQ, PMBOQ, :  —
\‘/ OH \‘/ OH \‘/ OH ! \‘/ OH 2.DDQ
121b 124 125 : 125a
entry R conditions result
BH3THF (4.0 eq), THF, 0 °C to rt
1 allvl then allyl bromide (4.0 eq), Ag,0 (4.0 eq) Just hydroboration proceeded.?
Y PdCl,(dppf) (26 mol%) (121b 12%, 125a 50%, 4:1 dr)
3M agq.KOH (18 eq), 120 °C
2 allyl 9-BBN (6.0 eq), THF, 70 °C N.R. (125b ca. 87%)
. HB(pin) (4.0 eq), DCE, 90 °C o
3 B(PIN)  then Rn(PPhy)sCl (8.1 mol%) N.R. (125b 85%)
BHj3 THF (8.0 eq), THF, 0 °C tort
3 invl then 1,5-cyclooctadiene (8.0 eq), TMSCI (16 eq) Hydroboration proceeded
viny! then vinyl bromide (4.0 eq), PdCly(dppf) (7.1 mol%) and then decomposed

K,COj (5.9 eq), DMF, H,0 (THF:DMF:H,0 = 20:24:1)

BHj3 THF (4.0 eq), THF, 0 °C to rt
5 B(pin)  then pinacol (4.3 eq)
then 1M ag. NaOH (8.0 eq)

Hydroboration proceeded
and then decomposed.

aTreated with 3M aq NaOH, H,0, after N.R. was confiremed by TLC analysis.

WA—EH I/ Ay 7V T ORFTIEE Far v LEETT 200, <y 7V v 7 KE
TEIT L2200 Te, 2RV, = =T —T LD FUGHEITAR NS DD 5 O/ S W BURHIR 53
WIS Z R U RIZATRES L IFF LT, =/ —L=—7 /L 121b Z W CHI &Mt L7z, =
J—LT—F L 121b Ik L=F L7 7T — b, Rhu(OAc) & V=4 T 7 vu 7 a b a3
IR ISFTE O RG34 < AT, BIAERW A HEE Sz (Scheme 22) %, £7-. 47N T VI BRL
BOSTOHRZ WAL T, 121b OKEEIEEZ 7 B F VTR, PMB A2 RELTHRONZ 129 D7 0
ET B bR ST, mTF A= L —TFT LK NBS TR L& 2 A, RBIFUGDAF LT B
— AR 131 MBS L TR DT, —F, A U fRICHR O T Wittig SOS &2 R Tz L 2 A, R DY
FTHHOD of-REFIT AT V132 2157203, fi< aUvHRicBNTy 77 XU nlR L, 20
BEtnb v v 7y a (LSRN FET D & v 7 m 7 a XU BB 5 ARSI RIB SN, £
ZCBEEE(LIR DY AEW Y 7 n S u R n S OFELEELE TSI L L LT,
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MOMO, 1. Ac,0, pyr MOMO, 1. O3, CH,Cl,, -78 °C EtO,C

/ DMAP, 62% / then Me,S /
2.DDQ 2. PhgP=CHCO,Et
HO CH,ClrH;0 (20:1)  PMBO,._ toluene, 100 °C PMBO\ ./}
‘ OAc 84% ‘ OH 61%, 2 steps ‘ OH
129 121b 132
ethyl vinyl ether ethyldiazoacetate I, PhsP
NBS, CH,Cl, Rh,(OAc), " imid.
-20°Ctort
MOMO MOMO EtO,C
) EtO,C /
R PMBO PMBO
ﬂfo ~/ o~ OH o~ [
EtO i OAc \ \
133 0%
130 (R = Br) 0% 127 (Cyclopropane was cleaved.)

131 (R= 9
(R=H)58% Scheme 22. Introduction of C2 unit to 121b.

D. /XT U7 Al a =T U VIRBETT AT L DRI

—FH, TUATINa—N120% T VIVIRFETZ AT W34~ E ML, 134DIRTIC L DRV A B 7
07 a R ORFEE AR T (Scheme 24), 134% Pd(dba),, PBus, XM N U =F /L7 I U F74E F, THF
HINBVERRT 5 Z & T, PRIEY &AL 7 a7 /R 135%95%IHK, 9.5:1D YT AT LA TES Z
TR LT,

N ~S0co,Me  Pd(dba),-CHCly /

\ CICO,Me, pyr \ BusP
_— > _ =
PMBO CH,Cl, PMBO HCO,H, EtsN PMBO\/}
| “Me 0°Ctort | “Me THF, 80 °C [ “Me
98% 95%
120 134 all-cis : trans 135

95:1

Scheme 23. Pd-catalyzed reduction of allyl carbonate.

U EOBR LD, 200 FEICI D&V ABHRY 7 0 T a0 MEETE DL Z LN ghotz, 10031
VO LI LA VT 4 CORMALTH D, REUSIKEE Z Bl i & U CIFRLAL M Crabtree U fih
WA WD Z L TREREBIRE TRV ARE 5272, 22081337 V7 A X 57 U VIREET AT
IVDRITLTH D, Z 2 TIE T | MEER R D convex ] 2> H AL E 36 L ONAAASRIIZE TS T LTz,

1-3-3. CIREBDIEE

BRI 7 0 T a R OERUTHI LD T, ftWTCREDOME LM Lz, 747 135%
OsO4Z &V 2t Frx i b L TRE136% ., k7 /L2 — VIBIRAYIZR-R A 7 7 =)L 1 LR P & i
A L72 (Scheme 24), &6 7- U VR AT LD oK F 2 TPAPER{LIZ L W 7 > 137& L. THF
FIKOMBu THULH T 5 = & THrFPNHormer-Wadsworth-Emmons SR HEIT L. 77 7 U K 138% 67%IX R
(74% brsm) TH372, T ZDDQ CHLEE L CTH k7 /b —/L139~ & 281 L 7=,
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1. 6 0o
—P.
OH EtO / \)'LOH (o) o)

4 080, (1 mol%) EtO T oFt 1%

NMO (2.0 eq) HO DCC, DMAP, 74% 1) / KOtBu ONA M

PMBO, _ = PMBO _ > P P\OEt _— > 7
] tone-H,0 </ 2. TPAP (10 moi%) PMBO o THF RQ
T Me acetone-H, . (10 mol%) ~/ ~/
(20:1), 50 °C | ~Me NMO, MS4A TS Ve —78°Cto 0 °C TS Me
135 88% 136 82% 137 67% (74% brsm) 138 R = PMB

DDAl 139 R = H

quant.

Scheme 24. Synthesis of C-ring for investigation of 1,4-reduction.

BT, 777U R 1388 L UN39D 1 482 e o it L7z, 77 / U N 139% Crabtreefill iEAF7E T, &
Jan A X HeRIEDKBZEFRAT F TGS BN SISITHEIT L7en~ 7= (Table 9, entry 1), —&
FIEILHE LTRBE~ 7 RV U LAEMRE LTeh, BHERIEEME 5 272 (entry2), £7-. SmL% HU 7z
LA, v Ta N ORBRENRLOND LIRS, FT AT T a T aRy T-epi-139035 H vl
(entry 3)%, %EW T, & R U FETCAIZ MG L7z, Strykersk38777E T, benzene FANEGER S B 7228, S
TR HIT LA o7 (entry )P, PULEDOFEEMN D | ARISICH LT —EHETAIRCCuHIZ A T
ZEDNTRME ST, —J7, NaBHfF7E FCoCLAMRM L= & 2 A, BIFIZRIGITHEIT L, HIDOZ 7 v
IR T AT LAY—REWE LTHE LI (entry 5)°, i T PMBR A A3 5 HE138 THEf L7,
JelF & LR, CuH%Z USRI TARRT 2 S50 TIEBUSDEIT L2 o 72 (entry 6), A~A U A2 Rk
DNAREIRME DR BLZ WIFF LT, Lipshutz & 235 L TV D &2 FEt L7z2s, @I BL L 720 o
7= (entry 7y, JElE L LIAEE. CoOHDOARKT 2 5 CIHERMITIRIL LAV b DD, BAFRIRTHRY
WHE T (entry 8)%,

Table 9. 1,4-reduction of butenolide 138 and 139.

o
O = H conditions H
RO
Y/
| “Me
- Me
:gg (EjﬁMB) 140 (R = PMB)
(R=H) 141 (R = H)
entry substrate conditions yield entry substrate conditions yield (dr for C8)
[Ir(cod)py(Cy3P)IPFs (39 mol%) 1 NaBH,, CoCly, MeOH 141 79%, dr 1:1.2
' " (atm), CHCl 1 N-R 5 1% ~40°C to 20 °C
complex NaBHy,, CuCl, MeOH
2 139 Mg (excess), MeOH, rt mixture 6 138 40 °C 10 -20 °C N.R.
(R)-DTBM-SEGPHOS (20 mol%) o .
s SHEGSSOMEONT) os | 7 g (s Gomor, e T 2
o t-BuOH, THF, 0 °C to 40 °C
[(PPh3)CuH]g NaBH,, CoCl,, MeOH .
4 139 benzene, reflux N.R. 8 138 40 °C o 20 °C 140 83%. dr 1:1

SPLDONAREINEIIRBL L e o 72 b DD, CERITZME TEX 72729, avenaol (40) OFFE(LAE HIEL
7= (Scheme 25), 140/F5E & [FEE, DDQIZ LV PMBREZRETHZ LN TE7, FE M7 rva—1141%
TPAPREILIZ KV 7 F v 142~ EFFE b L, 3 ~DKBIEDFEAZ R LT, 14272 MY =F LT I UK
OTBSOTfCALBEL T U vz ) — b —TF b L7212, 0sO, Tfb 35 Z & Ta-k Ref i by
1432368%UHE T DALz, 143D ONTDO YT AT LA~ —hid134ThH 72, ZOEE, 0 1THNT
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v R VAR 1447381 & L TR b Tc, BN SNT3NKEEEE DO SR IET B F b Lz
145bONOEFR L W iE LTz, 143DV T AT LA~ — RO BN CTH > 7272, FDE ETES
T—7 )L 145aL L, 77 Frafi D BN Uk ER R, T 7 b EKOBul X B A F /VIF(E T, THF
SR CTUEE L7 & 2 A TV R— LA IK147 & 8-epi-145a3 Hi— U7 A7 L A~ — T bz,
471NN DWW TELDNAMMEFETH Y . 145aD T T AT L AN 134THDHZ L LD, 1452 B E
BIICEBRINTZZ EPHERITE D, 6> T, 7 877 2T T 5 L 5FNT LV R—/LAt
IERERT 2 Z EBRHA LR oT, £, 777U FI38EB L TM39ID 1 4-5RTTD T T AT L AIRIR
MHLRBELL TWRhoTZ b, AlRKEERETLHZ & LT,

o)
o)
TPAP 1. EtsN, TBSOTf H TESOTf
H NMO MS4A CHZCIZ -78°C 2,6-lut.
RO ~ CHZCIZ 2. 0sO,, NMO CHClp, 0°C
88% acetone-H,0 g TBSO \ Me 62%
| “Me I “Me | “Me

140 R = PMB (1), 40°C
DAL 141 R- 1 143 68% 144 26%
95% desired:undesired
1:3.4 for C8

O—,
KOtBu [o) ~ H
HCO,Me
2 +
THF, 1t ‘
OH'! Me
TESO TESO
145a 147 21% 8-epi-145 46%
(+ 8-epi-145a) (single isomer)

Scheme 25. Failed attempt to synthesize avenaol (40).

1-3-4. 1,3-DA—)LDFEIRME

JeDIRFCTILL4-85C TOMLONIRALZDOHIEHNRE TH o712, £z, F NTFEFTT 7 ROk
NI ERABD L TNT IV R=AAIMERFELIND LW RBEENH LN olz, £ 2T, KR
DERES E LT, BBIBICE D13-UA— L D—FH DOk Rrd T A F U EZEIRIIZE#R L TRAT 5
FHE AN ZE LT, £, IO T AT E R123%20-A F L AL LTZOBIZT Ry hCTEILL, ALET
VLT va—)xze Rafk R -Bbd 52 LT 1,3-U4—/1148% A% L 7= (Scheme 26), 148/2DDQ
ZERHESEH LT, —HOKBEAZXI L TRy D UF T2 —/ 149~ EHd 5 2 L 2L
oo L2L, 91T AELNT, BIREWZ L ITBIERPZ LT 78 Rr BT 150a03 5 H vl

cHO 1.aq. CH,0, pyrrolidine

EtCO,H, 45 °C then DDQ (1.5 eq) o
NaBH,4, MeOH, 75% MS4A PMP\L o)
PMBQO
/ 2. BHy-THF, then CH,Clp, 0°C Y
T “Me aq. NaOH, aqg. H,0, | “Me H ©
123 88% 149 150a: < 33%

Scheme 26. An initial trial of differentiation of diol 148.

FRUCK T AR TIEH -2 0813-F /L 148D —FH Db Rk A F LA EIRAICXAIT 5 =
LR CE I, RSO L AR T (Table 10a), AN, HIHIRACODDQAELA & L T
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TWAAREME 2 B8 L CHIfIE 2 M5t L72, Cu(OAc), Z W - BRICIZRUs T4 < #1789, Cu(OTf), T
IIEBRE D BRLIK 150b23 5 H307= (entries 1-2), LADT /L a—/L 150a TILR M- 7=28, B K%y
AFNVIEOKFNITE TCND D I OF EMmatEHii) 72, Cu(ClO), TAELT % & HFEE DU CTERALIR
150a % O* 150bDIEEW 21372 (entry 3), /v A AFEMED EVCu(ClO), Tix b RPN @@ T2 Z L b
FEVNTHE &2 D)L A AEORET~EBIT LTz, Zn(OTh),. Sc(OTf);, BFyOELZ it L7z & 2 A, BFsy-OEt,
Z W2 BRITRIB0%IN =R CTERAVIR 35S H 40 7= (entries 4-6), £7=. 7L AT v FEEE L CTsOHZ v
7o BRI E ERICERALIR 150a, 150b% 155 Z L ICEE L2 (entry 7). UL DOFEFRIZT LU AT v REES
BF; OB I WVEECTH 572, WL E B X 5N XU DA X U EORBHC AN IZ 72 b D &
HLTWD, AEOGSTIEEIERY E L TR T ba—L 151 Ry Ve —7 /L 120355
7= (Table 10b), L7273 T, WROSJSEEEEIZ L > TPMBIK 150b23 5% HAL TN 5 EHERI L7, BRfiigtic
EV148D R N —T VEETEMAL S, XY =T L FF AL MU A ABBNEKT D, £
O%BITEEMEEIZ L0 & 5 — LS, IAVRITF AU CEART D, E2I3148MH R DL T L
a—)L ISI3 LB L CEEAICC~ LA END Z b EZBND, ZOWF AL CiEy 7 n7a )L
O HICE WV REILSN TS LHEIIL TV 5, COBF A EMITSFNICIET S ¥y
AFNEERIE L, T 78 Rat 7y 150a~E B ILd, xEkIZ, RRICHFET 24XV =0 A
AFAALRIE L, PMBTZ—7 /L150b% £ 3 %, PMBT—7 /L 150bD LKA EkES 2720, E
BOSHEREIZ IS B EOPhSHZ AN L7 & 2 A, ALFEIRAYIC T /b =1 —/UK 150a7388%IN =R & &l
T TH L (entry 8)

Table 10. Differentiation of diol 148.

_—OH H’- o
cat. (30 mol%)
CH,Cly, 0 °C N\
" | “Me
| "Me 150a (R = H)
150b (R = PMB)
entry conditions yield
1 Cu(OAc), no reaction
2 Cu(OTf), 150b: trace
3 Cu(ClOy), 150a: 41%, 150b: 21%
4 Zn(OTf), 150a: 14%
5 Sc(OTf)3 150a: 27%, 150b: 36%
6 BF3-OEt, 150a: 64%, 150b: 17%
7 pTsOH 150a: 35%, 150b: 65%
8 pTsOH, PhSH? 150a: 88%
210 equivalent of PhSH was used.

728 ARBUGIESALST AR A SOEHEFT L & DO SLARLAE 5 — ok R 3L 2 TBSAL L 72150¢ ONOE
FHBAIC K W RE L7z (Scheme 27), MAKEHRMEDFKIU DWW TIILL FDO X HIZBLE Lz, ARBUSITBLAE
C-1EZIIC2 D DEBRIENE Z HND D, BHEC21F A T U AL N6 B R EANLDIKFE R OSALD A F v
FESERRENRAE LD, ZHICEY, CAMBBREBPET LB X TWD, ek, ARSI T
bHHAREMELEZ 2 SN AN, Sl FEEDOSRREEIZ LV | 150al18-¢pi-150 L 0 LB A RETS &%
bbb,
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8-epi-150c C-2 150a (R = H)

150¢ (R = TBS)

Scheme 27. Explanation for diastereoselectivity of cyclization.

1-3-5. C-HEIERIGIZCK DT AT E FRES VIRORR

BT, 150a DKEEFEZ Bz FLCHRG#E L7212 C-H ML L 5 THP BROBER 2 /it Lz, U &ED CrO;
K2 RuCls filfi & NalO, % I 2B (LA Tl A F L U NI L S 7= = 2 7 L 155 ol RIe b S -
JI VAR T 156 535 S 417 (Table 11, entries 1, 2™, White 512 » THA STV 5(S,S)-Fe(pdp) % A
WD M TIE B ML EEIRIIIC 65%IR TR b2 b 0D (LR EOSEAE L5
& L7= (entry 3), DMDO TOF{LEZAARTZ & Z A 24 BT H U T58HE L > 7223, TFDO 777E F
0 °C TR L 7ZBRITITZSUSHER ST D70, (rER EFR‘@#‘{E&T L7- (entries 4, 5) %, AT
—78 °C T TFDO Z W5 Z & T, (LEZEIRANIC C-H BLSEIT L, &7 F 7 /b —/1 154 % 96% & &t
BRCHEDH T LTI L2 (entry 6),

Table 11. C-H oxidation of tetrahydropyrane.

OH

1. BzCl, Et;N
DMAP, 86%

2. conditions
| “Me
150a

entry conditions yield
1 CrO3, ACOH, rt 0% (155: 35%) /) j(SbFe)z
2 RuCl3, NalO,4,CCly-MeCN-pH; buffer 0% (155: 7%, 156: 33%)
3 (S,S)-Fe(pdp), AcOH, aq. HyOp, 1t 65% 6 ~F ‘ /ESMZ R
4 DMDO, CH,Cly, rt 22% (30% brsm) 9><
5 TFDO, CH,Cly, 0 °C 24% (155: 36%) b ©
6  TFDO, CH,Cly, ~78 °C 96% (.9 Feodp) R 23/"?3 VDO

1-3-6. Avenaol D&

SOLDSARLF A BT 2 Z LN TELDT, G FNT L R— LA IR D Al % B3 5 #& 3% T D
avenaol (40)~DFHE(LZFRFT LTz, 154% A L b & e &7 iz Lo T—REHE KR L7 (Scheme 28),
o= b= K VU L1574 DIBAL-HiE It & HEFMEMK 3R K OFRILERIC X 0 Z 7 b ok Uiz, [AIREIC
Wi AKSG D EIT L, T 188~ B LT, ZNE T AT LARIRWIZconvexmiNH Y e Ka &
I LTI, MLEBHRAVICTES = —7 /L1589 L L7z, 159% KOMBufffE F, FEEA F/LCTUBT 5 Z &
T, FLVIUEEBNELNRE, ZhETue7T )Y K1y SV I$52 LT, =) —T—F
NW160% T AT VARG E LTHESD Z EI2EE) Lz, 160% Dess-Martinfig{l, L C, 15 5 417-avenaol
PRFEIR 161 % V2epi-161% 2 U BN T LT v~ 7T 7 ¢ —ChifE Lz, &%I(Z. 161%HF-pyridine
THLEES % Z & T, avenaol 40)DEAFLEET LTz, ERMHDH, PC NMR, IR, ESI-MS A ~%7 /L34

TR E D—BIHEFR T 72, F72. 2-epi-161% [FIEEIZHF pyridinelZ & W TESE: A frE+ 5 Z & T,
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2'-epi-40% A LTz, 2'-epi-401 X XA b S fEAT IC K U ARSI IRERE 2R ET D 2 ENTE 2, Tl
K0 R TIES 25, avenaol DIZFEFR R LA & 2 A R LA FER 35 Z LIk L7z,

2 1. DIBAL-H
2. aq. NaOH, 100 °C
then aq. HCI

S

1. OsOy (cat.), NMO
acetone-H,O
63%, dr 14:1

- =

~—0Bz
7 1. MsCl, EtzN

RS

1. KOtBu, HCO,Me

- =

2. NaCN, 15-crown-5 3. TsOH, benzene 2. TESCI, imid. 2. K,CO3, NMP
Me DMSO, 50 °C 100 °C, 49% DMF, 76% o
: B
o 91% (2 steps) (3 steps) I "Me o r
154 158 —
7
.»I’“
/ N
o { '~
- N
DMP, pyr Kol The )
—— ~ X | 9
- = — -.J o \ - T~
e AN
161 39% X [ Pal .75\«’
2'-epi-161 36% sl WP | }
separable f s ' "i; B,
57%, dr 1:1 by column _ v
. 161 (R=TES) HF-pyr— 2-epi-161 (R = TES) ,
0 HF-pyr. py!
(2 steps, 89% brsm) i [~ 40 (R=H) 80% L 2-0pid0 R H)

Scheme 28. Total synthesis of avenaol (40).

FEHE SRmDEEGRER

Avenaoll D ORE-FEIF I 2 HITHAEH OFHITHRE STV D25, L0 aEfile sz 88 & OB
PEIZOWTIZZNE THE STV 725, £ 2T, &6k L7-aveanol (40)& Z DOFFEEIKD AEWTENE
(BT D PARRIEN LA 1S 5 722, BT MY v v A X)X F (Arabidopsis thaliana) D BAK K 2 737
AtD14E A T A X (Striga hermonthica) DFEFIZEH ENDZFIKS 737 SAHTL2-1HZx LTI & AT
7 b7 = (YLG(162)) & DFiA PR R 2 Ikt L 7o (ATEVERRER 134 o B F B2 TE R % -

\ O o
CO, Et CO,Et
Fluorescence ON

YLG (162)

Conditions

SL Receptor proteins: 0.33 uM

YLG: 1 uM

Buffer: 100 mM HEPES, 150 mM NaCl, pH 7.0

DMSO Conc.:avenaol 0.2%
protected avenaol 0.2%

Reaction time: 1 hr

Reaction temperature: rt
Fluorescence wavelength: 480 nm
Experiment iteration: 3 times

Figure 9. Conditions of competitive inhibition experiments.

RIS (B ZeT) R OVERREZ L (BiSyngental® LHFFER) 12 X 0 FEhE S4172), YLG (162)
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TR BRICIKR IR END Z & TENMEZRTLRNEMEA NI TT 7 N ThH2D, YLG (162) &
avenaol (40)33 & Utavenaol{R# K164 DK 3R DFE A A YLGOHOE 24512 & L CRFili L7 (Figure 9)*',
SLEZ RS 27327 (033 M), YLG (162) (1 uM), #EfE#K & L THEPES (100 mM)} U'NaCl (150 mM) & 72
ZIKIEHR (FARA)Z % L 7=, avenaol (40) & avenaol 7 1K164120.2%w/v DMSOI&IE & L CHHRL L7- (&
B, AAICK LIRIEB A 40 £ 7213164/30.01, 0.5, 1, 5, 10 yM & 72 D 4 &0 2. RIS T 1R ##E
L7, 1HfEIE, T 7 LVRE0.01 MDA & 0480 nmilZEARRIHOLIME 2T Lz, ZOHELY %
NENOZERE 37 Je QavenaoliB EIKIZ K LZNEN3EFIT L, B AREH L,

TR O 5 % LLFIZR %, Avenaol (40)iZShHTL2, 3, 7-101Z%f LIF & A CiEMEEZ /R & o Tz
(10 uM T DOARRFEOEFREE0.9LL |)(Figure 10a), —77. 10 uM TOAERFEIETRELIZ DUV T, AtD14130.688,
ShHTL4/30.587, ShHTL5/%0.626, ShHTLZ0.791, ShHTLI11{X0.768 & % H S#17-, Avenaolf&7#{K1641%
ShHTL2,3 8-10 (Zxf LIE & A ETEMZ /R &2 o 72 (Figure 10b), F 72, 10 uM TOFHXE YEHRE IZDOU
T. AtAtD14]%0.738, ShHTL4/%0.767, ShHTL5(%0.526, ShHTL6/%0.465, ShHTL7(%0.774, ShHTLI11{Z
0762 HHH Xz, b DOFERN D, avenaol (40) & avenaol(fi#{£164(XShHTL4 & OSShHTLS 2 #F 12 i
WEIFMMEZ R 28, T E CHRE SNZSLOBIME L TR R 2RIREL AT 22 LRI
(Figure 10c)*"*, 72, avenaol (40) & {£#15164% Ll 9% & | AtD14, ShHTL4-6, ShHTLI1IZ DWW TE D
BAPEICEWA R ONARNT L n, 3MKEBEICEtEFE 2=y NEEA LT 1 —T{b~DJEHAN
x5,

g 5 [AtD14 ShHTL2 ShHTL3 BhHTL4 ShHTL5 ShHTLé
Q L
§ 1 =5 Fy - = T .‘!. x T b o 'Y 5 3
5 I i
2 . E b 3
(a) s 05 *
=
k5]
¢
0.010.1 1 10 00101 1 100.0101 1 10 0.010.1 1 1000101 1 10 0.0101 1 10
Conc./ uyM Conc./ uM Conc./ uM Conc./ uM Conc./ uM Conc./ uM
g '® [ShHTL7 [ShHTL8  [ShHTLS  [ShHTL10  [ShHTL11
c +
% 12 5 2 ¥ Srm ¥ I‘ll b Lli $ 'III
<]
o] = 05
avenaol (40) 2
5]
T 0
é 0.010.1 1 100.010.1 1 10 00101 1 1000101 1 10 00101 1 10
Conc./ uM Conc./ uM Conc./ uM Cone./ uM Conc./ uM
(b) g 5 I'AtD14 ShHTL2 ShHTL3 ShHTL4 ShHTL5 ShHTL6
(] L
g 1 =, ¥ wme f LR 3 "I < b= [ 3 ]I
3 . * x
2 05 T =
@
&
00101 1 10 00101 1 100.010.1 1 10 00101 1 1000101 1 10 00101 1 10
Conc./ yM Conc./ uM Conc./ uM Conc./ uM Conc./ uM Conc./ M

g 15 [ ShHTL? ShHTL8 ShHTL9 ShHTL10 ShHTL11
@
g i : =
protected avenaol e L ] [ r I!I' R A 9 53z
(164) E x
Q 05
£
€ 0
0.0101 1 100.010.1 1 10 00101 1 1000101 1 10 0.0101 1 10

Conc./ uM Conc./ pM Conc./ M Conc./ uM Conc./ uM

Flgure 10. Competitive inhibition experiments for avenaol (40) and 164 to SL receptors.
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ERET fEE

EFIT ) REZ W=7 LoDy tRy 7 a7 a Al X7 v VT vy a T aoRr ok
B I B X DU T AT VAR EMALIC L 22V AE#R Y 7 0 7 a0 ORFBEE, 3) /51N S\l
MBOSIC LD 13-V A=k FuXx I AFARKOKG], 4) (EER) C-H B2kl X 5 THP EROBAR
ZHEL L C, avenaol (4O)DFID AR AR LIz, ZHUZ XV | $REHILIRELE % & i b 09 ZFEA
L7, &Y AEHS 7 17 1313 shagene A* <2 erythlolide A% 72 E KM LIZLIZR LN AHEET
HHMN, AFRITEFNOEED, RUABES 70X a0 20T 5 KRWOEERE LTHID T O
Toh D (Figure 11), 4t MEEHHRIA G B~ O FSOHEETS HEFABIFSE ~ D BN IR T & 2, A T,
SARRHEE P EERIZ XV | avenaol DFFEL 7222 B AEIRMES 3 MK ANEMEICHE TRV I & & FLH
L7z,
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FZE MAFEHEAZINITHESNSOOLMEEZRAWVREDY TU VIRIBIZE D
VR/EVABBRI/OTANRCDERK
E—f HRLs

7 ua T a RV BRIIZHOERLSCAEMIEEDE S EN O EERRBEKO—DOTHDH, TTH,
By AERL 7 v T a2 TR avenaol®, BV — Y 2~ = T EMEA 7R T shagene AM, KRR
SR AT D UT AL A R erythrolide A¥ 72 ¥ ORI 71 5 41 % BRI Vi T & 5 (Figure 11),

R
R S SB"S

R/ /R‘S

"all-cis-substituted"
cyclopropane

avenaol shagene A erythrolide A

Figure 11. All-cis-substituted cyclopropane & related natural products.

Avenaol DEAKTIET LoDyt HNy 7 a7a /ALK D T AX T v raraXur 28R L
7etRI, CHEMEGORMROECICE D AV ABERBEE G LT, ZNHDOFETV 7 e a o
BRERINHI OBLEN DITRERFETH D, L, BN TH LA LT AX I T n s a/r o
FUCTREDR DD D HMBEE TH o Tc, ZOMBEEART 2720, FEEITL Y TREZHRTE 548
AEH 7 v TR GRIEOBRRBICET Lz, &Y AERY 7 a7 a0 OFEEIZ SOOI+
BREFSNTE LT, AiEEZ S0 RAYOREHHIEH TIREE Z BRI ILE —F CTiR <7 avenaol O
Thod, FEFIZV 7 a7 mRy LIZESHRRERLZ EREOICIEREAT 5 2 L AHRVE, 2 A&
T a T aN ONERPIERIEIC IR D E B 2T, LTI e LT, EBSRMEL W7 m
a8 D C-CAEGTERI R EABINT Do

2-1-1. fihs& ey C-H &1L

R C-HIEMALIC K 23 7 o F a0 D X F L v C-H R &4 FINBRALIC O T 85 T8 5 b 5%,
% 21 Cramer 5% Pd itz W= 7 m 7 BV XA F LT =1 2 165 DEEI RS N7 U —Akic
E5T FTE RaXx ) ULk 166 DA AZHE L TW5 (Scheme 292)*, [FfEIC, oo 7+ h7 3
170 Z5E L L6 b 85 LTV 5 (Scheme 29b)*°, F7-EF 0O BII7%E T Pd il L5
o 7asNrORAF C-HIEMBIZED, IAVSNEAL VT8 T4 R 167 PODAERLF A R—)b
168 DAL E HA LT 5 (Scheme 29¢)*, Z ok 912y 7 v 7m0 o C-HIEMWEERE L2y
BRALITER 2 R IE I L THE SN TV DD, KFREICIV BV RAE RS 7 0 7o /N 25 LT plix
AN
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[Pd(dba),]
L1*
R PivOH .
= Cs,CO X
RT s RE
N p-xylene & N
130 °C T

(a)

[Pd(dba),]
L2*

O 2 0O
AdCOzH R?
Cl N
R/\N)k/ Cs,CO3 b)
toluene O

70°C H

Pd(OAc),
Ad,PnBu
C32003

N (0] pivNHOH
Z Nkm CO, mesitylene
R2 120 °C R2
169

Ar Ar

e

AT Ar
L1%(R = NMey, Ar = 3,5-Me-CgHs)
L2*(R = NMey, Ar = 3,5-tBu-CgHy)

Scheme 29. Examples of cyclizations through cyclopropane C-H functionalization.

BlidE 2R L7z 7 v a2 C-H EHAL S 25 o#iEn
L3*% Wiz 7 a7 a Xy RSt K171 OFRF C-H B bz ®E L T D
SHIZHOT X JBBROXZ Y R La*a VT,
TV —=bbHE LTS

%547

47 (Scheme 30b), &7 1 71/ C-H

Bz

R2-Xn
Pd(OAc),
F Ag,CO;
o. H F NaHCO3
N
CN 1
1 PG7. F
RIF L RUF G ">cdon
171 172
R2 = aryl, alkenyl or arkyl L3*
Ar-1 P
Pd(OAC), iPr
Ag,CO3 Ar BOC\N/'\COOH
NHTf NaTFA b H
] — NG NHT (b)
R2 L R R2 L4*
173 174
Et
' H
O - Et@l
ﬁ% NO, OM
NH —————> H NO, (©
@[ Pd(OAc), NH Pd(OAc), H
_Me AgOAc AgOAc
S toluene s~ Me toluene Me
175 110°C 176 110°C s 77
55% 30%
o I._COEt CO,Et Vel CO,Et
| SN Pd(OAc), ‘ S Pd(OAc
—_—
NA T ag,co, NH " Agco,
(BnO),PO,H (BnO),PO-H
tAmylOH tAmylOH
178 110 °C 179 110 °C 180

Scheme 30. Examples of cyclopropane C-H functionalization using directing group.
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X Yu 5iZF7 0 TR
472 (Scheme 30a),
vraFa e AFAT I 173 DR C-H
BRI OWTIEZEORENH D
—HT, BYABBHRS 7 0 TR OBEIIRLN TS, FFl, BrrElks G580 AE#RY
SUDBEHNE S LaR<, Babu HOERDT U —/LIZNEVEA LT (Scheme 30c)*
L. Chen & DR %7 VFLIEENEUGEA L7 (Scheme 30d)7 DA TH 5.



2-1-2. ERHNLARDOD C-HIBEBARE

C-H fB~DEJR I N DFFASISNI R DGR N T UL LIFFIH SN D2, 7 m7asx
¥ C-H #E& ~ D AR D130 220 (Scheme 31), 43 F-PIEUE ¥ (Scheme 31a) OMLIZ, i i
ZFIA L7z 1 BIOG ¥ (Scheme 31b) 2SHE SN TV A, BV A@E#L 7 07 a3 % C-HIFAKX
I £ DB LT FlE R,

H
W ha = Cm

182
COzEt
=
| H [CP RhCl,]» %
SN A f
AgOAc
o CF3CH,0H CO,Et
183 184

Scheme 31. Examples of carbene C-H insertion to cyclopropanes.

2-1-3. 72X F BT O kit
T u N DONRRIR A Z e LT, 7 FEEmEE LGNS 5Y, Eaton 51X

iPr,NMgBu ZHiIEICH W T 2 R BRI 72 A Z ik e, S BT VAT = AT VT b Rip L
DRETHI L DRISZ#E LTS (Scheme 32a) ¥°, &L A BEHL 7 0 780 SR L TS0, B
R A TFNVEEINAEN LT —FlOHRTh 5, £7-. Simpkins & (% sBuLi & (-)-sparteine & ¥l 5 HH 5
L TARFA LM~ EFEREE TS (Scheme 32b) *°, 6l Tl Marek 5 7% Brook B5712 & % 450
WIRFHEHT D87 b7 I ROERITBNT, Y7 a7 aX=L7 I K192 ONAKRIRE e VR 2 %
MCIZ DD TNy T U~DNBISIC KD Z @I 7 v 7 aRr 194 O E#RE LTS
(Scheme 32¢)*’,

iPro,NMgBu Me. 1

X
o iPr,NMgBu Mg _electrophile Mel/CU' N Ve
R' R =3 . (a)
NR, Me

NRz NEt,
185 186 187 188
66% (overall yield)

. . (-)-sp H H
0k sBuLi=(-)-sparteine Li electrophile e N
/Me Me\\‘. — ! o .I/ (b) z
NiPry , 0 Me N B

NiPr;

_)-spartei
189 190 191 (-)-sparteine
Me,N RZMgBr Me,N o]
o LiCl o R3COSiMe, Me:2N OHivje. Me2Zn O R3
— - |w e A ASMe L YT
CuBr-Me,S p then Hz0* i R3 Me,N RTR2 O
R R*  MgBr R' 4 H
192 193 194 195

Scheme 32. Introduction of substituents by metalation.
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BEZH 2B OTONCOERERK

U EOEZNG, FEFFIVWREFHI B W TC-HIE® L, C-HIFA, ROVpTHNY 7 nra N quic ks
EVABEBRY Va7 a X OFEERAT, L LARRG BEIE<GonT. ZROOFEICLD
WHAMEY A@E#Y 7 a0 7 a X0 OERITREEE ~7-, 22T, 7 2 FPAARINAN 7 o b 1k
R U7z B IE ONEYCE AL % 3l L7z, A¥EIXEaton b OGNS0 5 K 912, afific A F/LHENE
ASNTWTH, a7 e BV EARRICH 7 e b oAb TE 5, —RMIZC-HA X L biZ A TF L
IZHARTAFAEDT N A Z L ENRT WD, ZuIy 7 a7 v ey I RO AVR=/VIEOFEE
MAF L AZEHEL TS, BlmieE U THIEL TV A7 EHEI SN D, — TR ES
HEOTDR LN REFHOBEA LRI SN TE LT, £VAEWT 7 v 7 v/ X0 OFKIZE N T
AFNVEENAVEAN LTe— Bl & EE > T D, FFITARBIRABALIL 7 v b omfbaflm & L TEek
A BRI AR E BT L L L (KX TIIERE L, ZolEE A X MbEHRTHZ L LT
%)(Scheme 33), RIZ, AZ N7 a7 u V7 I RI9TZFH LTI e ARy ) o 72K 5T V=
NWEEOBAZET L, ZHRREBIEOENEAHL T2 Lic, 2L TR =&l 7 a7 a
NUNIBD I LI HPALA XA, 7 ANy TV U T EBRFIL, YV AEB Y7 17 a3 199D FEEE
NERBEESEDL T EaFE L, NETEZMICEREZEATE SR TINE TOFELY TRED
HIDS IR C& 2, Fo, 77 = VEEZEANTEIUISERREFEBRNRTRE L 22 0 | fx k&~
DE BN ATRE/ HiEfm & 725 2 L B WIFFCX 5,

cat. [Pd] cat. [Pd]
H J Ho J
o base Gy Br—\\/ K : | BrJ\\ ;
'IIR' - 5 - ! =" o0 o ‘\\_/';",
NR stereoselective ¢} Cross-coupling R ey
2 metalation RoN reaction NR2
196 197 198

Scheme 33. Strategy for synthesis of all-cis-substituted cyclopropane.

E=H BR-EBE
2-3-1. A Z )L DEES
FTT IR 200 OFEAKBMERICEY, 7 IR B ALLEIEIRA R A 2 AR LT A Et L7z
(Table 12), Eaton 5 235 L TV % iPr,NMgBu TlI A Z /MUIZBAFIZHEIT L7 (entry 1), FEWNTYU F 7
AT 2R (TMPL)Z HWT Y F A b &R T8, #HHERIEA W ZE 5 272 (entry 2), HEEA /N MLA X
AL SNTWD T — MU 2 VT Mg 7217 T2 < ALR Zn 72 PO R B SR EO A K 2
FILTED, BHMERIEAME 52 D0 E T3 A 2 AITHEAT L7 D> 72 (entries 3-5), LiCl A # /L7 I R
PER2 %327 & = A, (TMP)ZnCl- LiCl 35 X ONTMP)MgCI- LiCl % JAU V=358 Tl A Z MBITET L 73
2o 7= (entries 6, 7). F£7-. (TMP),Zn2LiCl TH4< A Z /A b E /e hr - 7= (entry 8)7, — 7, (TMP),Mg*
2LIC1 Z W5 & 2 Z AVIZBAFIZH#YT L, iPr,NMgBu & [RIfEEOEKFLFEE 5 27 (entry 9), &5
IZA ZNALDIRE % 50 °CIZFH-RT 5 & Db E E L7 (entry 10),
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Table 12. Investigation of base for B-metalation of cyclopropylcarboxamide 200.

D
oL base (2.5 eq) M] D;0* Os”
e THF, rt M )=d Me
NEt, ) Et,N NEt,
200 201 202
entry base 202 (deterium ratio)
1 iPr,NMgnBu 70% D
2 TMPLi complex mixture
3 BuzAl(TMP)Li complex mixture
nBu,Mg(TMP)Li complex mixture
5 tBusZn(TMP)Li 0% D
6 TMPZnCI-LiCl 0% D
7 TMPMgCI-LiCl 0% D
8 (TMP),Zn-2LiCl 0% D
9 (TMP),Mg-2LiCl 74% D
10 (TMP),Mg-2LiClI 87% D?

@ heated to 50 °C for deprotonation.

(TMP),Mg- LiCl % AW T A Z AL DRRFELZHE LT & 2 A, HEZMZ THH=ET 3 Kl E
TIXAZ LD 69%EEITL T 0 | 5 KEEIR TIX 71% & K& < b Leh o7 (Figure 12),

(TMP),Mg-2LiCl (1.8 eq); H .
. et S 100
e THF © Me 80 1
NEt it NEt, 9 L *
2 , 202 5 607
time (h) D ratio (%) 'ﬁ 40 ‘
0.5 14 a
1 17 20 P
2 45 o ¢
3 .
. sf 0 2 4 6
time (h)

Figure 12. Time-dependent changes in B-metalation.

INHDOBEHFERENS ., BAID~ 7 % A% 50 °C T 2 B8R4 5 Z & & L7z (Scheme 34), #J
Mgt LCStille hy 7V T EMAREHH 7V U T HRatT D202, 77 /LA X203 %
A LT, E7-. IUHEMARSPLTa by /el 204 AL,

H (TMP),Mg-2LiCI (2.5 eq)

b iPr,NMgBu (2.5 eq) Ly
o “=SnBug THF, 50 °C, 2 h Oﬁ) THF, 50 °C, 2 h o |
;l\/le then BuzSnCl (4.0 eq) NEt Me then |, (4.0 eq) —i\/le
NE, 61% 2 38% NEt,
203 ? 200 ’ 204

Scheme 34. Synthesis of cyclopropyl stannane 203 and iodide 204.
2-3-2. ARy T)UITRIGIZEDEBREDEA
MRETE LTOBAEA X MMBIC I VSO ARERTEZ 7 v XA v 7Y T OZRIEICHT Z & T
LRERBERILOEA LR, FT. 2702203 ZHWT 2-7 uEFrL 205 & O Stille
B T T I TN, BONT L ST LR A o 7= (Scheme 35a), £7-. 7 VLR 1 iRl 207 4£1E
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T, Iy 7 v 7 a el 204 12 PA(OAc), & DTBPF #1EH S, y (IR 2R » 770 o T
TN ZOHE B ROSIT AL T LR > 72 (Scheme 35b) >,

H H k H —
T.snB cat. Pd(PPhs), g Gl 207 3

fo} ,D nsus Os” Os —#—>0
Me iPr,NEt, Cul, DMF NEtMe tMe Pd(OAc),, DTBPF Me

NEt, 2 NEt:  k,CO,, THF, reflux NEt2
203 N.R. 206a 204 N.R. 208

Scheme 35. Attempts of cross-coupling reactions using substrates 203 and 204.

Stille 1 v 7'V & 7REAR—EH T » 7V 2 7 OFIREE TlIa < BOMTET Loz, £2 T, A
A NACRRIZ RN THEMEE ED R TV AR X IAIZE VAT D V7 v a EVligh & OBEENR D
TV (WREH YTV ) BRI LT (Table 13), T HFERDO~ 7 % 2 AbiTHkt < B 7R 5
Ty TV T EHE L TODERMEICESNT, 72 K200 2 (TMP),Mg-2LiCl Z T A Z Lk L7
|2 ZnCl, THLEE L | fillft & L C PA(PPhy)y Z N T 2-7 £ 70X 205 L ORIFED v 7V v 7 Zilkriz
WL BEIOT v ) RIS BN o7 (entry 1)1, FEEIC, SIS Pd(dba),, U > FIT Plo-furyl)s
ZRAWTA 7Y o Tl Te i, BOSTHEIT LR > 72 (entry 2), — 7, HikE% iP,NMgBu & L7z &
A, 6% ERNETIIHL2LDOD, BHOD v 7' U > 71K 206a 355405 2 &% B L7 (entry 3),

Table 13. B-metalations followed by Negishi cross-coupling reactions.

ZnCl, (2.75 eq)
-40 °C, 15 min;
H X /< H
o base (25 eq) = M’g Br 205 (40 eq) =
-’i\/l —_— 0. - ©) -
o 2 2
NEt, THF NELTE Pd cat. (10 mol%) NELTE
50 °C, 2h 2 ligand (20 mol%) 2
200 201a 70 °C 206a
entry base [Pd] ligand yield
1 (TMP),Mg-2LiCl  [Pd(PPhs),] — 0%
2 (TMP),Mg-2LiCl  Pd(dba), P(o-furyl)s 0%
3 iPr,NMgBu [Pd(PPh3),] = 16%

T ZCEREOM EZBEL T, Mt XN T REFEMICHRETT 22 & & L, BIEEEFRERICT
2 K200 % iPr,;NMgBu f77£ [, 50 °CT A # /AL L72421Z ZnCl, CHLELL CTHRIA 201b & L, 2-7 2 E
Ta 205 EORFED T U TITOWT, Pd il L OV 2 REMEH LT (Table 14), & 7 il
& LT PACL(PPhs), 2 HWVVZ & 2 A, 36%E TULRA A _E L7 (entry 1), #e\ T, filtfit & LT Pd(OAc),
ERHWCRITU—WEAT7 4 v BEOR M) TAXANERRAT o U ERELEEN, JOMIIEE A EHEITL
Aoy (entries 2-4), & 51T Buchwald Bfi &7k 7- & Z A, BrettPhos, /Bu BrettPhos X> SPhos % H
WG AIITRINRIZ & Y F 572 (entries 5-7), XPhos % W 7=35A121% 206a 73 67%HX$’C$ D
i & L’Cﬁ% L7z (entry 8), L2>L722%5 Bu XPhos <> Me Bu XPhos % W72 B T IXIR N K&
SARTF L7272, RERISIEY o ROEEIZRERNPEE CTHDH Z L3530 > 72 (entries 9, 10), 7235 206a
DX SARBLE DWW T, Hy & Hy @ NOE FHBAEB L OV Hy & HL DA B U HERICBIT 20 v 7Y U 70E
B Jrpre = 8.5 H)IZ L » TIRE LT,
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Table 14. Investigation of Pd ligand.

,Cl
o iPr,NMgBu (2.5 eq) Z/n
e | Me" \/

o H
H
Br%zos (4.0 eq) E 5 { Et,N
___ - .o - H !
Pd cat. (10 mol%) Me H NI

Me o (o]
NE 50 °C, 3 h then
o 70,750 L Igand (20 maltk) Nt A
200 2(sfoeq 201b 70 °C 206a NOE~;_ g5 Ha
entry Pd cat. ligand yield
1 PdCly(PPhg), — 36%
2 Pd(OAc), P(o-tolyl)s 7%
3 Pd(OAc), PCys 0%
4 Pd(OAc), PtBug <4%
5 Pd(OAc), BrettPhos 4%
6 Pd(OAc), {Bu BrettPhos 8%
7 Pd(OAc), SPhos 19%
8 Pd(OAc), XPhos 67%
9 Pd(OAc), tBu XPhos 29%
10 Pd(OAc), Me tBu XPhos <33%
R2 Cy R?
R! Cy ! 1
MeO P iPr Y>B oMme Rg iy
MeO iPr OMe iPr
XPhos (R' = R? = Cy)
BrettPhos (R' = R?=C
rettPhos ( v SPhos fBu XPhos (R' = R? = Bu)

tBu BrettPhos (R = R? = tBu) Me tBu XPhos (R' = Me, R? = tBu)

S U 72 Fei St & O CL AR E UL OB A Z fiit L 72 (Table 15), £9°7 X K 200 % iPr,NMgBu
T BNLA X WAL L7212 ZnCl, TRUEE L CHRAR 201b & L. ZH% 10 mol%® Pd(OAc), & 20 mol% D
XPhos f7£ F THF 170 °C T4 ¥ EDB-TBERAT LU HDHWE -7 BT m L TUET 5 & 206b
R 206¢ & TIVEI 92%., B0%INR TR/, 12-“FEEOT NI o OERERB L Z A, FOSTHIEIC
HATLT X —1206d KOV ULz —T /L 206e 2435 Z EIZHII LT, 612, T UL mF T
FERA NV ATFNAFVEEGT DTN = VIEOEANIZL D 206f <° 2068 DAL A RA T8, JFEH
NEN S ID DI TIH > T, T Pd illit7s n-7 U /L Pd $5{AZ TERL L CHRIE L7720 72 L HEHI L Ty
Do FEWT LI- BT N7 = VOB ANE T2 2 A, FREOIEET 206h 1 LT 206i 3551
T2 —H T, 206j 206k DL HIZT XAV NT—T N ERT LA 14%35 LUV 23% & KIY
RIZE EFolz, &51T2061°206m DL HIZT VILIZA FF U AFILAF UL v Ea2 AT
HEAITIE, e & FRE n-7 VL PA $EADTERMNIRIA & 22~ 727200y, RUSIFEIT Le o7z, 1,1- &
U T 12-ZEWRO T VT = NI OEAND TN RAFIRFER & e o3, ZiuE 1,2-ZiERO 7 v
=7 m I ROFPIRFEEN/NS < BRI OB AZHPET LT o oo o2 EHER S
Do FENWT BT VT L OBRERB Lz, £ Y 7T =D EATIZAAY 206p 75 98%ILR T
BNz, — T, 206q DX D72y 7 v K VIEOE AT 30%INERIZE EF D 206r <° 2068 D X DI
777V RRT7 7 UBROEATIHEENENREND DA TH-Tz, BE=/VHEOBEALRATN, B
206t DALZETH T2 ONEEN DR DR 7ol BT V=N EeDH TV o T HRFTL,
206u O L 9 7R EHIZR R B UBRICINZ, 206V 0206w D X D AREEE LT U —/LHES 206x DL D 7R
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BT ) —/VEDE A
LT L7,

Table 15. Scope and limitations.

bR LTz, E6IC

206y DX DR AT NAAFE T TH, REMHFIXRLF

Pr,NMgBu (2.5-3.5 eq) J H
50°C,3h 7| B @0eq) :
o - Me™ \_ / (0] 7
Me € (e} 1
NEt then Pd(OAc), (10 mol%) Me
2 . Et,N 9 NEt
ZnCl, (2.75-3.5 eq) 2 XPhos (20 mol%) 2
200 THF 201b THF, 70 °C 206
H H H H
/ Ph / Me / /
. Momd TBSO
NEt2
206b, 92% 206"' 80% 206d, 65% 2066, 52%
(E:Z=1:0.2)° (E:Z=0.3:1)
OTBS OMOM
Me Me % %OMOM
NEG NEG NEt, NEt,
206f, 0% 206g, 0% 206h, 55% 206i, 49% 206j, 14%

(no reaction)

(no reaction)

NEtZ OTBS

206I, 0%
(no reaction)

NEt, NEt2 NEt2 NEt,

206m, 0%
(no reaction)

206n, 0%
(no reaction)

2060, 0%
(no reaction)

206k, 23%

206r, 0% 206s, 0% 206t, 0%
0, 0,
206p, 98% 2064, 30% (no reaction) (no reaction) (recovered 199 23%)
H: > H: :% >—< :% H: :FCF H: :FCO M
30 oMe
206u, 99% 206v, 75% 206w, 40% 206x, 50% 206y, 75%

a B-Bromostyrene (E:Z = 1:0.2) was used.  © 1-Bromo-1-propene (E:Z = 0.3:1) was used.

2-3-3. BHIARIALIZD DK/ BRAYTYVJICkDEIRERS VD TONVDEE
SARFIREBILOEANIEEZHN L, —EHRY 7T a XU ERRTED L)ooz, EHITED

Ni-=Z@as 7a7aRro A ZRIC L &Y A @Y 7 a7 a0 O E et L=, LavLl

NG, ZEHY /e Takr 209 bAoA YT T =07 u 2 K210 Rl LIRSS L2 s 2 A,

FOSIHEF TR RN EIN S Au72 (Scheme 36), 2D &b, &V AEBY 7 07 /R0 ORI

Bl KRR MLETH D Z LR S L,

iPr,NMgBu (3.5 eq), 50 °C, 3 h;
nPr I ZnCl, (2.75 eq);
Pd(OAC), (10 mil%), XPhos (20 mol%)

—/Me
NEt, Brf 210 (4.0 eq)

209a THF, 70 °C
0% (209a was recovered 73%)

Scheme 36. First attempt to synthesize all-cis-substituted cyclopropane.

O,
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£ ZT209b D EKFLERIT XL 0 AL A Z A b 2 KE L7oAi R, 3.58 & DiPr,;NMgBuZ iV T50 °C
TIRFMMFE LT, FRE LA X AL E I TN EAURIB X 47z (Table 16, entry 1), SO RERE]
3N D6 SIFRICIER L7c & 2 A, A X MKIE S HITHEIT L TEARFRITTI% £ Tl Lz
(entry2), F7o., ISREZTOCIZHIR LT E 2 A, AZ I EDMEESN D Z &2 A L72 (entry 3),
70 °C TG % 30 2 B ORRIICIER L7= & 25, A Z/UKIZZ UL ST L7275 72 (entry 4),

Table 16. Deutrium experiments of 209b.

H H H
N = ~H
MOMO™ ™N_ iPr,NMgBu (3.5 eq) | MOMO Mg~x D;0* MOMO™ N7
° K t t Me"” { o B
Me emperature —0 Me
NEt, time Et,N NEt,
209b 212a 213
Exp. temperature time deuterium ratio yield
1 50 °C 3h 49% D ~100%
2 50 °C 6.5h 77% D ~100%
3 70 °C 3h 76% D ~100%
4 70 °C 6h 79% D ~100%

ZIED ., 70°C, 3EE BALA XD EESRME L, 7 a2y 7Y T RO D S G L
Too ZEH 7 0 u R Tl EIER % 5.2 72 XPhos & U H > K &4 5 50 TIR RO B9 L
B oNeno 7 (Table 17, entry 1), Z DFERNE BALA X /ALITFRICEVEE LT DD, K iRE
Ty PV TR E U CHAEENRBE L 22> TWA Z LR ENT, WRICH v 7V v IO
ISR Z 100 °C, 130 °C & L7223, (RINRIZE £ 72 (entries 2, 3), XPhos LV & &D/hSWU v K&
L T SPhos, CPhos # HW\7ZBRIZI3 T OO M LA R 54172 (entries 4, 5), THmE W IUSTEMEDNEH
ENTWD—Alid Pd il 2 FAVN 2 & | IR 60%F T L L7 (entry 6) *°, —7F . Pd(OAc), & PBu; %
FAE ORI TIIFEE B A 5 272> 1= (entries 7, 8),

Table 17. Investigation of synthesis of all-cis substituted cyclopropane.

H H H
nPre s iPr,NMgBu (3.5 eq) nPra_ s / P H )
70°C, 3 h Cl Br— 210 (4.0 eq) :
Of” — o O
Me then Me" \—( Pd cat. (10 mol%) Me
NEt, ZnCl, (3.5 eq) ELN ligand (20 mol%) NEt,
2!
209a 214a THF, temp 211a
entry Pd cat. ligand temp (°C) yield (%)?
1 Pd(OAc), XPhos 70 trace
2 Pd(OAc), XPhos 100° 8
3 Pd(OAC), XPhos 130° 6
4 Pd(OAc), SPhos 70 17
5 Pd(OAc), CPhos 70 27
6 [Pd(p-1)PtBus], none 70 60
7 Pd(OAc), PtBug 70 2
8 Pd(OAc), PtBus, 70 2

2|solated yield. PTHF /toluene was used instead of THF. °THF/DMF was used
instead of THF. 910 mol% of ligand was used.

: P OMe : P NMe, i\P iPr
O O OO
BuzPt-Pd—Pd-PBu;
N

OMe NMe, iPr
SPhos CPhos XPhos [Pd(u-1)PtBus],
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IS LB 2 LT O X 91284 L7=(Scheme 37), =&y 7 n 7 a0 04, 7 HMIK
212 DAERIZBW Ty 7 a7 aRy Eo@E#aEE R &R E ORI SLARR iﬁxébzﬂ‘:&x B Az A Z Ak
DFUGHEE DMK T Uiz A X WALDIRFE % 50 °C 225 70 °CIZHIET 5 2 & T ONARREEN TR X i,
B N A X ALIZFE L=, L2>L Pd(OAc), & XPhos % A2 5 Cld, fe< R 214 25 A B
DRTUAAZMUITIBNT, BHIER LU T RLBIOT V= OSREENE L7290,
WEA 7Y ZTFITETE T, BV RAERY 7 a e IHoNRNo T, — .
[PA(u-DPBus], 1A CTEIL SN TIEMER 2B 0T VU AEERCHLWVEID 2 RETIHEEZ XD
NTW5E ™, ZROH—D U F o RS Lz PdFEOSHA, HHEBICHBITS ) H o RL & EHRIER
DNAREEN/ NS R D70, BED 7Y U TIEBAHCHEIT L, BIIOEY ZEIRY 7 a7 a/xun
EIR TR DL EHER L 7=,

o 0.
EtN ELN EtN
T rRH  iPr,;NMgBu 2 / “IMgl zncl, 2N~ g "[2n]
B —— _ =
Me H  pmetalation Me H 1st Me H
H

H trans-metalation H
212 214
o. L 2nd ]
EttN—/ " pg trans-metalation
3@% *
Me H. (L = PtBu)
g \\fP‘de
A X
Et,N reductive oxidative
elimination addition
PdPtBu c 720
2 () Br / K
[Pd( PtBu3 )™ (D)
T reduction
[Pd(p-1)PtBus],

Scheme 37. Reaction mechanism.

FENZ L LT R A B 7 v 7 a R A ik o FE B E PR 4 #eR8 L7- (Table 18), B-7 2EAF
LoD T 7Y I HONT, MOMT—7 0y U L —7 U535 BRSSP ME D fRR éﬂf:
(211b, 211c¢), E 7, of LI ZMRRFE L FT L5 @ 7 v T a U g RFH I RE2EEE L2
X?Jw%@%liﬁﬂﬁﬂﬁfﬁﬁbkanbm‘*\aﬂ’mmﬁfﬁ%ﬁ¢5% %%wtﬁ
WISARFEE D -0 BTSSR -7 Qlle), A V7T =170 RO L) R = &7 V7
:»%@%ﬂ_owf%ﬁmi%£ﬁ<@ﬁtk(nmzngoik\ﬁéﬁmqum%7mh/m“
NEEINDEEICEH L TCHOEHMETH -T2 211g), T =/VIRITMAZ T, 7V =108 AICE
I L7Z (211h), LV EEV2-T o XV EOEALFETH 72 211H), &Y AE#HRY 7 n Ty
DOFERISLARLE 2110 H NMRIZE T 5 5 v 7V > 7 BB (= 9.5 Hz) & NOEFPIIZ K » TIRE LTz,
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Table 18. Synthesis of various all-cis-substituted cyclopropanes.

H  iPr,NMgBu (3.5 eq) R H /2 Hy

RS THF, 70 °C, 3 h NPT B @0ed  RLIH
O~ Me™ ! Oy ./

Me then =0 [Pd(u-)PtBus], Me
NEt, ~ ZnCl;(3.5eq),0°C Et,N (10 mol%), 70 °C NEt,
209a-e 15 min 214 211
206u

MOMO
Q}f TBSOQ>J §)>J
M

NEt, NEt, NEt, NEt,

211b (70%) 211c (71%) 211d (64%) 211e (0%)

(E:Z=6:1)° (E:Z=6:1)° (E:Z=T:1)

MOMOQ
MOMO MOMO
a
/
e n
e
NEt, NoE NEt, NEt2 NEt2
211f (64%) 211g (54%) 211h (65%) 211i (44%)P

4B-bromostyrene (E:Z = 1:0.2) was used. bReaction performed using 20 equivalent of of bromide
in THF-toluene at 100 °C

2-3-4. 7 FOEHRELH

AR LTV AER 7 a7 aXrO7 I REZER L CHER L E5ERO MR Z 777 2 &L 23
Fice FT. BRA REMETHEICARE LI, WEEFRIENRLE Th 572 b s bl AL
WTNOEREICBNTHBREIRICSNTET I CTh oz, & 2 CRIZEHSUSONMNAK S RS % Flx
LA, 7 2 K 206i 2 EtOTf THLELS 5 Z & TA I 4 — b 215 ~ L ZE# L, MeOH-H,0 (3:1)
KEEAL Y F 7 A THELS 5 2 LT, =F /L 25 )1 216a H353 S 4172 (Scheme 38) 6, HfElfkA I #— b
M HBERTRE T, AEITRY ABEHY 7 a7 a0 211g I b AT RETH - 7=,

H

RaE RIH
H EIOTf (10eq)  EtO._J~ R LioH (3.0 eq) O —R’
Et,N R | Me > =
CH,Clj, reflux _N._ © H,0-MeOH Me
Et'"@ Et OTf  (1:3) 1t o
215 216a 70% from 206i
206i R=H,R'= }—<> isolable imidate salt 216b 78% from 211g

211gR=Ph,R'=; /

Scheme 38. Hydrolysis of imidate salts into ester.

FEE R

EH I a7 a X iR I RBALA X AR IRED » 77U 72k AT EY
AW 7 v T a N OEBNGRIEZRT Uz, RIEITEA 27V =V ERT ) — VOB AT
AT&i, £, Bonlkh v 7V U TRIZTZ AT AA~EBRATRETH O . SRR A BB~ i HErE %
LTz, AR¥EZavenaolD L 9 7y AR 7 a7 a XU B E DRI DOEERA~DERNFEFTX 5,
Fio, RBIFFFRREL A E WD Z & HEMICERILZEATE S, o T, EEMLFEDSET
IZBWT, ZNETARIN TN STV ANICEREZET 5 7 a7 a v OFH 7 7 —~a 7
G T RIBAEEBAD EHIFRFL TV D
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F=ZF FIILFAIVLT7—FORTUOEZVLIEEMEZAV-HMNERERNLEREZ
Ntlizr-o00JF7/ ) ROIKBEIRNT 22— LR

—8 KTHR

Frim Cib 7= X 512, SLODEEIZAEMIEMEIC KA TH V2B L TRAY & [F CRELE DI 5 H3S
P& K 0 b IEFRIBIEESm N & ﬁé&iéh'ﬂ\éso DX DITAEMTERICEZETH Y 2235, DER
R OSTARTEIRFEFLEI TR IS 220D T D, 1-21EZwanenburg 512 L 5 & 7 /VAHBIFI OFIH CTH
%(Scheme 39) 7, ¥ N T a LAY L L Al B VT 2 ODiels-Alder )R IC K W AR EN =Y 1
~F b UBREKY21TAE T, U AN B2 W ERIEE SIS L D X T T 7 h 2188 L TU219
357 ZNAESOCL THIRT % = & T, 2M0IC DOV TR LD R 525D % T LK E 7712203 &
v2nEn N EnG, =/ =/ (+)-222L X T KREFAHNR0EDO T v 7V 72K 2L
WCNARBIRINIC T 7 FoDNEASH, T AT L A~Y—258T 5, mETIRELT, o-¥ 7 mnx
YRV, 180 CCTMENL . 7 u X ¥ P O A 9 WiDiels-Alder SIS 3 #Ef 795 Z & T, 3
RIEIRAY 72 DEREEADTE T T 5 AFIE isorgolactone@éé\ﬁjz’?GM47&@@%‘%073>0)SL§E%%W®{E\EE
R EN T DD, T REFHIOERITATIRLL B35 2 L X0, iWiDiels-AlderSUG I 330 T
RN E LB LT 5 R THENED,

O . O
H 12
e} O socl, C O
Hi Me — > Hi. -1Me
o0 | (e ()
1. LIAIH(OtBu);
H Me ——— ~  21885%ee 220
2. Lipase PS 0.
vinyl acetate A0 o 1) TFA Cl2O0~_0
()217 H Me —— Me
2) SOCl,

219 87% ee

o]
6a O 6a O o
3a N 3a AN
O,,_ o (o) o-dichlorobenzene O, o0 o
2 ° ;
o o) Hi) [ \Me 180 °C 2\
6a KO#Bu 64%
N 220 223 (+)-224 (GR 7)
3a - O @@=
OH DMF, rt
(+)-222 72% o
O
6a 2
w O
0, o
2 O0 o [aN
Hii ..\Me o-dichlorobenzene O o
Q 180 °C 5 o
50% —
ent-2'-epi-223 (-)-ent-2'-epi-224

Scheme 39. Stereoselective construction of D-ring butenolide in previous work by use of homochiral synthon.

H ) —ODOHEFIE LT, Zwanenburg 5 13F F /LU 5 K DACH-Ph 777E F CTO/RT7 7 MMz X
57 VINE ) — T —F MRS 2T B 5 (Scheme 40a)™*, AFikIT GR7 (232). GR24 (25).
Nijmegen-1 (232)DHIFAET / —/VZHEH SN TEY . WTIN b @EIELPOEWAFINEEZ 52 TN
7272 L. ZBRYED GR24 I OW IS E O FME LviE L TR b3, BEONARRRMEIIENT
IE7e0, EER. 2014 4 McErlean DI FEMRD T ) — /b (+)-44 Z AW TZFRITIERMESME T LTV D
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(Scheme 40b) ™™, F 7=, HEZ(-)-solanacol BIEEAT 7 —/1(227) % FI - BITILERAS 48% & i |2 /E &
STUNVDG ¥,

(a) Zwanenburg o

Pd,(dba); (3 mol%) e
0.0 (S.S)-DACH-Ph (9 mol%)
6a CH,Cly, EtsN, 1t
_bh BN

0]

6a.~‘o
@-‘\

B Y BocO., O
(o]
- L<\(:2 0 eq) 35% 53%
(+)-222 ’ 95:5 er 99 1er
75% yield (+)-224 )-ent-2'-epi-224
0.0 same as above C@i ©E> \?
@2 90% yield
o 38% /0 52% =0
(+)-44 *after recrystalization 95:5 er* 100:0 er*

(+)-25 (GR24) (-)-ent-2'-epi-25

C[lé %OMe same as above Cqé % NH HN
PPh,Ph,P

226 (Nijmegen-1) \ '
65%, 98:2 er o : (S,S)-DACH-Ph

(b) McErlean

o 8b 0.0 :\O (0]
8b O same as above T N N same as above -
N O, » TN N
3a iy i O, 2

O 0,
OH 53% yield “ o N H OH 48% yield OH
N (0]
()-44 (+)-25 (GR24) (-)-227 (-)-228 (solanacol)

82:18 dr
Scheme 40. Stereoselective construction of D-ring butenolide in previous works by Tsuji-Trost reaction.

LI EDHFNG, KIKD SL & [F CRFE# O ZBRMEILE ~O D BREHEAIZOW T, IR « SR - I
B I SEORME DD L FE R D, FEEITZOMEZMRT 5720, SL @ D BRHLIRERAE
MNEDBRFEIZAETF LT,

FH SRS & BEE R

JATHRZE L [FRR, =/ —VEMLE 77 2 U REMLE 1 v 70 U742 2 L3, EEH)72 D BREOEA
IO NRINTZ EEBITEZ T, T2 T, X IR DA T ~DNIEIE (a), &I~
A R O-H ffiALUG (b), SKIEZAMEHAEIC X 2 BHLUS (o). =/ 77— FOT T /ALBIER (d)ZFHE L
WIHIRET L7 (Figure 13), = D5, IR T o &= AMEAEZ W72 BRICEIRMES BB L=, LR,
BAEENIIE & AT AN DV TR %,
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CF3

!Bu S
o M

N’ t “CFs o} le)
H —-
\wor N °
Jacobsen, E. N. et al. /
< .- M = Cu, Fe, Rh, Ir

F J. Am. Chem. Soc. 2008, 130, 7198.

O-H
[SI] or H . anion-binding insertion .-=" me Me
OO A O e
) PN LT Me”F,
o P chiral cation *~. P Fe
o e
Fe
Ar Me Me
List, B. et al. Me Me
Angew. Chem. Int. Ed. 2013, 52, 4474. Me
Fu, G.C. etal.
J. Am. Chem. Soc. 2006, 128, 4594.

. L AN
nuclleophlllc ().--~ "~ _chiral cation
cata ystis/,, Al A \\\(d)
0.0 < OH Ar o
. 0 -\ CLL O o0 x
\ 7 - Q
) N\ “~ o N®
. OH 7N ~ ©
[Si]O S !
Ar” Ar Ar Br oo
Mandai, H.; Suga, S. et al. Qoi, T.; Maruoka, K. et al.
Nat. Commun. 2016, 7, 11297. J. Am. Chem. Soc. 1999, 121, 6519.

Figure 13. Strategy for stereoselective introduction of D-ring.

T )T = NORFET NFIALSOSTE S < BB SN TWD 0, 78 JRORE1H1 %2 O TR OG
ERHE, A BICED 2B DR TH LY, 26 OF TIZHNHT > =7 LH cat. A £721% cat. B & T
WHZ LT, Z Uy 7HRED a it A v F—ID 3 i F o FANnoTT AT L AR
FINZ T VX AL LTS (Scheme 41), 7238 2415 OFITiX a L TRFE — RFEFE G DR ST D,
—Fh., FEHEORWE T HEHIST “;ﬁJ:“C@Yﬂ/aF/WIS“C%ét&')\ BESNLEBREBIIZNET
EITRR D,

F3C CF;
cat. A (1 mol%) OO OO
Me  18-crown-6 (1 mol%) CO,Bu
Ph,C=N._COxBu+ | - /\/
Ph” “Br toluene-50% aq. KOH OO OO CF:
229 230 0°C,6h Cth R B

racemic 231 88% yield
(2.0 eq) 95% ee, 95:5 dr ‘ cat. A

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

3 N Ar
Me, : e /‘\ﬁAr
. b ;

N 3

Me Me h ! =/ HN_oO :

cat. B (2 mol%) MeO E 3 A =E_® :

MeO Me  KoCOs(25eq) o Fic Ph ' o
o+ I = N ; . |

N Ph |

Br Et,0 Boc ' FoC Br
Boc 230 0°C, 48h 233 99% yield 3 CFs
232 racemic 99% ee, >20:1 dr cat. B ‘
(0eqy T

Scheme 41. Alkylation of enolate via kinetic resolution.

AT 0 R SREA Z BT =y MO X5 BB ENfREL(PTC) &AL A A DR T ARE ST
k&E%%émfw@woﬁ$\ﬂﬁ%ﬁ%:ﬁ7:Fn4@7)wM:%wf\%7w%mﬁ7y%
= LM cat. C Z L EIRINT 5 Z & T, BEARF 287 2 AR 235 O&RICEE) L7 (Scheme
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42a)°, F1o, NUBUF A EREHIE LT, A 22236 ~OTF 2 F ARIREIAINIEDS Chao

ICEVHESH TS (Scheme 42b)°', 7235, BRFERIEANCH LT PTC & W= ARFISIFBUED & 2
AHE Z TR,

(a) N-alkylation of amides

i cat. C (2 mol%)

O | tBu tBu
! R
HN” OPh Xy, (3eq) \/\NkPh 3 OO O
KOH (10 eq)

i nHex 1

M [ Me [ ‘ !
e : N/® R = i
iPr,0 i \iHex O 1

-20°C, 48 h | o tBu

Me Me : R Br ‘

234 235 : }

78%, 89% ee } cat. C tBu

(b) Mannich reaction with ArSH

cat. D (1 mol%)

! tBu \ CF3!
NHB PhSH (2 eq) NHBoc : W/\TGD i
0 oc PhSO,Na (1 eq) : 1 Sﬁ" NH 1
VS . '
Ph CH,Cly, -30 °C Ph™ "SPh : NH BC Gy
236 237 3 ‘

99%, 80% ee o

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

Scheme 42. Examples of heteronucleophile using PTCs.

R U LT IFAU LT 26T 5% 70 HRBRMEINMRT o E =0 LRI LD RERIS S ST
W% (Figure 14), FUSH]E L TMicheal SNBSS, 7 b R—= /ARG, B-47 b = 2T L Dofii
BEHAESS, A 2 DR IBUES R B, Lo L, HEHED N BB T ¥ & — ARG D
BT,

N~ SAr! L X
/\ Ph are J
X NH X NH r~ “
| Py N Ne
CFs _NH N oA o NR
Art H | \
238 239 240 241
Lassaletta, Fernandez et al. (2010) Zhao et al. (2013) Dixon et al. (2012) Waser et al. (2014)

Smith et al. (2013)

Figure 14. (Thio)urea-ammonium salt catalysts.

7V a v LR EBRS & AR A W om T A IO T AT VAR T & 2 — VIR
FOGITE & A EHA STV 70, 2010 4E1C List H13F 71 U U ERAES)-P1 FE T, % =7 /L=
—NVEHTDHTEH—IL 242 ODFHKT & F — VWG 2B L2 (Scheme 432)°%, AHFZEILZ D,
XTI NA X Y Rk IDP1 Z W2 13-4 — L ET AT ROX T LT ' X —ALRIG~ & B
B & 4u7- %, 2012 4 Nagomy & I35 =7 v a—L a2 HT% 6 BT ) —/L=—7 )L 246 % P1 THLEL
THL, FTLRAE O Z—/L 247 REHILD T L AW L2 (Scheme 43b)°° ¢, F7- =< £t Toste
DIXT Va3 —/L 248 ZREZH & LT, 7T =F o HAHBEBEIfMELS)-P2 & 34T — F=7 A 11 fF7E T,
HHEICE DT FIE Fr 75 249 DV T AT LAWY a-Csp))-H 7 & — b2 8iE Lz
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(Scheme 43¢)%, A 3AE# 2 BT T 203 A ATHER b DIX 2,5- BT NS Re 7 U L7

A= VITROENT WD, £, SEARERPE

IONWTHEEDORMNEH 5,

(a) List (2010, 2012)
/\O Ph O
Ph (S)-P1 (1 mol%) 0., O o O
/\OJ\AﬁPh ( 'QLPh OH oP
OH MS4A
benzene, rt, 48 h 243
242
95%, 95:5 er
PR
(2 eq)
oo - e
OH IDP1, MS5A 0)"”)\ - iPr
toluene, rt, 48 h (S)-P1 (R'=R*=jPr)
244 T 245 " 2
86%, 96:4 er (S)-P2 (R'= jPr, R°= Cy) IDP1
b) Nagorny (2012 Ph
(b) Nagorny ( P)h o N
o (S)-P1 (1 mol%) 00 ‘
Ph g |
OH pentane, -35 °C ©/ \©
246 247

96%, 96:4 er

(c) Toste (2018) (S)-P2 (10 mol%)

OH 11(2.5 eq)
Ph/ZE/ NaHCOj (5 eq) Ph/\/o@,iBu
o MS3A, MTBE
23W CFL, 24 h 250

H\(—?/iBu

249 (25 eq)

67%, 15:85 dr

Scheme 43. Previous work on stereoselective acetalization.

UJ:@%%#%\%%VJSL@D@%& NSRRI EA O WG & LT Z 0 U Rl 2 FH N2 25,
7' = AL IE RS HEIT Lo T2, ZOPHIRGHZ DWW TEL Ik~ 5,

%%ﬁ@%@GM4%%%i/~wﬁH4ffT X T CEEAES)-P3 ZHWTT T /U RRE
FHN O BT 2 5T L 72 (Table 19), mx/%»%%m%ﬁkbt%é\A<ﬁmiL L7
72 (entry 1), £V BWERIEE 283 AL IDPi-1 ~E A F L7203, ZO5A S 2 < BOSEEIT Lz
S7-(entry 2), BRIZ X DIEMALZHFRFLC, RKETHE NV /a7 A IT7— e LA &
HEZRIRE WM Z 5272 (entry 3), £ Z TMSAAMFETR, ~IT7 X — VKRB FAHIL T 52 LT, Bkz
e 7T Z— VAR Lic, L LRs 6, I benzene-ds, 7 mm A% THF, MeCN %
FAWTINEGEN L7232 < SOGTEIT L7e o 72 (entries 4-7), ZALDHDFERNG . 710U Wit
MWD T ' Z— VBRI LT,

46



Table 19 Screening of acidic organocatalysts and additives.

X O (0] o)
O
0 W(:\CLS eq)
A, — \

cat. (20 mol%) 0, »
OH solvent, temp. (RBI o
(+)-44 (+)-25 Q(& (¢}

entry X cat. solvent temp. yield
1 OBz P3 benzene-dg rt N.R.
OBz IDPi-1  benzene-dg rt N.R.

OC(NH)CCl; P3 CDClj rt complex mixture
42 OH P3 benzene-dg rtto 85 °C N.R.
59 OH P3 CH,Cl, rtto 40 °C N.R.
67 OH P3 THF rtto 70 °C N.R.
7 OH P3 MeCN rtto 85 °C N.R.

4MS4A was added.

Z DA, O-H i NCSRIZARBEREAE (2 SO W T O AIIRES L7228, O-H i NI DWW TUEALE O F LD A
T, REZAMEHERE OV TR A OFFIRMEDN 2 BB Lo T2,

ZZTEHFIL PTCEHAWVIZH LWTEICEI D T T /U REEAT D Z E&2FE Lz, RFlo, KEHE
AN AT HHEMNET = AEICER L, =/ 7 — N XUTFEURT v E=v LM A 4
KA T D ETRTE D, 2O, KEREMEIALZA L TV, =/ 7 — b IV 5RfE e Bl B
EECRETH OFRENFEIRFICAREE A Z L2 WIfF LTz, £70, T UE=v AT a b v EFEAAE
ATHZERMENTNAEY, BT, FTLFATLT —T = AEMEAE AWS Z & T, KEH
Dx)F7—hr X EREFAIOTT U RY ZRIKICERET D22 LX), SRERVENR BT 52 &
ZHFF L 72 (Scheme 44),

o X *
o o)
NN A )LQ/ m o
0 NN NG ~y 5 /o---2
FanN H Hcr | H\ ,H L®’ ~
X chiral PTC | |’ ; 2
. e 0 ——
o
X i o O\ﬁ%o\_)q ;{N)LQQH
! ! ion pair H H I'. L
Y L
oK

Scheme 44. Strategy for introduction of D-ring butenolide through stereoselective acetaliztion via DKR.

F=EH HBR-EBER
3-3-1. Xy y—=24

FPTIIREA 72l F A VBB ENARE(PTC) 2 F5t L 72 (Table 20), a7 2 RiZANIIAREA A LSL
T HGR24 (25) ORIBRMANLIEET ) — L (H)-44% AN, 24 ED 7o 7T /U R26& @R EO
Cs,COs M OPTCAFAE N, R/Lbm 2 Hi0 °C, 6-24K[EIFEHE L7=, Fulidl & Oft(S,S)-PTC- 1% 5 & &
BETWDOVT AT L A~—BERLTELNES, 7uue7 T ) FOYBEEZLIYE~EHL Lz L
A, AEORRE G 212, Z OfERITARBIS DB HEE GRS 0E] (DKR) 2/ LTW\WDH 2 & &R
2L CW5, LD M2 HT 5 HEMZ S 5720, =) o F 4 ~—RR)-PTC-1 THRH LizL 25,
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SEARERPUPE TR TR IS L ONRIRMEDME T L7z, ZAU3EE & it mismatch L T\ 5 Z & 258 <
RS %, LR DM T2'(S) KD BRI A2 @I 5 2 7228, B (R) (K& 5 -0 Ikt %
BEF L7, SRR S OREPTC-2, Kt S OfIEPTC-3", RO > aF 7 v A FFEHEPTC-4T
ILRIRMEIRBL L e o7z, £72, iROPTC-5°PTC-6 TIISLBHEIT LienoTz, —J, FA UL
TIT VT ERTHENET T =0 LEAEPTC-7, 8% VW5 & BIRMEIIEWLODOELDO VT AT
LA~ —MER L TE LN, EEOEEE LT, Songhb D7 77 =—F LCE-1"' & Mg L1273,
PYEFFRBLL 2o To, F7o, iEZ W THORISHETT 5 2 L DR SN2 9, ﬁﬁﬂzﬁiﬂ:#
T T ORISHELT Z2 03 2 MBELASIRIE STz,

Table 20. Initial investigation of PTCs.

Clam O 0 o
0-° %(:Tze (1.1 eq) O

cat. (10 mol%) 0, 5
Cs,CO3 (5 eq) R) o
(+)-44 toluene, 0 °C ( )\ o
95% ee 6-24 h (+)-25 (GR24)
R . Bn  Me R Ph> (Ph
F 0. *N\?R Pha N N_ oPh
¢ X SR G Y
T s T mowd e oo AL
O e
R Br 2BF, PH Ph
(S,S)-PTC-1 quant., 23:77 dr? PTC-2 PTC-3
0, . .
(S,S)-PTC-1 93%®, 20:80 dr 91%, 42:58 dr quant. 48:52 dr

(R,R)-PTC-1 43%?, 45:55 dr

CF3

X
OH Q M [ J
\ / FsC NT N
N ° H O H Lo
@10 Me NS
) Me”™ '\ Me
Me © Cl Me

PTC-6 PTC-7 (X = O) 95%, 66:34 dr
0%° 0%° PTC-8 (X = S) 97%, 63:37 dr

| |
(WY
S %% w8
O = O
no catalyst
Wl W
Q Q 74%, 40:60 dr?
CE-1

68%, 52:48 dr?

51%, 48:52 dr

Yield and dr were estimated by 'H NMR yield. 2 equivalents of 26 was used. “Isolated yield.°CsOH-H,0O was employed instead of Cs,CO3
at -10 °C. 920 mol% of catalyst and 1.1 equivalent of KOtBu instead of Cs,CO3were used in THF instead of toluene.

3-3-2. REFHIDHE

feW T, KEFHZHF LTz, PTCITIZEADNAMME P2 B L THER T AV LT 7 =0 L
fiEPTC-8% VN, Flix OB ZET D577 /U K= —)L(H)-42F/E T, hbm 710 °C, 2415
B LIBEOIER YT AT VARIRIEIC L VFHi Lz, Ny A AF v &2 72 v, b
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U7 murt b2l s U7eBRITIT e < ROSHIEETT L7270y o 72 (Table 21, entries 1-3), JE D HRFT
THWey-Z7ea 77 7Y R26L 0 LBEREDOE\ V-7 077 /U RERETFAIELTHWEZ A,
WRBLOTT AT U AERIEDME T Liz(entry 4, 5), Z DOFERIZCIO ST Br& V & /KB FESZHEN
BN &L BraSBBER O A CIIAEIERT 5 C O UG AMEHE S -T2 EHERI L TV DT,

Table 21. Investigation of electrophile.
O _o

X
0. \qmneq) O
O3 o 0

Cs,CO3 (5.0 eq)

OH  PTC-8 (10 mol%) R 0
toluene, 0 °C, 24 hr ~ o)
(+)-44 95% ee (+)-25
. q v TTTTTTTTTTTTTTTTTTTTTTTTTTTR
entry X yield (dr) CFs
1 OBz N.R. ! S
2 OAc N.R. ! g Q
3 OC(NH)CCl; NR. {FaC N N Te
4 Br 60% (57:43) ©. Me {‘Me !
: cl Mo
5 cl 97% (63:37) ! PTC-8

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

2Yield and Dr were estimated by "H NMR.

3-3-3. EAMEEIZH (T B RIGHET O

il A 7 ) —= 2 T OFRERN D . RIEOZRMAR FOFERER D10 & U TAREIERS 5 T O RT3
AR E T, FEE T T OEERH A LT, RUSRICKEZRMT 52 LT ) T — MK EZIER
A RTET 2 2 & C, ASFHICIFET D RE AL OIS 2T 5 (Figure 15), % LT, AREEEIC
WIRT DHEIGRT VBT MO T A ) T — ERNERT DA 4 U kHIGHAICHFET D 2 &
T, rzanr7T U REBREMICKET S B2, £2C, UTFOoR#FEEK L, VL7 —7T %
=7 MEMBEPTC-TF(E R, =/ —/L(+)-44, 7 177 / U K26, Cs,CO;% toluene-H,0 (20:1)7RATALE
H24RFRHIBHHR L2 & 2 A, 40%I0ER, 69:31 dr CHI A 5- 2 7(Table 22, entry 1), & HIZ, FAU LT
— 7 =T AEPTC-8 TIFILER « JBIRME ) L7z (entry 2), Z AU 5 OFERITAKZ T LRSI
NTPEEFE T LTV D28, BIRMEIEm ELTWD, Eio, BEAESE T TIEo%IEE TILIREIUE 3
L7z (entry 3), ZAUZ KV, fEIERS 5 O FOSHEITIC K D SEARBIRME DR T O AT T & 2 o imif] %
MR LT, ARBUGH OBAIEERTO G OTLCHHT Tk /) — V43R T E ey, iR oA
FEFH DOTLC/3 AT Cldfese T & 7=(Figure 15), 2LV CsT /) 7 — NBKFIAFEE ZIZAEICHEL T
WA LEEL TS, £, BAFITH N TWD 1 M aq. HCHEIE F Tl T & # — 25BN 00 fif LR o7,
LY AR T OUERDI90%TE 5 T BB IZ AR D 0 L TV D T2 TlidZe < BUBBIEE AL
HEATL TV o zloh EHERITE 5, —J7 2 iRINT 2 2 & TR M B L, BRI S 3B L7,
ZOZENS, KOEFINZ L0 AEEIER GRS A I CE 2 b D EBEL TS,
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Table 22. Investigation on suppression of background reaction.
O _o

Cl 0
—/ 26(1.1eq)
e \q %
cat. (10 mol%)
N Cs,CO3 (5 eq)

(Rf©
OH toluene-H,0 (20:1) ~ o)
0°C,24h
(+)-44 (+)-25

95% ee ST TS !

CF3

entry cat. yield (dr)? ‘ /@\ X

1 PTC-T 40% (69:31) | FsC N H o

2 PTC8 69% (73:27) ! o Me\"Me

3 none 9% (42:58)
— - ; PTC-7 (X = 0)
'Yield and dr was estimated by 'H NMR. PTC-8 (X - S)
Cl o Cl o

tg:o 0.0 0.0 \Egzo
= =
Stereoselective reaction CSI\IOQ* N\nOCS -\ . Background reaction
would proceed. would proceed.

(Q* = chiral quaternary ammonium)

Organic phase

Waterphase .
before quench after quench (aq. HCI) ‘ 0.
77777777777777 } C@i\fms
@ ® | (R)-isomer ::> [ X ‘ .
sv| ® : ® | (S)-isomer ® : : i resting state
F-F-F-F- ==t

Figure 15. Reaction pathway in toluene-H,0.

ZOMERERBET D720 1 YR/ DCs,COKFIR &I L U THWTREME L7z (Table 23), 7235,
FEIIXT F 707 ) —)L251, flfZIIPTC-38% iV T2, 24U BT DWW TR HEREARAT D TEI 7k
R5, T3, 0.1 MOCs,COyKIEIKQ2 mL) ZHW\W=& 2 A, ILEHES56%, 84:16 er TT & X — /2820345 H 1
7o(entry 1), Z ZBKDOWMEZ1057 D1, 5055D1E Lz Z A, BRIEICEILIZR ST, RN
FTET L7z (entries 2, 3), VA EORGEHERITKDOFMEBIISOSICHE Y BEL RN L 2RET 5,
—J7. T ETEFRBRICEIRDCs,CO3 % W TZ3A 1T T0%I R T H BN S 7= (entry 4), LA EDOFKS
LV, AL T205 D1DOKZ TN L CTEIRDCs,CO3 & F % et & i stk & Lz,

Table 23. Investigation of dose of water.

entry x y yield (er)
H oS N @N
o o 1 01 2 56% (84:16)
Cé—[OH PTC-38 (10 mol% % 0.0 2 1 02 53%(83:17)
o 3 5 004 40% (85:15
Cl O aq. Cs,CO4 q 00( )a
251 _ (xM, y mL) 252 4 5 004 70%(86:14)

0.2 mmol PhCI (2 mL)
26 (1.1 eq) 0°C,48hr

4Solid Cs,CO3 was used.
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3-3-4. EEEDKE

ARSI T ) T = DOCS'A AU BT =T DL A A VAT 5 2 & T SEARBIRIEN RS 5
T ThDH, T/ T — MERIZEEGT 2L Z MG L7z (Table 24), 7 /v VU &J@/KER{EMIZD
VT, NaOHSPKOH & 0 & S EEMEFE 3 mivy & S 41D CsOHZ W BRIC A S @ WIER £ 5- 2 72 (entries
1-3), KoHPO, TII3%UNHRIZE EF o7z (entryd), £72, 7 h UV ERRBEIZ OV T HCs,CO3 %
tﬁ_m%me+%5zt(mmsno_him+kﬁgmﬁgiﬁ RN D D Z L ERE LTV

*ﬁ\@ﬂf_waiﬁmﬂi&h&@ﬁbﬁw%é%%%\ikhk%M#&#otouhw
F%i@ Cs,COs & i ik & PR E L7e, AMGEHI2ZY EOHEE AWz, SYEOS D e
Zh 2 %5 2 & ZhfERd L7z (entries 7, 8),

Table 24. Investigation of base.

0.
o CI\(—TO o 0
O —( 26 (1.1 eq)
o e O

PTC-8 (10 mol%) 0 -
OH base (2 eq) (555'2 o]
(+)-44 toluene-H,0 (20:1) (+)25 & o)
0°C,24h
entry base yield (dr)?
1 NaOH trace ; CF3
2 KOH 12% s
3 CsOH-H,O  32% (70:30) ; )k RS
LFaC NTON

4 K;HPO, 3% Hy H @ |
5 NaHCO, 3% } c Me ,\Vlg"e !
6 KoCO3  41%(69:31): PTC8 |
7 Cs,CO;  69% (73:27)
8 Cs,CO;3 (5eq) 69% (70:30)

aDr was estimated by 'H NMR.

3-3-5. EMHZT UE=-Y LEOKE

fE R 7 ) —= 0 T ORERN S ZEOKRFEFEE MG I AT HH MR T =0 A TEL O
6552252 ENTRBINT, 2 CERMEZR LS L5720, 26 Z5EMICE L7z (Table 25),
FA VT /T L MBEPTC-81369%INHE T T AT LA~ —7030% 5.2, XY F7 7 Y PTC-9
L0 IR GBEIMEE IR R E S 2T, N FTUTV v EATLY Y a b T v ha A Rl
DT =T AEPTC-10 & 5 IET D) F A~ —PTC-ITIXELD T T AT LA~ —NEAERK
M2 Bleinolc, FAT VT O2ODONHENSARRIMEIZ T 5T 20 EEND L7120, A VY FA LT
PTC-12 TRt L7c & 2 A, IWERITT1% E B4 ThH 5 — 7 CIARRINMEILS52:48 TR FBLL 2o T,
ZAVUTSEREIRMEICE DS 7 nw 77 2 U REDHAERIZEWT, T4 7 L7 O2OONHENTL- L
TWAREEMENZF T bND, T4 T L TREGEIIER L TT U — Wi i a v 7 m~F L& L7-PTC-13,
ST FOAAEIEEZEA LTPTC-14% fiit Loy, SRR m B LZe o7z, BLEDOREEN S, (RR)-
Jua~FY T I VDT V=T AT LT =T oy MEEFECRET A e L, FT
IO T B =T DA N ATF AT ST AIZEE L CTF AT LT EMT U — VRO A b
T, AN MIBHEOS®E SIZOWTHRF LIZE 2 A, AF M (PTC-15), n-7' 1 BV
(PTC-16), 1 V7' /L E (PTC-17)DOfFCldmm < 22 212240 CEIRPEN M E L, PTC-17Ti341%
I, 7129 dre 5272, UL L7 FVIL(PTC-18) TIEIRINIMEN66:32F TIK T L7z, Fom/R2E#aits 7
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OF B2, 7 == (PTC-19)Z MG L=y, 3®IREITm L Lo Tz, —h, V7 ==L AF )L

2 (PTC-20) Ik bW 7 AT LA HI32TTCHMMN G LN, 2L, 4 V7 e e EEiT
VT 2=V AFIVIEOER LN T ) — VAL MIDOEE S E L TIRE CHDH I EE R LT,
AV MIEDBEBEFEIZOWT, 220B# LT722,6-0 4 Y 7 L7 = =)V A AT HPTC21 2 /it L7273,
65:35 drE TEHUWEIZME T L7z, PTCATORERE I L TRIEDME T L2 Enb, FF LT ET
U— BB SCNEGOR UNAIZ L > GRIRENEL T2 Z E0RB N7, T, BWERE
Bz 224V 7 2o VEEZEEL T, TUrEoU L 2mat Lz, BEOBEBEZ T 5
T2OIZEIRT =0 M AR L2, 687 »E =7 AEPTC-22TIX7030dr Ch U A F LT U E=
U LML e UGB E Lo T, — 05, TRERT VB =T AHPTC-23TIX75:25 dr CHRID
Boiv, BRYEOM ER RO, ZOMENEED AHEIZHKT 200D DT, VA TN
VIUNT =T LEPTC24% Rt Lo & 2 A, BIRENS83:17 drE Tl kL7, 24k Y, RiEED
BLEEH B EEOIH LD &R PP NRRIRVEICTF T 5 & TP LE, RIS, VATFARIOLT
FoULABICEELTCHET A LT EMT UV —ABEIZOWTHREF L, LrLRalb, ZRETICR
VIR Z R LT22- 7 = =V ATV T = = VAT HPTC-25R°3,5-E A MU 7 VAo AF )T ==
NIEEF T HPTC29% fit L7=28, BbEiLm L Uiedso 7z, 7 U — VERNL AL MLICKERIE 2 8 A5
HZ LT, LVHRERRE A E OMAMERZBRE L2, 23%INE, 55:45drk 720 I - SwRPESL
IZR & AKF L7Z(PTC-26), £ 7=, R & LU CORREZ W% L CL A7 4 RPTC-27% Wit L7273,
79:21 drTA YV 7Fu VAL D EL U 72 S OB 1T XX o T, A T D 2 & T, KEFH LD
t-nE 7 XC-H-iH BEAER Z I U CL F A4 U LT BRI Z F 7 FA A E B U723 72:28 dr& 720 |
BIRMEOm LIXA S0 o 72 (PTC-28), e\ T, FA4 7 LT LEMEMLIZ2-A Y 7 e BT = =)L
BELT, YAFNANRNDAVT =T MEOFEER K OZEOBEHILIZOWTHRF Lz, FEEREOE
REE L TBIRMEDEEZ TR D720, 3,5-ERA MY ZLFa AF AR DT oE= AEPTC-30, 3,5-
Dt-TTFNRUNT =T AEEPTC-31, 23,4,5,6-X 2 704Xy V)T =T AEPTC-32,
4-A NXIRUDALT U= AEPTC-33 % Wt L7223, IR iﬁf@iﬁ/\/*//lx? VE= A
PTC-24(83:17 dr)lZ (X7 v o T, 2k D FHFROETEEITEFEE CHE AR TH R TITAR
LVEOHMOETEENRKE CHDZ ENGhote, — . 1-F 7 F VAT LT E = AEPTC-34,
2-FTFNAFNT =D AEPTC-35% N5 & ZALE4187:23 dr, 84:16 dr THMMNE H AL, BIR
PERE B L7z, 2-3— RPNV T =T AEPTC36 At Lz 24, 2-F 7 F A A FIEEAT
Bkl 2 DT BR & RIS O3 IR E86:14 dr 252 7=, —Ji. 2,6-V-7 ARV T 'Sy A
PTC-37% Mt Lz 2 A, 91:9dr F GRIRMENM E LTz, 2-XAF IR UNT E =7 LHEPTC-38%
U3-FI T X RRUUALT =T AEPTC-397T1392:8 dr F CEIRMEN M E L7, YL EDRERN G,
RUUNT =Y AGFER BEHIKIIRHIC AL MR XA OEBRENENRRKE N ERH L E
Rolo, Fioo WERERRMEDN &S & WOPTC-39% il & U7z, £7c. PTC-24171E [ C48F[H
L7c& 2 A, T9%I0EE, 84:16 dr CHIUMN G DT, TV LY | RO 2 JE & S AUTEIRME AR T
SHDH L KNEFENE BT N ghol,
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Table 25. Investigation of catalysts.

(+)-44
> 99% ee

(o}

S

o
26 (1.1 eq)

cat. (10 mol%)
Cs,C0;3 (2 eq),
toluene-H,0 (20:1)
0°C,24h

CF3

ﬁl L
FsC NXN“'
®

Ho Ho )
P me \"Me
Me
PTC-8
69% (70:30)?

PTC-12
71% (52:48)

Me,N

0 N=F
=z
=
z
O]

Me” | "Me
M

PTC-9
29% (44:56)

SWNe

H NMe,Bn
C]

PTC-13
26% (69:31)

PTC-10

e

NHTs Me” \
o

(R,R,R)-PTC-14 16% (50:50)
(S,R,R)-PTC-14 52% (70:30)

(R) or S)

PTC-11

a

PTC-15 (R = Me)
PTC-16 (R = nPr)
PTC-17 (R = iPr)
PTC-18 (R=(Bu) 15% (68:32)
PTC-19 (R=Ph)  19% (66:34)
PTC-20 (R = CHPh,)24% (73:27)

e

@ e\

Me
24% (61:39)
10% (67:33)
41% (71:29)

PTC-21
32% (65:35)

PTC-30 (R = CF3) 67% (75:25)
PTC-31 (R = tBu) 73% (80:20)°

o\

iPr

85% (77:23)

PTC- 36
63% (86:14)°

N
H
Cl

5O &
H R

Q

16% (70:30)

32% (79:21)

PTC- 37
57% (91:9)°

= é“TW Me
@MTW Me i i
PTC-22 PTC-23

55% (75:25)

PTC-34

64% (87:13)®  55% (84:16)?

098

PTC- 38
58% (92:8)°

PTC-39
74% (92:8)>°¢

S
A
rmkﬂ
S} N®
Cl" Me™ '\’Bn
R Me
PTC-24 (R=iPr)  48% (83:17)

79% (84:16) (48 h)>°
PTC-25 (R = CHPh,)51% (80:20)
PTC-26 (R=0H) 23% (55:45)
PTC-27 (R=SMe) 48% (79:21)°
PTC-28
19% (72:28)
c:|=3

PTC-29
78% (68:32)

a5 equivalent of Cs,COg3 was used. °CH,Cl, was used instead of toluene.’Reaction time was 48 h.

3-3-6. Tt IARADLHE—MEIEDREEE

SL I& D B&#hIC

tE~T ABC

Ay b EREE L U THWTARIR

RN EME R EEZ A LT D, Lo T, 7EIKD ABCERZ 77
A2 & T SL OSTAEMER A I
SR =@ )44 ETEIRIZea T T Y R 26 ORBEEBRGE B IRME 2 R U7z filit
PTC-37~39 % AV THEET L7z (Table 26), € OfEH, HFEVER(+)-44 Z 256

DB EWEREEZ 522 00T A5 LA ~— ()25 (54%, 83:17 er) & (-)-ent-2"-epi-25 (40%, 88:12 er)

rENENTT o F A RIRIC

ERTE Ty 72 er IIBBOITNE
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matched, (-)-44 &% mismatched pair T 5 Z L3 -oTz,

Table 26. Investigation of catalysts for racemic substrate.

5y e o ST

cat. (10 mol%)

Cs,CO3 (2 equiv.), (R;
CH,Cl,-H,0 (20:1), 0 °C, 48 hr o) lo)
(+)-25 (GR24) (-)-ent—2'-epi—25

yield (er) iPr
(+)-25 (GR24)  (-)-ent-2"-epi-25

F
1 PTC-37  48%, (81:19)  35%, (86:14)
2 PTC-38 48%,(82:18)  34%, (88:12) NHTs
e

3 PTC-39 54%,(82:18)  40%, (88:12) F M
PTC-37 PTC-38 PTC-39

ARFEPMOSLICE M rTee st Lz, £97, ZBRMEATLSLE LTH BN 5 GRTATAT » — /L
(£)-222°% 123 ] L 7= (Scheme 45), =/ —/L(+)-44 THROEAE T d - 72PTC-39771E T, RO ST L
72 & 2 A, GRT(+)-224) % 41%INE, 81:19er TH7-, 7o, Wi d D (-)-ent-2'-epi-224% 34%IVH . 85:15
er THAZT, ZORREIZ, ZBMETZ Mo OBE LB L TIER, BIRMER L Ol & L8 o
match/mismatch(Z OV, FRPEOH 5 HD7Z -7,

O %(:\(26 1.1 eq)
ﬁ ,\\‘\
Oo._o
PTC-39 (10 mol%) o o
CsZCO3 (2 eq), —

(+)-222 CH,Clp-H,0 (20:1),0°C  (+)-224 (GR7) (-)-ent-2"-epi-224
41%, 81:19 er 34%, 85:15 er

Shcme 45. Application to synthesis of bicyclic SL, GR7 (224).

&Iz, FEHTY SL TH 5 avenaol (40) DA L7z, T /7 —/b(£)-233 [ZxF L it S 412 B L 7=
EZA, DERHOEANZ L 160 (45%) & ent-2"-epi-160 (30%)DIRG¥ % 437- (Scheme 45), Z DR
EWE DMP BB L Tl o=y b av VB AN DT AT a~ 8757 0 —ThHlEL TH)-161 K&
W(-)-ent-2"-epi-161 % ZILENFF7=, (+)-161 % HF-pyridine THLEE L T avenaol (+)-40 Z 5% L, 81:19
er THDHZEEMR LI, (1)40 D CD A7 hMLUEHMESHIZa Yy PUhR 2L —8 L, KAY
& A U STAREL I Cd D Z & & fER8 L 7= (Figure 15), ARIET 2-RENEZE LN D120, RKW O
RESTARECE DHEEREE L[ U 2-(R) A TH D Z E N R I Nz, RIS, (-)-ent-2"-epi-161
AR LTI DIV (-)-ent-2'"-epi-40 1 96:4 er TH o7z, L7 -> T, avenaol DHRKIZEB WV TH
GR24 (25). GR7 (224) L [k ORIREDER N H D Z & B oynoT-,
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Clan O~ 0
M‘(:zjs(meq)

PTC-39 (10 mol%)
Cs,CO03 (2 eq),
CH,Cl-H,0 (20:1), 0 °C

OH o
160 45% (+)-161 (R = TES) 64% (-)-ent-2-epi-161 (R = TES) 36%
ent-2'-epi-160 30% \—> (+)-40 (R H) 96% (-)-ent-2"-epi-40 (R = H) 80% ]
(mixture) Fopyr 81:19 er 96:4 er HF-pyr

Scheme 46. Synthesis of (+)-avenaol (40) by PTC-catalyzed stereoselective acetalization.

Avenaol: CD (CH;CN. ¢ 0.0020) Aoy (A€) nm: 232 (16.13), 208 (-19.9).
(+)-40: CD (CH;CN. ¢ 0.036) Amay (A€) nm: 229 (30.23), 206 (-24.53).

CD spectrum of natural avenaol (MeCN) CD spectrum of synthetic avenaol (+)-40 (MeCN)

o 7\
0 f N\
0 ; N

1 1 220 245 270 295

-10
I JV’

Figure 15. CD spectra of natural avenaol (left) and synthetic (+)-avenaol (40) (right).

[6] (ndeg)

wavelength (nm)

728, avenaol [ZIX7 b BN 1D, 77 N 2OFMETH, 2LV, CD AT MLZEFIHL
THZZ Y FRIRRT 7 b7 2 —RNCHES S M TR E ORE 2k 72747, £9°, i
KISARBLE CTh D, 2'-(R) BLiE D avenaol O FZ2ERE 4 DFT 15 (Gaussian 09 B3LYP/6-31G*) T
Kw7- (Figure 16a), el TH O IARBAEIZ S L, A BRE A VAR =L BIZH>WT, A7 % > M
%zl L7= (Figure 16b), T DOfER, A TORBIZZHOBEBRIENFEL TNDLZ Enb, ADa Yy

BN TR I,

Figure 16. (a) Optimized conformation of avenaol (40). (b) Aplication to octant rule for A-ring ketone.

HWT, CEREETZ iz oWT, 77 by - v 7 X —Hl%@H L7z (Figure 17), = DOHEHR, 5,6
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14, 152 ZAD =y P URICFEST LIRS, AT EDO = v b RICHEG T DRIRISHFE L,
Wo T, A BREICHAD ERAEHRIC LD BN REWVWZOBERXTE RV, ZOHREbAD =
v FUBRBTRINT,

(-):4,5,6,14,15
(+): 4

Figure 17. Application to lacton sector rule fot C-ring lactone.

®EZIC, DEHIZOWT T 7 by -7 Z—HIZEH L7 (Figure 18), ZODOfEH., 2,3,4, 40N &
Day hHRICEFEETLIRIBICEENTZ, ZOGALBAEEIRICEI D FENHEBRENE(T D
EEBZONDN, DRl EHEDOa Yy FURNENDGRITITE BHENFE LW L2350
Mb, #EoT, ADay FUIRB TSI,

(-):2,3,4,4

Figure 18. Application to lactone sector rule for D-ring bunotelide.

b, #2722 FMIBEOGT 7 b - v 27 2 —HNHESSELRNDL, 24(R) BIZAD = > N2
FTREIND, ZHUTERER E L TE Y., avenaol DAfEX SIARELEN 2'-(R) Th 5 Z & ZEAFIT T
éo

3-3-1. RICHEAERRMT

S EHEAB AT IZ 13 match/mismatch 234 U CHENT NEME(L T2 D 2 [BIRET 572027 T Vv7eT ) —)b
251 %52 L & L, PTC-38 1575 F. Cs,COs & 7 mn 75 ) U K 26 % PhCIH,0 (20:1) 1 0°C

56



T 48 IR D & | 74%IEE, 89:11 er TH v 7' U 7K 252 13§ H 417z (Table 26), [FIERIZ, PTC-39
THHRT 5 & 2%, 94:6er LTz,

Table 27. Investigation of achiral substrate 251 for mechanistic study.

Clun O~ 0 o s
o) —[( 26(1.1eq)
(ﬂ OH q % o-° QNKN“%@
_ OM«I L HoH
— R2

cat. (10 mol%) 252 Pr gl @/N
Cs,C0; (2 €0), — === i
251 PhCI-H,0 (20:1), 0°C, 48 hr  __Cal.  yield (er) PTC-38 (R'=Me, R%= H) "

PTC-38 74% (89:11) PTC- 1= 2= NHT
_PTC3972% (o4 e RENT

KRETHOY BRI L DIE~DOEELZHER LT, =/ —/L 251, PTC-38, 2 % & D Cs,CO; 17
T, 7uur77 /U K26% 1.1 4E, 20 %58, 43 98 TEREHAE L, PhCl (1 mL)-H,0(50 uL)
o1 0°C T 48 IfHIffe#: L 72 (Table 28), 26 (20U VT, 2.0 HETIEL 92%I=R, 84:16er 720 1.1 HED
a0 Tm E L, SIRMIMKT L7 (entries 1,2), 7z, B L7226 137 IR TH -7 (entry
2)e ENLLEOYEOHEINTINE, BIRVEITE L 5. 2 2o 72 (entry 3), £ D Z & I ATREME:
ZE & L C, PhCI-D,O I CAUBESUSSRATFIZH LTz, ZORER, BROIT R DibEh T s o7
(Scheme 47), VA EOBFEHFERNL, 7uear7 7 2 U R26id=/— vty 7V 77 8I{bL
TWDZ EDNRBEI NI,

Table 28. Investigation of dose of electrophile.

Clan O~ _0
7 oH %(_T 26 (x eq) entry x  yield (er)
— PTC-38 (10 mol%) 1 11 74% (89:11)
CSZCO3 2 eq)

2 20 92% (84:16)
251 PhCI (1 mL)-H,O (50 pL) (20:1) 3 43 89% (84:16)
0.1 mmol 0°C, 48 hr

O_o

Cl
o) ”“(:\GG (1.1 eq)
OH
— PTC-38 (10 mol%) /\I
Cs,CO03 (2 eq),

251 PhCI-D,0 (20:1), 0 °C, 48 hr D-252
0.1 mmol 68%, 86:14 er
0% D

Scheme 47. Deutrium experiments for acetalization.

suan 7T )Y R26%Cs,COMF(E . toluene-dg-D,OF CHLEL U723, Z7 a7 /U R26DyLiT4
<DIib&E7en o 7=(Table 29a), F7=, itz Nz 7254 CTb <DL~ 7=, (Table 29b),
a7 F U R6RT ) — b ERE LTI I LN & 2Rt 57,
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Table 29. Deutrium experiments for Cl-butenolide (26).

@ time D rate (%) (®)

5 min PTC-38 (10 mol%)

0
cl_o__o Cs,CO3(1eq) Ch_oO__qo 1h 0 C_o_o Cs,COs(1ea) G\ _O_go
H D 3h 0 H D
><—\( toluene-d8 -D,0 (20:1) )(—\( 6h 0 )(—\( toluene-d8 -D,0 (20:1) ><—\(
0
0

26 0°C, time D-26 10h 26 0 °C, 48 h then D;0* D-26
0.1 mmol 24 h 0.1 mmol 0% D
48 h? 0
a) after quenching
with D30

PLEORGFHFER IV | #HEE I D SR Z 7”7 (Figure 19), =/ —/L 254 % Cs,COz IZ LV il 7' =
hMAbEin, =/ 77— IPERT S, HFAEHHE LY LAKMEE IR mRET 5, 201 & PTC &
ORI TA A BN ETL, =/ F— F-PTC A A% I L CsCl MERT 5, I IXAHEFE, CsCl I
KE~EBITT D, AF vt iZraar T ) K26 EMHEERT L2 EREESND, BENIZ,
o~/ J— iz venars ) RO—FOxT ) I 4~—26a 285G L TREXEL, X717
X255 BIEKT D, ZOWRBRIFBIEDOL A, LLTFTOBB TSR MEEHELTWND, I 1D
DEISIERBEOATEEME L LTE X OBND Syl BRIETIEA X Y IRy A AU BAEKT D, LL,
ZHUIHEI N R =NV EDOGFIEIC LD RLELSND Z ERTRIND, o, B oy T VAING K
FEHMEEETHZE bRBEND, FA T LT ENNT =4 A VEREE L U CHET 5 2 & T %
IANR=T ZA GV DERERET DL HBZZ LN, IRETITEEINVR= VA2 GT 55
BTOBNTRN, o, PIHIRFHIB O TIMESRIE TIEA < RUGHEEIT L oo, 2T ARG
TCAARIBIRMEZ BB 5720121, iR~ 7 ) Ra=y N EFHAERT L20EDNH S, KIT Syl X
JEDBBIRFBIZEBNTA XY WVR= g AA G U EHAERT 20 ThIUX, EREHfL TL
AT DD 2 O T =AU BB LD, 1 DIFT /) T— FTH Y., SKEED DI ERIREE
HEZRDLDTHIUL, b 1 DLCIA A DREYTHD, ZINbHEEINLIEBRIRIEL, S HD b
DEREITEDLRNWEEZBND, HEEIZTE RV, U EOBE CHEOH EEBIRIEIT S\2
BITHREL TS, —F, Z7uu77 /U F26 1IRJERNTT I L, 26a & 26b ORI A
T 5, ISHERIT ORI OIT= ) 77— FPAERK L TV RNWEEB X bND, £, EBIOREE T
TRV AINNR=ZT LA FATEBR L TOZRNEHERIL TS, L7eR-o T, BUEDO L Z A, filliiE 7213
RO ClLA AT RIZEEG LTS EHEEL TV 5D,
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racemization Cl_o o
O AN
Cl /
S}

stereo-determining

26b

organic phase

aqueous phase or interphase jon exchange

c 00 Cs,C04
sCl - q CsHCO;
resting/, AN
state OCs

|
Figure 19. Proposed reaction mechanism.

3-3-8. DFT & &FBIRMICEET HER

SEARIERPE DR B Z IR D720, KA~/ 77—, 7unr77 U K, BUHKT E=7 26
T71E F TOEBIRAE TOMAAEH O3\ % DFT 51 % (Gasussian 09, B3LYP/6-31G*)(Z X Y bhlg L 7=
(Figure 17), 28, ME SN DBEDE 2O TT2DT V=T AL AE N ATF LT U E=T L E L,
REHNZRBRIET 7 b b LT, (50N BRIREREICOWT, FAHEREN 7 7 o T AT — L2
BOTMEYD /S WEFTIEZEOFA THAEEH L TWD EE X 6, LR T, EAOVIK bsE 5
2 DI EBBIRRETS- 1 OW T, =/ T — MIAIVR= VRN F A0 LT D2 OONHKE & AKEREAT
HZEBRBEINT, 7anT7 7 )Y REIT7T VB0 AwkFEERR BRI OMER -2 HAEEHL
TWAHZ ERfER SN, = FA~—% 52 5ent-TS-LIZOWNWT, =/ T — MIOWTIEFBRIZ A
NWR= NI E TFF T LTI NHEO2 SO AERARMER SN, 77T /U RZOWTIEAVER=r
R OBENT =y hakFEEMAEERT S Z LRI N, BEZRLX —DELent-TS-1D 7
7230.16 keal/mol K & < | TS-1D G WLE T H Z & DRE S iv7e, AFHEMSRITERFIE L TJE L,
T ) T7— M EMEDOENENOHEERICIZED RN, —FH, 7rea77 Y RZ7 E=0U A
WAL & B DM AAER O 2 LT\ 5, B2, 7 =7 Ak & HEFEROMABMERICOWT,
LHDONLRCE % 52 HIEBIRIED T30 2 & M ERRED DHEI S D, Z OFFEAER OV
SARRIRMEICHFE S LT DE L0 EHERI LTV D,
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ent-TS-1
+ 0.16 kcal/mol B3LYP/6-31G*, Gaussian 09

Figure 20. DFT calculation of Gibbs energy of transition-state.

FOE  fham

FEHIFXINTF AU LT —FHWUHRT T =7 DA Z W72 BIR R ERREDE T E 2 Licy-7 v
077 Y ROTEZ— VBRI LD A MY I 7 hrONARERDEENEZBRIE LT, R
BT A BRARIE 22 TN T2 BRI NARERBIDEREREATE & L THIO TOBI T, BEfFiE L 0 IROER M &
EES, ¥, RKiEZ T ILHICEMNT 52 & T, BEICSLOGFEERSRHE TR TH D Z & 2R
L7z, % L Cavenaol &G VARIZIE M 9% 2 & T, R O SEARBLE 2 fead LT, SOCHRIERNTIC
F 0 RROSITERE R E 2 LTSRS THEI T L TWD Z ERme s, £/, &8
WHEDDFTAHEIZ LY . 7o F=0 LwkHE LHEHRFFOMAIEHNERIEICEETH D Z LAVRES
iz,
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fers
[ TR

AR N CTEZTIFAEREZATHA RN TZ 7 h | avenaol DAY O LG A ER LT, Z
AU RV R A 2 B 0IREEENIE LW L 2 AL FRICEE Lz, RefiTeT A& 7
27 a R B ELREMERDOYO TCOHITH D, TAX )T o7 ar a2 G RRICRET
DHEIEII MO R REHL L 7 v T a R B R T D RED~OICHBHIf SN D, o, KRR OREE
FERRAR B A~ D SR EE YRR BANFZE~ D EBA N HIFF T & 2, A T, &AL L 7-avenaol & 1A D £] ]
IR B IRHA L EERIC LV OO A N T A HZEMRITHK U TEMED R S 4L, avenaolfF A DM
DIRMESNT-, FTo. avenaolfRi A & DI LV | 2 & OBFPEIZITINOKIEENEHETRW
LR E T,

H_H OTIPS Rh,(OAG)s OTIPS OH cat. CHO
" (5 mol%) - ‘ [Ir(cod)(pyr)(PCy3)IBArE
_ > —_— _— >
N, CH,Cly, t PMBO\ CH,Cly, Hy, 1t PMBO}
T 99% I "CN 68%
o' cN IS | “Me i - 4 I “Me
76e diastereoselective 750 120 all-cis - trans 123
cyclopropanation of allene diast : locti
iastereoselective
double-bond H
isomerization

OR
TsOH (30 mol%)
TFDO PhSH (10 eq)
— CH,Cl, C CHyCl, 1t

-78 °C, 96% [ “Me 88%

(R=Bz) _ (R=H)
regioselective 150a (R =H) intramolecular

avenaol (40) ring-opening Sy

Yasui, M.; Ota, R.; Tsukano, C.; Takemoto, Y. Nat. Commun. 2017, 8, 674.

HWNT, 7 uaraXr VRS Y 2 ROBALA X LIk BED v 7V VI RISC kB v A4y
REH T 7 v T AN BRIE RS U T, RIBITARBNGALR G o To BVE T A /2y AW E 2 5L
TE, TOBROFEITHERRT VI = VA EHENEAFRETH D, £z, FekielidmiEs s
L BHEMICERLEZBEATE S0, EFRANTHS, 4%, ERMMEFEOSTFIZBWT, ZhvE
THERIN TV oV ANICEREZ G T 5 7 a7 u X0 OF 7 7 —~a 7 4 7THIRIA~ L %
DD EHFFLTND,

cat. [Pd]
H BN
R.H iPr;NMgBu R w st R=H
then ZnCl, —7n N 14 examples, 30-99%
(@] B — W /
Me stereoselective Me *O/ Cross-coupling R = alkyl, aryl
NEt, metalation Et,N reaction NEt, 8 examples, 46-71%

R =H, alkyl, aryl

Yasui, M.; Ota, R.; Tsukano, C.; Takemoto, Y. Org. Lett. 2018, 20, 7656.
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®RIZ, ¥TNVTFF T VLT —FHNUET =y KR E DT B R SR B 2 LTy
mr77 )Y ROT v X —/VIBRIRICE DA MY 5 7 b OSREIRFIDER S AEZ B LT,
AT AR 2 - W7 STARIEBIRPIDEREFE AL & LRI TORFIT, BEAFE X 0 IPEROEIRM: 2 LA
Lo Flo AKELZ T IREITEMT 5 2 & T BEICSLO Y HEERB G ATRETH L Z & 2R LT,
% L Cavenaol &Rk HF IR T2 Z & C, Z O CARRLE 2 g8 Lo, KRBTSR, BHICARY
77 b UDERE A NLREIRAE AT S FIE S L TR RIVE~OF DRI S D,

que (1.1 eq) E ? i Q
Céi catalyst (10 mol %) \/@\
Cs,CO3 (2.0 eq), @ NHTs

CH,Cly-H,0 (20:1), 0 °C, 48 hr (R)\
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SRERIA

General.

All non-aqueous reactions were carried out under a positive atmosphere of argon in dried glassware. Analytical
thin-layer chromatography was performed with Silica gel 60 (Merck). Silica gel column chromatography was
performed with Fuji Silysia BW-300 or Kanto silica gel (particle size, ave. 43 um KANTO). Reactions and
chromatography fractions were analyzed employed pre-coated silica gel plate (Merck Silica Gel 60 F,s4). Proton
nuclear magnetic resonance (‘"H NMR) spectra were recorded on a JEOL JNM-ECA 500 at 500 MHz, AL400 at
400 MHz and Bruker DMX-600 at 150 MHz. Chemical shifts are reported relative to Me,Si (6 0.00) in CDCl;.
Multiplicity is indicated by one or more of the following: s (singlet); d (doublet); t (triplet); q (quartet); m
(multiplet); br (broad). Carbon nuclear magnetic resonance (°C NMR) spectra were recorded on a JEOL
JNM-ECA 500 at 125 MHz, AL400 at 100 MHz. and Bruker DMX-600 at 150 MHz. Chemical shifts are reported
relative to CDCl; (86 77.0). Infrared spectra were recorded on a FT/IR-4100 Fourier-transform infrared
spectrometer ATR (attenuated total reflectance). Low and high resolution mass spectra were recorded on JEOL
JIMS-HX/HX 110A mass spectrometer for FAB-MS, and Shimadzu LCMS-IT-TOF for ESI-MS. Optical rotations
were determined with a JASCO P-2200KDT polarimeter and are the average of five measurements. Enantioratio
was determined by high performance liquid chromatography (HPLC) analyses. CD spectra were recorded on

JASCO J-820 circular dichroism spectrometer.

Chapter I

NaBH,
_ CeCly
o]

Compound S1: To a solution of (2,4,4)-trimethyl-2-cyclohexanone®® (667 mg, 4.83 mmol) in MeOH (48 mL)
was added CeCl;-7H,0 (199 mg, 5.26 mmol) at room temperature. NaBH, was then added to the reaction mixture
at 0 °C after stirred for 1 min. Then, reaction mixture was stirred for 10 min. The resulting mixture was diluted
with water and ether before extraction with ether three times. The combined organic layers were washed with
brine, dried over Na,SO, and filtered. The filtrate was concentrated under reduced pressure and purified by silica
gel column chromatography (10-20% EtOAc/Hexane) to afford S1 (577 mg, 85%) as a colorless oil; 'H NMR
(400 MHz, CDCl5) 6 5.23 (s, 1H), 3.93 (t, 1H, J= 5.2 Hz), 1.87 (m, 1H), 1.74 (s, 3H), 1.72 (m, 1H), 1.51 (m, 1H),
1.39, (m, 1H), 1.26 (br, OH), 0.99 (s, 3H), 0.92 (s, 3H).

e ii e QL

2. ABSA OY,U‘\

2
s1 O 20 o
S2 61

Compound 61: To a solution of alchohol S1 (361 mg, 2.58 mmol) in THF (10 mL) were added diketene (217 puL,
2.84 mmol) and DMAP (32.5 mg, 0.266 mmol) at room temperature. The reaction mixture was stirred for 1h.

After the reaction mixture was quenched with MeOH, the solutoion was concentrated in vacuo. The crude

67



ketoester was used for the next rezction without further purification. To a solutin of the crude ketoester in MeCN
(10 mL) were added Et;N (432 pL, 3.10 mmol) and ABSA (744 mg, 3.10 mmol) at room temperature. The
reaction mixture was stirred for 1.5 h. then, The mixture was diluted with EtOAc and washed with water and brine.
The organic layer was dried over Na,SQOy, filtered and concentrated. The residue was purified by siica gel column
chromatography (15% EtOAc/Hexane) to afford B-keto-o-diazoester $2 (490 mg, 76%, 2 steps); 'H NMR (500
MHz, CDCl;) & 5.41 (s, 1H), 5.30 (dd, 1H, J = 4.6, 4.6 Hz), 2.49 (s, 3H), 2.02-1.90 (m, 1H), 1.86-1.77 (m, 1H),
1.66 (s, 3H), 1.53-1.40 (m, 2H), 1.01 (s, 3H), 0.96 (s, 3H). To a solution of abovep-keto-a-diazoester S2 (489 mg,
1.96 mmol) in THF-H,O (20 mL, 1:1) was added LiOH-H,0 (248 mg, 5.88 mmol) at 0 °C. The reaction mixture
was stirred at 0 °C for 1 h. Then The mixture was diluted with EtOAc and washed with water and brine. The
organic layer was dried over Na,SO,, filtered and concentrated. The residue was purified by silica gel column
chlomatography (0-10% EtOAc/Haxane) to afford diazoester 61 (373 mg, 1.79 mmol, 91%); 'H NMR (500 MHz,
CDCl3) 6 5.37 (s, 1H), 5.25 (dd, 1H, J = 4.7, 4.7 Hz), 4.76 (br, 1H), 1.97-1.87 (m, 1H), 1.82-1.75 (m, 1H), 1.65 (s,
3H), 1.53-1.47 (m, 1H), 1.43-1.37 (m, 1H), 1.01 (s, 3H), 0.95 (s, 3H)

61

Compound 63: To a solution of Cu(tbs), (4.1 mg, 9.86 umol) in CH,Cl, (16 mL) was added 61 (33.5 mg, 0.161

mmol) in CH,Cl, (1 mL) dropwise at room temperature. The reaction mixture was stirred for 1 h. Then, remixture
was concentrated and the residue was purified by silica gel column chromatography; 'H NMR (500 MHz, CDCl5)
8 6.87 (s, 2H), 5.41 (s, 2H), 5.27 (s, 2H), 1.99-1.87 (m, 2H), 1.83-1.74 (m, 2H), 1.63 (s, 6H), 1.57-1.46 (m, 2H),
1.47-1.35 (m, 2H), 1.02 (s, 6H), 0.95 (s, 6H).

THP
o :—/o
\/\% BnMe;NOH
— H —_—
DMSO, rt
77 94%

Compound S3: To a solution of 2,2-dimethyl-4-pentenal 77 (43.3 g, 386 mmol) in DMSO (193 mL) were added
triton B (40% in MeOH, 14.7 ml, 41.9 mmol) and (2-propynyloxy) tetrahydropyran (49.2 g, 351 mmol) . The
mixture was stirred at room temperature for 24 h, and it became a dark red solution. The resulting mixture was
diluted with water after cooled to 0 °C, extrated with EtOAc three times. The combined organic layers were dried
over Na,SO, and filterated. The filtrate was concentrated under reduced pressure, and purified by silica gel
column chromatography (5-30% EtOAc/hexane) to afford S3 (96.8 g, 94%) as a colorless oil; 'H NMR (500 MHz,
CDCl;) 6 5.83 (m, 1H), 5.09 (d, 1H J = 5.5 Hz), 5.06 (s, 1H), 4.32 (dd, 2H, J = 15.8, 24.9 Hz), 4.13 (s, 1H), 3.84
(m, 1H), 3.55 (m, 1H), 2.21-2.07 (m, 2H), 1.87-1.71 (m, 3H), 1.65-1.52 (m, 4H), 0.98 (s, 3H), 0.97 (s, 3H); °C
NMR (125 MHz, CDCl;) 6 134.8, 117.7, 96.6, 85.5, 82.0, 70.1, 62.0, 62.0, 60.3, 54.1, 42.7, 38.6, 30.2, 25.3, 22.6,
22.4, 19.0, 14.1; IR (ATR) v = 3438, 3073, 2942, 2871, 1638 cm™'; HRMS (ESI) m/z caled for C;sH,40;3Na
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[M+Na] 275.1618, found 275.1611.

2. PPTS
MeOH, rt
99%, 2 steps

Compound 98: To a solution of compound S3 (28.9 g, 108 mmol) in THF/DMPU (v/v = 4:1, 360 ml) was added
sodium hydride (60% in mineral oil, 6.51 g, 163 mmol) at —20 °C. The mixture was stirred for 30 min. Methyl
iodide (10.1 mL, 162 mmol) was added to the reaction mixture. Then, the reaction mixture was stirred at room
temperature for 1 h. The resulting mixture was quenched with satd. aq. NH4Cl and extracted with ether three times.
The combined organic layers were dried over Na,SQOy, filtered, and concentrated under reduced pressure to give a
crude propargyl methyl ether (31.8 g, crude). To a solution of the above crude propargyl methyl ether (31.8 g,
crude) in MeOH (290 mL) was added PPTS (13.7 g, 54.4 mmol) at room temperature. The solution was stirred
overnight. After cooled to 0 °C, the mixture was quenched with satd. aq. NaHCO;. The mixture was extracted
with ether three times, and the combined organic layers were washed with brine. The organic layer was dried over
Na,S0,, filtered and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (5-25% EtOAt/hexane) to give 98 (19.7 g, 99% for 2 steps) as a colorless oil: "H NMR (500
MHz, CDCls) 6 5.80 (m, 1H), 5.07 (s, 1H), 5.04 (d, /= 6.0 Hz), 4.34 (dd, 2H, J= 1.5 Hz, J= 6.0 Hz), 3.62 (s, 1H),
3.40 (s, 3H), 0.60 (d, 1H, J= 8.0 Hz), 2.14 (d, 1H, J= 7.5 Hz), 2.11 (d, 1H, J="7.5 Hz), 2.08 (d, 1H, J= 8.0 Hz),
0.97 (s, 3H), 0.95 (s, 3H); C NMR (125 MHz, CDCl3) & 134.7, 117.5, 85.0, 83.3, 79.1, 57.4, 51.2, 42.9, 38.2,
23.1,22.7; IR (ATR) v = 3414, 3075, 2975, 2822, 2362 cm '; HRMS (ESI) m/z calced for C;H,00, [M+H]"
183.1380, found m/z 183.1372.

OH
LiAIH, H-—H-“ OH
then I, o
—_— N
oMe F120.~78°C #\HLH

99
Compound 99: To a solution of LiAlH4 (766 mg, 20.2 mmol) in Et,0 (53 mL) was added Et,0O (15 mL) solution
of 98 (1.23g, 6.77 mmol) dropwise through cannula at =78 °C. Then, the reaction mixture was stirred at room
temperature. After 1 h, to the cooled mixture at —78 °C was added 1, (4.29 g, 16.9 mmol) portionwise and then
stirred at room temperature for 45 min. The reaction mixture was quenched with a combined solution of satd. aq.
Rochelle salt and 10% aq. Na,S,0;. The resulting mixture was extracted with ether three times, dried over Na,SO,,
filtered and concentrated under reduced pressure. The residue was purified by silica gel column chromatography
(10-20% EtOAc/hexane) to afford as 99 colorless oil (882 mg, 86%): 'H NMR (500 MHz, CDCl5) & 5.82 (m, 1H),
5.43 (dd, 2H, J = 6.0, 11.7 Hz), 5.30 (m, 1H), 5.05 (m, 2H), 4.12 (m, 2H), 0.76 (d, 2H), 1.41 (t, 1H), 1.04 (s, 3H),
1.03 (s, 3H); °C NMR (125 MHz, CDCl;) 6 200.6, 135.1, 117.0, 104.1, 93.4, 60.5, 47.1, 27.6, 27.2; IR (ATR) v =
3377, 3074, 2961, 2927, 2870, 1960 cm”; HRMS (ESI) m/z caled for CioH;;0 [M+H]™ 153.1274, found
153.1273.
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Compound S4a: To a solution of 99 (991 mg, 6.51 mmol) were added BnBr (1.17 mL, 9.78 mmol) and KO7Bu
(1.11 g, 9.94 mmol) in THF (65 mL) at 0 °C. The reaction mixture was stirred at room temperature for 1 h. After
the solution became cloudy, the reaction mixture was quenched with satd. aq. NH4Cl1 After the resulting mixture
was extracted with EtOAc three times, the combined organic layers werre washed with water and brine, dried over
Na,SO,, filtered and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (0.5%-5% EtOAc/Hexane) to afford a benzyl ether as a colorless oil (1.39 g, 88%); 'H NMR
(500 MHz, CDCly) 6 7.39- 7.27 (m, 5H), 5.85-5.76 (m, 1H), 5.33 (dd, 1H, J = 6.5, 13.0 Hz), 5.21-5.18 (m, 1H),
5.07-4.98 (m, 2H), 4.54 (s, 2H), 4.05 (d, 2H, J = 7.0 Hz), 2.08 (d, 2H, J = 7.5 Hz), 1.02 (s, 3H), 1.02 (s, 3H);
HRMS (FAB) m/z caled for C17H»,ON, [M+Na]" 265.1568, found 265.1577. To a solution of the above benzyl
ether in THF (100 mL) was added 9-BBN (0.5 M in hexane, 16.9 mL, 8.45 mmol) at 0 °C. The reaction mixture
was stirred at room temperature for 2 h. After checking the starting material disappeared by TLC, the reaction
mixture was cooled to 0 °C. To the reaction mixture was added 3M aq. NaOH (8.4 mL) and 30% H,0, (2.9 mL)
at 0 °C and stirred at room temperature for 30 min. The reaction mixture was quenched with sat. aq. NH4Cl and
extracted with EtOAc three times. The organic layer was washed with brine, dried over Na,SO,, filtered and
concentrated under reduced pressure. The residue was purified by silica gel column chromatography (15-35%
EtOAc/Hexane) to afford S4a as a colorless oil (552 mg, 98%); "H NMR (500 MHz, CDCl3) & 7.43-7.27 (m, 5H),
5.32 (dd, 1H, J=6.5, 13.0 Hz), 5.16-5.13 (m, 1H), 4.54 (s, 2H), 4.05 (dd, 2H, J=2.5, 7.0 Hz), 3.65-3.54 (m, 2H),
1.54 (m, 2H), 1.38 (m, 2H), 1.03 (s, 6H); °C NMR (125 MHz, CDCl3) & 203.6, 138.6, 128.7, 128.6, 128.2, 128.0,
127.8, 102.6, 90.5, 72.2, 69.2, 63.8, 39.3, 35.1, 34.9, 28.5, 28.3, 28.1, 27.8, 23.0; HRMS (FAB) m/z calcd for
C17H,50, [M+H]" 261.1855, found m/z 261.1859.

H=" O 4 vomc Hey ™ OMOM
i DIPEA 1
N R — N
#\HLH 2.9-BBN MH
99 S4b

Compound S4b: To a solution of 99 (12.8 g, 83.8 mmol) in CH,Cl, was added DIPEA (17.5 mL, 101 mmol) and
cooled to 0 °C. To the solution was added MOMCI (7.6 mL, 101 mmol) and stirred at rt for 3 h. Then, additional
DIPEA (11.7 mL, 67.0 mmol) and MOMCI (5.1 mL, 67.0 mmol) was added at room temperature and stirred for 1
h. The reaction mixture was quenched with satd. aq. NaHCO;, diluted with water, extracted with CHCl; three
times. The combined organic layers were washed with brine, dried over Na,SO, , filtered, concentrated and
purified by silica gel column chromatography (1-7% EtOAc/Hexane) to afford MOM ether as a colorless oil (15.7
g, 96%); "H NMR (500 MHz, CDCl;)  5.80 (1H, m), 5.29 (m, 1H), 5.20 (s, 1H), 5.06-4.99 (m, 2H), 4.67 (s, 2H),
4.07 (d, 2H. J = 6.0 Hz), 3.38 (s, 3H), 2.07 (d, 2H, J = 7.2 Hz), 1.01 (s, 6H); °C NMR (125 MHz, CDCl;) &
203.1, 135.5, 117.3, 102.5, 95.5, 90.2, 66.1, 55.4, 47.5, 34.8, 27.8, 27.7; HRMS (ESI) calcd for C;,H;00,
[M+Na]" 219.1356; found: m/z 219.1347; To a solution of above MOM ether (10.1 g, 51.6 mmol) in THF (380
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mL) was added 9- BBN (0.5 M in hexane, 83 mL, 56.8 mmol) at 0 °C. The reaction mixture was stirred at room
temperature for 20 min. After checked by TLC, The reaction mixture was cooled to 0 °C, additional 9-BBN (83
mL, 56.8 mmol) was added, and stirred for 20 min. After checked by TLC, the reaction mixture was cooled to
0 °C. additional 9-BBN (83 mL, 56.8 mmol) was added, and stirred for 30 min. After checking the starting
material disappeared by TLC, To the reaction mixture was added 3M aq. NaOH (114 mL) and 30% H,0, (39 mL)
at 0 °C and stirred at room temperature for 30 min. The reaction mixture was quenched with ag. 1M HCI and satd.
aq. NH4Cl and extracted with EtOAc three times. The combined organic layers were washed with brine, dried
over Na,SO,, filtered and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (30-45% EtOAc/Hexane) to afford S4b as a colorless oil (9.10 g, 82%); 'H NMR (500 MHz,
CDCl;) 6 5.31-5.22 (m, 1H), 5.16-5.11 (m, 1H), 4.67 (dd, 2H, J = 15.8, 6.6 Hz), 4.08 (d, 2H, J = 6.3 Hz), 3.62 (t,
3H, J = 5.7 Hz), 3.38 (s, 3H), 1.61-1.23 (m, 4H), 1.03 (s, 6H); °C NMR (125 MHz, CDCl3) & 203.4, 102.4, 95 4,
90.0, 66.0, 63.7, 55.4, 38.9, 34.6, 28.3, 28.2, 28.1; HRMS (ESI) calcd for C»H,,0; [M+Na]" 237.1461; found:
m/z 237.1454.

" 0H N OTIPS
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99 S4c

Compound S4c¢: To a solution of alcohol 99 (1.01 g, 6.64 mmol) in DMF (66 mL) was added imidazole (1.00 g,
14.7 mmol) and TIPSCI (1.6 mL, 7.55 mmol) at 0 °C. The solution was stirred at room temperature for 1 h. Then,
the reaction mixture was quenched with satd. aq. NaHCO;. The mixture was extracted with ether three times, and
the combined organic layers were washed with water, brine. The organic layer was dried over Na,SO,, filtered and
concentrated under reduced pressure. The residue was purified by silica gel column chromatography (hexane) to
give silyl ether (1.71 g, 84%) as a colorless oil: "H NMR (500 MHz, CDCl3) 6 5.81 (m, 1H), 5.32 (dd, 2H, J= 6.6,
12.5 Hz), 5.17 (m, 1H). 5.02 (m, 2H), 4.25 (m, 2H), 2.07 (d, 2H, J = 7.4 Hz), 1.14-1.05 (m, 21H), 1.01 (s, 6H);
13C NMR (125 MHz, CDCl;) 6201.4, 135.7, 117.1, 102.9, 93.9, 62.4, 47.7, 34.9, 27.8, 27.8, 18.2, 12.2; IR (ATR)
v = 2959, 2952, 2892, 2865, 1463, 1091 cm™'; HRMS (ESI) m/z caled for C1oH3,0Si [M+H]" 309.2608, found
309.2600. To a solution of above silyl ether (532 mg, 1.73 mmol) in THF (17 mL) was added 9- BBN (0.5 M in
THF, 3.8 mL, 1.73 mmol) at 0 °C dropwise. The reaction mixture was stirred at room temperature for 25 min.
After checked by TLC, The reaction mixture was cooled to 0 °C, additional 9-BBN (1.9 mL, 0.95 mmol) was
added, and stirred for 25 min. After checked by TLC, the reaction mixture was cooled to 0 °C. additional 9-BBN
(1.9 mL, 0.95 mmol) was added, and stirred for 25 min. After checking the starting material disappeared by TLC,
to the reaction mixture was added 3M aq. NaOH (3.8 mL) and 30% H,0, (1.3 mL) at 0 °C and stirred at room
temperature for 25 min. The reaction mixture was quenched with satd. aq. NH4Cl and extracted with EtOAc three
times. The combined organic layers were washed with brine, dried over Na,SQ,, filtered and concentrated under
reduced pressure. The residue was purified by silica gel column chromatography (10-25% EtOAc/hexane) to
afford S4c¢ as a colorless oil (557 mg, 99%): 'H NMR (500 MHz, CDCl;) 6 5.31 (dd, 1H, J = 5.7, 10.7 Hz), 5.11
(m,1H), 4.17 (m,2H), 3.55 (m, 2H), 1.53-1.44 (m, 1H), 1.45-1.31 (m, 3H), 1.16-1.04 (m, 21H), 0.94 (s, 6H); "°C
NMR (125 MHz, CDCl;) 6 201.6, 102.8, 93.6, 63.7, 62.4, 39.0, 34.4, 28.4, 28.3, 18.2, 12.2; IR (ATR) v = 3345,
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2956, 2941, 2892, 2865, 1463 cm™; HRMS (ESI) m/z caled for CoH330,SiNa [M+Na]" 349.2533, found
349.2524.

He OBN Huw OBN
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RL 2. NaCIO, / |
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H
~OH 7 OH
S4a 100a

Compound 100a: To a solution of S4a (378 mg, 1.45 mmol) in CH,Cl,-DMSO (v/v = 3:1, 14 mL) was added
Et;N (1.0 mL, 7.17 mmol) at room temperature. After cooled to 0°C, SO;-pyridine (942 mg, 5.92 mmol) was
added to the mixture and the resultant solution was stirred for 30 min. The reaction mixture was diluted with
CHCI;. The organic layer was washed with brine, dried over Na,SQy, filtered and concentrated to afford a crude
aldehyde. To the solution of crude aldehyde in BuOH-H,O (v/v = 4:1, 15 mL) were NaH,PO,4-2H,0 (436 mg,
2.74 mmol), 2-mehyl-2-butene (693 pL, 6.54 mmol) and NaClO, (208 mg, 2.31 mmol) at room temperature. The
reaction mixture was stirred for 2 h, and then it was diluted with CHCl; and 1 M aq. HCI. The organic layer was
extracted with CHCIl; and the organic layer was dried over Na,SO,, filtered and concentrated under reduced
pressure. The residue was purified by silica gel column chromatography (15-30% EtOAc/Hexane) to afford 100a
as a colorless oil (327 mg, 82%); 'H NMR (500 MHz, CDCls) & 7.40-7.25 (m, 5H), 5.35 (m, 1H), 5.11 (m, 1H),
4.54 (s, 2H), 4.05 (d, 2H, J= 6.5 Hz), 2.34 (t, 2H, J= 8.0 Hz), 1.69 (t, 2H, J = 8.0 Hz), 1.04 (s, 3H), 1.03 (s, 3H).
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Compound 100b: To a solution of S4b (15.9 g, 74.3 mmol) in CH,Cl,-DMSO (v/v = 3:1, 300 mL) was added
Et;N (51.8 mL, 371 mmol) at room temperature. After cooled to 0 °C, SO;-pyridine (47.5 g, 298 mmol) was
added to the mixture portionwise and the resultant solution was stirred for 30 min. The reaction mixture was
diluted with CHCIl;. The organic layer was washed with brine, dried over Na,SQ,, filtered and concentrated to
afford a crude aldehyde (70.3 g). To the solution of crude aldehyde (70.3 g) in ~-BuOH-H,O (v/v = 4:1, 300 mL)
were NaH,PO,-2H,0 (17.4 g, 111 mmol), 2-mehyl-2-butene (35.4 mL, 334 mmol) and NaClO, (10.4 g, 115
mmol) at 0 °C. The reaction mixture was stirred at rt for 2 h. After checked by TLC, additional NaH,PO,-2H,0
(17.6 g, 113 mmol), 2-mehyl-2-butene (35.4 mL, 334 mmol) and NaClO, (10.4 g, 115 mmol) were added and the
reaction mixture was stirred for 30 min. Then it was diluted with CHCl;and 1 M aq. HCI. After the mixture was
extracted with CHCI; three times, the combined organic layers were dried over Na,SO,, filtered and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography (25-40% EtOAc/Hexane)
to afford 100b as a colorless oil (16.0 g, 94%, 2 steps); 'H NMR (500 MHz, CDCl3) & 5.36-5.27 (m, 1H),
5.15-5.11 (m, 1H), 4.68 (s, 2H), 4.09 (s, 2H), 3.40 (s, 3H), 2.37 (t, 2H, J = 7.9 Hz), 1.71 (t, 2H, J = 7.9 Hz);
HRMS (ESI) calcd for C1,H004 [M+H]" 251.1254; found: m/z 251.1261.
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Compound 100c: To a solution of alcohol S4c¢ (22.7 g, 69.6 mmol) in CH,Cl,-pH 7 phosphate buffer (1:1, 280
mL) was added nor-AZADO (487 mg, 3.53 mmol) and PhI(OAc), (47.2 g, 146 mmol) at 0 °C. Then, the reaction
mixture was stirred for 7 h at room temprature and additional nor-AZADO (490 mg, 3.55 mmol) at room
temperature. After the reaction mixture was stirred for 13 h, further additional PhI(OAc), (8.96 g, 27.8 mmol) and
nor-AZADO (586 mg, 4.24 mmol) were added and stirred for 6 h. Then the resulting mixture was quenched with
10% aq. Na,S,0; and stirred for 1h. The mixture was extracted with CHCI; three times and dried over Na,SOy,
The filtrate was concentrated under reduced pressure and the residue was puridied by silica gel column
chromatography (10-35% EtOAc/hexane) to afford 100c¢ as a colorless oil (27.0 g, quant.): 'H NMR (500 MHz,
CDCl;) 6 5.34 (dd, 1H, J = 6.0, 12.2 Hz), 5.09 (m, 1H), 4.25 (m, 2H), 2.36 (t, 2H, J = 8.6 Hz), 1.68 (t, 2H, J = 8.3
Hz), 1.14-1.04 (m, 21H), 1.03 (s, 6H); °C NMR (125 MHz, CDCl3) & 201.7, 180.8, 102.0, 94.2, 62,2, 37.4, 34.6,
30.2, 27.9, 27.7, 18.2, 12.2; IR (ATR) v = 2959, 2942, 2892, 2865, 1711 cm’'; HRMS (ESI) m/z caled for
C1oH3603SiNa [M+Na]" 363.2326, found 363.2325.

OB ~TO0Bn
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Compound 76a: To a solution of 100a (30.0 mg, 0.112 mmol) was added
1-chloro-N, N, 2-trimethyl-1-propenylamine (17.8 pL, 0.135 mmol) at room temperature. The reaction mixture was
stirred at room temperature for 30 min. To the mixture was added DMAP (26.8 mg, 0.2193 mmol) at room
temperature. After cooled to 0°C, a fleshly prepared diazoethane (ca. 2mL, excess) was added to the resultant
solution. And then the solution was stirred at room temperature for 6.5 hours. The resulting mixture was
concentrated under reduced pressure, and purified by silica gel column chromatography (3-20% EtOAc/Hexane)
to afford 76a as a colorless oil (6.9 mg, 20%) and ester as a colorless oil (8.3 mg, 25%); 'H NMR (500 MHz,
CDCls) 6 7.38-7.26 (m, 5H), 5.34 (m, 1H), 5.01 (br, 1H), 4.54 (s, 2H), 4.05 (d, 2H, J = 6.5 Hz), 2.44 (br, 2H), 1.93
(s, 3H), 1.67 (t, 2H), J = 8.0 Hz), 1.03 (s, 6H); HRMS (ESI) m/z calcd for C;oH,4,0,N, [M+H]" 313.1911, found
313.1917.

H—ll“\\OBn monoethyl malonate H—”“\\OBn
. CDI, Bu,Mg .
Yars AY
1 OH 1
(0] O CO,Et
100a S5

Compound S5: To a solution of 100a (420 mg, 1.53 mmol) in THF (15mL) was added CDI (373 mg, 2.30 mmol)
at 0 °C, then the resultant solution was stirred for 15 min at 0 °C and then, 1 h at room temperature. In the other

flask, to the solution of monoethyl malonate (271 pL, 2.30 mmol) in THF (12.5 mL) was added 1.0 M Bu,Mg
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solution (2.3 mL) and stirred at =78 °C for 15 min. After stirred at room temperature for 1 h, the reaction mixture
was concentrated. To the residue was added the above solution of the activated carboxylic acid via canular at
room temperature. After warmed up to 50 °C and stirred for 3 h, the resulting mixture was cooled to room
temperature and quenched with 10% aq. citric acid. The mixture was extracted with EtOAc three times and the
combined organic layers were washed with satd. aq. NaHCO; and brine, dried over Na,SO,, filtered and
concentrated under reduced pressure. The residue was purified by silica gel column chromatography (5-40%
EtOAc/Hexane) to afford S5 as a colorless oil (276 mg, 52%) and recovered 100a (235 mg, 55%); 'H NMR (500
MHz, CDCl5) é 7.37-7.23 (m, 5H), 5.33 (dd, 1H, J= 5.5, 12.5Hz), 5.11-5.07 (m, 1H), 4.54 (s, 2H), 4.12 (m, 2H),
4.05 (dd, 2H, J=2.5, 6.5 Hz), 3.38 (s, 2H), 2.51 (t, 2H, J= 7.5 Hz), 1.63 (t, 2H, 8.0 Hz), 1.23 (q, /= 6.5 Hz), 1.02
(s, 6H).
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Compound 76b: To a solution of S5 (31.0 mg, 0.0900 mmol) in MeCN (1.0 mL) were added Et;N (15.1 pL,
0.108 mmol) and ABSA (28.6 mg, 0.119 mmol) at 0 °C. The reaction mixture was stirred at room temperature
overnight. The reaction mixture was quenched with satd. aq. NH4Cl The resulting mixture was extracted with
CHCI; three times. The combined organic layers were washed with 10% aq. KOH, satd. aq. NaHCOj; and brine,
dried over Na,SO, filtered and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (3%-15% EtOAc/Hexane) to afford 76b as a colorless oil (28.5 mg, 85%); 'H NMR (500
MHz, CDCl;) 6 7.39-7.21 (m, 5H), 5.34 (m, 1H), 5.14 (m, 1H), 4.53 (s, 2H), 4.23 (q, 2H, J = 7.0 Hz), 4.06 (dd,
2H, J=2.5,7.0 Hz), 2.84 (t, 2H, J = 8.5 Hz), 1.66 (t, 2H, J = 8.0 Hz), 1.31 (t, 3H, J= 7.0 Hz), 1.05 (s, 3H), 1.04
(s, 3H); °C NMR (125 MHz, CDCl;) & 203.7, 193.6, 161.7, 138.7, 128.7, 128.2, 127.9, 102.1, 90.9, 72.1, 69.2,
61.7,37.3, 36.6, 34.9, 28.2, 28.6, 14.8.
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Compound Sé6a: To a solution of 100a (1.01 g, 3.70 mmol) in CH,Cl, (42 mL) were added DMF (2 drops) and
(COCl), (635 pL, 7.25 mmol) at 0 °C. The reaction mixture was stirred at room temperature for 45 min. The
resulting mixture was quenched with ethenol and concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (3%-10% EtOAc/Hexane) to afford ethyl ester S6a as a colorless oil (1.07 g,
96%); 'H NMR (500 MHz, CDCl3) § 7.37-7.28 (m, 5H), 5.34, (dd, 1H, J = 7.0, 13.5 Hz), 5.12 (m, 1H), 4.54 (s,
2H), 4.34 (dd, 1H, J=17.5, 14.5 Hz), 4.12-4.08 (m, 2H), 4.06 (dd, 2H, 2.5, 7.0 Hz), 2.29 (t, 2H, J = 8.5 Hz), 1.68 (t,
2H, J= 8.0 Hz), 1.25 (t, 3H, J = 6.5 Hz), 1.03 (s, 3H), 1.03(s, 3H); HRMS (ESI) m/z calcd for C19H,;,0; [M+H]"
303.1960, found 303.1964.
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Compound S6b: To a solution of 100b (15.4 g, 67.2 mmol) in CH,Cl, (270 mL) was added DIPEA (25.8 mL, 148
mmol) at rt and stirred for 5 min. After cooled to 0 °C, PivCl was added dropwise for 5 min and stirred for 25 min.
Then, additional DIPEA (4.7 mL, 27.0 mmol) and PivCl (1.7 mL, 13.8 mmol) were added and the reaction
mixture was stirred for 30 min. After checking the starting material disappeared by TLC, MeOH (3.0 mL, 74.0
mmol) and DMAP (426 mg, 3.49 mmol) were added and stirred at rt for 30 min. Then, additional MeOH (544 pL,
13.4 mmol) was added at 0 °C and stirred at rt for 30 min before the reaction mixture was quenched with sat aq.
NaHCO; at 0 °C and extracted with CHCl; three times. The combined organic layers were dried over Na,SOy,
filtered, concentrated, purified by silica gel column chromatography (7-15% EtOAc/Hexane) to afford a methyl
ester S6b (14.3 g, 88%) as a colorless oil; '"H NMR (500 MHz, CDCl;) & 5.35-5.27 (m, 1H), 5.15-5.08 (m, 1H),
4.67 (s, 2H), 4.10 (d, 2H, J = 6.7 Hz), 3.67 (s, 3H), 3.38 (s, 3H), 2.32 (t, 2H, J = 8.2 Hz), 1.68 (t, 3H, J = 8.2 Hz)
1.03 (s. 6H); HRMS (ESI) calcd for C3H,,04 [M+Na]" 265.1410; found: m/z 265.1406.

a~ S~
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Compound S6c: To a solution of carbonic acid 100¢ (28.8 g, 69.6 mmol) in CH,Cl, (232 mL) was added DIPEA
(29.1 mL, 167 mmol) at rt and stirred for 5 min. After cooled to 0 °C, PivCl (10.3 mL, 83.5 mmol) was added
dropwise for 5 min and stirred for 5 min. After checking the starting material disappeared by TLC, MeOH (8.4
mL, 207 mmol) and DMAP (433 mg, 3.54 mmol) were added and stirred at rt overnight. The resulting mixture
was quenched with satd aq. NaHCO; at 0 °C and extracted with CHCl; three times. The combined organic layers
were dried over Na,SOy, filtered, and concentrated. The residue was purified by silica gel column chromatography
(3-7% EtOAc/hexane) to afford S6¢ (24.8 g, 100%) as a colorless oil; 'H NMR (500 MHz, CDCly) & 5.25 (1H, dd,
J =6.6,12.6 Hz), 5.01 (m, 1H), 4.16 (m, 2H), 3.59 (s, 3H), 2.24 (t, 2H, J = 8.3 Hz), 1.59 (t, 2H, J = 8.3 Hz),
1.06-0.96 (m, 21H), 0.94 (s, 6H); °C NMR (125 MHz, CDCl;) 6 201.4, 174.6, 101.8. 93.8, 61.9, 51.5, 37.5, 34.3,
29.9, 27.6, 27.4, 26.4, 17.9, 11.9; IR (ATR) v = 3000, 1770, 1757, 1749, 1245 cm™; HRMS (ESI) m/z calcd for
C,0H350;SiNa [M+Na]" 377.2482, found 377.2500.
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Compound S7a: To a solution of 1.0 M LiHMDS (474 pL, 0.474 mmol) in THF (1.3 mL) was added MeCN (28
pL, 0.541 mmol) dropwise at —78 °C and stirred for 30 min. Then, ester S6éa in THF (3.1 mL) was added dropwise

and the resultant solution was stirred for at =78 °C for 30 min then at room temperature for 1 h, then it became an

75



orange soluiton. The reaction mixture was diluted with Et,0O and satd. ag. NH4CI. The combined organic layers
were washed with brine, dried over Na,SOy, filtered and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (30%-55% EtOAc/Hexane) to afford S7a as a colorless oil (56 mg,
85%); 'H NMR (500 MHz, CDCls) & 7.38-7.28 (m, 5H), 5.37 (dd, 1H, J = 6.5, 13.0 Hz), 5.09 (m, 1H), 4.55 (s,
2H), 4.06, (d, 2H, J = 2.0 Hz), 2.54 (t, 2H, J = 8.0 Hz), 1.64 (m, 2H), 1.04 (s, 3H), 1.03 (s, 3H) ; *C NMR (125
MHz, CDCl5) 6 203.1, 197.9, 138.2, 128.6, 127.9, 127.9, 113.9, 101.5, 90.9, 72.1, 68.4, 38.2, 35.6, 34.4, 31.9,
28.1,27.7.

LiHMDS
MeCN

_ MeCN i
! THF, -78 °C
-~ OMe -
O 9) CN
Séb S7b

Compound S7b: To a solution of 1.3 M LiHMDS (136 mL, 177 mmol) in THF (196 mL) was added MeCN (9.2
mL, 0.541 mmol) dropwise at —78 °C and stirred for 30 min. Then, methyl ester S6b in THF (295 mL) was added

~\TOMOM ~\OMOM
e He

dropwise and the resultant solution was stirred for at =78 °C for 30 min and warmed up to 0 °C. Then it became
an orange soluiton. The reaction mixture was diluted with Et,O and satd. aq. NH4Cl. The combined organic layers
were washed with brine, dried over Na,SO, filtered and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (20%-35% EtOAc/Hexane) to afford S7b as a colorless oil (11.9 g,
80%); 'H NMR (500 MHz, CDCls) & 5.38-5.26 (m, 1H), 5.11-5.06 (m, 1H), 4.09 (s, 2H), 3.49 (s, 2H), 3.39 (s,
3H), 2.63 (t, 3H, J = 7.9 Hz), 1.74-1.62 (m, 2H), 1.04 (s, 3H); HRMS (ESI) calcd for C,H;NO; [M+Na]"
274.1414; found: m/z 274.1401.
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Compound S7c¢: To a solution of 1.3 M LiHMDS in THF (42.4 mL, 32.6 mmol) in THF (100 mL) was added
MeCN (2.9 mL, 0.055 mmol) dropwise at —78 °C and stirred for 30 min. Then, methyl ester S6¢ in THF (25 mL)
was added dropwise via dropping funnel and the resultant solution was stirred for at =78 °C for 5 min. The
reaction mixture was diluted with Et,0O and quenched with 1M aq. HCI and satd. aq. NH4Cl. The mixture was
extracted with Et,O three times. The combined organic layers were washed with brine, dried over Na,SO, filtered
and concentrated under reduced pressure. The residue was purified by silica gel column chromatography
(7%-20% EtOAc/hexane) to afford S7c¢ as a colorless oil (9.07 g, 99%): 'H NMR (500 MHz, CDCl5) § 5.33 (dd,
1H J = 6.3, 11.9 Hz), 5.05 (m, 1H), 4.23 (m, 2H), 3.47 (s, 2H), 2.59 (m, 2H), 1.64 (m, 2H), 1.15-1.03 (m, 21H),
1.02 (s, 3H), 1.00 (s, 3H); °C NMR (125 MHz, CDCl3) § 201.4, 197.7. 113.7, 101.6, 94.1, 61.8, 38.1, 35.5, 34.2,
31.9,28.1,27.3,17.9, 11.9; IR (ATR) v = 3734, 2989, 1770, 1758, 1733, 1245, 1053 cm™'; HRMS (ESI) m/z calcd
for C,H3;NO,SiNa [M+Na]" 386.2486, found 386.2486.
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Compound 76¢: To a solution of S7a (1.64 g, 5.51mmol) in MeCN (50 mL) were added pyridine (2.2 mL, 27.5
mmol) and imidazole-1-sulfonylazide (1.15 g, 6.65 mmol) at room temperature. After stirring overnight, an
additional pyridine (887 pL, 11.0 mmol) and imidazole-1-sulfonylazide (473 mg, 2.73 mmol) were added to the
reaction mixture. The resultant mixture was stirred at 35 °C for 30 min. The reaction mixture was cooled to room
temperature and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (10%-15% EtOAc/Hexane) to afford 76c as a orange oil (1.70 g, 85%); '"H NMR (500 MHz,
CDCly) 6 7.35-7.26 (m, 5H), 5.38 (dd, 1H, J= 6.0, 12.5 Hz), 5.11 (m, 1H), 4.54 (s, 2H), 4.06 (d, 2H, J = 6.5 Hz),
2.60 (t, 2H, J=7.5 Hz), 1.71 (t, 2H, J = 8.0 Hz), 1.05 (s, 3H), 1.04 (s, 3H) ; °C NMR (125 MHz, CDCl;) § 203.3,
190.5, 138.3, 128.4, 127.9, 127.7, 108.6, 101.3, 91.0, 72.0, 68.7, 36.7, 35.7, 34.6, 27.9, 27.7.
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Compound 76d: To a solution of S7b (12.9 g, 51.3 mmol) in MeCN (300 mL) were added pyridine (20.6 mL,
256 mmol) and imidazole-1-sulfonylazide (10.6 g, 61.6 mmol) at room temperature. After stirring overnight, an
additional pyridine (6.2 mL, 77.0 mmol) and imidazole-1-sulfonylazide (2.80 g, 16.2 mmol) were added to the
reaction mixture. The resultant mixture was stirred for 5 h. The reaction mixture was concentrated under reduced
pressure. The residue was purified by silica gel column chromatography (15%-30% EtOAc/Hexane) to afford 76d
as a orange oil (12.6 g, 89%); "H NMR (500 MHz, CDCl;) & 5.39-5.31 (m, 1H), 5.14-5.09 (m, 1H), 4.68 (s, 2H),
4.09 (d, 2H, J = 4.9 Hz), 3.39 (s, 3H), 2.63 (t, 2H, J = 8.0 Hz), 1.72 (t, 2H, J = 8.0 Hz), 1.06 (s, 6H); HRMS
(ESI) caled for C4H,oN305 [M+Na]" 300.1319; found: m/z 300.1312.
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Compound 76e: To a solution of S7¢ (58.7 mg, 0.161 mmol) in MeCN (1.6 mL) were added pyridine (47 mL,
0.581 mmol) and imidazole-1-sulfonylazide (33.5 mg, 0.193 mmol) at room temperature. After stirring overnight,
an additional pyridine (6.5 pL, 0.0807 mmol) and imidazole-1-sulfonylazide (14.5 mg, 0.0837 mmol) were added
to the reaction mixture. After stirred for 5 h, further additional pyridine (6.5 pL, 0.0807 mmol) and
imidazole-1-sulfonylazide (14.1 mg, 0.0814 mmol) were added. After stirred for 1 h, the resultant mixture was
quenched with satd. aq. NH4Cl and extracted with EtOAc three times. The combined organic layers were washed
with brine, dried over Na,SO,, and filtered. The filtrate was concentrated and the residue was purified by silica gel

column chromatography (3%-10% EtOAc/hexane) to afford 76e as a yellowish oil (54.5 mg, 87%): 'H NMR (500
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MHz, CDCls) § 5.35 (dd, 1H, J = 6.6, 12.5 Hz), 5.07 (m, 1H), 4.29-4.19 (m, 2H), 2.60 (t, 2H, J = 7.7 Hz), 1.69 (t,
2H, J = 7.7 Hz), 1.19-1.04 (m, 21H), 1.03 (s, 3H), 1.02 (s, 3H); °C NMR (125 MHz, CDCL;) & 201.4, 190.5,
108.4, 101.5, 94.2, 61.9, 36.6, 35.6, 34.5, 27.9, 27.3, 17.9, 11.9; IR (ATR) v = 3734, 3000, 1758, 1244, 1055 cm’';
HRMS (ESI) m/z caled for Co;HisN30,SiNa [M+Na]™ 412.2391, found 412.2403.
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Compound 75¢: To a solution of 76¢ (363 mg, 1.13 mmol) in CH,Cl, (11 mL) was added Rhy(OAc), (15 mg,
0.034 mmol) at 0 °C. After stirred at room temperature for 1 h, the reaction mixture was concentrated. The residue
was purified by silica gel column chromatography (15%-30% EtOAc/Hexane) to afford 75¢ as a colorless oil (281
mg, 85%); 'H NMR (500 MHz, CDCl3) & 7.38-7.29 (m, 5H), 6.44 (m, 1H), 4.58 (dd, 2H, J = 11.5, 18.5 Hz), 4.22
(m, 2H), 2.74 (s, 1H), 2.31 (m, 2H), 1.63-1.56 (m, 1H), 1.40-1.34 (m, 1H), 1.18 (s, 3H), 1.14 (s, 3H); °C NMR
(125 MHz, CDCl3) 6 197.7, 137.7, 128.9, 128.4, 128.3, 124.3, 123.7, 117.1, 73.4, 68.6, 43.3, 33.1, 31.3, 31.1, 29.3,
28.2, 25.6; HRMS (ESI) m/z caled for C9H,,NO, [M+H]' 296.1651, found 296.1658.
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Compound 75d: To a solution of 76d (3.94 g, 14.2 mmol) in CH,Cl, (140 mL) was added Rhy(OAc), (32 mg,
0.0724 mmol) at 0 °C. The reaction mixture was stirred at rt for 3 hr. Then, the resulting mixture was concentrated
and purified by silica gel column chromatography (25-35 % EtOAc/Hexane) to afford 75d as a colorless oil (3.41
g, 96%); 'H NMR (500 MHz, CDCl3) & 6.43 (s, 1H), 4.68 (s, 2H), 4.29 (d, 2H, J = 5.5 Hz), 3.39 (s, 3H), 2.78 (s,
1H), 2.33 (t, 2H, J = 4.4 Hz), 1.67-1.62 (m, 1H), 1.42-1.39 (m, 1H), 1.27 (s, 3H), 1.21 (s, 3H); °C NMR (125
MHz, CDCl;) 6 197.2, 123.7, 123.0, 116.6, 96.0, 65.6, 55.4, 42.8, 32.6, 30.7, 30.6, 28.8, 27.7, 25.1; HRMS (ESI)
caled for C4,H;oNO5 [M+H]" 250.1438; found: m/z 250.1433.
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Compound 75e: To a solution of 76e (18.3 g, 46.9 mmol) in CH,Cl, (312 mL) was added Rhy(OAc), (1.04 g,
2.36 mmol) at 0 °C. The reaction mixture was stirred at rt for 30 min. Then, the resulting mixture was
concentrated and purified by silica gel column chromatography (7-15% EtOAc/hexane) to afford 75e as a
colorless oil (16.9 g, 99%): 'H NMR (500 MHz, CDCl3) & 6.42 (dt, 1H, J = 2.6, 6.0 Hz), 4.44 (m, 2H), 2.76 (s,
1H), 2.32 (dd, 2H J = 4.3, 9.2 Hz), 1.76-1.57 (m, 1H), 1.40-1.34 (m, 1H), 1.23 (s, 3H), 1.20 (s, 3H), 1.14-0.98 (m,
21H); C NMR (125 MHz, CDCls) § 197.5, 126.0, 122.0, 116.7, 62.3, 42.8, 32.7, 30.8, 30.6, 29.1, 27.6, 25.1,
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17.9, 11.8; IR (ATR) v = 3734, 2992, 1770, 1758, 1702, 1246 cm’'; HRMS (ESI) m/z caled for Cy HigNO,Si
[M+H]" 362.2510, found 362.2520.
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Compound 101a: To a solution of 75¢ (51 mg, 0.161 mmol) in MeOH (1.6 mL) was added CeCl3-7H,0 (69 mg,
0.185 mmol) at room temperature. After cooled to 0 °C, NaBH, (4.6 mg, 0.122 mmol) was added to the mixture
and the resultant mixture was stirred for 10 min. The reaction mixture was diluted with water, extracted with ether
three times. The combined organic layers were washed with brine, dried over Na,SO, filtered and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography (20%-40%
EtOAc/Hexane) to afford alcohol 106 as a colorless oil (42 mg, 89%, dr =17:1); 'H NMR (500 MHz, CDCL3) &
7.40-7.26 (m, 5H), 6.28 (m, 1H), 4.54 (dd, 2H, J=15.0 Hz), 4.16 (d, 2H, J = 8.0 Hz), 4.08 (br, 1H), 2.67 (br, OH),
2.16 (s, 1H), 1.60-1.38 (m, 3H), 1.22 (s, 3H), 1.06-0.97 (m, 1H), 0.95 (s, 3H); HRMS (ESI) m/z calcd for
Ci9Ho4NO, [M+H]+ 298.1807, found 298.1802. To a solution of alcohol 106 (42 mg, 0.141 mmol) in CH,CI, (1.4
mL) were added 2,6-lutidine (49 pL, 0.426 mmol) and TBSOTT (98 uL, 0.426 mmol) at 0 °C. After stirred for 10
min, the reaction mixture was quenched with satd. aq. NaHCO; and extracted with EtOAc three times. The
combined organic layers were washed with brine, dried over Na,SO, filtered and concentrated under reduced
pressure. The residue was purified by silica gel column chromatography (1%-10% EtOAc/Hexane) to afford 101a
as a colorless oil (71 mg, quant.); "H NMR (500 MHz, CDCl5) & 7.39.27(m, 5H), 6.23(m, 1H), 4.54 (dd, 2H, J =
11.5, 34.0 Hz), 4.15 (d, J = 6.5 Hz), 4.02 (m, 1H), 2.10 (s, 1H), 1.45 (m, 2H), 1.03-0.86 (m, 2H), 0.95 (s, 3H),
0.92(s, 3H).
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Compound 101b: To a solution of alcohol 106 (69.9 mg, 0.235 mmol) in CH,Cl, (2.4 mL) were added DIPEA
(49.1 pL, 0.282 mmol) and MOMCI (21.4 pL, 0.282 mmol) at 0 °C. The reaction mixture was stirred at 40 °C for
24 h. Then, additional DIPEA (114 pL, 0.658 mmol) and MOMCI (50.0 puL, 0.659 mmol) were added at room
temperature. The reaction mixture stirred at 40 °C for 4 h before the additional DIPEA (164 pL, 0.940 mmol) and
MOMCI (71.4 puL, 0.941 mmol) at room temperature. The reaction mixture was stirred at 40 °C for 1 h. Then, the
mixture was cooled to room temperature and quenched with satd. aq. NaHCOj;. After the mixture was extracted
with CHCIl; three times, the combined organic layer was washed with brine, dried over Na,SO,, filtered and
concentrated. The residue was purified by silica gel column chromatography (10-25% EtOAc/Hex) to afford
MOM ether 101b (76.5 mg, 95%) as a colorless oil; 'H NMR (400 MHz, CDCl3) & 7.39-7.28 (m, 5H), 6.31-6.28
(m, 1H), 4.77 (dd, 2H, J = 11.9, 7.2 Hz), 4.57 (d, 1H, J = 12.2 Hz), 4.50 (d, 1H, J = 12.2 Hz), 4.16 (dd, 2H, J =
6.4, 1.7 Hz), 4.00 (dd, 1H, J = 5.5, 3.2 Hz), 3.47 (s, 3H), 2.12 (s, 1H), 1.61-1.53 (m, 1H), 1.48-1.39 (m, 2H), 1.22
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(s, 3H), 1.06-0.97 (m, 1H), 0.95 (s, 3H); *C NMR (100 MHz, CDCl3) § 128.6, 128.0, 128.0, 127.3, 120.6, 120.5,
72.8, 69.4, 69.0, 56.1, 35.2, 31.2, 30.5, 29.6, 29.6, 23.5, 17.2.

N o~

~S0OBn < "OBn
\ DIBAL-H \
TBSOQ, TBSO
Y/ </
| ~CN | ~CHO
101a 102a

Compound 102a: To a solution of TBS ether 101a (542 mg, ca. 1.15 mmol) was in toluene (14.4 mL) was added
DIBAL-H 1.0 M solution in toluene (1.7 mL, 1.73 mmol) at =78 °C. The reaction mixture was stirred for 30 min,
warmed up to rt gradually. Then, To the solution was acetone (1.5 mL), EtOAc (1.5 mL), and pH = 7 phosphate
buffer (1.5 mL), which was stirred for 20 min vigorously. After that, to the resulting mixture was added Na,SO,
and stirred for 30 min before filtered through short Na,SO, and silica gel. Filtered solution was concentrated and
then, the residue was purified by silica gel column chromatography (1-10 % EtOAc/Hexane) to afford 102a as a
colorless oil (417 mg, 87%); 'H NMR (500 MHz, CDCls) 6 9.50 (s, 1H), 7.34-7.28 (m, 5SH), 5.91 (dt, 1H, J= 2.5,
6.9 Hz), 4.55 (d, 1H, J = 11.7 Hz), 4.48 (d, 1H, 11.7 Hz), 4.47 (t, 1H, 2.6 Hz), 4.15 (t, 2H, 6.6 Hz), 2.20 (s, 1H),
1.56-1.40 (m, 3H), 1.17 (s, 3H), 1.07-1.01 (m, 1H), 0.99 (s, 3H), 0.89 (s, 9H), 0.15 (s, 3H), 0.10 (s, 3H); HRMS
(FAB) m/z caled for C,sH3905Si [M+H]" 415.2668, found 415.2671.
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Compound 102b: To a solution of MOM ether 101b (76.5 mg, 0.224 mmol) was in toluene (2.8 mL) was added
DIBAL-H 1.0 M solution in toluene (336 pL, 0.336 mmol) at =78 °C. The reaction mixture was stirred for 30 min,
warmed up to rt gradually. Then, acetone (300 pL), EtOAc (300 puL), and pH = 7 phosphate buffer (300 uL) were
added, before the mixture was stirred for 20 min vigorously. After that, to the resulting mixture was added
Na,S0,4 and stirred for 30 min before filtered through short Na,SO4 and silica gel. Filtered solution was
concentrated and then, the residue was purified by silica gel column chromatography (10-30 % EtOAc/Hexane) to
afford aldehyde 102b as a colorless oil (37 mg, 47%); 'H NMR (500 MHz, CDCl;) § 9.12 (s, 1H), 7.39-7.27 (m,
5H), 5.98 (td, 1H, J = 6.6, 2.6 Hz), 4.86 (d, 1H, J = 6.9 Hz), 4.74 (d, 1H, J = 6.9 Hz), 4.55 (d, 1H, J = 11.7 Hz),
449 (d, 1H, J = 11.7 Hz), 4.37 (1H, t, J = 3.4 Hz), 4.20-4.12 (m, 2H), 3.42 (s, 3H), 2.23 (s, 1H), 1.66-1.58 (m,
1H), 1.59-1.50 (m, 1H), 1.48-1.39 (m, 1H), 1.20 (s, 3H), 1.14-1.07 (m, 1H), 1.00 (s, 3H); °C NMR (125 MHz,
CDCly) 6 197.4, 137.7, 130.4, 128.3, 127.8, 127.7, 118.4, 96.6, 72.3, 69.8, 69.1, 55.8, 39.9, 33.4, 32.2, 30.9, 30.0,
29.6, 23.5.

~ ‘ OBn \/
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Compound 105: To a solution of 102a (21.8 mg, 0.0526 mmol) in CH,Cl, (1.0 mL) was added ethanedithiol (6.6
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pL, 0.0789 mmol) and BF;-OEt, (3.3 puL, 0.0263 mmol) at room temperature. The reaction mixture was stirred
for 2 hr before quenched with 1M aq. NaOH. The organic layer was extracted with CHCI; three times and washed
with water. The combined organic layers were dried over Na,SQ,, filtered and purified by silica gel column
chromatography (1-5 % EtOAc/Hexane) to afford 105 as a colorless oil (12.7 mg, 90%); 'H NMR (500 MHz,
CDCly) 6 6.38 (t, 1H, J = 6.0 Hz), 6.06 (s, 1H), 5.34 (s, 1H), 4.67 (d, 2H, J = 3.7 Hz), 4.49 (s, 1H), 3.31-3.19 (m,
4H), 2.26-2.17 (m, 2H), 1.49-1.39 (m, 2H), 1.08 (s, 3H), 0.85 (s, 3H); HRMS (ESI) m/z caled for C;4H,00S,;Na
[M+Na]" 268.1028, found 268.1038.
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OBn
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Y

104
Compound 104: To a solution of 102a (3.4 mg, 8.21 umol) in CH,Cl, (3.0 mL) was added ethanedithiol (6.9
pL, 0.0821 mmol) and BF5-OEt, (6.2 uL, 0.0492 mmol) at room temperature. The reaction mixture was stirred
for 50 h before quenched with 1M aq. NaOH. After the mixture was extracted with CHCl; three times the
combined organic layers were washed with water, dried over Na,SQO,, filtered. The residue was purified by silica
gel column chromatography (3-5 % EtOAc/Hexane) to afford 104 as a colorless oil (2.5 mg, 62%); 'H NMR
(500 MHz, CDCls) & 7.35-7.26 (m, 5H), 5.98 (dt, 1H, J = 2.6, 8.3 Hz), 5.24 (s, 1H), 4.58 (d, 1H, J = 12.0 Hz),
447 (d, 1H, J = 12.0 Hz), 4.18 (d, 2H, J = 5.7 Hz), 4.08 (dd, 1H, J = 3.6, 12.3 Hz), 3.23-3.02 (m, 4H), 1.80 (s,
1H), 1.73-1.22 (m, 3H), 1.14 (s, 3H), 0.98-0.85 (m, 1H), 0.93 (s, 9H), 0.89 (s, 3H), 0.17 (s, 3H), 0.07 (s, 3H).

SN AN
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Compound 108a: To a solution of 102a (118 mg, 0.286 mmol) in MeOH (2.9 mL) was added NaBH, (11 mg,
0.301 mmol) at 0 °C. The reaction mixture was stirred at 0 °C for 10 min and to the mixture was added additional
NaBH, (5.2 mg, 0.173 mmol). After 10 min, added additional NaBH,4 (5.0 mg, 0.132 mmol) and stirred for 10 min.
The resulting mixture was partitioned between water and Et,O. The mixture was extracted with Et,O three times.
The combined organic layers were washed with brine, dried over Na,SQOy, filtered and concentrated. The residue
was purified by silica gel column chromatography (3-15 % EtOAc/Hexane) to afford 108a as a colorless oil (54
mg, 72%); 'H NMR (500 MHz, CDCls) & 7.37-7.20 (m, 5H), 5.90 (dt, J = 2.0, 6.6 Hz), 4.11 (m, 3H), 3.99 (d, 1H,
J =10.3 Hz), 2.96 (br, OH), 2.96 (d, 1H, J = 10.3 Hz), 1.51 (s, 1H), 1.50-1.45 (m, 1H), 1.42-1.32 (m, 2H), 1.18 (s,
3H), 1.01-0.82 (m, 2H), 0.95 (s, 3H), 0.93 (s, 9H), 0.15 (s, 3H), 0.10 (s, 3H); HRMS (ESI) m/z calcd for
C,sH4005Si  [M+Na]” 439.2639, found 439.2725.
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Compound 108b : To a solution of aldehyde 102b (37.2 mg, 0.108 mmol) in MeOH (1.1 mL) was added NaBH,
(5.0 mg, 0.132 mmol) at 0 °C. The reaction mixture was stirred at 0 °C for 10 min and to the mixture was added
additional NaBH, (2.6 mg, 0.0687 mmol). After 10 min, The reaction mixture was partitioned between water and
Et,0. The mixture was extracted with Et,O three times and washed with brine. The combined organic layers were
dried over Na,SO,, filtered, concentrated and purified by silica gel column chromatography (25-50 %
EtOAc/Hexane) to afford alcohol 108b as a colorless oil (17.5 mg, 47%); '"H NMR (400 MHz, CDCl3) & 7.38-7.28
(m, 5H), 6.00-5.91 (m, 1H), 4.75 (d, 1H, J = 6.7 Hz), 4.68 (d, 1H, J = 6.7 Hz), 4.55 (d, 1H, J = 11.6 Hz), 4.48 (d,
1H, J = 11.6 Hz), 4.18-4.06 (m, 3H), 3.78 (d, 1H, J = 11.6 Hz), 3.44 (s, 3 H), 3.28 (d, 1H, J = 11.6 Hz), 3.03 (br,
1H), 1.57-1.47 (m, 1H), 1.51 (s, 1H), 1.45-1.33 (m, 2H), 1.17 (s, 3H), 1.08-0.99 (m, 1H), 0.94 (s, 3H); °C NMR
(100 MHz, CDCl;) 6 138.6, 135.2, 128.8, 128.3, 128.1, 116.0, 96.0, 74.5, 72.8, 70.5, 68.4, 56.3, 32.5, 32.1, 30.3,
29.7,29.6, 24.3.

NN NN

-“ OBn ‘ OBn
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108a 0°Cto80°C 109ae

Compound 109ae: To a solution of alcohol 108a (2.6 mg, 6.24 pmol) and CS, (4.5 pL, 0.0746 mmol) in THF
(600 puL) was added NaH (60% in mineral oil, ca. 2 mg) at room temperature. Aftere the mixture was stirred at
50 °C for 1h, methyl iodide (3.1 pL, 0.0499 mmol) was added at 0 °C. After stirred at room temperature for 1h,
the reaction mixture was diluted MTBE and washed with brine twice. The organic layer was dried over Na,SOy,
filtered and concentrated. The residue was purified by silica gel column chromatography (1-20% EtOAc/Hexane)
to afford xanthate 109ae (3.1 mg,quant.); "H NMR (500 MHz, CDCl3) & 7.40-7.26 (m, 5H), 6.05 (td, 1H, J = 6.6,
2.2 Hz), 5.00 (d, 1H, J = 10.3 Hz), 4.54 (d, 1H, J = 11.7 Hz), 4.49 (d, 1H, J = 11.7 Hz), 4.19-4.12 (m, 3H), 4.00
(d, 1H, J = 10.3 Hz), 2.55 (s, 3H), 1.52-1.29 (m, 3H), 1.14 (s, 3H), 1.04-0.98 (m, 1H), 0.94 (s, 3H), 0.89 (s, 9H),
0.07 (s, 3H), 0.05 (s, 3H).

~>oBn SN
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|
108b 109ba

Compound 109ba: To a solution of imidazole (4.4 mg, 0.0641 mmol) and PPh; (7.4 mg, 0.0319 mmol) in CH,Cl,
(1.0 mL) was added I, (6.1 mg, 0.0240 mmol) at 0 °C in dark. To the mixture was added alcohol 108b (7.4 mg,
0.0214 mmol) in CH,Cl, (1.0 mL) through cannula after stirred for 5 min. The reaction mixture was stirred at 0 °C
in dark. After 20 min, additional imidazole (17.4 mg, 0.256 mmol), PPh; (22.4 mg, 0.0854 mmol) and I, (21.1 mg,
0.0831 mmol) were added at 0 °C. After stirred at 0 °C for 2 h in dark, the resulting mixture was quenched with
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satd. aq. Na,S,0; and extracted with CHCI; three times. The combined organic layers were dried over Na,SOy,
filtered and concentrated. The residue was purified by silica gel column chromatography (5-10% EtOAc/hexane)
to afford alkyl iodide 109ba (7.0 mg, 72%) as a yellowish oil; "H NMR (500 MHz, CDCl3) & 7.34-7.27 (m, 5H),
6.21 (td, 1H, J = 6.7, 2.5 Hz), 4.85 (d, 1H, J = 6.9 Hz), 4.74 (d, 1H, J = 6.9 Hz), 4.56 (d, 1H, J = 12.0 Hz), 4.50
(d, 1H, J = 12.0 Hz), 4.18-4.10 (m, 2H), 4.02 (t, 1H, J = 3.2 Hz), 3.99 (d, 1H, J = 8.6 Hz), 3.44 (s, 3H), 2.87 (d,
1H, J=9.2 Hz), 1.67-1.60 (m, 1H), 1.53 (s, 1.53 (s, 1H), 1.53-1.47 (m, 1H), 1.40-1.32 (m, 1H), 1.30-1.23 (m, 1H),
1.16 (s, 3H), 1.09-1.01 (m, 1H), 0.90 (s, 3H); *C NMR (125 MHz, CDCl3) & 138.1, 136.0, 128.3, 127.8, 127.6,
114.7,96.7,72.3,71.7, 69.4, 55.9, 36.7, 32.8, 31.3, 31.3, 30.3, 29.3, 28.1, 27.0, 23.6, 16.8.

NN AN
-~ "OBn
‘ SEMCI | OBn
DIPEA
HO " . SsEMO
’\/ Y
I ~CN | ~CN
106 S8

Compound S8: To a solution of alcohol 106 (60.0 mg, 0.202 mmol) in CH,Cl, (2.0 mL) were added DIPEA (42.2
pL, 0.242 mmol) and SEMCI (42.8 pL, 0.242 mmol) at room temperature. The reaction mixture was stirred at
40 °C overnight. Then additional DIPEA (42.2pL, 0.242 mmol) and SEMCI (42.8 pL, 0.242 mmol) at room
temperature. The reaction mixture was stirred at 40 °C for 5 h. After cooled to room temperature, the reaction
mixture was quenched with satd. aq. NaHCO; amd extracted with EtOAc three times. The combined organic
layers were washed with brine, dried over Na,SOy, filtered and concentrated. The residue was purified with silica
gel column chromatography (10-15% EtOAc/Hexane) to afford SEM ether S8 (71.7 mg, 83%) as a colorless oil;
'H NMR (500 MHz, CDCls) § 7.39-7.27 (m, 5H), 6.29 (td, 1H, J = 6.6, 2.9 Hz), 4.82 (dd, 2H, J = 11.5, 7.4 Hz),
4.57 (d, 1H, J = 11.7 Hz), 4.50 (d, 1H, J = 11.7 Hz), 4.17 (d, 1H, J = 0.9 Hz), 4.15 (d, 1H, J = 0.9 Hz), 3.80-3.73
(m, 1H), 3.73-3.66 (m, 1H), 2.14 (s, 1H), 1.47-1.39 (m, 2H), 1.22 (s, 3H), 1.04-0.04 (m, 4H), 0.94 (s, 3H), 0.03 (s,
9H); >C NMR (125 MHz, CDCl3) & 128.6, 128.1, 128.0, 120.6, 120.4, 94.0, 72.8, 69.3, 69.0, 65.7, 35.2, 31.2,
30.5, 29.6, 29.6, 23.5, 18.2, 0.15, -1.3; HRMS (FAB) m/z calcd for C,sH3;NO;SiNa [M+Na]" 450.2440, found
450.2440.

"‘\\\OBH "\\\OBn
SEMO i DIBAL-H SEMO ‘
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Compound S9: To a solution of MOM ether S8 (56.7 mg, 0.133 mmol) was in toluene (1.7 mL) was added
DIBAL-H 1.0 M solution in toluene (199 pL, 0.199 mmol) at =78 °C. The reaction mixture was stirred for 30 min,
warmed up to rt gradually and stirred for further 2 h. Then, acetone (200 pL), EtOAc (200 pL), and pH = 7
phosphate buffer (200 pL) were added. before the mixture was stirred for 20 min vigorously. After that, to the
resulting mixture was added Na,SO, and stirred for 30 min before filtered through short Na,SO, and silica gel.
Filtered solution was concentrated and then, the residue was purified by silica gel column chromatography
(10-20 % EtOAc/Hexane) to afford aldehyde aldehyde S9 as a colorless oil (12.5 mg, 22%); 'H NMR (500 MHz,
CDCl3) 8 9.17 (s, 1H), 7.42-7.26 (m, SH), 5.97 (td, 1H, J = 6.6, 2.6 Hz), 4.88 (d, 1H, J = 7.2 Hz), 4.79 (d, 1H, J =
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7.2 Hz), 455 (d, 1H, J = 11.7 Hz), 448 (d, 1H, J = 11.7 Hz), 438 (t, 1H, J = 3.4 Hz), 4.21-4.12 (m, 2H),
3.70-3.62 (m, 2H), 2.22 (s, 1H), 1.68-1.60 (m, 1H), 1.57-1.49 (m, 1H), 1.47-1.39 (m, 1H), 1.19 (s, 3H), 1.13-1.04
(m, 1H), 1.01-0.89 (m, 2H), 1.00 (s, 3H), 0.02 (s, 9H); >C NMR (125 MHz, CDCl3) § 197.5, 128.3, 127.8, 127.7,
118.2, 94.6, 72.3, 69.7, 69.1, 65.3, 39.8, 33.4, 32.6, 30.9, 30.0, 29.6, 23.5, 18.0, 1.55.
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Compound S10: To a solution of aldehyde S9 (12.5 mg, 0.0290 mmol) in MeOH (1.1 mL) was added NaBH, (1.2
mg, 0.0317 mmol) at 0 °C. After stirred for 5 min at 0 °C, the reaction mixture was partitioned between water and
Et,0. The mixture was extracted with Et,O three times and washed with brine. The combined organic layers were
dried over Na,SO,, filtered, concentrated and purified by silica gel column chromatography (10-20 %
EtOAc/Hexane) to afford alcohol S10 as a colorless oil (14.6 mg, quant.); '"H NMR (500 MHz, CDCl;) &
7.36-7.27 (m, 5H), 5.96 (td, 1H, J = 6.7, 2.5 Hz), 4.76 (d, 1H, J = 6.9 Hz), 4.74 (d, 1H, J = 6.9 Hz), 4.55 (d, 1H, J
=12.0 Hz), 4.48 (d, 1H, J = 12.0 Hz), 4.17-4.09 (m, 2H), 4.08 (t, 1H, J = 3.7 Hz), 3.75-3.68 (m, 2H), 3.656-3.60
(m, 2H), 3.32-3.25 (m, 1H), 3.15-3.06 (m, 1H), 1.16-1.07 (m, 1H), 1.48 (s, 1H), 1.46-1.33 (m, 2H), 1.16 (s, 3H),
1.05-0.99 (m, 1H), 0.99-0.94 (m, 2H), 0.94 (s, 3H), 0.03 (s, 9H); °C NMR (125 MHz, CDCl;) & 138.4, 135.0,
128.5, 128.0, 127.8, 115.6,93.4, 74.1, 72.4, 70.2, 68.1, 65.8, 32.2, 31.7, 31.5, 30.0, 29.4, 29.3, 24.1, 18.3, -1.30.
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Compound 109ca: To a solution of imidazole (13.5 mg, 0.198 mmol) and PPh; (18.6 mg, 0.0709 mmol) in
CH,Cl, (1.0 mL) was added I, (17.1 mg, 0.0674 mmol) at O °C in dark. To the mixture was added alcohol S10
(14.1 mg, 0.0326 mmol) in CH,Cl, (1.0 mL) through cannula after stirred for 5 min. After stirred at 0 °C for 15
minutes in dark, the resulting mixture was quenched with satd. aq. Na,S,0; and extracted with CHCl; three times.
The combined organic layers were dried over Na,SO,, filtered and concentrated. The residue was purified by
silica gel column chromatography (5-10% EtOAc/hexane) to afford alkyl iodide 109ca (18.9 mg, quant.) as a
yellowish oil; "H NMR (500 MHz, CDCls) & 7.41-7.27 (m, 5H), 6.22 (td, 1H, J = 6.7, 2.4 Hz), 4.86 (d, 1H, J =
7.2 Hz), 4.80 (d, 1H, J = 7.2 Hz), 4.57 (d, 1H, J = 11.7 Hz), 4.51 (d, 1H, J = 11.7 Hz), 4.19-4.10 (m, 1H), 4.04 (t,
1H, J =3.2 Hz), 4.00 (d, 1H, J = 8.9 Hz), 3.76-3.68 (m, 2H), 2.87 (d, 1H, J = 8.9 Hz), 1.70-1.61 (m, 1H), 1.53 (s,
1H), 1.51-1.44 (m, 1H), 1.39-1.31 (m, 1H), 1.15 (s, 3H), 1.07-0.98 (m, 2H), 0.97-0.91 (m, 1H), 0.91 (s, 3H), 0.03
(s, 9H); °C NMR (125 MHz, CDCl;) § 138.3, 136.4, 134.0, 133.8, 128.8, 128.6, 128.5, 128.1, 127.8, 114.9, 94.9,
72.5,71.4,69.7,65.7,37.0, 33.0, 31.5, 30.6, 29.9, 29.6, 28.4, 23.5.
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Compound 111b: To a solution of alkyl iodide 109ca (5.9 mg, 0.0109 mmol) in DMSO (500 pL) was added
NaBH, (ca. 2 mg) at room temperature. The reaction mixture was stirred at 80 °C overnight. After cooled to rt,
thre mixture was quenched with brine. After 30 min, the mixture was extracted with Et,O three times. The
combined organic layers were washed with brine, dried over Na,SOy, filtered and concentrated. The residue was
purified by silica gel column chromatography (5-15% EtOAc/Hexane) to afford 111b as a colorless oil (4.2 mg,
93%); 7.38-7.27 (m, SH), 5.90 (td, 1H, J = 6.7, 2.4 Hz), 4.76 (d, 1H, J = 7.2 Hz), 4.70 (d, 1H, J = 7.2 Hz), 4.55 (d,
1H, J = 11.7 Hz), 4.48 (d, 1H, J = 11.7 Hz), 4.18-4.06 (m, 2H), 3.38 (t, 1H, J = 3.3 Hz), 3.73-3.60 (m, 2H),
1.54-1.44 (m, 1H), 1.44 (s, 1H), 1.44-1.35 (m, 2H), 0.99-0.82 (m, 3H), 1.18 (s, 3H), 1.15 (s, 3H), 0.90 (s, 3H),
0.01 (s, 9H).
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Compound 112a: To a solution of 75d (143 mg, 0.575 mmol) in MeOH (5.8 mL) was added CeCl;-7H,0 (257
mg, 0.691 mmol) at room temperature. After cooled to 0 °C, NaBH, (24.9 mg, 0.658 mmol) was added to the
mixture and the resultant mixture was stirred for 15 min. The reaction mixture was diluted with water, extracted
with ether three times. The combined organic layers were washed with brine, dried over Na,SO, filtered and
concentrated under reduced pressure. The residue was purified by silica gel column chromatography (25%-40%
EtOAc/Hexane) to afford alcohol (130 mg, 90%, dr =20:1) as a colorless oil; 'H NMR (500 MHz, CDCl;) 6 6.25
(td, 1H, J = 6.6 Hz, 2.5 Hz), 4.66 (s, 2H), 4.21 (d, 2H, J = 6.3 Hz), 4.14-4.07 (m, 1H), 3.38 (s, 3H), 2.27 (d, 1H, J
= 5.2 Hz), 2.21 (s, OH), 1.55-1.49 (m, 1H), 1.49-1.39 (m, 1H), 1.25 (s, 3H), 1.04 (s, 3H), 1.10-1.04 (m, 1H);
HRMS (ESI) m/z caled for C4H, NO3sNa [M+Na]' 274.1414, found 274.1407. To a solution of above alcohol (52
mg, 0.209 mmol) in THF (2 mL) was added NaH (60% in mineral oil, 11.4 mg, 0.285 mmol) at 0 °C. The reaction
mixture was stirred at 0 °C for 30 min before PMBCI (34 pL, 0.251 mmol) and Nal (26 mg, 0.177 mmol) were
added. Then, the mixture was stirred at 50 °C for 3 hr. The resulting mixture was cooled to rt, quenched with sat.
aq. NH4Cl, and extracted with EtOAc three times. The combined organic layers were washed with brine, dried
over Na,SQy, filtered and concentrated. The residue was purified by silica gel column chromatography (15-30 %
EtOAc/Hexane) to afford 112a as a colorless oil (72 mg, 93%); 'H NMR (500 MHz, CDCl3) 6 7.37 (d, 2H, J =
8.0 Hz), 6.90 (d, 2H, J = 8.0 Hz), 6.22 (dt, 1H, J = 2.9, 6.3 Hz), 4.66 (d, 1H, J = 11.5 Hz), 4.65 (s, 2H), 4.60 (d,
1H, J = 11.5 Hz), 4.20 (d, 2H, J = 6.9 Hz), 3.81 (s, 3H), 3.73 (dd, 1H, J = 4.0, 2.9 Hz), 3.37 (s, 3H), 2.19 (s, 1H),
1.67-1.55 (m, 1H), 1.48-1.38 (m, 2H), 1.23 (s, 3H), 1.03 (s, 3H), 1.02-0.96 (m, 1H); °C NMR (125 MHz, CDCl5)
8 159.6, 130.2, 129.8, 127.9, 121.0, 120.2, 114.2, 96.5, 71.9, 71.6, 66.8, 55.8, 55.6, 35.6, 31.0, 30.8, 30.0, 29.9,
23.3, 17.6.
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Compound S11: To a solution of 75e (33.7 mg, 0.0932 mmol) in MeOH (1.9 mL) was added CeCl;-7H,O (41.1
mg, 0.110 mmol) at room temperature. After cooled to 0 °C, NaBH, (5.4 mg, 0.143 mmol) was added to the
mixture and the resultant mixture was stirred for 5 min. The reaction mixture was quenched with water, extracted
with ether three times. The combined organic layers were washed with brine, dried over Na,SO,, filtered and
concentrated under reduced pressure. The residue was purified by silica gel column chromatography (10%-15%
EtOAc/hexane) to afford S11 as a white solid (32.1 mg, 95%, dr =17:1): '"H NMR (500 MHz, CDCls) § 6.23 (s,
1H), 4.37 (d, 2H, J = 6.0 Hz), 4.11 (s, 1H), 2.26 (br, OH), 2.18 (s, 1H), 1.56-1.48 (m, 1H), 1.44 (t, 1H, J = 13.5
Hz), 1.24 (s, 3H), 1.06 (s, 18H), 1.16-1.03 (m, 5H), 1.01 (s, 3H); °C NMR (125 MHz, CDCl;) & 124.3, 123.1,
64.3, 62.7, 35.1, 30.7, 30.0, 29.5, 29.4, 25.9, 18.3, 17.9, 17.9, 11.9; IR (ATR) v = 2994, 2950, 1770, 1758, 1375,
1245, 1057 cm'l; HRMS (ESI) m/z caled for C,;H37NO,SiNa [M+Na]" 386.2486, found 386.2469.
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Compound 112b: To a solution of S11 (6.19 g, , 17.0 mmol) in THF (170 mL) was added NaH (60% in mineral
oil, 921 mg, 23.0 mmol) portionwise at 0 °C. The reaction mixture was stirred at 0 °C for 30 min before PMBCI
(3.5 mL, 25.5 mmol) and Nal (777 mg, 5.18 mmol) were added. Then, the mixture was stirred at 50 °C for 12 hr.
The resulting mixture was cooled to 0 °C, quenched with satd. aq. NH4Cl, and extracted with EtOAc three times.
The combined organic layers were washed with brine, dried over Na,SQOy, filtered and concentrated. The residue
was purified by silica gel column chromatography 3-15 % EtOAc/hexane) to afford 112b as a colorless oil (8.09 g,
97%): "H NMR (500 MHz, CDCl3) & 7.37 (d, 2H, J = 8.3Hz), 6.90 (d, 2H, J = 8.3 Hz), 6.21 (s, 1H), 4.67 (d, 1H, J
=11.5Hz), 4.60 (d, 1H, J = 11.5 Hz), 4.36 (s, 2H), 3.81(s, 3H), 3.74 (s, 1H), 2.15 (s, 1H), 1.47-1.36 (m, 2H), 1.22
(s, 3H), 1.15-0.91 (m, 23H), 1.00 (s, 3H); °C NMR (125 MHz, CDCl3)  159.2, 129.9, 129.4, 124.7, 123.1, 120.7,
113.8, 71.4, 71.2, 62.7, 55.2, 35.2, 30.6, 30.4, 29.6, 29.5, 22.8, 17.9, 17.0, 11.9; IR (ATR) v = 2994, 2866, 1770,
1758, 1513, 1246 cm']; HRMS (ESI) m/z calcd for CyoHysNO3Si [M+Na]+ 506.3061, found 506.3051.

< SoMoM ~SomoM
\ 1. DIBAL-H \
PMBO, ~  PMBO
</ 2. NaBH, </ oH
[ ~CN \
112a 113a

Compound 113a: To a solution of 112a (948 mg, 2.55 mmol) was in toluene-THF (3:1, 24 mL) was added
DIBAL-H 1.0 M solution slowly in toluene (2.5 mL, 2.55 mmol) at —78 °C. The reaction mixture was warmed up
to rt gradually. Then, additional DIBAL-H 1.0 M solution in toluene (2.5 mL, 2.55 mmol) was added slowly at
=78 °C and warmed up to rt gradually after it had been checked by the TLC the starting material was not
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completely converted. Then, to the solution was acetone (5 mL), EtOAc (5 mL), and pH = 7 phosphate buffer (5
mL), which was stirred for 20 min vigorously. After that, to the resulting mixture was added Na,SO4 and stirred
for 30 min before filtered through short Na,SO, and silica gel. Filtered solution was concentrated and then, the
residue was purified by silica gel column chromatography (10-20 % EtOAc/Hexane) to afford aldehyde as a
colorless oil (883 mg, 92%); 'H NMR (500 MHz, CDCl5) & 9.33 (s, 1H), 7.30 (d, 2H, J = 8.0 Hz), 6.88 (d, 2H, J
= 8.0 Hz), 5.90 (t, 1H, J = 6.0 Hz), 4.64 (s, 2H), 4.60 (d, 1H, J = 11.2 Hz), 4.51 (d, 1H, J = 11.2Hz), 4.20 (d, 2H,
7.2 Hz), 3.80 (s, 3H), 3.36 (s, 3H), 2.26 (s, 1H), 1.72-1.63 (m, 1H), 1.56 (t, 1H, J = 12.4 Hz), 1.40 (t, 1H, J = 13.2
Hz), 1.21 (s, 3H), 1.07 (s, 3H), 1.12-1.00 (m, 1H); *C NMR (125 MHz, CDCl;) 5 198.4, 159.3, 131.7, 130.7,
129.5, 117.5, 113.9, 96.1, 71.3, 70.8, 67.0, 55.5, 55.4, 39.8, 34.0, 32.1, 31.0, 30.2, 29.9, 22.3. To a solution of
above aldehyde (920 mg, 2.44 mmol) in MeOH (25 mL) was added NaBH, (112 mg, 2.98 mmol) at 0 °C
portionwise. The reaction mixture was stirred at 0 °C for 5 min. The resulting mixture was partitioned between
water and Et,0. The mixture was extracted with Et,O three times and washed with brine. The combined organic
layers were dried over Na,SQ,, filtered, and concentrated. The residue was purified by silica gel column
chromatography (25-40 % EtOAc/Hexane) to afford alcohol 113a as a colorless oil (927 mg, 100%); '"H NMR
(500 MHz, CDCl3) 6 7.29 (d, 2H, J = 8.6 Hz), 6.90 (d, 2H, J = 8.6 Hz), 5.85 (t, IH, J = 6.9 Hz), 4.65 (s, 2H),
4.60 (d, 1H,J=11.2 Hz), 438 (d, 1H, J = 11.2 Hz), 4.21-4.09 (m, 2H), 3.96 (d, 1H, J = 11.8 Hz), 3.92 (br, OH),
3.82 (s, 3H), 3.37 (s, 3H), 3.18 (d, 1H, J = 10.0), 3.02 (t, 1H, J = 10.1 Hz), 1.72-1.57 (m, 1H), 1.56 (s, 1H),
1.48-1.36 (m, 2H), 1.20 (s, 3H), 1.07-0.97 (m, 1H), 1.01 (s, 3H).

~>oTipg - DIBAL-H SNoTiPs

‘ toluene-THF ‘
3:1),-78°Ctort
PMBO B T8CON pygq
Y/ 2. NaBH, Yy
| “CN MeOH, 0 °C [

76%, 2 steps

112b 113b

Compound 113b: To a solution of 112b (27 mg, 56.2 pumol) in toluene-THF (3:1, 1 mL) was added slowly
DIBAL-H 1.0 M solution in toluene (56 pL, 56 pmol) at =78 °C. The reaction mixture was warmed up to rt
gradually. After checked by TLC the starting material not completely converted, additional DIBAL-H 1.0 M
solution in toluene (56 puL, 56 umol) was added slowly at =78 °C and warmed up to rt gradually. After checked by
TLC the starting material completely converted, to the solution was added acetone (100 pL), EtOAc (100 pL), and
pH = 7 phosphate buffer (100 pL). The resulting mixture was stirred for 20 min vigorously. After that, to the
mixture was added Na,SO, and stirred for 30 min before filtered through short Na,SO4 and silica gel. The filtrate
was concentrated to afford aldehyde as a colorless oil (26 mg, crude), which was used for the next reaction
without further purification: 'H NMR (500 MHz, CDCl;) 6 9.23 (s, 1H), 7.31 (d, 2H, J = 8.3 Hz), 6.88 (d, 2H, J =
8.0 Hz), 5.90 (s, 1H), 4.60 (d, 1H, J=11.5 Hz), 4.53 (d, 1H, J = 11.2 Hz), 4.36 (d, 2H, J =6.0 Hz), 4.22 (s, 1H),
3.81 (s, 3H), 2.22 (s, 1H), 1.69-1.60 (m, 1H), 1.55 (t, 1H, J = 14.3 Hz), 1.19 (s, 3H), 1.14-1.00 (m, 23H), 1.05 (s,
3H); IR (ATR) v = 2942, 2865, 2725, 1769, 1758, 1710, 1613, 1513 cm™; HRMS (ESI) m/z caled for
Cy9H4604SiNa [M+Na]+ 509.3058, found 509.3040. To a solution of above aldehyde (26 mg, crude) in MeOH (1
mL) was added NaBH, (2.6 mg, 68.7 umol) at 0 °C. The reaction mixture was stirred at 0 °C for 10 min The
resulting mixture was partitioned between water and Et,O. The mixture was extracted with Et,O three times and

washed with brine. The combined organic layers were dried over Na,SQO,, filtered, concentrated, and purified by
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silica gel column chromatography (3-15 % EtOAc/hexane) to afford 113b as a colorless oil (21 mg, 76%, 2 steps):
'H NMR (500 MHz, CDCls) & 7.29 (d, 2H, J = 8.3 Hz), 6.90 (d, 2H, J = 8.3 Hz), 5.83 (s, 1H), 4.60 (d, 1H, J =
11.2 Hz), 4.38 (d, 1H, J = 11.2 Hz), 4.34-4.26 (m, 2H), 3.97 (d, 1H, J=11.5 Hz), 3.92 (br, OH), 3.81 (s, 3H), 3.21
(d, 1H, J=10.0 Hz), 3.00 (t, 1H, J = 10.9 Hz), 1.72-1.56 (m, 2H), 1.47-1.38 (m, 2H), 1.26 (s, 1H), 1.19 (s, 3H),
1.15-0.77 (m, 21H), 0.98 (s, 3H); C NMR (125 MHz, CDCl;) § 159.2, 131.3, 130.2, 129.3, 118.7, 113.9, 75.9,
75.8, 70.5, 68.3, 63.6, 55.2, 31.8, 31.1, 29.9, 29.2, 29.2, 22.6, 18.0, 12.0; IR (ATR) v = 3537, 2941, 2864, 1613,
1513, 1462, 1248 cm™'; HRMS (ESI) m/z caled for CoH4004Si [M+H]" 511.3214, found 511.3196.

~Somom ~Somom
\ I, PPhg, imid. \
PMBO, ——  PMBO
\‘/ OH \‘/ |
113b S12a

Compound S12a: To a solution of imidazole (1.00 g, 14.72 mmol) and PPh; (1.3 g, 4.96 mmol) in CH,Cl, (12
mL) was added I, (1.27 g, 5.02 mmol) at 0 °C in dark. To the mixture was added alcohol 113b in CH,Cl, (12 mL)
through cannula after stirred for 5 min. The reaction mixture was stirred at 0 °C in dark. After 15 min, the
resulting mixture was quenched with satd. aq. Na,S;0; and extracted with CHCl; three times. The combined
organic layers were dried over Na,SOy,, filtered and concentrated. The residue was purified by silica gel column
chromatography (7-15% EtOAc/Hexane) to afford S12a as a colorless oil (1.00g, 93%); '"H NMR (400 MHz,
CDCly) ¢ 7.36 (d, 2H, J = 8.7 Hz), 6.90 (d, 2H, J = 8.7 Hz), 6.17 (dt, 1H, J = 2.3, 7.0 Hz), 4.68 (d, 1H, J = 7.0
Hz), 4.65 (d, 1H, J =7.0 Hz), 4.56 (d, 1H, J = 10.4 Hz), 4.46 (d, 1H, J = 10.4 Hz) 4.22-4.14 (m, 2H), 4.11 (d, 1H,
J =8.7 Hz), 3.91 (br, 1H), 3.81 (s, 3H), 3.39 (s, 3H), 2.83 (d, 1H, J = 8.7 Hz), 1.71-1.61 (m, 1H), 1.60-1.44 (m,
1H), 1.52 (s, 1H), 1.37-1.23 (m, 1H), 1.15 (s, 3H), 1.07-0.98 (m, 1H), 0.96 (s, 3H).

~>oTIPS ~>oTIPS
\ I, PPha, imid. \
PMBO, ——— PMBO,
Y CH,Cl, 0 °C o
OH I
\ 84% \
113b S12b

Compound S13b: To a solution of imidazole (642 mg, 9.43 mmol) and PPh; (834 mg, 3.18 mmol) in CH,CI, (7.8
mL) was added L, (854 mg, 3.36 mmol) at 0 °C in dark. To the mixture was added alcohol 113b in CH,CI, (7.8
mL) through cannula after stirred for 5 min. The reaction mixture was stirred at 0 °C in dark. After 20 min, the
resulting mixture was quenched with satd. aq. Na,S,0; and extracted with CHCl; three times. The ombined
organic layers were dried over Na,SOy,, filtered and concentrated. The residue was purified by silica gel column
chromatography (3-10% EtOAc/hexane) to afford alkyl iodide S12b as a yellowish oil (785 mg, 84%): 'H NMR
(500 MHz CDCl;) 6 7.36 (d, 2H, J = 8.3 Hz), 6.90 (d, 2H, J = 8.3 Hz), 6.14 (s, 1H), 4.56 (d, 1H, J = 10.9 Hz),
4.46 (d, 2H, J=10.6 Hz), 4.34 (d, 1H, J= 8.6 Hz ), 3.91 (s, 1H), 3.81 (s, 3H), 2.82 (d, /= 8.9 Hz), 1.69-1.41 (m,
2H), 1.43 (s, 1H), 1.16-0.97 (m, 1H), 0.91-0.75 (m, 1H) 1.13 (s, 3H), 1.12-0.98 (m, 21H), 0.93 (s, 3H); 13C NMR
(125 MHz, CDCl;) 6 159.0, 133.0, 131.0, 129.5, 117.8, 113.7, 72.3, 71.3, 63.3, 55.2, 36.5, 32.7, 31.3, 30.5, 29.4,
28.2,21.7,18.0, 17.7, 12.0; IR (ATR) v = 2942, 2864, 1770, 1614, 1514, 1464, 1247, 1219 cm™; HRMS (ESI) m/z
caled for C,0H,4705SiINa [M+Na]™ 621.2231, found 621.2220.
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Compound 114a: To a solution of S12a (53 mg, 0.111 mmol) in DMSO (317 pL) was added NaBH, (8.3 mg,
0.219 mmol) and stirred at 80 °C. After 1 hr, The reaction mixture was cooled to rt and satd. aq. NH4CI was added.
After 30 min, extracted with Et,O three times. The combined organic layers were washed with brine, dried over
Na,S0,, filtered and concentrated. The residue was purified by silica gel column chromatography (5-15%
EtOAc/Hexane) to afford 114a as a colorless oil (21 mg, 55%); 'H NMR (500 MHz, CDCl;) & 7.30 (d, 1H, J =
8.3 Hz), 6.88 (d, 1H, J = 8.3 Hz), 5.83 (t, IH, J = 6.9 Hz), 4.67 (d, 1H, J = 6.3 Hz), 4.64 (d, 1H, J = 6.3 Hz), 4.55
(d, 1H, J = 11.7 Hz), 4.37 (d, 1H, J = 11.7 Hz), 4.20-4.10 (m, 2H), 3.81 (s, 3H), 3.58 (br, 1H), 3.38 (s, 3H), 1.48 (t,
IH, J = 12.3 Hz), 1.33 (t, 1H, J = 13.7 Hz), 1.23-1.17 (m, 1H), 1.21 (s, 1H), 1.20 (s, 3H), 1.16 (s, 3H), 0.97 (s,
3H); "C NMR (125 MHz, CDCl3) & 158.8, 139.9, 131.3, 129.0, 113.5, 113.8, 95.8, 74.5, 70.6, 67.7, 55.2, 33.6,
32.6,31.2,30.1,29.6,23.5, 22.5, 21.5; HRMS (ESI) m/z caled for C,,H3,04 [M+Na]" 383.2193, found 383.2209.

~SoTIPs ~SoTiPs
\ NaBH, \
PMBO T PMBO
Y& DMSO, 80 °C "/
\ 76% | “Me
S12b 114b

Compound 114b: To a solution of alkyl iodide S12b (17.7 mg, 29.6 pmol) in DMSO (100 pL) was added NaBH,4
(2.2 mg, 58.2 umol) and stirred at 80 °C. After 1 hr, The reaction mixture was cooled to rt and sat. aq. NH4CI was
added. After 30 min, extracted with Et,O three times. The combined organic layers were washed with brine, dried
over Na,SQ,, filtered and concentrated. The residue was purified by silica gel column chromatography (1-7%
EtOAc/hexane) to afford 114b as a colorless oil (11.5 mg, 76%); 'H NMR (500 MHz, CDCls) § 7.30 (d, 2H, J =
8.3 Hz), 6.88 (d, 2H, J= 8.3 Hz), 5.82 (s, 1H), 4.55 (d, 1H, J=11.5 Hz), 4.37 (d, 1H, J = 11.7 Hz), 4.36-4.26 (m,
2H), 3.81 (s, 3H), 3.57 (s, 1H), 1.52-1.40 (m, 2H), 1.37-1.28 (m, 1H), 1.26 (s, 1H), 1.19 (s, 3H), 1.14 (s, 3H),
1.13-1.00 (m, 21H), 0.99-0.79 (m, 1H), 0.92 (s, 3H); 13C NMR (125 MHz, CDCls) § 158.9, 136.1, 131.4, 129.0,
117.2, 113.6, 74.7, 70.6, 63.9, 55.2, 33.6, 32.7, 31.3, 30.2, 29.7, 23.3, 22.5, 21.4, 18.0, 12.0; IR (ATR) v = 2993,
1770, 1373, 1245 cm']; HRMS (ESI) m/z calcd for CpoHyg0;3SiNa [M+Na]+ 495.3265, found 495.3249.

~SoTiPs ~SoH
\ TBAF \
—_—
PMBO é; PMBO,
Y/ THF W/
0,
| “Me . 97% | “Me
114b 120

Compound 120: To a solution of 114b (486 mg, 1.03 mmol) in THF (10 mL) was added TBAF (1.0 M in THF) at
rt. The reaction mixture was stirred for 1 h before diluted with EtOAc and satd. aq. NH,Cl, extracted with EtOAc
three times. The combined organic layers were washed with brine, dried over Na,SO,, filtered and concentrated.

The residue was purified by silica gel column chromatography to afford 120 (313 mg, 97%) as a colorless oil; 'H
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NMR (500 MHz, CDCls) § 7.30 (d, 2H, J = 8.3 Hz), 6.89 (d, 2H, J = 8.3 Hz), 5.88 (t, 1H, J= 6.0 Hz), 4.56 (d, J =
11.5 Hz), 4.37 (d, J = 11.5 Hz), 4.24 (m, 2H), 3.58 (t, 1H, J = 3.3 Hz), 1.53-1.45 (m, 1H), 1.35-1.24 (m, 2H), 1.22
(s, 1H), 1.20 (s, 3H), 1.16 (s, 3H), 0.98 (m, 1H), 0.96 (s, 3H); *C NMR (125 MHz, CDCl;) § 158.9, 131.1, 128.9,
113.7, 74.9, 71.7, 63.3, 55.2, 36.5, 33.4, 33.0, 29.6, 29.0, 28.4, 26.7, 24.4, 23.8, 20.4; IR (ATR) v = 3407, 2992,
2953, 2861, 1768, 1756 cm™; HRMS (ESI) m/z caled for CaoHas05Na [M+Na]" 339.1931, found 339.1927.

o~ Z 0Et _Br
| OH NBS ‘ Qﬂ,oa
PMB}\_/A PMBO,
| “Me ™/
| “Me
120 15

Compound 115: To a solution of allyl alcohol 120 (21.3 mg, 0.0604 mmol) in CH,Cl, (1.0 mL) was added
ethylvinyl ether (11.6 pL, 0.121 mmol) and NBS (18.0 mg, 0.101 mmol) at -20 °C. After the reaction mixture was
stirred at -20 °C for 10 minutes, additonal ethyl vinyl ether (17.3 pL, 0.181 mmol) and NBS (33.8 mg, 0.190
mmol) were added. Then, further additonal ethyl vinyl ether (28.9 pL, 0.302 mmol) and NBS (57.3 mg, 0.322
mmol) were added after 10 minutes. After stirred for 5 minutes, the reaction mixture was quenched with satd. aq.
NaHCOj; and extracted with CHCl; three times. The combined organic layers were dried over Na,SOy, filtered and
concentrated. The residue was purified with silica gel column chromatography to afford bromoacetal 115 (27.6 mg,
0.0591 mmol) as a colorless oil; 'H NMR (500 MHz, CD5Cl) (1:1 ratio of diastereomeric mixture) 6 7.29 (d, 4H, J
= 8.3 Hz), 6.88 (d, 4H, J = 8.3 Hz), 5.87-5.79 (m, 2H), 4.94-4.87 (m, 1H), 4.74-4.67 (m, 2H), 4.55 (d, 2H, J =
11.7 Hz), 4.37 (d, 2H, J = 11.7 Hz), 4.29-4.22 (m, 2H), 4.22-4.13 (m, 2H), 3.81 (s, 6H), 3.75-3.64 (m, 3H),
3.62-3.53 (m, 4H), 3.47-3.41 (m, 2H), 3.41-3.35 (m, 4H), 1.60 (s, 2H), 1.60-1.52 (m, 1H), 1.53-1.43 (m, 1H),
1.37-1.28 (m, 1H), 1.27-1.21 (m, 7H), 1.20 (s, 3H), 1.20 (s, 3H), 1.16 (s, 3H), 1.00-0.94 (m, 1H), 0.96 (s, 3H); °C
NMR (125 MHz, CDCl;) & 159.1, 140.5, 140.1, 131.4, 129.2, 113.8, 113.5, 113.4, 101.5, 100.9, 99.8, 99.6, 74.6,
74.6, 70.8, 67.5, 67.1, 63.2, 62.6, 62.5, 62.2, 55.4, 34.0, 33.9, 32.9, 32.3, 32.0, 32.0, 31.8, 31.4, 31.4, 30.5, 30.5,
29.9, 29.9, 23.9, 23.9, 22.8, 22.7, 15.3, 15.3, 15.3, 15.2; HRMS (FAB) m/z calcd for C,4H;3sBrO;Na [M+Na]
489.1616, found 489.1620.

s
15.2 (major)
Br EQ 1 5.6 (minor) |
STho g EBIO Q 1.pDQ
\ nBuzSnH y H 2. 1M HCI
—_—
PMBO, 7 3. TPAP (cat.)
\‘/ g PMBO/ NMO, MS4A
© | “Me

115 116
diastereomeric mixture

Compounds 117 and 7-epi-117: To a solution of bromoacetal 115 (33.7 mg, 0.0721 mmol) in toluene (1.0 mL)
was added nBu;SnH (38.2 pL, 0.144 mmol) at room temperature. Then, the mixture was cooled to -78 °C and
Et;B (1.0 M in hexane, 22.0 pL, 0.0220 mmol) was added. The reaction mixture was stirreed at -78 °C for 1 h.
Then, additional Et;B (1.0 M in hexane, 87.0 pL, 0.0870 mmol) was added. After the reaction mixture was stirred
for further 1 h, nBuzSnH (57.2 pL, 0.216 mmol) and Et;B (1.0 M in hexane, 72.0 uL, 0.0720 mmol) were added

at -78 °C. The reation mixture was warmed up to room temoerature gradually and stirred for further 1 h. After the
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mixture was concentrated, the residue was purified by silica gel column chromatography (3-7% EtOAc/Hexane)
to afford a diastereomeric mixture of acetal 116 (18.3 mg, 67%) and bromoacetal 115 (10.5 mg, 37%) was
recovered. To a solution of acetal 116 (2.9 mg, 7.46 umol) in CH,Cl,-H,O (840 pL, 20:1) was added DDQ (3.4
mg, 0.0150 mmol) at 0 °C. The reaction mixture was stirred at room temperature for 30 minutes. Then the mixture
was quenched with satd. ag. NaHCO; and extracted with CHCI; three times. The combined organic layers were
washed with brine, dried over Na,SOy, filtered and concentrated. The residue was purified by silica gel column
chromatography (5-25% EtOAc/Hexane) to afford a diastereomeric mixture of alcohol (1.5 mg, 75%) as a
colorless oil. To a solution of above alcohol (1.5 mg, 5.59 pmol) in THF (800 pL) was added 1 M aq. HCI (200
pL) at room temperature. The mixture was stirred at 40 °C for 40 minutes. After cooled to room temperature, the
mixture was quenched with satd. aq. NaHCOj; and extracted with EtOAc three times. The combined organic layers
were washed with brine, dried over Na,SQy, filtered and concentrated to afford crude hemiacetal (1.6 mg). The
hemiacetal was used without further purification for the next reaction. To a solution of above crude hemiacetal
(1.6 mg) in CH,Cl, (500 uL) were MS4A (128 mg), NMO (2.3 mg, 0.0196 mmol) and TPAP (0.1 mg, 0.285
pumol) at room temperature. After stirred for 1 h, the reaction mixture was concentrated. The residue was purified
with silica gel column chromatography (35-55% EtOAc) to afford a diastereomeric mixture of ketone 7-epi-117
(1.2 mg, 93%, 2 steps) as a clolorless oil; 'H NMR (500 MHz, C¢Dg) (major) o 3.61 (dd, 1H, J = 15.5, 7.4 Hz),
3.22(dd, 1H,J =8.9,7.7 Hz), 1.99-1.87 (m, 2H), 1.62 (dd, 1H, J = 17.8, 8.6 Hz), 1.25-1.13 (m, 1H), 0.97-0.90
(m, 1H), 0.95 (s, 3H), 0.90-0.83 (m, 1H), 0.83-0.76 (m, 1H), 0.68-0.62 (m, 1H), 0.69 (s, 3H), 0.60 (s, 3H), 0.21 (d,
1H, J = 5.2 Hz); (minor) 6 3.61 (dd, 1H, J = 15.5, 7.4 Hz), 3.27 (dd, 1H, J = 7.7, 7.7 Hz), 1.99-1.87 (m, 2H),
1.58-1.50 (m, 1H), 1.25-1.13 (m, 1H), 0.96 (s, 3H), 0.68 (s, 3H), 0.57 (s, 3H), 0.97-0.90 (m, 1H), 0.89-0.83 (m,
1H), 0.82-0.76 (m, 1H), 0.70-0.63 (m, 1H), 0.17 (d, 1H, J = 5.6 Hz); HRMS (FAB) m/z calcd for C;4H;¢05
[M+H]" 237.1485, found 237.1474.

S3Jnepr=5.7 Hz

SNOTIPS OTIPS OTIPS
\ H,, 10% Pd/C 7 7
PMBQ _— HO, HO,
~ MeOH, rt Y o
| “Me 45% | YMe | “Me
114b 118 7-epi-118
1:2

Compound 118 and 7-epi-118: To a solution of 114b (15 mg, 29.7 pmol) in MeOH (1 mL) was added 10% Pd/C
(3.4 mg, 3.19 umol) and flushed with H,. The suspension was stirred at rt under H, atmosphere. After 5 min,
additional 10% Pd/C (15 mg, 14.0 pmol) was added and stirred for 30min. Then, The suspension was filtered
through celight with EtOAc and the resulting solution was concentrated. The residue was purified by silica gel
column chromatography (7-15% EtOAc/Hexane) to afford 118 and 7-epi-118 (4.7 mg, 45%, dr = 2:1); 'H NMR
(500 MHz, CDCl3) & 3.85 (major, s, 1H), 3.70 (major, t, 2H, J = 6.6 Hz), 3.74-3.67 (minor, m, 2H), 3.62 (minor, d,
1H, J = 10.3 Hz), 1.84-1.73 (minor, m, 1H), 1.71-1.60 (major, m, 1H), 1.71-1.60 (minor, m, 1H), 1.53-1.35 (major,
m, 3H), 1.53-1.35 (minor, m, 1H), 1.33-1.25 (major, m, 1H), 1.16-1.01 (major, m, 22H), 1.16-1.01 (minor, m,
27H), 1.13 (major, s, 3H), 1.11 (minor, s, 3H), 1.09 (major, s, 3H), 0.98 (minor, s, 3H), 0.89 (major, s, 3H), 0.55
(minor, m, 1H), 0.45-0.35 (major, m, 1H), 0.45-0.35 (minor, d, 1H), 0.25 (d, 1H, J = 5.7 Hz).
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3Jnenr= 5.7 Hz SJperr=5.7Hz 3JH5 H7= 8.6 Hz

OTIPS oTIPS OTIPS oF oTIPS
TPAP (cat.) H
7 7 _ NMO, MS4A H
HO, HO, 4
~ " CHZCIZ
| “Me | “Me quant.
118 7-epi-118 7 -epi-119
1:2 1:2

Compound 119 and 7-epi-119: To a solution of mixture of 118 and 7-epi-118 (4.7 mg, 13.3 umol) in CH,Cl, (1
mL) was added activated MS4A (201 mg), NMO (4.1 mg, 35.0 umol) and TPAP (11 mg, 30.2 umol). The mixture
was stirred at rt for 30 min and monitored by TLC before additional TPAP (1.4 mg, 3.98 umol). After 7.5 hr, the
resulting mixture was purified by silica gel column chromatography (1-7% EtOAc/Hexane) to afford a mixture of
119 and 7-epi-119 (8.4 mg, quant. dr = 2:1); 7-epi-119 (major) 'H NMR (500 MHz, CDCl;) & 3.75 (t, 2H, J = 6.3
Hz), 2.25-2.12 (m, 2H), 1.81-1.73 (m, 1H), 1.69-1.63 (m, 1H), 1.61-1.45 (m, 2H), 1.40-1.30 (m, 1H), 1.20 (s, 3H),
1.12 (s, 3H), 1.07-1.05 (m, 21H), 1.04 (s, 3H), 0.97 (d, 1H, J = 5.7 Hz); 119 (minor) "H NMR (500 MHz, CDCl5)
8 3.81-3.60 (m, 2H), 2.37-2.34 (m, 1H), 2.22-2.12 (m, 1H), 2.10-2.00 (m, 1H), 1.79-1.69 (m, 1H), 1.67-1.59 (m,
1H), 1.52-1.42 (m, 1H), 1.33-1.19 (m, 1H), 1.25 (s, 3H), 1.17 (s, 3H), 1.11 (s, 3H), 1.10 (d, 1H, J = 8.6 Hz).

General procedure for Ir-catalized olefin isomerization

oy [Ir(cod)pyr(PCy;)|BArE CHO
\ H,
o
PMBO. CH,Cly, rt PMBO.
| “Me 68% | “Me
120 all-cis : trans 123

10: 1
Compound 123: To a solution of 120 (41 mg, 0.132 mmol) in CH,Cl, (2.6 mL) was added
[Ir(cod)(pyr)(PCy3)|BATE (2.4 mg, 1.58 pmol) at room temperature. After the reaction mixture was babbled with
H, gas via needle for 3 minutes, the orange solution turned yellow. After checked by TLC, additional
[Ir(cod)(pyr)(PCy;)|BAT1E (4.7 mg, 3.08 umol) was added and H, gas was babbled for 1 minutes. After the starting
material was completely consumed, Et;N (2 drops) was added, and the solution was concentrated. The residue
was purified by silica gel column chromatography (10-25% EtOAc/hexane) to afford 123 (28 mg, 68%, 10:1 dr)
as a colorless oil: 'H NMR (500 MHz, CDCls) 6 9.77 (s, 1H), 7.28 (d, 2H, J = 8.3 Hz), 6.87 (d, 2H, J = 8.3 Hz),
4.54 (d, 1H, J = 11.7 Hz), 4.40 (d, 1H, J = 11.7 Hz), 3.79 (3H, s), 3.05 (dd, 1H, J = 11.7, 4.3 Hz), 2.65 (dd, 1H, J
=179, 6.2 Hz), 2.43 (dd, 1H, J = 17.9, 8.9 Hz), 1.66-1.59 (m, 1H), 1.48 (dd, 1H, J = 25.6, 13.6 Hz), 1.35 (d, 1H,
J=14.0 Hz), 1.24 (s, 3H), 1.11 (d, 1H, J = 7.7 Hz), 1.10 (s, 3H), 0.94-0.84 (m, 1H), 0.92 (s, 3H), 0.50 (d, 1H, J =
9.5 Hz); "C NMR (125 MHz, CDCl;) & 201.7, 128.8, 128.7, 114.0, 113.4, 73.9, 71.6, 55.3, 40.0, 36.4, 33.1, 32.6,
29.2,28.6,26.6,23.3, 21.0, 20.5; IR (ATR) v = 3369, 2957, 2864, 2718, 1725, 1613, 1512 cm™'; HRMS (ESI) m/z
calcd for C,0H,305Na [M+Na]+ 339.1931, found 339.1937.
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I

PMBO
Y/
\
121b

OH

Compound 121b: According to above procedure of isomerization using enol ether 113a (28.7 mg, 0.0762 mmol)
and [Ir(cod)(pyr)(PCys3)]PFs (6.9 mg, 8.57umol) instead of [Ir(cod)(pyr)(PCys)|BArg, 121b (14.9 mg, 52%) was
obtained as a colorless oil; '"H NMR (500 MHz, CDCl5) 8 7.27 (d, 2H, J = 8.6 Hz), 6.88 (d, 2H, J = 8.6 Hz), 6.29
(d, 1HJ = 12.0 Hz), 4.98 (t, 1H, J = 10.9 Hz), 4.79 (s, 2H), 4.64 (d, 1H, J = 10.9 Hz), 4.46 (d, 1H, J = 10.9 Hz),
3.80 (s, 3H), 3.76 (d, 1H, J = 11.5 Hz), 3.63 (dd, 1H, J = 5.2, 5.7 Hz), 3.19-3.11 (m, 1H), 2.95 (br, OH),
1.95-1.82 (m, 1H) 1.52-1.39 (m, 1H), 1.40-1.28 (m, 2H), 1.12 (s, 3H), 1.01 (s, 3H), 1.09-0.99 (m, 1H), 0.73 (d, 1H,
J=9.1 Hz); "C NMR (125 MHz, CDCl;) & 159.4, 144.9, 130.6, 129.2, 128.8, 114.1, 104.7, 95.9, 75.9, 71.8, 71.3,
55.8, 55.4, 34.9, 33.1, 31.9, 29.6, 29.2, 28.6, 27.0, 23.3; HRMS (FAB) m/z calcd for Cp,H;3,0sNa [M+Na]"
399.2147, found 399.2152.

TIPSO,

I

PMBQ
Y/
\
121c

OH

Compound 121c: According to above procedure of isomerization using enol ether 113b (66.1 mg, 0.135
mmol)and [Ir(cod)(pyr)(PCy3)]PFs (2.0 mg, 2.48 pmol) instead of [Ir(cod)(pyr)(PCy3)|BArg, 121c¢ (58.5 mg,
89%) was obtained as a colorless oil; "H NMR (500 MHz, CDCl3) 6 7.27 (d, 2H, J = 8.3 Hz), 6.88 (d, 2H, J = 8.3
Hz), 6.42 (d, 1H, J = 11.5 Hz), 4.91 (dd, 1H, J = 10.9, 10.9 Hz), 4.63 (d, 1H, J = 10.9 Hz), 3.79 (d, I1H, J = 10.9
Hz), 3.81 (s, 3H), 3.83-3.77 (m, 1H), 3.66 (dd, 1H, J = 11.2, 5.2 Hz), 3.13 (dd, 1H, J = 11.3, 5.2 Hz), 2.95 (dd,
1H, J = 8.0, 5.4 Hz), 1.94-1.81 (m, 1H), 1.53-1.40 (m, 1H), 1.38-1.28 (m, 2H), 1.12 (s, 3H), 1.21-1.13 (m, 1H),
1.11-1.05 (m, 21H), 1.01 (s, 3H), 0.71 (d, 1H, J = 9.5 Hz); °C NMR (125 MHz, CDCl5) & 159.2, 142.2, 130.5,
129.0,113.8, 106.4, 76.1, 71.7, 71.1, 55.2, 34.7, 32.9, 31.7, 29.1, 29.0, 28.5, 27.0, 23.0, 17.7, 11.9.

OTIPS

7

PMBO,
/]

| “Me
122d (trans)

Compound 122d (trans): According to above procedure of isomerization using enol ether 114b (27.2 mg, 0.0575
mmol), 122d (20.7 mg, 75%) was obtained as a colorless oil; "H NMR (500 MHz, CDCl;) & 7.28 (d, 2H, J = 8.0
Hz), 6.88 (d, 2H, J = 8.0 Hz), 4.52 (d, 1H, J = 11.7 Hz), 4.40 (d, 1H, J = 11.7 Hz), 3.81 (s, 3H), 3.69 (t, 2H, J =
7.0 Hz), 3.51-3.46 (m, 1H), 1.70-1.62 (m, 1H), 1.56-1.49, 1,44-1.25 (m, 3H), 1.24-1.10 (m, 1H), 0.41-0.35 (m,
1H), 0.22 (d, 1H, J = 5.4 Hz)
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/ BHs THF HO
o,
PMBO then allyl bromide PMBOQ,
</ oH Ag,0, PdCl, < OH
[ 3M aq. NaOH \
121b then H,0, 125a

Compound 125a: To a solution of enol ether 121b (10.2 mg, 0.0271 mmol) in THF (1.0 mL) was added BE;- THF
(1.0 M in THF, 108 pL, 0.108 mmol) at 0 °C. The reaction mixture was stirred at room temperature for 1 h before
allyl bromide (4.7 pL, 0.0542 mmol), Ag,O (12.8 mg, 0.0552 mmol), PdCIy(dppf) (2.5 mg, 3.42 pmol) and KOH
(3.1 ,g, 0.0553 mmol) were added. The reaction mixture was stirred at 70 °C. After no reaction alkyl borane in situ
was confiremed, 30% aq. HyO, (37.9 pnL) was added at 0 °C. After stirred for 30 minutes, the mixture was
quenched with satd. aq. NH4Cl and extracted with EtOAc three times. The combined organic layers were washed
with brine, dried oved Na,SO,, filtered and concentrated. The residue wasa purified by silica gel column
chromatography to afford alcohol 125a (4.7 mg, 50%, dr 4:1) as a colorless oil; "H NMR (400 MHz, CDCl;) &
(major) 7.31 (d, 2H, J = 8.6 Hz), 6.88 (d, 2H, J = 8.6 Hz), 4.68 (s, 2H), 4.66 (s, 1H), 4.63-4.57 (m, 1H), 3.90 (d,
1H, J = 10.3 Hz), 3.77-3.70 (m, 2H), 3.81 (s, 3H), 3.52 (dd, 1H, J = 10.3, 7.4 Hz), 3.39 (s, 3H), 3.20 (d, 1H, J =
11.5 Hz), 2.97 (br, 1H), 2.51 (br, 1H), 1.85-1.77 (m, 1H), 1.55-1.38 (m, 2H), 1.15 (s, 3H), 1.07-1.02 (m, 1H), 1.00
(s, 3H), 0.80-0.67 (m, 2H).

MOMO
HO
PMBO 1. TBSCI, imid
o~ OH 2.DDQ
125a 126

Compound 126: To a solution of alcohol 125a 4.0 mg, 0.0101 mmol) in DMF (300 pL) were added imidazole
(1.7 mg, 0.0243 mmol), TBSCI (3.6 mg, 0.0243 mmol) in DMF (200 pL) at 0 °C. The reaction mixture was stirred
at 0 °C for 2 h. Then, the mixture was quenched with satd. aq. NaHCO; and extracted with ether three times. The
combined oranic layers were washed with brine, dried over Na,SO,, filtered and concentrated. The residue was
purified with silica gel column chromatography (15-30% EtOAc/Hexane) to afford silyl ether (3.9 mg, 76%) as a
colorless oil; 'H NMR (500 MHz, CDCl3)  7.31 (d, 2H, J = 8.6 Hz), 6.86 (d, 2H, J = 8.6 Hz), 4.69 (s, 2H), 4.64
(d, 1H,J =11.7 Hz), 4.56 (d, 1H, J = 11.7 Hz), 3.90 (d, 1H, J = 10.3 Hz), 3.85-3.72 (m, 1H), 3.80 (s, 3H), 3.79 (d,
1H, J =10.0 Hz), 3.66 (d, 1H, J = 10.0 Hz), 3.62 (dd, 1H, J = 11.3, 4.4 Hz), 3.53 (dd, 1H, J = 10.3, 7.7 Hz), 3.39
(s, 3H), 2.34 (br, 1H), 1.60-1.49 (m, 1H), 1.44-1.33 (m, 1H), 1.06-1.01 (m, 1H), 1.09 (s, 3H), 0.98 (s, 3H),
0.94-0.74 (m, 3H), 0.87 (s, 9H), 0.00 (s, 6H); HRMS (ESI) m/z calcd for C,3sH430¢SiNa [M+Na]+ 531.3112, found
531.3127. To a solution of above silyl ether (2.9 mg, 5.70 umol) in CH,Cl, (1 mL) was added MS4A (220 mg)
at room temperature. Then, DDQ (2.0 mg, 8.81umol) was added at 0 °C before the reaction mixture was sdtirred
for 1.5 h. Then, the mixture was quenched with satd. aq. NaHCO; and extrtacted with CHCI; three times. The
combined organic layers were washed with satd. aq. NaHCOj; twice, dried over Na,SQy, filtered and concentrated.
The residue was purified by silica gel column chromtatography (5-7% EtOAc/Hexane) to afford 126 (1.0 mg,
48%); "H NMR (500 MHz, CDCl3) & 4.66 (s, 2H), 4.47-4.44 (m, 1H), 4.36 (dd, 1H, J = 5.2, 5.2 Hz), 3.81 (d, 1H,
J =10.3 Hz), 3.52 (d, 1H, J = 10.3 Hz), 3.51-3.43 (m, 2H), 3.72 (s, 3H), 1.69-1.61 (m, 1H), 1.58-1.49 (m, 1H),
1.45 (dd, 1H, J = 18.6, 14.0 Hz), 1.37 (d, 1H, J = 8.6 Hz), 1.19-1.13 (m, 1H), 1.11 (s, 3H), 1.06 (s, 3H), 0.89 (s,
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9H), 0.80 (d, 1H, J = 9.2 Hz), 0.03 (s, 3H), 0.03 (s, 3H); HRMS (ESI) m/z caled for CaHss0,4Si [M+Na]"
393.2432, found 393.2428.

MOMO, MOMO,
/ 1. Ac,0, pyr. /
DMAP, 62%
PMBO, 2.DDQ HO,
o oH CH,Cly-H,0 (20:1) ~ OAc
[ 84% [
121b 129

Compound 129: To a solution of enol ether 121b (8.1 mg, 0.0215 mmol) in CH,Cl, (1 mL) were added pyridine
(3.5 pL, 0.0430 mmol), DMAP (1.8 mg, 0.0147 mmol) and Ac,O (4.1 pL, 0.0430 mmol) at room temperature.
The mixture was stirred overnight. Then additional pyridine (3.5 pL, 0.0430 mmol) and Ac,O (4.1 pL, 0.0430
mmol) were added. After stirred for further 2.5 h, the mixture was quenched with satd. aq. NaHCO; and extracted
with ether three times. The combined organic layer was washed with brine, filtered and concentrated. The residue
was purified with silica gel column chromatography (15-25% EtOAc/Hexane) to afford ester (5.6 mg, 62%) as a
colorless oil and recovered alcohol (2.3 mg, 28%); 'H NMR (500 MHz, CDCl;) 6 7.26 (d, 2H, J = 8.6 Hz), 6.86
(d, 2H, J = 8.6 Hz), 6.30 (d, 1H, J = 12.0 Hz), 4.98 (dd, 1H, J = 11.2, 11.2 Hz), 4.80 (s, 2H), 4.52 (dd, 1H, J =
11.3, 5.6 Hz), 4.22 (d, 1H, J = 11.5 Hz), 3.99 (d, 1H, J = 11.5 Hz), 3.80 (s, 3H), 3.82-3.78 (m, 1H), 3.40 (s, 3H),
2.03 (s, 3H), 1.76-1.63 (m, 1H), 1.54-1.44 (m, 1H), 1.51 (dd, 1H, J = 10.3, 10.3 Hz), 1.11-1.00 (m, 2H), 1.09 (s,
3H), 1.00 (s, 3H), 0.77 (d, 1H, J = 9.2 Hz). To a solution of above ester (5.2 mg, 0.0124 mmol) in CH,Cl,-H,O
(20:1) was added DDQ (3.1 mg, 0.0137 mmol) at 0 °C. The reaction mixture was stirred at room temperature for
1h before quenched with satd. aq. NaHCO; and extracted with CHCI; three times. The combined organic layer
was washed with satd. aq. NaHCO; and brine, dried over Na,SOy,, filtered and concentrated. the residue was
purified with silica gel column chromatography (25-40% EtOAc) to afford alcohol 129 (3.1 mg, 84%) as a
colorless oil.; "H NMR (500 MHz, CDCl;) & 6.30 (d, 1H, J = 12.3 Hz), 5.00 (dd, 1H, J = 11.2, 11.2 Hz), 4.80 (s,
2H), 4.23 (d, 1H, J = 11.2 Hz), 4.03 (d, 1H, J = 11.2 Hz), 3.80-3.71 (m, 1H), 3.40 (s, 3H), 2.26 (d, 1H, J = 6.9
Hz), 2.09 (s, 3H), 1.82-1.75 (m, 1H), 1.50 (dd, 1H, J = 10.0, 10.0 Hz), 1.46-1.37 (m, 1H), 1.35-1.24 (m, 1H),
1.17-1.10 (m, 1H), 1.08 (s, 3H), 0.97 (s, 3H), 0.80 (d, 1H, J = 9.5 Hz).

MOMO

MOMO, ethyl vinyl ether /
/ NBS, CH,Cl,
-20°Ctort o
B —————
HO, DS
OAc
\‘/ OAc !
129 130 (R = Br) 0%

131 (R = H) 58%

Compound 131 (1:1 ratio of diastereomeric mixture) To a solution of NBS (2.2 mg, 0.0124 mmol) in CH,CI, (1
mL) were added ethylvinyl ether (8.0 pL, 0.0838 mmol) and alcohol 129 (2.5 mg, 8.38 umol) through camnula
at -20 °C. The reaction mixture was warmed up to room temperature gradually and stirred overnight. After the full
conversion was comfirmed by TLC, the reaction was quenched with satd. aq. NaHCO; and extracted with CHCl;.
The combined organic layer was dried over Na,SO,, filtered and concentrated. The residue was purified silica gel
column chromatography (15-25% EtOAc/Hexane) to afford acetal 131 (1.8 mg, 58%) as a colorless oil; 'H NMR
(500 MHz, CDCl3) 8 6.30 (d, 2H, J = 12.3 Hz), 5.09-4.99 (m, 2H), 4.81 (s, 4H), 4.74 (q, 2H, J = 10.7 Hz), 4.42 (d,
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IH, J = 11.2 Hz), 4.06 (d, 1H, J = 11.2 Hz), 3.94 (d, 1H, J = 11.2 Hz), 3.78 (d, 1H, J = 11.2 Hz), 3.70-3.43 (m,
9H), 3.40 (d, 6H, J = 7.4 Hz), 3.38-3.34 (m, 1H), 2.05 (s, 6H), 1.48 (dd, 2H, J = 9.7, 9.7 Hz), 1.75-1.61 (m, 2H),
1.38-1.25 (m, 6H), 1.22-1.13 (m, 6H), 1.09 (s, 6H), 1.01 (s, 6H), 7.06 (d, 2H, J = 9.5 Hz); HRMS (ESI) m/= calced
for C2oH3406Na [M+Na]" 393.2248, found 393.2261.

MOMO, 1. O3, CH,Cl,, -78 °C EtO,C
/ then Me,S /
o ) DI o
i OH 61%, 2 steps ‘ OH
121b 132

Compound 132: A solution of alcohol 121b (18.5 mg 0.0491 mmol) in CH,Cl, was babbled with O; at -78 °C for
1 minute. Then, the mixture was quenched with dimethylsulfide and concentrated to afford crude aldehyde which
was used without further purification for the next reaction. To a soution of crude aldehyde in toluene (2 mL) was
added Ethyl (Triphenylphosphoranylidene)acetate (107.3 mg, 0.308 mmol) at room temperature. The reaction
mixture was stirred at 100 °C overnight. After cooled to rt, the mixture was diluted with toluene and washed with
brine, dried over Na,SO,, filtered and concentrated. The residue was purified by silica gel column
chromatography and preparative thin layer chlomatography to afford ester 132 (11.7 mg, 61%, 2 steps); 'H NMR
(500 MHz, CDCls) 6 7.25 (d, 2H, J = 8.0 Hz), 6.95 (dd, 1H, J = 14.9, 11.5 Hz), 6.88 (d, 2H, J = 8.0 Hz), 5.98 (d,
1H, J = 15.2 Hz), 4.65 (d, 1H, J = 10.6 Hz), 4.44 (d, 1H, J = 10.6 Hz), 4.24-4.14 (m, 2H),3.81 (s, 3H), 3.77-3.68
(m, 1H), 3.69-3.60 (m, 1H), 3.27-3.20 (m, 1H), 2.93 (s, 1H), 2.05-1.95 (m, 1H), 1.93-1.80 (m, 1H), 1.57-1.38 (m,
2H), 1.29 (t, 3H, J = 7.0 Hz), 1.15 (s, 3H), 1.09 (d, 1H, J = 9.5 Hz), 1.05-0.98 (m, 1H), 0.98 (s, 3H); HRMS
(FAB) m/z caled for C,3H3305 [M+H]" 389.2328, found 389.2330.

~“SoH ~>0c0o,Me
| CICO,Me, pyr. |
PMBO ——— " PMBO
</ CH,Cl, Y/
| “Me 0°Ctort | “Me
120 134

Compound 134: To a solution of allyl alcohol 120 (666 mg, 2.11 mmol) in CH,Cl, (21 mL) were added pyridine
(340 pL, 4.21 mmol) and methylchloroformate (244 pL, 3.16 mmol) at 0 °C. The mixture was stirred at room
temperature for 30 minutes. Then, The additional pyridine (84.9 pL, 1.05 mmol) and methylchloroformate (32.6
pL, 0.422 mmol) were added before the reaction mixture was stirred for further 15minutes. Then the mixture was
quenched with brine, extracteed with ether three times. The combined ether was washed with 1 M aq. HCI, dried
over Na,SOy, filtered and concentrated. the residue was purified with silica gel column chromatography (7-15%
EtOAc/Hexane) to afford carbonate 134 (756 mg, 100%); 'H NMR (500 MHz, CDCl;) § 7.29 (d, 2H, J = 8.6 Hz),
6.88 (d, 2H, J = 8.6 Hz), 5.93-5.80 (m, 1H), 4.80-4.65 (m, 2H), 4.55 (d, 1H, J = 11.5 Hz), 436 (d, 1H, J = 11.7
Hz), 3.81 (s, 3H), 3.78 (s, 3H), 3.57 (dd, 1H, J = 3.6, 3.6 Hz), 1.65-1.54 (m, 1H), 1.53-1.42 (m, 1H), 1.35-1.22 (m,
2H), 1.19 (s, 3H), 1.16 (s, 3H), 1.04-0.92 (m, 1H), 0.97 (s, 3H); HRMS (ESI) m/z calcd for C5,H300sNa [M+Na]"
397.1985, found 397.1999.
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~>Soco,Me  Pd(dba), CHCIg /

\ BugP
PMB —_—
R/ HCO,H, EtsN PMBO
e THF, 80 °C K e

154 allois - frans 135
95:1

Compound 135: To a solution of Pd,(dba);.CHCl; (63.3 mg, 0.0612 mmol) in THF (10 mL) was added nBu;P
(60.3 uL, 0.242 mmol). Then, EtzN (338 pL, 2.42 mmol), HCO,H (91.4 pL, 2.42 mmol) and carbonate x (756 mg,
2.02 mmol) in THF (10 mL) by cannula. The mixture was stirred at 80 °C for 20 minutes. After cooled to room
temperature, the mixture was quenched with H,O and extractedwith EtOAc three times. The combined organic
layer was washed with 1 M aq. HCI, satd. aq. NaHCO; and brine. Then, the solution was dried over Na,SOy,
fitered and concentrated. the rewsidue was purified by siica gel column chromatography (1-7% EtOAc/Hexane) to
afford alkene 135 (579 mg, 95%, dr 9.5:1); '"H NMR (500 MHz, CDCls) 8 7.28 (d, 2H, J = 8.3 Hz), 6.87 (d, 2H, J
= 8.3 Hz), 5.84-5.70 (m, 1H), 5.17 (d, 1H, J = 16.6 Hz), 5.01 (d, 1H, J = 8.9 Hz), 4.54 (d, 1H, J = 11.5 Hz), 4.44
(d, 1H, J = 11.5 Hz), 3.81 (s, 3H), 3.41 (dd, 1H, J = 11.7, 4.6 Hz), 1.74-1.63 (m, 1H), 1.58-1.44 (m, 1H),
1.41-1.31 (m, 2H), 1.32-1.19 (m, 1H), 1.22 (s, 3H), 1.10 (s, 3H), 0.97 (s, 3H), 0.65 (d, 1H, J = 9.2 Hz); °C NMR
(125 MHz, CDCl;) 6 159.0, 135.8, 131.2, 129.1, 115.2, 113.8, 75.1, 72.1, 55.3, 37.7, 36.2, 33.0, 32.6, 29.9, 29.0,
27.1, 25.6, 23.7, 13.9; HRMS (ESI) m/z calcd for C,0H30,Na [M+Na]" 323.1982, found 323.1996.

OH
0s04 (1 mol%) HO
NMO (2.0 e
PMBO, ~ ] ( q) PMEO.
‘ acetone-H,0 /]
Me  (20:1), 50 °C [ ~Me
135 136

Compound 136: To a solution of alkene 135 (96 mg, 0.320 mmol) in acetone-H,O (3.2 mL, 20:1) were added
NMO (80.1 mg, 0.683 mmol) and OsO,4 (0.0393 M in rBuOH, 244 pL, 9.60 pmol) at room temperature. The
mixture was stirred at 50 °C for 1 h. After cooled to room temperature, the mixture was quenched with NaHSO4
and extracteed with EtOAc three times. The combine organic layer was washed with brine, dried over Na,SO,,
filtered and concentrateed. The residue was purified by silica gel column chromatography (40-50%
EtOAc/Hexane) to afford diastereo mixture of 1,2-diol 136 (94.1 mg, 88%) as a colorless oil; 'H NMR (500 MHz,
CDCly) 6 7.32 (d, 2H, J = 8.6 Hz), 6.89 (d, 2H, J = 8.6 Hz), 4.63 (d, 1H, J = 11.7 Hz), 4.57 (d, 1H, J = 11.7 Hz),
3.92-3.85 (m, 1H), 3.81 (s, 3H), 3.68-3.61 (m, 1H), 3.60-3.52 (m, 1H), 3.44 (dd, 1H, J = 11.6, 4.2 Hz), 2.00-1.96
(m, 1H), 1.77-1.74 (m, 1H), 1.69-1.62 (m, 1H), 1.55-1.46 (m, 1H), 1.45-1.37 (m, 1H), 1.23 (s, 3H), 1.18-1.08 (.m,
1H), 1.10 (s, 3H), 1.05-0.96 (m, 1H), 0.95 (s, 3H), 0.67 (dd, 1H, J = 10.0, 10.0 Hz), 0.51 (d, 1H, J = 9.5 Hz); °C
NMR (125 MHz, CDCl;) 8 158.6, 130.9, 128.6, 113.4, 71.4, 69.2, 67.5, 66.3, 54.9, 36.9, 35.1, 32.8, 30.5, 29.7,
29.5,26.2,23.3,21.6,20.7; HRMS (FAB) m/z calcd for C50H3004Na [M+Na]" 357.2036, found 357.2020.
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Compound 137: To a solutuion of 1,2-diol 136 (195 mg, 0.584 mmol) in CH,Cl, (5.8 mL) were added
(diethylphosphono)acetic acid (132 mg, 0.673 mmol), DMAP (74.8 mg, 0.612 mmol) and DCC (135 mg, 0.652
mmol) at room temperature. The reaction mixture was stirred at room temperature for 2 h. Then, additional
(diethylphosphono)acetic acid (38.4 mg, 0.196 mmol) and DCC (36.7 mg, 0.178 mmol) were added before the
reaction mixture was stirred for 30 minutes. Then, further (diethylphosphono)acetic acid (23.1 mg, 0.118 mmol)
and DCC (35.8 mg, 0.174 mmol) were added before the reaction mixture was stirred for further 1.5 h. Then, the
mixture was diluted with ether and filtered throgh cotton. The filtered solution was washed with satd. aq. NH,4Cl,
dried over Na,SO,, filtered and concentrated. The residue was purified by silica gel colum chromatography to
afford a phosphate (223 mg, 74%) as a colorless oil. To a solution of above phosphate (223 mg, 0.435 mmol) in
CH,Cl, (4.4 mL) were added MS4A (1.10 g), NMO (79.9 mg, 0.682 mmol) and TPAP (10.4 mg, 0.0296 mmol) at
room temperature. After the reaction mixture was stirred for 1h, additional NMO (32.9 mg, 0.280 mmol) and
TPAP (6.7 mg, 0.0191 mmol) were added. After stirred for 1 h, the mixture was concentrated. The residue was
purified by silica gel column chromatography (60-90% EtOAc/Hexane) to afford ketone 137 (182 mg, 82%) as a
colorless oil; 'H NMR (500 MHz, CDCL3) & 7.25 (d, 2H, J = 8.6 Hz), 6.86 (d, 2H, J = 8.6 Hz), 4.76 (s, 2H),
4.44 (s, 2H), 4.23-4.14 (m, 4H), 3.79 (s, 3H), 3.73 (dd, 1H, J = 11.7, 4.3 Hz), 3.13 (s, 1H), 3.08 (s, 1H), 1.82 (dd,
1H, J = 13.6, 13.6 Hz), 1.76-1.69 (m, 1H), 1.63 (d, 1H, J = 9.5 Hz), 1.46-1.37 (m, 1H), 1.34 (t, 6H, J = 7.0 Hz),
1.30 (s, 3H), 1.26-1.18 (m, 2H), 1.08 (s, 3H), 0.90 (s, 3H); °C NMR (125 MHz, CDCl;) & 201.4, 165.5, 169.4,
131.4, 129.5, 114.0, 73.2, 72.5, 70.9, 63.2, 63.2, 55.6, 44.7, 35.0, 34.8, 34.7, 34.1, 33.7, 33.1, 30.1, 29.0, 27.5,
24.3,16.7, 16.7; HRMS (ESI) m/z calcd for C,6H3005PNa [M+Na]" 511.2455, found 511.2433.
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Compound 138: To a solution of ketone 137 (182 mg, 0.356 mmol) in THF (3.6 mL) was added KO7Bu (42.3 mg,
0.377 mmol) in THF (1.8 mL) at -78 °C. The mixture was warmed up to 0 °C gradually and stirred for 30 minutes.
Then, additonal KO7Bu (12.3 mg, 0.110 mmol) was added and stirred for further 30 minutes. Then, the mixture
was diluted with EtOAc and washed with 1 M aq. HCI, satd. ag. NaHCO; and brine. The resultant solution was
dried over Na,SQ,, filtered and concentrated. The residue was purified by silica gel column chromaotography to
afford butenolide 138 (84.3 mg, 67%) as a colorless oil; 'H NMR (500 MHz, CDCl3) 6 7.23 (d, 2H, J = 8.3 Hz),
6.99 (d, 2H, J = 8.3 Hz), 5.64 (s, 1H), 4.73 (d, 1H, J = 16.9 Hz), 4.51 (d, 1H, J = 11.5 Hz), 4.45-4.39 (m, 2H),
3.84 (s, 3H), 3.25 (dd, 1H, J = 11.2, 4.6 Hz), 1.77-1.70 (m, 1H), 1.58-1.49 (m, 1H), 1.46-1.37 (m, 1H), 1.32 (s,
3H), 1.26-1.08 (m, 3H), 1.16 (s, 3H), 1.00 (s, 3H); °C NMR (125 MHz, CDCl;) & 174.7, 167.9, 159.7, 130.7,
129.7, 115.2, 114.2, 75.6, 72.7, 71.8, 55.7, 40.8, 35.0, 33.2, 30.2, 29.3, 29.2, 28.5, 26.1, 24.5; HRMS (ESI) m/z
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calcd for C5,H,304Na [M—S-Na]+ 379.1880, found 379.1897; and ketone 137 (18.4 mg, 10%) was recovered
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Compound 139: To a solution of ether 138 (7.6 mg, 0.0213 mmol) in CH,Cl,-H,O (20:1) was added DDQ (6.1
mg, 0.0269 mmol) at 0 °C. After the reaction mixture was stirred at room temperature for 20 minutes, additonal
DDQ (3.4 mg, 0.0148 mmol) was added at 0 °C. After stirred at room temperature for 30 minutes, the mixture
dwas quenched with sats. aq. NaHCOj; and extracted with CHCl; three times. The comibined organic layers were
washed with brine, dried ove Na,SO,, fitered and concentrated. The residue was purified by silica gel column
chromatography (40-55% EtOAc/Hexane) to afford alcohol 139 (5.4 mg, quant.); 'H NMR (500 MHz, CDCl) &
5.79 (s, 1H), 4.83 (d, 1H, J = 16.9 Hz), 4.74 (d, 1H, J = 16.9 Hz), 3.83-3.73 (m, 1H), 1.75-1.63 (m, 2H),
1.59-1.48 (m, 1H), 1.40-1.33 (m, 1H), 1.29 (s, 3H), 1.29-1.20 (m, 1H), 1.16 (s, 3H), 1.14 (d, 1H, J = 9.7 Hz), 1.01
(s, 3H).
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Compound 140: To a solution of butenolide 138 (140 mg, 0.393 mmol) in MeOH (3.9 mL) was added NaBH,
(143 mg, 3.78 mmol) at -40 °C. After the mixture was stirred for 15 minutes, CoCl, (55.2 mg, 0.425 mmol) was
added. After the mixture was stirred at -20 °C for 1 h, additional NaBH,4 (75.2 mg, 1.99 mmol) was added. After
stirred for further 15 minutes, the mixture was quenched with satd. aq. NH4Cl and diluted with EtOAc and H,O.
After stirred for 30 minutes, the mixture turned clear pink and extracted with. EtOAc three times. The combined
organic layers were washed with brine, dried over Na,SO,, filtered and concentrated. The residue was purified by
silica gel column chromatography to afford lactone 140 (116 mg, 83%, dr 1:1); '"H NMR (500 MHz, CDCl5)
(diastereomeric mixture) & 7.28 (d, 4H, J = 8.3 Hz), 6.90 (d, 4H, J = 8.3 Hz), 4.55-4.44 (m, 5H), 3.85-3.80 (m,
1H), 3.82 (s, 3H), 3.81 (s, 3H), 3.06-2.98 (m, 2H), 2.71 (dd, 1H, J = 16.8, 7.6 Hz), 2.47 (dd, 1H, J = 17.5, 8.6 Hz),
2.42-2.30 (m, 2H), 2.12 (dd, 1H, J = 17.2, 6.0 Hz), 1.76-1.67 (m, 2H), 1.52-1.38 (m, 4H), 1.19 (s, 3H), 1.19 (s,
3H), 1.11 (s, 3H), 1.11 (s, 3H), 0.97-0.86 (m, 2H), 0.95 (s, 3H), 0.92 (s, 3H), 0.64-0.48 (m, 4H); HRMS (ESI) m/z
calcd for C5,H3004Na [M+Na]+ 381.2036, found 381.2042.

HO \
| “Me
7-epi-139
Compound 7-epi-139: To a aolution of butenolide 139 (3.6 mg, 0.0152 mmol) in THF-DMA (8:1) were added

MeOH (1.2 pL, 0.0305 mmol), Sml, (0.1 M in THF, 228 pL) at room temperature. After stirred for 10 minutes,
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the mixture was quenched with 1M aq. HCI and extracted with EtOAc three times. The combined organic layers
were washed with brine, dried over Na,SO,, filtered and concentrated. The residue was purified by siica gel
column chromatography to afford 7-epi-139 (1.2 mg, 33%) as a colorless oil; "H NMR (500 MHz, CDCl3) & 5.62
(s, 1H), 4.78 (d, 1H, J = 17.2 Hz), 4.65 (d, 1H, J = 17.2 Hz), 3.95 (s, 1H), 1.66-1.48 (m, 2H), 1.46-1.37 (m, 1H),
1.24 (d, 1H, J = 6.3 Hz), 1.18 (s, 3H), 1.14 (s, 3H), 1.11-1.03 (m, 2H), 0.94 (s, 3H); HRMS (ESI) m/z calcd for
C14H003Na [M+Na]" 259.1305, found 259.1290.
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Compound 142: To a solution of lactone 140 (90.4 mg, 0.252 mmol) in CH,Cl,-H,O (2.5 mL, 20:1) was added
DDQ (69.6 mg, 0.307 mmol) at 0 °C. After the mixture was stirred at room temperature for 30 minutes, quenched
with satd. aq. NaHCOj; and extracted with CHCI; three times. The comibined organic layers were washed with
brine, dried over Na,SO,, filtered and concentrated. The residue was purified by silica gel column
chromatography (35-50% EtOAc) to afford alcohol 141 (57.1 mg, 95%) as a colorless oil; "H NMR (500 MHz,
CDCl;) 6 (mixture) 4.50 (dd, 1H, J = 8.0, 8.0 Hz), 4.04 (dd, 1H, J = 9.0, 6.2 Hz), 3.45 (dd, 1H, J = 11.3, 4.7 Hz),
2.76 (dd, 1H, J = 16.8, 7.6 Hz), 2.54-2.40 (m, 1H), 1.70-1.60 (m, 1H), 1.54-1.36 (m, 2H), 1.08-0.94 (m, 2H), 1.15
(s, 3H), 1.13 (s, 3H), 0.98 (s, 3H) 0.68-0.54 (m, 2H); °C NMR (125 MHz, CDCl3) & (mixture) 177.1, 177.1, 74.1,
73.6, 68.2, 67.9, 36.5, 36.4, 36.0, 34.9, 34.8, 34.6, 32.8, 32.8, 32.5, 32.5, 32.3, 32.3, 23.3, 21.8, 21.6. Alcohol 141
couled be also synthesized by 1,4-reduction of butenoliude 139. To a solution of alcohol 141 (57.1 mg, 0.240
mmol) were added MS4A (580 mg), NMO (53.9 mg, 0.460 mmol) and TPAP (14.9 mg, 0.0424 mmol) at room
temperature. After the mixture was stirred for 15 minutes, filtered through celight and concentrated. The residue
was purified by silica gel column chromatography (30-40% EtOAc) to afford aketone 142 (50.0 mg, 88%) as a
colorless oil; '"H NMR (500 MHz, C¢Dg) (major) 6 3.96-3.86 (m, 1H), 3.45-3.40 (m, 1H), 2.17-2.06 (m, 1H),
1.95-1.88 (m, 1H), 1.87-1.73 (m, 3H), 1.06 (m, 4H), 0.96-0.82 (m, 2H), 0.77 (s, 3H), 0.67 (s, 3H), 4.72-4.12 (m,
1H), 0.28-0.20 (m, 1H); HRMS (ESI) m/z calcd for C,4H,003Na [M+H]" 237.1485, found 237.1474.

1. Et3N, TBSOTf H
CHZCIZ -78°C
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Compound 143: To a solution of ketone 142 (50.0 mg, 0.211 mmol) in CH,Cl, (2.1 mL) were added Et;N (589
pL, 4.23 mmol) and TBSOTT (194 pL, 0.846 mmol) at -78 °C. After the mixture was stirred for 10 minutes,
warmed up to -40 °C and stirred for further 20 minutes. Then the mixture was washed with satd. aq. NaHCO3,

dried over Na,SO,4and concentrated to afford a crude mixture of silyl enol ether and byproduct 144. The crude
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mixture was used without further purification for the next reaction. To a solution of the crude mixture in
acetone-H,O (2.1 mL, 4:1) were added NMO (50.2 mg, 0.429 mmol) and OsO4 (0.0393 M in BuOH, 269 uL,
0.0106 mmol) at room temperature/ The mixture was stirred at 40 °C overnight. After cooled to room temperature,
the mixture was quenched with 10% aq. Na,S,0; and extracted with EtOAc three times. The combined organic
layers were washed with brine, dried over Na,SQy, filtered and concentrated. The residue was purified by silica
gel column chromatography to afford ketoalcohol 143 (33.8 mg, 68%, dr 1:3.4, 2 steps); 'H NMR (500 MHz,
CDCl;) (major) & 4.32 (dd, 1H, J = 9.0, 7.3 Hz), 3.94 (dd, 1H, J = 9.0, 6.2 Hz), 3.90 (dd, 1H, J = 7.6, 7.6 Hz),
3.73 (s, 1H), 2.90-2.77 (m, 2H), 2.53-2.40 (m, 1H), 2.10 (dd, 1H, J = 14.3, 7.7 Hz), 1.76 (dd, 1H, J = 14.5, 7.6
Hz), 1.55 (d, 1H, J = 9.2 Hz), 1.42-1.36 (m, 1H), 1.34 (s, 3H), 1.16 (s, 3H), 1.15 (s, 3H), °C NMR (125 MHz,
CDCl;) 6 210.9, 176.0, 73.4, 70.8, 47.3, 46.9, 40.3, 36.0, 33.9, 33.6, 32.8, 30.2, 28.3, 22.4; HRMS (ESI) m/z calcd
for C14H,00,4 [M+Na]" 275.1254, found 275.1251; and byproduct 144 (48 mg, containing impurity derived from
TBSOTT, ca. 26%); 'H NMR (500 MHz, CDCl;) & 4.25 (dd, 1H, J = 8.6, 7.4 Hz), 4.09 (d, 1H, J = 9.2 Hz), 2.87
(dd, 1H, J = 7.6, 7.6 Hz), 2.72 (d, 1H, J = 7.4 Hz), 1.91-1.81 (m, 1H), 1.64-1.57 (m, 1H), 1.43-1.34 (m, 1H),
1.31-1.22 (m, 2H), 1.15 (s, 3H, 1.09 (s, 3H), 1.06 (s, 3H), 1.04-1.00 (m, 2H), 0.93 (s, 9H), 0.58 (d, 1H, J = 9.2
Hz), 0.22 (s, 3H), 0.16 (s, 3H); HRMS (ESI) m/z calcd for CoH3403Si [M+H]™ 351.2350, found 351.2342.
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Compound 145a: To a solution of ketoalcohol 143 (13.1 mg, 0.0554 mmol) in CH,Cl, (1 mL) was added
2,6-lutidine (19.3 pL, 0.166 mmol) and TBSOTT (25.1 puL, 0.111 mmol) at 0 °C. After stirred for 5 minutes, the
mixture was quenched with satd. aq. NaHCOj; and extracted with EtOAc three times. The combined organic layers
were washed with brine and dried over Na,SO,, filtered and concentrated. The residue was purified by silica gel
column chromatography to afford mixture of silyl ether 145a and 8-epi-145a (12.7 mg, 62%) as a colorless oil; 'H
NMR (500 MHz, CDCl;) (major. 8-epi) 6 4.33 (dd, 1H, J = 8.2, 8.2 Hz), 4.01 (dd, 1H, J = 7.9, 7.9 Hz), 3.83 (dd,
1H,J=4.4,44Hz),2.74 (dd, 1H, J =17.2, 8.3 Hz), 2.41 (dd, 1H, J = 17.2, 7.3 Hz), 2.37-2.28 (m, 1H), 1.85 (dd,
1H, J = 15.1, 4.3 Hz), 1.68-1.59 (m, 2H), 1.36 (s, 3H), 1.34 (s, 3H), 1.25 (d, 1H, J = 8.6 Hz), 1.08 (s. 3H) 1.01
(dd, 1H, J = 11.7, 8.9 Hz), 0.94 (t, 9H, J = 7.9 Hz), 0.61 (q, 6H, J = 7.7 Hz); HRMS (FAB) m/z calcd for
C10H350,Si [M+H]"367.2305, found 367.2312.

147 21% 8-epi-145a 46%
(single isomer)

Compound 147: To a solution of diastereomeric mixture of silyl ether 145a (6.7 mg, 0.0183 mmol) in Et,O (1
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mL) was added HCO,Me (5.6 pL, 0.0915 mmol) and KO7Bu at 0 °C. After the reaction mixture was stirred at
0 °C for 1h and at room temperature for 25 minutes, additional HCO,Me (11.2 pL, 0.183 mmol) was added. After
stirred for further 2h, the mixture was quenched with satd. aq. NH4Cl and extracteed with EtOAc the three times.
The combined organic layers were washed with brine, dried over Na,SOy, filtered and concentrated. The residue
was purified by silica gel column chromatography to afford 8-epi-145a (3.1 mg, 46%) and byproduct 147 (1.4 mg,
21%); compound 147: 'H NMR (500 MHz, CDCl5) & 4.36 (dd, 1H, J = 8.9, 6.6 Hz), 4.29-4.22 (m, 1H), 3.96 (s,
1H), 3.74-3.68 (m, 1H), 2.83 (dd, 1H, J = 6.9, 6.9 Hz), 2.57 (d, 1H, J = 6.9 Hz), 1.30 (s, 3H), 1.30-1.24 (m, 3H),
1.11 (d, 1H, J = 8.0 Hz), 1.19 (s, 3H), 1.04 (s, 3H), 0.98 (t, 9H, J = 7.9 Hz), 0.71-0.63 (q, 6H, J = 7.7 Hz), 0.77 (d,
1H, J = 8.9 Hz); HRMS (FAB) m/z calcd for CooH3,0,4SiNa [M+Na]367.2299, found 367.2293.

QAH dr 1:1
NOE

H
3

AcO > Me
145b

Compound 145b (diastereomeric mixture): To a solution of ketoalcohol 143 (1.5 mg, 5.95 umol) were pyridine
(3.0 uL, 0.0119 mmol), DMAP (one grain) and Ac,O (0.0119 mmol) at room temperature. After stirred overnight,
the mixture was quenched with satd. ag. NaHCO; and extracted with Et,O three times. The combined organic
layers were washed with brine, dried over Na,SOy, filtered and concentrated. The residue was purified by silica
gel column chromatography to afford ester 145b (2.2 mg, quant.); 'H NMR (500 MHz, CDCl5) & 5.12 (dd, 2H, J
=17.1,7.7Hz), 4.57 (dd, 1H, J = 8.2, 8.2 Hz), 4.46 (dd, 1H, J = 8.0, 8.0 Hz), 4.17 (dd, 1H, J = 9.0, 5.9 Hz), 3.97
(dd, 1H, J = 8.9, 6.0 Hz), 2.53-2.44 (m, 1H), 2.48 (dd, 1H, J = 17.8, 6.6 Hz), 2.16 (s, 3H), 2.16 (s, 3H), 2.01 (dd,
2H, J = 14.3, 6.9 Hz), 1.89 (dd, 2H, J = 14.3, 8.9 Hz), 1.51 (dd, 2H, J = 8.3, 8.3 Hz), 1.34 (s, 3H), 1.33 (s, 3H),
1.26 (s, 3H), 1.26 (s, 3H), 1.22 (s, 3H), 1.19 (s, 3H); HRMS (FAB) m/z calcd for C;¢H,305 [M+H]"295.1545,
found 295.1542.
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Compound S13: To a solution of aldehyde 123 (57.9 mg, 0.183 mmol) in 2-propanol (1.8 mL) was added 37% aq.
HCHO (16.3uL, 0.201 mmol), pyrrolidine (7.5 pL, 0.0913 mmol) and propionic acid (7.8 pL, 0.0913 mmol) at
room temperature. The mixture was stirred for 24 h at 45 °C. Then, After cooled to 0 °C and MeOH (1.8 mL) and
NaBH, (10.4 mg, 0.275 mmol) added to the resulting solution and the mixture was stirred at 0 °C for 20 minutes.
Then, the mixture was quenched with satd. aq. NH4Cl and extracted with EtOAc three times. The combined
organic layers were washed with brine, dried over Na,SO,4 and filtered. The filtrate was concentrated and the
residue was purified by silica gel column chromatography (7-20% EtOAc/hexane) to afford S13 (45.2 mg, 75%)
as a colorless oil: "H NMR (500 MHz, CDCls) & 7.27 (d, 2H, J = 8.3 Hz), 6.87 (d, 2H, J = 8.3 Hz), 5.25 (s, 1H),
4.99 (s, 1H), 4.49 (d, 1H, J = 11.5 Hz), 4.44 (d, 1H, J = 11.5 Hz), 4.03 (d, 1H, J = 14.3 Hz), 3.92 (d, 1H, J = 14.3
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Hz), 3.80 (s, 3H), 3.31 (dd, 1H, J = 9.7, 4.9 Hz), 1.65-1.62 (m, 2H), 1.58-1.50 (m, 1H), 1.29-1.24 (m, 1H),
1.18-1.13 (m, 1H), 1.26 (s, 3H), 1.14 (s, 3H), 1.11 (s, 3H), 0.71 (d, 1H, J = 9.5 Hz); >C NMR (125 MHz, CDCls)
5158.9, 145.6, 131.1, 129.0, 113.6, 111.8, 74.2, 71.2, 67.3, 60.3, 55.2, 37.5, 34.0, 33.0, 32.1,30.2, 29.8, 25.3, 24 4,
22.8, 21.0, 14.1; IR (ATR) v = 3421, 2950, 2864, 1738, 1613, 1512, 1244 cm’'; HRMS (ESI) m/z caled for
C5,H3,05Na [M+Na]" 353.2087, found 353.2072.
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Compound 148: To a solution of alkene S13 (273 mg, 0.827 mmol) in THF (8.3 mL) was added BH;-THF (1.0M
in THF, 910 pL, 0.910 mmol) at 0 °C dropwise. The reaction mixture was stirred at room temperature for 20 min.
After checked by TLC, The reaction mixture was cooled to 0 °C, additional BH;-THF (579 pL, 0.579 mmol)
was added, and stirred for 25 min at room temperature. After checked by TLC, the reaction mixture was cooled to
0 °C. additional BH3-THF (165 pL, 0.165 mmol) was added, and stirred for 25 min at room temperature. After
checking the starting material disappeared by TLC, to the reaction mixture was added 3M aq. NaOH (1.7 mL) and
30% H,0; (563 pL) at 0 °C and stirred at room temperature for 15 min. After cooled to 0 °C , the reaction mixture
was quenched with satd. aq. NH4ClI and extracted with EtOAc three times. The combined organic layers were
washed with brine, dried over Na,SOy, filtered and concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (35-55% EtOAc/hexane) to afford 148 as a colorless oil (255 mg, 88%): 'H
NMR (500 MHz, CDCl5) 8 7.31 (d, 2H, J = 8.6 Hz), 6.90 (d, 2H, J = 8.6 Hz), 4.55 (dd, 2H, J = 25.5, 11.5 Hz),
4.06 (br, 1H), 3.87-3.73 (m, 4H), 3.72-3.64 (m, 1H), 3.60 (t, 1H, J = 8.9 Hz), 3.20 (dd, 1H, J = 11.5, 4.0 Hz), 2.43
(br, OH, 2.09 (br, OH), 1.77-1.64 (m, 2H), 1.53-1.35 (m, 2H), 1.15 (s, 3H), 1.11 (s, 3H), 1.05 (s, 3H), 1.02-0.82
(m, 1H), 0.40 (d, 1H, J = 9.2 Hz), 0.18 (t, 1H, 11.2 Hz); "C NMR (125 MHz, CDCl;) § 159.0, 130.9, 129.0, 128.8,
113.7,75.1, 71.2, 68.7, 67.3, 55.2, 38.5, 36.7, 33.7, 33.3, 30.1, 29.9, 26.5, 25.8, 24.1, 20.6; IR (ATR) v = 3369,
2953, 2864, 1737, 1613, 1512, 1244 cm'l; HRMS (ESI) m/z caled for C,;H;3,04Na [M+Na]+ 371.2193, found
371.2192.

TsOH-H,0
PhSH

CH,Cly, rt
88%

Compound 150a: To a solution of diol 148 (21 mg, 0.0606 mmol) in CH,Cl, (1.2 mL) was added PhSH (62 pL,
0.606 mmol) and TsOH-H,0 (0.0195 mmol) at room temperature. The reaction mixture was stirred for 6 h. Then,
the reaction mixture was quenched with satd. aq. NaHCO; and extracted with EtOAc three times. The combined
organic layers were washed with brine, dried over Na,SQOy, filtered and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography (15-60% EtOAc/hexane) to afford 150a as a colorless
oil (11 mg, 88%): "H NMR (500 MHz, CDCl3) & 4.11 (s, 1H), 3.73 (dd, 1H, J = 3.7, 10.0 Hz), 3.67 (dd, 1H, J =
6.0, 10.9 Hz), 3.56 (t, 1H, J = 8.3 Hz), 2.99 (t, 1H, J = 10.6 Hz), 1.88-1.79 (m, 1H), 1.55-1.42 (m, 3H), 1.39-1.31
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(m, 1H), 1.17 (s, 3H), 1.05 (s, 6H), 1.02-0.98 (m, 1H), 0.49 (dd, 1H, J = 6.3, 8.9 Hz), 0.36 (d, 1H, J = 9.2 Hz);
3C NMR (125 MHz, CDCLy) § 71.8, 65.3, 64.0, 34.6, 32.5, 31.0, 29.4, 29.0, 28.5, 28.0, 27.0, 25.3; IR (ATR) v =
3423, 2994, 1770, 1463, 1381, 1245 cm™; HRMS (ESI) m/z caled for Cj3H»0,Na [M+Na]" 211.1693, found
211.1688.

Compound 150c: To a solution of aocohol 150a (6.4 mg, 0.0304 mmol) in CH,Cl, (1.0 mL) were added
imidazole (3.4 mg, 0.0499 mmol) and TBSCI (5.9 mg, 0.0391 mmol) at 0 °C. After stirred at room temperature
overnight, the mixture was quenched with satd. aq. NaHCOj; and extracted with CHC]l; three times. The combined
organic layers were dried over Na,SOy, filtered and concentrated. The residue was purified by silica gel column
chromatography (0-5% EtOAc/hexane) to afford silyl ether 150¢ (5.7 mg, 58%); '"H NMR (500 MHz, CDCl3) &
4.08 (s, 1H), 3.72 (dd, 1H, J =9.9, 3.6 Hz), 3.64 (dd, 1H, J = 10.0, 5.2 Hz), 3.45 (t, 1H, J = 9.0 Hz), 2.95 (t, 1H, J
= 10.5 Hz), 1.84-1.73 (m, 1H), 1.15 (s, 3H), 1.03 (s, 3H), 1.53-1.45 (m, 2H), 1.41-1.30 (m, 1H), 1.07-0.96 (m,
1H), 0.88 (s, 9H), 0.43 (dd, 1H, J = 9.0, 6.2 Hz), 0.31 (d, 1H, J = 9.2 Hz), 0.04 (s, 6H).

OH

BzCl, Et;N
DMAP

| “Me 86%
150a

Compound S14: To a solution of alcohol 150a (253 mg, 1.21 mmol) in CH,Cl, (24 mL) was added Et;N (676 pL,
4.86 mmol), DMAP (78 mg, 0.638 mmol) and BzCl (282 pL, 2.43 mmol) at room temperature. The reaction
mixture was stirred for 1 h. Then, the reaction mixture was quenched with satd. aq. NaHCO; and extracted with
CHCI; three times. The combined organic layers were dried over Na,SO,, filtered and concentrated. The residue
was purified by silica gel column chromatography (3-5% EtOAc/hexane) to afford S14 as a colorless oil (327 mg,
86%): H NMR (500 MHz, CDCly) 6 8.04 (d, 2H, J = 8.3 Hz), 7.55 (t, 1H, J = 7.2 Hz), 7.43 (t, 2H, J = 7.6 Hz),
4.34 (dd, 1H, J = 6.3, 10.9 Hz), 4.18 (dd, 1H, J = 7.7, 10.7 Hz), 4.13 (s, 1H), 3.76 (dd, 1H, J = 3.4, 10.0 Hz), 3.07
(t, 1H, J = 10.5 Hz), 2.18-2.06 (m, 1H), 1.57-1.47 (m, 1H), 1.43-1.31 (m, 1H), 1.18 (s, 3H), 1.07 (s, 3H), 1.05 (s,
3H), 1.06-0.99 (m, 1H), 0.61 (dd, 1H, J = 6.4, 9.0 Hz), 0.39 (d, 1H, J = 9.2 Hz); °C NMR (125 MHz, CDCL;) &
166.5, 133.0, 130.0, 129.5, 128.3, 71.8., 66.5, 63.8, 32.5, 31.8, 30.9, 29.3, 28.9, 28.4, 27.0, 25.5, 12.4; IR (ATR) v
= 2953, 2864, 1719, 1602, 1451, 1267, 1096 cm™; HRMS (ESI) m/z caled for Cy0H,,05Na [M+Na]™ 337.1774,
found 337.1761.
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Compound 154: To a solution of ether S14 (17 mg, 0.0547 mmol) in CH,Cl, (1 mL) was added TFDO in
trifluoroacetone (ca. 0.5 M, 20 drops) was added at —78 °C. After the reaction mixture was stirred for 5 minutes,
the additional several drops of TFDO solution was added, which was repeated until ether S14 was completely
converted. Then, the reaction mixture was concentrated and the residue was purified by silica gel column
chromatography (25-50% EtOAc/hexane) to afford 154 as a colorless oil (17 mg, 96%): '"H NMR (500 MHz,
CDCly) 6 8.03 (d, 2H, J = 7.4 Hz), 7.57 (t, 1H, J = 7.4 Hz), 7.44 (t. 2H, J = 7.6 Hz), 4.71 (dd, 1H, J = 11.0, 3.3
Hz), 4.42 (dd, 1H, J = 11.0, 7.6 Hz), 3.73-3.59 (m, 2H), 2.48-2.32 (m, 2H), 2.30-2.19 (m, 1H), 2.18-2.10 (m, 1H),
1.88-1.77 (m, 1H), 1.56 (dd, 1H, J = 14.3, 8.6 Hz), 1.37-1.11 (m, 2H), 1.29 (s, 3H), 1.28 (s, 3H), 1.15 (s, 3H), °C
NMR (125 MHz, CDCl;) 6 211.7, 166.8, 133.2, 129.7, 128.4, 64.7, 62.6, 41.7, 38.7, 34.8, 33.2, 32.8, 31.9, 30.6,
30.5, 30.0, 22.5; IR (ATR) v = 3445, 2958, 2885, 1717, 1668, 1451, 1270 cm'; HRMS (ESI) m/z calcd for
Ca0H,704 [M+H]" 331.1904, found 331.1920.

Compound 155 and 156:To a solution of ether S14 (4.1 mg, 0.0130 mmol) in CCl;-MeCN-pH 7 buffer (1:1:1.5,
1.05 mL) were added NalO,4 (10.6 mg, 0.0496 mmol) and RuCl;.3H,0 (2.1 mg, 8.03 pumol) at room temperature.
Aftere stirred for 4 h, the mixture was quenched with water and extracted with CHCI; three times. The combined
organic layers were washed with 10% Na,S,05; and brine, dried over Na,SOy, filtered and concentrated. The
residue was purified by silica gel column chromatography (30-40% EtOAc/Hexane) to afford lactone 155 (0.3 mg,
7%): '"H NMR (500 MHz, CDCl;) & 7.16-6.71 (m, 5H), 4.48 (d, 1H, J = 10.6 Hz), 4.44 (d, 1H, J = 10.6),
3.76-3.73 (m, 1H), 3.48 (dd, 1H, J =9.3, 5.3 Hz), 3.32 (dd, 1H, J = 8.9, 8.9 Hz), 2.97 (dd, 1H, J = 10.5, 10.5 Hz),
1.99-1.88 (m, 1H), 1.44-1.33 (m, 2H), 0.97-0.86 (m, 1H), 1.57 (s, 3H), 1.45 (s, 3H), 1.04 (s, 3H), 0.46 (dd, 1H, J
=8.9, 6.3 Hz), 0.32 (d, 1H, J = 8.9 Hz); HRMS (ESI) m/z calcd for C,0H,404 [M+H]" 329.1747, found 329.1753;
and carbocylic acid 156: 'H NMR (500 MHz, CDCly) & 8.02 (d, 2H, J = 7.2 Hz), 7.57 (dd, 1H, J = 7.3, 7.3 Hz),
7.49-7.41 (m, 2H), 4.84 (dd, 1H, J = 10.9, 3.7 Hz), 4.50 (dd, 1H, J = 10.0, 10.0 Hz), 3.13-3.06 (m, 1H), 2.46-2.35
(m, 2H), 1.92-1.84 (m, 1H), 1.68-1.57 (m, 1H), 1.34-1.25 (m, 4H), 1.29 (s, 3H), 1.17 (s, 3H), 0.95-0.81 (m, 1H);
HRMS (ESI) m/z caled for C,0H405 [M-H] 343.1551, found 343.1548.

~—0Bz

1. MsCl, EtzN
_—
2. NaCN
Me 15-crown-5
o DMSO
154 91%, 2 steps

Compound 157: To a solution of alcohol 154 (4.3 mg, 0.0130 mmol) in CH,Cl, (1 mL) was added Et;N (3.6 pL,
0.0260 mmol) and MsCl (2.0uL, 0.0260 mmol) at 0 °C. The reaction mixture was stirred for 10 minutes at 0 °C.
Then, the additional Et;N (3.6 pL, 0.0260 mmol) and MsCl (2.0uL, 0.0260 mmol) was added and the reation
mixture stirred at 0 °C. After 10 minutes, the additional Et;N (3.6 pL, 0.0260 mmol) and MsCl (2.0uL, 0.0260
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mmol) was added and the reation mixture stirred for 15 minutes. Then, the reaction mixture was quenched with
IM aq. HCI and extracted with CHCI; three times. The combined organic layers were dried over Na,SOy, filtered
and concentrated under reduced pressure to give a crude mesylate (5.1 mg, crude). To a solution of a crude
mesylate (5.1 mg) in DMSO (850 pL) was added 15-crown-5 (12.9 pL, 0.0651 mmol) and NaCN (3.8 mg, 0.0775
mmol) at room temperature. The reaction mixture was stirred at 50 °C for 4.5 h. After cooled to 0 °C, the reaction
mixture was diluted with Et,O and quenched with water. The mixture was extracted with Et,O three times. The
combined organic layers were washed with brine, dried over Na,SOy, filtered and concentrated under reduced
pressure. The residue was purified by silica gel column chromatography (25-40% EtOAc/hexane) to afford 157 as
a colorless oil (4.0 mg, 91%, 2 steps): H NMR (500 MHz, CDCl3) 6 7.98 (d, 2H, J = 7.7 Hz), 7.53 (t, 1H, J = 7.4
Hz), 7.40 (t, 2H, J = 7.7 Hz), 4.74 (dd, 1H, J = 11.6, 3.6 Hz), 4.19 (dd, 1H, J = 11.5, 9.2 Hz), 2.59 (dd, 1H, J =
16.9, 3.7 Hz), 2.46 (dd, 1H, J = 16.9, 5.7 Hz), 2.39-2.29 (m, 1H), 2.28-2.11 (m, 1H), 2.17 (dd, 1H, J = 19.0, 5.3
Hz), 1.69 (dt, 1H, J = 20.0, 6.8 Hz), 1.58 (dd, 1H, J = 14.0, 8.0 Hz), 1.29 (s, 3H), 1.25 (s, 3H), 1.24-1.09 (m, 2H),
1.14 (s, 3H), C NMR (125 MHz, CDCl;) § 210.6, 166.2, 133.5, 129.7, 129.2, 128.5, 117.1, 65.9, 41.2, 35.2, 33 4,
33.1, 31.4, 30.5, 30.2, 30.1, 22.2, 19.9; IR (ATR) v = 2962, 2923, 1721, 1681, 1271, 1236, 1091 cm™'; HRMS
(ESI) m/z caled for C, HysNO;3 [M+Na]+ 362.1727, found 362.1723.

5 1. DIBAL-H
2. aq. NaOH, 100 °C
then aq. HCI

T - .
3. TsOH, benzene
100 °C, 49%
(3 steps)

157

Compound 158: To a solution of nitrile 157 (120 mg, 0.354 mmol) in THF (3.5 mL) was added DIBAL-H (1.0 M
in THF, 1.1 mL) at —20 °C. The reaction mixture was stirred at =20 °C for 25 min. Then, additional DIBAL-H
(1.0 M in THF, 400uL) was added. After stirred for 20 minuntes, the mixture was quenched with MeOH and satd.
aq. Rochelle salt and diuted with Et,O. After 1h, the resulting mixture was extracted with Et,O three times. The
combined organic layers were washed with brine, dried over Na,SO,, filtered and concentrated under reduced
pressure to give a mixture of mono- and diol (crude). A solution of above crude mixture in 2M aq. NaOH (3.5 mL)
was heated to 100 °C. After 5 h, the mixture was cooled to room temperature and neutralized with 1M aq. HCL
Then, the mixture was extracted with CHCIl; three times. The combined organic layers were dried over Na,SO,,
filtered and concentrated under reduced pressure to give a crude lactone (99 mg). To a solution of above crude
lactone (99 mg) in benzene (7 mL) was added TsOH-H,O (13 mg, 0.0683 mmol) at room temperature. The
reaction mixture was stirred at 100 °C with a Dean-Stark trap for 30 minutes. Then, the mixture was cooled to
room temperature and extracted with EtOAc three times. The combined organic layers were washed with brine,
dried over Na,SO,, filtered and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (5-40% EtOAc/hexane) to afford 158 as a colorless oil (38 mg, 49%, 3 steps): H NMR
(500 MHz, CDCl3) 6 5.72 (dd, 1H, J = 10.0, 2.6 Hz), 5.57-5.51 (m, 1H), 4.46 (t, IH, J = 8.0 Hz), 4.12 (t, IH, J =
7.9 Hz), 2.55 (dd, 1H, J = 17.2, 8.0 Hz), 2.30-2.21 (m, 1H), 2.15 (dd, 1H, J = 17.3, 7.6 Hz), 1.85 (dd, 1H, J =
18.0, 5.4), 1.53 (d, 1H, J =18.0 Hz), 1.27-1.21 (m, 1H), 1.23 (s, 3H), 1.05 (s, 3H), 0.96 (s, 3H), 0.82-0.73 (m, 2H);
C NMR (125 MHz, CDCl3) § 177.3, 129.3, 123.7, 73.2, 38.3, 37.7, 36.8, 36.1, 32.6, 31.5, 30.7, 27.6, 25.7, 19.5;
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IR (ATR) v = 2974, 2919, 1469, 1236, 1089, 890 cm'; HRMS (ESI) m/z caled for CisHy0,Na [M+Na]®
243.1356, found 243.1365.

0OsO4, NMO
—_—
63% dr 14:1

Compound S15: To a solution of alkene 158 (38 mg, 0.174 mmol) in acetone-H,O (20:1, 3.5 mL) was added
NMO (24 mg, 0.205 mmol) and OsO4in -BuOH (0.0393 M, 443 pL). The reaction mixture was stirred at 50 °C
for 8 h. Then, additional OsO4in -BuOH (0.0393 M, 222ul) was added and the mixture was stirred for 2.5 h.
Then, reaction mixture was cooled to room temperature, quenched with 10% aq. Na,S,0;, extracted with EtOAc
three times. The combined organic layers were washed with brine, dried over Na,SQOy, filtered and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography (20-90% EtOAc/hexane)
to afford S15 as a colorless oil (27 mg, 63%, dr 14:1): H NMR (500 MHz, CDCl;) & 4.49 (dd, 1H, J = 8.6, 6.9 Hz),
4.16 (dd, 1H, J = 9.0, 5.0 Hz), 3.86 (s, 1H), 3.47 (s, 1H), 2.76 (dd, 1H, J = 19.3, 10.2 Hz), 2.38 (d, IH, J = 5.4
Hz), 2.36-2.48 (m, 2H), 2.09 (d, 1H, J = 4.9 Hz), 1.72 (dd, 1H, J = 14.7, 7.0 Hz), 1.29 (s, 3H), 1.22 (s, 3H), 1.10
(d, 1H, J = 16.0 Hz), 0.93 (s, 3H), 0.75 (d, 1H, J = 9.5 Hz), 0.68 (t, 1H, J = 10.7 Hz); °C NMR (125 MHz,
CDCly) 6 177.0, 74.2, 70.0, 68.5, 41.3, 36.1, 35.1, 34.0, 32.7, 32.2, 29.8, 28.6, 24.8, 20.3; IR (ATR) v = 3439,
2977, 2919, 1775, 1469, 1382, 1089, 891 cm™'; HRMS (ESI) m/z calcd for C14H,,0,Na [M+Na]" 277.1410, found
277.1420.

TESCI, imid.

R

76% (82% brsm)

$15

Compound 159: To a solution of diol S15 (16 mg, 0.0630 mmol) in DMF (1.0 mL) were added imidazole (11 mg,

0.162 mmol) and TESCI (14 pL, 0.0995 mmol) at room temperature. The reaction mixture was stirred at room
temperature for 40 minutes. then, The mixture was quenched with satd. aq. NaHCO; and extracted with ether tiree
times. The combined organic layers were washed with water and brine, dried over Na,SO,, filtered and
concentrated under reduced pressure. The residue was purified by silica gel column chromatography (15-90%
EtOAc/hexane) to afford 159 as a colorless oil (17 mg, 76%, 82% brsm) and S15 (1.1 mg, 7%) was recovered: H
NMR (500 MHz, CDCl;) 6 4.48 (t, 1H, J = 7.9 Hz), 4.13 (dd, 1H, J = 8.9, 5.2 Hz), 3.82 (t, 1H, J = 3.6 Hz), 3.37
(dd, 1H, J = 7.0, 2.7 Hz), 2.72 (dd, 1H, J = 17.0, 7.9 Hz), 2.51 (d, 1H, J = 7.2 Hz), 2.35-2.28 (m, 2H), 1.65 (dd,
1H, J = 15.6, 8.4 Hz), 1.25 (s, 3H), 1.19 (s, 3H), 0.98 (t, 9H, J = 7.7 Hz), 1.04-0.93 (m, 1H), 0.89 (s, 3H), 0.70 (d,
1H, J = 9.2 Hz), 0.67-0.59 (m, 7H); >C NMR (125 MHz, CDCl3) & 176.7, 74.1, 70.8, 68.6, 41.8, 36.1, 35.0, 33.7,
33.0,32.3,29.5,28.9,24.8, 21.1; IR (ATR) v = 3537, 2953, 2917, 1779, 1693, 1467, 1379, 1236, 1162, 1089 cm™;
HRMS (FAB) m/z caled for Co0H3404SiNa [M+Na]™ 391.2281, found 391.2287.
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HCO,Me
—_—
2.
Br%(i\(O
7
K,CO; 160
NMF’, rt 57/0, dr 1:1

(2 steps, 89% brsm)
Compound 160: To a solution of alcohol 159 (5.6 mg, 0.0152 mmol) in THF (1 mL) was added HCO,Me (17 pL,
0.152 mmol) at room temperature. After cooled to —78 °C, KOsBu (1.0 M in THF, 17 pL was added into the
mixture. The reaction mixture was stirred at room temperature for 15 minutes. Then, the mixture was quenched
with satd. aq. NH4Cl and extracted with EtOAc three times. The combined organic layers were washed with brine,
dried over Na,SOy, filtered and concentrated under reduced pressure to afford crude formylated product (5.3 mg)
as a colorless oil. To a solution of above crude product (5.3 mg) in NMP (500 pL) was added K,CO; (0.0499
mmol) and a solution of 5-bromo-3-methyl-2(5H)-furanone 7 (8.5 mg, 0.0480 mmol) in NMP (200 pL) at room
temperature . The reaction mixture was stirred at room temperature for 15 h. Then, The mixture was quenched
with satd. aq. NH4Cl and extracted with ether six times. The combined organic layers were washed with water
twice and brine, dried over Na,SOy, filtered and concentrated under reduced pressure. The residue was purified by
silica gel column chromatography (15-35% EtOAc/hexane) to afford 160 as a colorless oil (4.3 mg, 57%, 89%
brsm, NMR yield, dr 1:1) and 159 (2.0 mg, 36%) was recovered: H NMR (500 MHz, C¢Dg) 6 7.53 (s, 1H), 7.51 (s,
1H), 6.41 (s, 1H), 6.09 (s, 1H), 5.37 (s, 1H), 5.20 (s, 1H), 3.94 (t, 1H, J = 8.3 Hz), 3.88 (t, 1H, J = 8.3 Hz), 3.78
(dd, J = 8.6, 3.4 Hz), 3.75-3.71 (m, 2H), 3.67 (t, 1H, J = 2.6 Hz), 3.59 (dd, 1H, J = 8.3, 3.2 Hz), 3.51 (dd, 1H, J
=9.2 Hz, 2.9 Hz), 2.35 (s, 2H), 2.20 (d, 1H, J = 8.6 Hz), 2.12 (d, 1H, J = 9.2 Hz), 1.58 (m, 2H), 1.52 (s, 5H),
1.48-1.41 (m, 3H), 1.19 (s, 6H), 1.24-1.17 (m, 1H), 1,14 (s, 3H), 1.10 (s, 3H), 1.01-0.92 (m, 18H), 0.63-0.43 (m,
17H), 0.35 (t, 1H, J = 10.6 Hz), 0.27 (d, 2H, J = 11.5 Hz), 0.22 (m, 2H); °C NMR (125 MHz, C¢D¢) & 171.3,
170.6, 170.0, 170.0, 150.8, 142.0, 141.3, 140.5, 135.5, 134.7, 133.9, 100.9, 100.7, 98.3, 98.3, 72.4, 72.2, 71.9,
71.8, 68.2, 42.8, 42.5, 36.2, 33.8, 33.8, 33.7, 33.3, 32.9, 32.9, 31.9, 30.8, 30.5, 28.6, 28.5, 27.8, 25.2, 24.9, 21.5,
21.1,10.3, 10.3, 10.2, 7.1, 7.1, 5.3; IR (ATR) v = 3546, 3094, 2953, 2875, 1777, 1677 cm™'; HRMS (FAB) m/z
calcd for Cy6H400O7SiNa [M+Na]+ 515.2441, found 515.2444.

DMP, pyr
-~ _
161 39%
2'-epi-161 36%
separable
by silice gel column 161 2'-epi-161

Compound 161 and 2'-epi-161: To a solution of alcohol 160 (4.2 mg, 8.53 umol) in CH,Cl,-pyridine (8:1, 900
pL) was added DMP (4.5 mg, 0.0106 mmol) at room temperature. The reaction mixture was stirred for 1h. then,
the mixture was quenched with satd. aq. NaHCO; and 10% aq. Na,S,0;5 and extracted with EtOAc three times.
The combined organic layers were washed with water and brine, dried over Na,SO,, filtered and concentrated

under reduced pressure. The residue was purified by silica gel column chromatography (20-30% EtOAc/hexane)
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to afford 161 as a colorless oil (1.6 mg, 39%, NMR vyield): H NMR (500 MHz, C¢Dg) 8 7.34 (s, 1H), 6.10 (s, 1H),
5.13 (s, 1H), 3.83 (t, 1H, J = 8.7 Hz), 3.66 (dd, 1H, J = 7.6, 2.4 Hz), 3.58 (dd, 1H, J = 8.6, 5.2 Hz), 2.59 (s,1H),
1.63 (s, 3H), 1.59-1.47 (m, 2H), 1.11 (t, 9H), 1.03 (s, 3H), 0.99-0.88 (m, 1H), 0.97 (s, 3H), 0.84-0.69 (m, 6H),
0.61 (s, 3H), 0.63-0.54 (m, 2H); C NMR (125 MHz, C¢Dg) & 207.2, 170.3, 170.0, 151.6, 142.0, 140.6, 135.4,
110.8, 100.4, 98.3, 71.2, 71.0, 46.1, 43.4, 39.0, 34.8, 33.7, 31.5, 29.9, 29.6. 22.3, 10.4, 10.2, 7.3, 5.6; IR (ATR) v=
2956, 3873, 1779, 1688, 1456, 1373, 1186, 1011 cm™'; HRMS (FAB) m/z calcd for CpsHs30,SiNa [M+Na]"
513.2285, found 513.2288; and 2'-epi-161 (1.5 mg, 36%, isolated yield): H NMR (500 MHz, C¢Dg) & 7.36 (s, 1H),
6.39 (s, 1H), 5.02 (s, 1H), 3.79 (t, 1H, J = 8.6 Hz), 3.66 (dd, 1H, J = 8.7, 3.9 Hz), 3.60 (dd, 1H, J = 7.0, 2.1 Hz),
2.53 (s, 1H), 1.65 (s, 3H), 1.59-1.45 (m, 3H), 1.12-1.04 (m, 9H), 1.00 (s, 3H), 0.78-0.55 (m, 7H), 0.64 (s, 3H),
0.41 (s, 3H) "C NMR (125 MHz, C¢De) 6 207.2, 170.1, 169.8, 151.9, 1412, 134.7, 110.9, 100.5, 71.3, 70.8,
46.0, 43.5, 39.8, 34.4, 33.7, 31.4, 29.9, 29.7, 22.8, 10.4, 7.2, 5.5; IR (ATR) v = 2974, 2919, 2022, 1782, 1747,
1688, 1236, 1089 cm™; HRMS (FAB) m/z calcd for C,gH350,SiNa [M+Na]" 513.2285, found 513.2270.

161 40

Compound 40: To a solution of ketone 161 (1.9 mg, 3.88 umol) in THF (400 uL) was HF -pyridine-pyridine-THF
(1:3:16, 25 puL) at room temperature. The reaction mixture was stirred at 50 °C for 45 minutes. Then, an additional
HF-pyridine-pyridine-THF (1:3:16, 50 pL) was added into the reaction mixture at room temperature. After stirred
for 1 h, the mixture was cooled to 0 °C, quenched with satd. aq. NaHCO; and extracted with EtOAc three times.
The combined organic layers were washed with brine, dried over Na,SO,, filtered and concentrated under reduced
pressure. The residue was purified by silica gel column chromatography (45-65% EtOAc/hexane) to afford 40 as a
colorless oil (1.3 mg, 97%): H NMR (500 MHz, C¢Ds) 6: H NMR (500 MHz, C¢Dg) & 7.30 (s, 1H), 5.77 (s, 1H),
4.90 (s, 1H), 3.89 (s, 1H), 3.78 (s, 1H), 3.78 (t, 1H, J = 8.6 Hz), 3.62 (t, 1H, J = 6.4 Hz), 3.53 (dd, 1H, J = 8.4,
3.9 Hz), 2.66 (t, 1H, J = 9.3 Hz), 1.66 (s, 3H), 1.60 (d. 2H, J = 6.6 Hz), 1.01 (s, 3H), 0.75 (s, 3H), 0.68-0.58 (m,
2H); C NMR (125 MHz, C¢Dg) & 210.4, 169.9, 169.7, 151.9, 139.4, 135.5, 110.4, 100.3, 70.8, 69.9, 46.3, 46.2,
40.1,33.8,33.4,31.7,29.6, 28.6, 21.3, 10.2; IR (ATR) v = 3461, 2959, 2855, 1780, 1751, 1682, 1341, 1186 cm™;
HRMS (FAB) m/z calcd for C,,Hp407Na [M+Na]+ 399.1420, found 399.1423.

2'-epi-161 2'-epi-40

Compound 2'-epi-40:To a solution of ketone 2'-epi-161 (5.3 mg, 10.8 pmol) in THF (500 pL) was
HF-pyridine-pyridine-THF (1:3:16, 76 uL) at room temperature. The reaction mixture was stirred at 50 °C for 45
minutes. Then, an additional HF -pyridine-pyridine-THF (1:3:16, 25 uL) was added into the reaction mixture at
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room temperature. After stirred for 1 h, the mixture was cooled to 0 °C, quenched with satd. aq. NaHCO; and
extracted with EtOAc three times. The combined organic layers were washed with brine, dried over Na,SOy,
filtered and concentrated under reduced pressure. The residue was purified by silica gel column chromatography
(45-65% EtOAc/hexane) to afford 2'-epi-40 as a colorless oil (0.6 mg, 11%): H NMR (500 MHz, C¢Dg¢) 6: H
NMR (500 MHz, C¢Dg) 8 7.27 (d, J = 1.7 Hz), 6.17 (s, 1H), 4.89 (s, 1H), 3.75 (s, IH), 3.71 (t, IH, J = 8.6 Hz),
3.62 (t, IH, J = 6.9 Hz), 3.56 (dd, 1H, J = 8.9, 3.2 Hz), 2.56 (t, 1H, J = 9.7 Hz), 1.55 (d, 2H, J = 6.9 Hz), 1.53 (s,
3H), 1.09 (s, 3H), 0.78 (s, 3H), 0.76-0.68 (m, 2H), 0.49 (s, 3H); >C NMR (125 MHz, C¢Dg) 6 211.4, 170.2, 170.0,
152.0, 140.9, 135.0, 110.4, 100.6, 71.4, 70.3, 46.8, 46.8, 41.1, 34.0, 33.6, 32.4, 30.3, 29.9, 28.8, 22.1, 10.4 ; IR
(ATR) v = 3473, 2961, 2922, 2026, 1781, 1752, 1088, 890 cm'; HRMS (FAB) m/z caled for CyoH,40/Na
[M+Na]" 399.1420, found 399.1433.
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Supplementary Fig. 1. ORTEP of 2'-epi-40 with probability ellipsoids.

Compound 164: To a solution of synthetic avenaol 40 (1.0 mg, 2.66 umol) in CH,Cl, (1.0 mL) were added
pyridine (2.4 pL, 0.0426 mmol), DMAP (one grain) and Ac,0O (3.2 pL, 0.0426 mmol) at room temperature. After
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the reaction mixture was stirred overnight, additional pyridine (2.4 pL, 0.0426 mmol) and Ac,O (3.2 uL, 0.0426
mmol) were added. After sitrred for further 3 h, the mixture was quenched with satd. aq. NaHCO; and extracted
with ether three times. The organic layers were washed with brine, dried over Na,SOy, filtered and concentrated.
The residue was purified by silica gel column chromatography to afford acetylated avenaol 164 (0.6 mg, 54%) as
a white solid; 'H NMR (500 MHz, C¢Ds) & 7.38 6.43 (s, 1H), 5.11 (dd, 1H, J = 10.6, 2.0 Hz), 5.08 (s, 1H), 3.79
(dd, 1H, J = 8.9, 8.9 Hz), 3.56 (dd, 1H, J = 8.6, 4.6 Hz), 2.74-2.66 (m, 1H), 1.84 (s, 3H), 1.77 (s, 3H), 1.56-1.47
(m, 1H), 1.40-1.28 (m, 1H), 0.75 (s, 3H), 0.99 (s, 3H), 0.65 (dd, 1H, J = 12.0, 9.2 Hz), 0.53 (d, 1H, J = 9.2 Hz),
0.50 (s, 3H); *C NMR (125 MHz, C¢D) & 202.1, 170.2, 169.8, 169.4, 152.6, 141.0, 134.5, 110.0, 100.7, 70.8,
70.4, 44.6, 42.4, 39.6, 34.0, 33.9, 30.6, 29.7, 29.0, 21.5, 20.3, 10.3; HRMS (ESI) m/z calcd for Co,HysOg [M+H]"
441.1520, found 441.1540.
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Chapter 11

(TMP),Mg-2LiCl (2.5 eq) H
o - THF, 50 °C, 2 h o ) “=SnBu,
M ~
NEt, e then BuzSnCl (4.0 eq) NEtzMe
0,
200 61% 203

Compound 203: To a solution of TMP (79.0 uL, 0.461 mmol) in THF (2.0 mL) was added nBuLi (1.6 M in
hexane, 288 pL, 0.461 mmol) at -78 °C. After the mixture was stirred at 0 °C for 30 minutes, iPrMgCI-LiCl (1.3
M in THF, 355 pL, 0.461 mmol) and TMP (84.0 puL, 0.484 mmol) were added. Then, the mixture was stirred at
0 °C for 30 minutes and at room temperature for 1h before concentrated in vacuo. The residue was dissolved in
THEF before cyclopropane carboxyamide 200°' (28.6 mg, 0.184 mmol) was added at 0 °C. The mixture was stirred
at 50 °C for 2 h. Then, Bu;SnCl (200 pL, 0.737 mmol) was added at room temperature. Aftere stirred for 3 h, the
reaction mixture was quenched with satd. aq. NH4Cl and extracted with EtOAc three times. The combined organic
layers were washed with brine, dried over Na,SQy, filtered and concentrated. The residue was purified by silica
gel column chromatography (EtOAc/Hexane) to afford alkyl stannane 203 (50.2 mg, 61%); "H NMR (500 MHz,
CDCl;) 6 3.75-3.61 (m, 1H), 3.58-3.43 (m, 1H), 3.38-3.23 (m, 2H), 1.34 (s, 3H), 1.70-1.60 (m, 1H), 1.52-1.42 (m,
6H), 1.33-1.26 (m, 6H), 1.22-1.16 (m, 3H), 1.13-1.04 (m, 3H), 0.95-0.86 (m, 2H) 0.88 (t, 9H, J = 7.3 Hz).
0.84-0.74 (m, 6H).

iPr;NMgBu, THF, 50 °C, 3 h; H oo
OY? ZnCly, THF, -40 °C, 15 min; Oﬁ/D:_‘/ ;
NEt, ©  PA(OAC);, XPhos, THF Me

/ N NEt,
200 Br—/ 1,70°C,11-20 h 206

Procedure A: To a nBu,Mg solution (1.0 M in heptane, 2.63 equiv.) was added iPr,NH (2.5 equiv.) at 0 °C, the
solution was heated to 50 °C and stirred for 10 min. The solvents were then removed under vacuum. THF (1 mL)
was then added with stirring until the salts were completely dissolved. Then a solution of
cyclopropanecarboxamide 200 (1.0 equiv.) in THF (1 mL) was introduced slowly via cannula at room temperature.
The mixture was stirred for 3 h at 50 °C. After the mixture was cooled to —40 °C, ZnCl, (0.5 M solution in THF,
2.75 equiv.) was added, and the reaction mixture was stirred for 15 min. Pd(OAc), (10 mol%) and XPhos (20
mol%) dissolved in THF (1 mL) was then transferred via cannula into the reaction mixture, and then alkenyl or
aryl bromide (4.0 equiv.) was added. The reaction mixture was heated to 70 °C and stirred for 11-20 h. After the
reaction mixture was cooled to room temperature, saturated aqueous NH4Cl was added to the reaction mixture.
The resulting mixture was extracted with EtOAc. The organic layer was washed with brine, and dried over
Na,S0,4. After concentration under reduced pressure, the obtained residue was purified by flash column

chromatography on silica gel to give compound 206.

Procedure B: To a nBu,Mg solution (1.0 M in heptane, 3.68 equiv.) was added iPr,NH (3.5 equiv.) at 0 °C, the
mixture was heated to 50 °C and stirred for 10 min. The solvents were then removed under vacuum. THF (1 mL)
was then added with stirring until the salts were completely dissolved. Then a solution of
cyclopropanecarboxamide 200 (1.0 equiv.) in THF (1 mL) was introduced slowly via cannula at room temperature.
The mixture was stirred for 3 h at 50 °C. After the mixture was cooled to 0 °C, ZnCl, (0.5 M solution in THF, 3.5
equiv.) was added, and the reaction mixture was stirred for 15 min. Pd(OAc), (10 mol%) and XPhos (20 mol%)
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dissolved in THF (1 mL) was then transferred via cannula into the reaction mixture, and then alkenyl or aryl
bromide (4.0 equiv.) was added. The reaction mixture was heated to 70 °C and stirred for 12-20 h. After the
reaction mixture was cooled to room temperature, saturated aqueous NH,4Cl was added to the reaction mixture.
The resulting mixture was extracted with EtOAc. The organic layer was washed with brine, and dried over
Na,S0,4. After concentration under reduced pressure, the obtained residue was purified by flash column

chromatography on silica gel to give compound 206.

(¢] 7
Me
NEt,

206a

Prepared, following Procedure A using compound 200 (44.2 mg, 0.285 mmol) and 2-bromopropene (100 pL, 1.14
mmol). The reaction was stirred at 70 °C for 13 h. 206a was obtained after purification by column
chromatography (10-20% EtOAc/hexane) as a colorless oil, 33.5 mg (60%): 'H NMR (500 MHz, CDCl;) 6 4.74 (s,
1H), 4.67 (s, 1H), 3.72-3.64 (m, 1H), 3.51-3.44 (m, 1H), 3.30-3.23 (m, 1H), 3.22-3.15 (m, 1H), 1.65 (s, 3H), 1.59
(dd, 1H, J= 8.5, 6.5 Hz), 1.44 (dd, 1H, J= 6.5, 5.0 Hz), 1.35 (s, 3H), 1.20 (t, 3H, J= 7.0 Hz), 1.05 (t, 3H, J="7.0
Hz), 0.81 (dd, 1H, J = 8.5, 5.0 Hz); °C NMR (126 MHz, CDCls) & 171.4, 142.6, 110.5, 41.1, 38.6, 33.5, 29.0,
23.6,21.8,18.2, 14.1, 12.3; IR (neat, ATR) = 2970, 1633, 1424, 1254, 1130, 1031 cm™; HRMS (FAB) m/z calcd
for C,H,,NO [M+H]" 196.1701, found 196.1703.

/ Ph
O, 6.7:1

Me
NEt,

206b

Prepared, following Procedure A using compound 200 (887 mg, 5.72 mmol) and f-bromostyrene (2.93 mL, 22.8
mmol). The reaction was stirred at 70 °C for 12 h. 206b was obtained after purification by column
chromatography (20-30% EtOAc/hexane) as a yellow oil, 1.36 g (92%, E:Z = 6.7:1 for double bond): 'H NMR
(500 MHz, CDCls) 6 7.31-7.01 (m, 5H), 6.43 (d, 0.87H, J = 15.5 Hz), 6.33 (d, 0.13H, J = 11.5 Hz), 5.55 (dd,
0.87H, J = 16.0, 10.0 Hz), 4.93 (t, 0.13H, J = 11.5 Hz) 3.67-3.39 (m, 2H), 3.29-3.02 (m, 2H), 2.12-2.05 (m,
0.13H), 1.75-1.69 (m, 0.87H), 1.33-1.29 (m, 3.61H), 1.26 (s, 0.39H), 1.12 (t, 0.39H, J= 7.0 Hz), 1.07 (t, 2.61H, J
= 7.0 Hz), 1.05 (t, 0.39H, J = 7.5 Hz), 0.98 (t, 2.61H, J = 7.0 Hz), 0.91-0.86 (m, 1H); °C NMR (126 MHz,
CDCl;) (major) 8 171.6, 137.2, 129.7, 128.5, 126.8, 125,6, 40.7, 38.6, 30.2, 29.0, 22.5, 20.6, 14.0, 12.3; IR (neat,
ATR) = 2971, 1632, 1426, 1086 cm™'; HRMS (FAB) m/z calcd for C;;H,,NO [M+H]" 258.1858, found 258.1860.

H / Me
o 33
Me
NEt,
206c
Prepared, following Procedure A using compound 200 (51.1 mg, 0.329 mmol) and 1-bromopropene (0.112 mL,
1.32 mmol). The reaction was stirred at 70 °C for 20 h. 206¢ was obtained after purification by column
chromatography (10-20% EtOAc/hexane) as a colorless oil, 45.6 mg (71%, E:Z = 3.3:1 for double bond): 'H

NMR (500 MHz, CDCl;) (major) & 5.47-5.39 (m, 1H), 4.75-4.69 (m, 1H), 3.67-3.57 (m, 1H), 3.53-3.43 (m, 1H),
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3.26-3.14 (m, 2H), 1.83-1.77 (m, 1H), 1.72 (d, 3H, J = 7.0, Hz), 1.33 (s, 3H), 1.18 (t, 3H, J= 7.0 Hz), 1.18-1.14
(m, 1H), 1.07 (t, 3H, J = 7.0 Hz), 0.87 (dd, 1H, J = 8.5, 5.0 Hz); °C NMR (126 MHz, CDCl;) (major) & 171.9,
130.0, 124.0, 40.7, 38.6, 27.9, 25.1, 22.7, 20.7, 14.0, 13.0, 12.4; IR (neat, ATR) = 2970, 1633, 1425, 1250, 1089
cm'l; HRMS (FAB) m/z caled for C1,H,NO [MJrH]+ 196.1701, found 196.1704.

Y

=~ MOMO
Me
NEt,

206d

O,

Prepared, following Procedure B using compound 200 (154 mg, 0989 mmol) and
1-bromo-4-(methoxymethoxy)-1-butene (772 mg, 3.96 mmol). The reaction was stirred at 70 °C for 12.5 h. 206d
was obtained after purification by column chromatography (15-30% EtOAc/hexane) as a yellow oil, 173 mg
(65%): 'H NMR (500 MHz, CDCl3) & 5.57 (ddd, 1H, J = 15.0, 7.0, 7.0 Hz), 4.95 (dd, 1H, J = 15.0, 9.5 Hz), 4.60
(s, 2H), 3.73-3.63 (m, 1H), 3.59-3.49 (m, 1H), 3.51 (t, 2H, J = 6.5 Hz), 3.35 (s, 3H), 3.26-3.11 (m, 2H), 2.26 (dt,
2H, J=17.0, 6.5 Hz), 1.62-1.56 (m, 1H), 1.32 (s, 3H), 1.22-1.16 (m, 4H), 1.06 (t, 3H, J = 7.5 Hz), 0.81 (dd, 1H, J
= 8.5, 5.0 Hz); C NMR (126 MHz, CDCl3) § 171.8, 131.6, 126.6, 96.3, 67.4, 55.2, 40.7, 38.5, 33.0, 29.5, 28.0,
22.5,19.8, 14.1, 12.3; IR (neat, ATR) = 2924, 1634, 1236, 1089, 890 cm™'; HRMS (FAB) m/z calcd for C;sH,sNO5
[M+H]" 270.2069, found 270.2064.

Y

TBSO
Me
NEt,

206e

O,

Prepared, following Procedure B using compound 200 (31.6 mg, 0.204 mmol) and [[(3Z)-4-bromo-3-buten-1-yl]
oxy](1,1-dimethylethyl)dimethylsilane (216 mg, 0.814 mmol). The reaction was stirred at 70 °C for 14 h. 206e
was obtained after purification by column chromatography (10-20% EtOAc/hexane) as a colorless oil, 36.0 mg
(52%): '"H NMR (500 MHz, CDCls) & 5.56 (ddd, 1H, J = 15.5, 6.5, 6.5 Hz), 4.90 (dd, 1H, J = 15.5, 9.5 Hz),
3.72-3.49 (m, 4H), 3.25-3.11 (m, 2H), 2.18 (ddd, 2H, J = 6.5, 6.0, 6.0 Hz), 1.61-1.55 (m, 1H), 1.31 (s, 3H),
1.20-1.17 (m, 1H), 1.18 (t, 3H, J = 9.0 Hz), 1.06 (t, 3H, J = 9.0 Hz), 0.91 (s, 9H), 0.80 (dd, 1H, J = 8.5, 5.0 Hz),
0.04 (s, 6H); °C NMR (126 MHz, CDCls) & 171.8, 131.2, 126.8, 63.2, 40.7, 38.5, 36.2, 29.5, 27.9, 25.9, 22.5,
19.7, 18.3, 14.0, 12.3, -5.3; IR (neat, ATR) = 2927, 1636, 1088, 889, 837 cm™; HRMS (FAB) m/z calcd for
C1oH3sNO,Si [M+H]" 340.2672, found 340.2667.

o Ph

Me
NEt,

206h

Prepared, following Procedure A using compound 200 (61.3 mg, 0.395 mmol) and a-bromostyrene (0.205 mL,
1.58 mmol). The reaction was stirred at 70 °C for 14 h. 206h was obtained after purification by column
chromatography (10-40% EtOAc/hexane) as a yellow oil, 55.9 mg (55%): "H NMR (500 MHz, CDCl;) & 7.42 (d,
2H, J="1.5 Hz), 7.30-7.24 (m, 2H), 7.23-7.15 (m, 1H), 5.12 (s, 1H), 4.69 (s, 1H), 3.46-3.25 (m, 2H), 3.04-2.95 (m,
1H), 2.79-2.69 (m, 1H), 1.92 (dd, 1H, J=17.5, 7.5 Hz), 1.56 (dd, 1H, J= 6.0, 6.0 Hz), 1.37 (s, 3H), 1.00-0.90 (m,
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7H); °C NMR (126 MHz, CDCLy) 5 170.4, 145.0, 142.6, 128.2, 127.3, 126.4, 109.9, 41.1, 38.7, 31.2, 30.2, 23.4,
19.5, 13.9, 12.5; IR (neat, ATR) = 2969, 1631, 1426, 1255, 1086, 887, 702 cm’'; HRMS (FAB) m/z calcd for
C17H2NO [M+H]' 258.1858, found 258.1861.

O’
Me
NEt,

206i

Prepared, following Procedure B using compound 200 (44.5 mg, 0.287 mmol) and 2-bromobutene (0.117 mL,
1.15 mmol). The reaction was stirred at 70 °C for 15 h. 206i was obtained after purification by column
chromatography (10-20% EtOAc/hexane) as a colorless oil, 29.4 mg (49%): 'H NMR (500 MHz, CDCl;) & 4.67 (s,
1H), 4.60 (s, 1H), 3.70-3.62 (m, 1H), 3.54-3.45 (m, 1H), 3.23-3.14 (m, 1H), 3.16-3.08 (m, 1H), 2.06-1.92 (m, 2H),
1.54 (dd, 1H, J=8.5, 6.5 Hz), 1.44 (dd, 1H, J= 6.5, 5.0 Hz), 1.35 (s, 3H), 1.17 (t, 3H, J= 7.0 Hz), 1.03 (t, 3H, J =
7.5 Hz), 1.02 (t, 3H, J = 7.0 Hz), 0.82 (dd, 1H, J = 8.5, 5.0 Hz); °C NMR (126 MHz, CDCl3) § 171.5, 147.8,
106.9, 40.9, 38.4, 32.1, 29.7, 28.8, 23.6, 18.6, 14.0, 12.4, 12.3; IR (neat, ATR) = 2967, 2362, 1633, 1426, 1255,
1128 cm™'; HRMS (FAB) m/z caled for C;3Hp,NO [M+H]" 210.1858, found 210.1855.

OMOM
(¢]

Me
NEt,

206j

Prepared, following Procedure B using compound 200 (40.6 mg, 0.262 mmol) and
2-bromo-4-(methoxymethoxy)-1-butene (204 mg, 1.05 mmol). The reaction was stirred at 70 °C for 15 h. 206j
was obtained after purification by column chromatography (30-40% EtOAc/hexane) as a yellow oil, 10.2 mg
(14%); "H NMR (500 MHz, CDCl;) & 4.73 (s, 1H), 4.65 (s, 1H), 4.62 (s, 2H), 3.70-3.66 (m, 1H), 3.66 (t, 2H, J =
6.9 Hz), 3.52-3.44 (m, 1H), 3.36 (s, 3H), 3.24-3.16 (m, 1H), 3.17-3.11 (m, 1H), 2.38-2.28 (m, 2H), 1.54 (dd, 1H, J
= 8.6, 6.6 Hz), 1.43 (dd, 1H, J = 6.6, 5.3 Hz), 1.35 (s, 3H), 1.18 (t, 3H, J = 7.2 Hz), 1.02 (t, 3H, J = 7.2 Hz), 0.83
(dd, 1H, J = 8.6, 5.3 Hz); °C NMR (126 MHz, CDCl;) & 170.9, 143.0, 109.6, 96.4, 66.6, 55.2, 41.1, 38.6, 36.6,
31.6, 30.0, 23.6, 18.7, 14.0, 12.4; IR (neat, ATR) = 2974, 2922, 1734, 1633, 1468, 1427, 1382, 1236 cm™'; HRMS
(FAB) m/z calcd for C,sH,sNO3 [M+H]™ 270.2069, found 270.2073.

OTBS
(0]

Me
NEt,

206k

Prepared, following Procedure B using compound 200 (23.6 mg, 0.152 mmol) and
2-bromo-4-[(tert-butyldimethylsilyl)oxy]-1-butene (161 mg, 0.608 mmol). The reaction was stirred at 70 °C for 13
h. 206k was obtained after purification by column chromatography (0-20% EtOAc/hexane) as a yellow oil, 6.4
mg (12%); "H NMR (500 MHz, CDCls) & 4.68 (s, 1H), 4.60 (s, 1H), 3.72 (t, 2H, J = 6.9 Hz), 3.71-3.62 (m, 1H),
3.52-3.43 (m, 1H), 3.22-3.09 (m, 2H), 2.24 (t, 2H, J = 6.9 Hz), 1.54 (dd, 1H, J = 8.6, 6.9 Hz), 1.41 (dd, 1H, J =
6.9, 5.4 Hz), 1.34 (s, 3H), 1.18 (t, 3H, J = 7.2 Hz), 1.01 (t, 3H, J = 7.2 Hz), 0.89 (s, 9H), 0.81 (dd, 1H, J = 8.6, 5.4
Hz), 0.05 (s, 6H); >C NMR (126 MHz, CDCl;) § 170.9, 143.3, 109.5, 62.9, 41.1, 40.1, 38.5, 31.8, 30.2, 25.9, 23.6,
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18.9, 18.3, 14.1, 12.4, 0.0; IR (neat, ATR) = 2961, 2926, 1727, 1636, 1469, 1424, 1236 cm™; HRMS (FAB) m/z
caled for C1oH3NO,Si [M+H]" 340.2672, found 340.2670.

H
s /)
(o] o
Me
NEt,

206p
Prepared, following Procedure B using compound 200 (49.3 mg, 0.318 mmol) and 1-bromo-2-methyl-1-propene
(0.130 mL, 1.27 mmol). The reaction was stirred at 70 °C for 13 h. 206p was obtained after purification by
column chromatography (20% EtOAc/hexane) as a yellow oil, 64.9 mg (98%): '"H NMR (500 MHz, CDCl;) &
4.49 (d, 1H, J = 10.0 Hz), 3.63-3.49 (m, 2H), 3.25-3.12 (m, 2H), 1.73 (s, 3H), 1.70-1.67 (m, 1H), 1.64 (s, 3H),
1.32 (s, 3H), 1.16 (t, 3H, J= 7.0 Hz), 1.12 (dd, 1H, J= 5.0, 5.0 Hz), 1.06 (t, 3H, J= 7.0 Hz), 0.83 (dd, 1H, J = 8.0,
5.0 Hz); °C NMR (126 MHz, CDCLy) & 172.1, 132.0, 124.2, 40.5, 38.2, 27.5, 25.9, 25.5, 22.5, 20.3, 17.9, 13.8,
12.1; IR (neat, ATR) = 2967, 1634, 1425, 1097, 861 cm'lg HRMS (FAB) m/z caled for C;3HpyNO [M+H]+
210.1858, found 210.1864.

OY A :
Me

NEt,
206q

Prepared, following Procedure B using compound 200 (49.3 mg, 0.318 mmol) and 1-bromocyclohexene (205 mg,
1.27 mmol). The reaction was stirred at 70 °C for 20 h. 206q was obtained after purification by column
chromatography (10-15% EtOAc/hexane) as a colorless oil, 22.8 mg (30%): 'H NMR (500 MHz, CDCl3) 6 5.38
(m, 1H), 3.75-3.66 (m, 1H), 3.59-3.51 (m, 1H), 3.24-3.15 (m, 1H), 3.13-3.05 (m, 1H), 2.00-1.92 (m, 2H),
1.93-1.69 (m, 4H), 1.59-1.43 (m, 4H), 1.32 (s, 3H), 1.20 (t, 3H, J= 7.0 Hz), 1.03 (t, 3H, J= 7.5 Hz), 0.72-0.66 (mm,
1H); "C NMR (126 MHz, CDCl3) 8 171.7, 134.1, 121.7, 40.9, 38.4, 33.5, 28.6, 28.0, 25.2, 23.6, 22.9, 22.4, 16.7,
14.0, 12.3; IR (neat, ATR) = 2926, 1635, 1236, 1090, 888 cm™'; HRMS (FAB) m/z calcd for C;sH,eNO [M+H]"
236.2014, found 236.2012.

OY A :
Me

NEt,
206u

Prepared, following Procedure B using compound 200 (44.3 mg, 0.285 mmol) and bromobenzene (0.120 mL, 1.14
mmol). The reaction was stirred at 70 °C for 14 h. 206u was obtained after purification by column
chromatography (10-20% EtOAc/hexane) as a yellow oil, 66.0 mg (99%): 'H NMR (500 MHz, CDCls) &
7.16-6.95 (m, 5H), 3.40-3.26 (m, 2H), 2.91-2.82 (m, 1H), 2.68-2.59 (m, 1H), 2.03 (dd, 1H, J= 9.0, 6.5 Hz), 1.67
(dd, 1H, J = 6.5, 6.0 Hz), 1.38 (s, 3H), 1.01 (dd, 1H, J = 9.0, 6.0 Hz), 0.70 (t, 6H, J = 7.0 Hz); °C NMR (126
MHz, CDCl;) & 170.6, 138.8, 128.0, 126.5, 126.0, 40.6, 38.3, 31.9, 31.6, 23.5, 19.7, 13.3, 11.9; IR (neat, ATR) =
2931, 1631, 1517, 1460, 1250, 1131, 1030 cm™; HRMS (ESI) m/z caled for C;sH»NO [M+H]"232.1696, found
232.1702.
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Prepared, following Procedure B using compound 200 (50.1 mg, 0.323 mmol) and 4-bromotoluene (0.159 mL,
1.29 mmol). The reaction was stirred at 70 °C for 15.5 h. 206v was obtained after purification by column
chromatography (10-20% EtOAc/hexane) as a yellow oil, 59.2 mg (75%): '"H NMR (500 MHz, CDCls): & 7.00 (d,
2H, J= 8.0 Hz), 6.92 (d, 2H, J = 8.0 Hz), 3.48-3.32 (m, 2H), 3.00-2.92 (m, 1H), 2.76-2.68 (m, 1H), 2.27 (s, 3H),
2.06 (dd, 1H, J=9.0, 6.5 Hz), 1.70-1.66 (m, 1H), 1.43 (s, 3H), 1.05 (dd, 1H, J=9.0, 5.5 Hz), 0.78 (t, 3Hx2, J =
7.5 Hz); "C NMR (126 MHz, CDCl3) & 170.8, 135.7, 135.3, 128.6, 126.3, 40.5, 38.2, 31.6, 31.3, 23.4, 20.9, 19.5,
13.3, 11.9; IR (neat, ATR) = 2972, 1631, 1426, 1088, 886 cm'l; HRMS (FAB) m/z calcd for C¢H4NO [MJrH]+
246.1858, found 246.1852.

>—<: :FOM
o e
Me

NEt,
206w

Prepared, following Procedure A using compound 200 (66.3 mg, 0.427 mmol) and 4-bromoanisole (0.213 mL,
1.71 mmol). The reaction was stirred at 70 °C for 15.5 h. 206w was obtained after purification by column
chromatography (10-20% EtOAc/hexane) as a yellow oil, 44.8 mg (40%, mixture of inseparable 200): 'H NMR
(500 MHz, CDCly) 6 6.96 (d, 2H, J= 8.5 Hz), 6.75 (d, 2H, J = 8.5 Hz), 3.75 (s, 3H), 3.50-3.32 (m, 2H), 3.30-3.20
(m, 1H), 2.78-2.68 (m, 1H), 2.05 (dd, 1H, J=9.0, 6.5 Hz), 1.66 (dd, 1H, J = 6.5, 5.5 Hz), 1.43 (s, 3H), 1.03 (dd,
1H, J = 9.0, 5.5 Hz), 0.82 (t, 3H, J = 7.0 Hz), 0.78 (t, 3H, J = 7.0 Hz); °C NMR (126 MHz, CDCl;) & 170.8,
157.9, 130.8, 127.4, 113.4, 55.2, 40.6, 38.3, 31.13, 31.07, 23.4, 19.4, 13.4, 12.8, 11.9; IR (neat, ATR) = 2970,
1629, 1516, 1425, 1249, 1088, 892 cm™; HRMS (FAB) m/z caled for C,¢H,,NO, [M+H]" 262.1807, found
262.1802.

CF
Ox ,D <:> 3
Me

NEt,
206x

Prepared, following Procedure A using compound 200 (38.4 mg, 0.247 mmol) and 4-bromobenzotrifluoride
(0.139 mL, 0.989 mmol). The reaction was stirred at 70 °C for 17.5 h. 206x was obtained after purification by
column chromatography (10-20% EtOAc/hexane) as a colorless solid, 37.6 mg (50%): '"H NMR (500 MHz,
CDCly) 6 7.46 (d, 2H, J = 8.0 Hz), 7.16 (d, 2H, J = 8.0 Hz), 3.47-3.33 (m, 2H), 2.98-2.89 (m, 1H), 2.72-2.63 (m,
1H), 2.17 (dd, 1H, J = 8.5, 6.5 Hz), 1.79 (dd, 1H, J = 6.5, 5.5 Hz), 1.47 (s, 3H), 1.16 (dd, 1H, J = 8.5, 5.5 Hz),
0.81 (t, 3H, J = 7.5 Hz), 0.75 (t, 3H, J = 7.0 Hz); °C NMR (126 MHz, CDCl;) & 170.0, 143.3, 128.2 (q, J = 32.4
Hz), 126.8, 124.9 (q, J = 3.5 Hz), 124.2 (q, J = 272.9 Hz), 40.5, 38.4, 32.3, 31.6, 23.4, 20.4, 13.4, 11.8; IR (neat,
ATR) = 2976, 1630, 1327, 1089, 887 cm™'; HRMS (FAB) m/z caled for C,sH, FsNO [M+H]" 300.1575, found
300.1581.
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Prepared, following Procedure B using compound 200 (48.1 mg, 0.310 mmol) and methyl 4-bromobenzoate (267
mg, 1.24 mmol). The reaction was stirred at 70 °C for 13 h. 206y was obtained after purification by column
chromatography (20-30% EtOAc/hexane) as a white solid, 67.5 mg (75%): '"H NMR (500 MHz, CDCl5) & 7.88 (d,
2H, J= 8.5 Hz), 7.11 (d, 2H, J = 8.5 Hz), 3.89 (s, 3H), 3.44-3.31 (m, 2H), 3.01-2.93 (m, 1H), 2.72-2.64 (m, 1H),
2.16 (dd, 1H, J = 8.5, 5.5 Hz), 1.79 (dd, 1H, J = 5.5, 5.5 Hz), 1.47 (s, 3H), 1.17 (dd, 1H, J = 8.5, 5.5 Hz),
0.83-0.74 (m, 6H); °C NMR (126 MHz, CDCl;) § 170.0, 166.9, 144.7, 129.3, 127.7, 126.4, 51.9, 40.5, 38.4, 32.4,
31.9, 23.3, 20.6, 13.3, 12.0; IR (neat, ATR) = 2972, 1720, 1631, 1434, 1279, 1089, 887 cm™'; HRMS (FAB) m/z
caled for C7H,,NO; [M+H]"290.1756, found 290.1754.

NEt, NEt; ©

S$16 209a
Compound 209a: To a solution of $16*' (326 mg, 1.67 mmol) in MeOH (17 mL) was added 10% Pd/C (33.4
mg) at room temperature. After replacement under H, atmosphere, the mixture was stirred for 5 h. After filtration
by using a pad celite, the resultant solution was concentrated under reduced pressure. The obtained residue was
purified by flash column chromatography (10-20% EtOAc/hexane) on silica gel to give compound 209a (212 mg,
1.07 mmol, 64%) as a colorless oil: 'H NMR (500 MHz, CDCl5) 6 3.81-3.73 (m, 1H), 3,51-3.44 (m, 1H),
3.33-3.25 (m, 1H), 3.24-3.16 (m, 1H), 1.65-1.57 (m, 1H), 1.54-1.34 (m, 2H), 1.25 (s, 3H), 1.21 (t, 3H, J = 6.9 Hz),
1.06 (t, 3H, J = 6.9 Hz), 0.87 (t, 3H, J = 7.2 Hz), 0.91-0.85 (m, 1H), 0.79 (dd, 1H, J = 5.2, 2.6 Hz), 0.64-0.59 (m,
1H), 0.58 (dd, 1H, J = 8.3, 4.3 Hz); °C NMR (126 MHz, CDCl;) & 172.3, 38.4, 32.1, 26.0, 25.4, 22.6, 22.3 18.4,
13.9, 13.6, 12.2; HRMS (FAB) m/z calcd for C,H,,NO [M+H]" 198.1858, found 198.1860.

Ph 1. 03, CH,Cl,-MeOH, -78 °C H

Z then NaBH, MOMO™ N
O~ O’
Me ; M
2. MOMCI, iPr,NEt e
NEt » IPT2
2 CH,Cl, NEt,
206b 209b

Compound 209b: Ozone was bubbled through a solution of 206b (1.300 mg, 5.05 mmol) in CH,Cl,-MeOH (1:1,
v/v, 25 mL) at -78 °C for 10 min until a pale blue color persisted. After O, was bubbled for purging out ozone
from solution, NaBH, (1.301 mg, 34.4 mmol) was added to the solution at -78 °C. The resultant mixture was
allowed to warm to 0 °C, and stirred for 30 min. After monitoring by TLC, saturated aqueous NH4CI was added to
the reaction mixture. The resulting mixture was extracted with EtOAc three times. The organic layers were
washed with brine, and dried over Na,SO,. After concentration under reduced pressure, the obtained residue was
purified by flash column chromatography on silica gel to give alcohol (478 mg, 2.58 mmol, 51%) as a colorless
oil: '"H NMR (500 MHz, CDCls) & 4.72 (d, 1H, J = 10.3 Hz), 3.99-3.90 (m, 1H), 3.72-3.62 (m, 1H), 3.57-3.49 (m,
1H), 3.41-3.30 (m, 2H), 2.89 (dd, 1H, J = 11.5, 5.7 Hz), 1.31 (s, 3H), 1.28-1.22 (m, 1H), 1.22 (t, 3H, J = 7.2, Hz),

118



1.11 (d, J = 7.2, Hz), 0.80 (dd, 1H, J = 8.0. 5.7 Hz), 0.68 (dd, 1H, J = 5.2 ,2.6 Hz); >*C NMR (126 MHz, CDCL)
8 173.3, 65.1, 41.6, 39.1, 27.2, 25.8, 23.2, 17.2, 13.9, 12.6; HRMS (FAB) m/z calcd for C,;H,;NO, [M+H]"
186.1494, found 186.1499. To a solution of the above alcohol (244.9 mg, 1.32 mmol) in CH,Cl, (10 mL) were
added iPrNEt, (0.563 mL, 3.31 mmol) and MOMCI (0.249 mL, 3.31 mmol) at 0 °C. After the resultant solution
was stirred at room temperature for 12.5 h, saturated aqueous NH4Cl was added to the reaction mixture. The
resulting mixture was extracted with EtOAc three times. The organic layers were washed with brine, and dried
over Na,SO,. After concentration under reduced pressure, the obtained residue was purified by flash column
chromatography on silica gel to give compound 209b (301 mg, quant.) as a colorless oil: 'H NMR (500 MHz,
CDCl;) 6 4.59 (dd, 2H, J = 6.3, 5.4 Hz), 3.83-3.75 (m, 1H), 3.54 (dd, 1H, J = 10.9, 6.3 Hz), 3.45-3.04 (m, 1H),
3.34 (s, 3H), 3.32-3.26 (m, 1H), 3.26-3.20 (m, 2H), 1.32 (s, 3H), 1.30-1.24 (m, 1H), 1.22 (t, 3H, J = 7.2 Hz), 1.08
(t,3H,J = 7.2 Hz), 1.04 (dd, 1H, J = 5.4 , 2.6 Hz), 0.75 (dd, 1H, J = 8.3, 4.9 Hz); *C NMR (126 MHz, CDCl;) &
171.7, 96.6, 69.2, 55.5, 41.7, 39.2, 26.0, 25.6, 22.9, 17.8, 14.3, 12.8; HRMS (FAB) m/z calcd for C;HpNO;
[M+H]" 230.1756, found 230.1760.

\ 1. 03, CH,Cl-MeOH, -78 °C  TBSO H
then NaBH,
N N
Me 2. TBSCI, imid. Me

NEtp CH,Cly, NEt
s16 209¢

Compound 209c: Ozone was bubbled through a solution of S16 (269 mg, 1.38 mmol) in CH,Cl,-MeOH (1:1, v/v,
14 mL) at -78 °C until a pale blue color persisted. After O, was bubbled for purging out ozone from solution,
NaBH, (522 mg, 13.8 mmol) was added to the solution at -78 °C. The resultant mixture was allowed to warm to
0 °C, and stirred for 30 min. After monitoring by TLC, saturated aqueous NH,4Cl was added to the reaction
mixture. The resulting mixture was extracted with EtOAc three times. The organic layers were washed with brine,
and dried over Na,SO,. Concentration under reduced pressure to give crude alcohol (252 mg) as an oil: 'H NMR
(500 MHz, CDCl;) 6 4.96 (br, 1H), 3.84-3.77 (m, 1H), 3.77-3.69 (m, 1H), 3.67-3.58 (m, 1H), 3.52-3.42 (m, 1H),
3.41-3.35 (m, 1H), 3.35-3.26 (m, 1H), 1.77-1.70 (m, 1H), 1.49-1.38 (m, 1H), 1.30 (s, 3H), 1.21 (t, 3H, J = 7.2 Hz),
1.10 (t, 3H, J = 7.2 Hz), 0.90-0.83 (m, 1H), 0.80 (dd, 1H, J = 8.6, 4.6 Hz), 0.62 (dd, 1H, J = 5.2, 2.6 Hz); °C
NMR (126 MHz, CDCl;) & 173.4, 62.3, 41.5, 39.3, 33.3, 25.7, 23.9, 23.4, 18.3, 14.1, 12.8; HRMS (FAB) m/z
caled for C11H»NO, [M+H]" 258.1651, found 258.1653. To a solution of the above crude alcohol (252 mg) in
CH,Cl, (13 mL) were added imidazole (129 mg, 1.90 mmol) and TBSCI (229 mg, 1.52 mmol) at 0 °C. After the
resultant solution was stirred at 0 °C for 12.5 h, H,O was added to the reaction mixture. The resulting mixture was
extracted with EtOAc three times. The organic layers were washed with brine, and dried over Na,SO,4. After
concentration under reduced pressure, the obtained residue was purified by flash column chromatography on silica
gel to give compound 209¢ (354 mg, 1.13 mmol, 82% (2 steps)) as a colorless oil: '"H NMR (500 MHz, CDCl3) &
3.82-3.73 (m, 1H), 3.71-3.61 (m, 2H), 3.54-3.41 (m, 1H), 3.36-3.26 (m, 1H), 3.25-3.12 (m, 1H), 1.95-1.86 (m,
1H), 1.28 (s, 3H), 1.22 (t, 3H, J = 6.9 Hz), 1.07 (t, 3H, J = 6.9 Hz), 1.03-0.97 (m, 1H), 0.88 (s, 9H), 0.85-0.79 (m,
2H), 0.60 (dd, 1H, J = 8.3, 4.3 Hz), 0.04 (s, 6H); °C NMR (126 MHz, CDCls) & 172.1, 62.6, 40.7, 38.4, 33.3,
25.9, 25.7, 25.2, 23.0, 22.6, 18.2, 18.1, 13.9, 12.3, -5.5, -5.6; HRMS (FAB) m/z calcd for C,7H3(NO,Si [M+H]"
314.2515, found 314.2514.

119



iPro,NMgBu (3.5 equiv)
THF, 70 °C, 3 h;
H ZnCl, (3.5 equiv),

RS THF, 0 °C, 20 min;
Oﬁ} =
NEtZMe Br—\// / (4.0 equiv) NEtZM
[Pd(u-1)PtBugl, (10 mol%) 211

THF, 70 °C, 14-21 h
Procedure C: To a nBu,Mg solution (3.7 equiv, 1.0 M in heptane) was added iPr,NH (3.5 equiv) at 0 °C, the
mixture was heated to 50 °C and stirred for 10 min. The solvents were then removed under vacuum. After THF
(500 pL) was added, a solution of cyclopropanecarboxamide (1 equiv) in THF (1 mL) was introduced slowly via
cannula at room temperature. The mixture was stirred for 3 h at 70 °C. After the mixture was cooled to 0 °C,
ZnCl, (3.5 equiv, 0.5 M solution in THF) was added, and the reaction mixture was stirred for 20 min. A solution
of [Pd(p-1)PBus], (10 mol%) in toluene (500 pL) was then transferred via cannula into the reaction mixture, and
then alkenyl or aryl bromide (4 equiv) was added. The reaction mixture was heated to 70 °C and stirred for 14-21
h. After the reaction mixture was cooled to room temperature, saturated aqueous NH4Cl was added to the reaction
mixture. The resulting mixture was extracted with EtOAc three times. The organic layers were washed with brine,
and dried over Na,SO4. After concentration under reduced pressure, the obtained residue was purified by flash

column chromatography on silica gel to give compound 211.

NEt,
211a

Prepared, following Procedure C using compound 209a (19.2 mg, 0.0973 mmol) and 1-bromo-2-methylpropene
(40 pL, 0.389 mmol). The reaction was stirred at 70 °C for 15 h. 211a was obtained after purification by column
chromatography (5-15% EtOAc/hexane) as a colorless oil, 14.6 mg (60%); 'H NMR (500 MHz, CDCl3) & 4.79 (d,
1H, J=10.0 Hz), 3.51-3.40 (m, 2H), 3.36-3.19 (m, 2H), 1.80-1.72 (m, 1H), 1.71 (s, 3H), 1.70 (s, 3H), 1.61 (dd,
1H, J = 10.0, 10.0 Hz), 1.39-1.29 (m, 3H), 1.28 (s, 3H), 1.16 (t, 3H, J = 7.0 Hz), 1.12 (t, 3H, J = 7.0 Hz),
0.95-0.89 (m, 1H), 0.87 (t, 3H, J = 7.0 Hz); C NMR (126 MHz, CDCl;) & 171.2, 132.6, 120.4, 41.0, 37.8, 31.1,
29.6, 28.5, 26.1, 24.9, 22.7, 18.1, 14.2, 14.1, 12.5; IR (neat, ATR) = 2961, 1635, 1422, 1251, 1127, 1064 cm™";
HRMS (FAB) m/z calcd for C;¢H3NO [M+H]" 252.2327, found 252.2331.

H
momo N\ H /Ph
On” Ez=61
Me
NEt,

211b

Prepared, following Procedure C using compound 209b (57.2 mg, 0.249 mmol) and B-bromostyrene (128 pL,
0.998 mmol). The reaction was stirred at 70 °C for 15 h. 211b was obtained after purification by column
chromatography (20-40% EtOAc/hexane) as a colorless oil, 51.9 mg (63%, E:Z = 6:1 for double bond); '"H NMR
(500 MHz, CDCls) 6 7.36 (t, 0.32H, J = 7.7 Hz), 7.29-7.25 (m, 3.68H), 7.21-16 (m, 1H), 6.63 (d, 0.83H, J = 15.5
Hz), 6.57 (d, 0.17H, J = 12.0 Hz), 5.90 (dd, 0.83H, J = 15.5, 10.6 Hz), 5.36 (dd, 0.17H, J = 12.0, 11.0 Hz), 4.64
(d, 0.83H, J = 6.6 Hz), 4.64-4.59 (m, 0.34H), 4.59 (d, 0.83H, J = 6.6 Hz), 4.14 (dd, 0.83H, J = 11.0, 4.7 Hz), 4.10
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(dd, 0.17H, J = 10.5, 4.5 Hz), 3.67-3.61 (m, 1H), 3.60-3.50 (m, 2H), 3.35-3.17 (m, 2H), 3.24 (s, 3H), 1.95 (dd, 1H,
J =10.6, 8.9 Hz), 1.50-1.45 (m, 1H), 1.42 (s, 2.49H), 1.35 (s, 0.51H), 1.14-1.07 (m, 6H); *C NMR (126 MHz,
CDCl;) § 169.9, 137.3, 131.4, 131.6, 128.6, 127.0, 125.7, 125.6, 96.3, 65.3, 55.0, 41.3, 38.1, 33.2, 31.8, 31.1, 24.1,
14.0, 12.5; IR (neat, ATR) = 2939, 2864, 1730, 1633, 1455, 1272 cm™; HRMS (ESI) m/z caled for C,0H3NO;
[M+H]" 332.2226, found 332.2227.

Prepared, following Procedure C using compound 209¢ (28.4 mg, 0.0906 mmol) and B-bromostyrene (50 pL,
0.390 mmol). The reaction was stirred at 70 °C for 14 h. 211c was obtained after purification by column
chromatography (5-15% EtOAc/hexane) as a colorless oil, 26.7 mg (71%, E:Z = 6:1 for double bond); '"H NMR
(500 MHz, CDCly) 6 7.39-7.34 (m, 0.34H), 7.30-7.24 (m, 3.66H), 7.20-7.15 (m, 1H), 6.55 (d, 0.83H, J = 14.5 Hz),
6.52 (d, 0.17H, J=11.0 Hz), 5.88 (dd, 0.83H, J = 14.5, 10.5 Hz), 5.37 (dd, 0.17H, J = 11.0 Hz), 3.81-3.66 (m, 2H),
3.62-3.51 (m, 2H), 3.49-3.41 (m, 0.17H), 3.39-3.29 (m, 1H), 3.25-3.16 (m, 0.83H), 2.14-2.03 (m, 1H), 1.78 (t, 1H,
J=10.0 Hz), 1.60-1.50 (m, 1H), 1.38 (s, 2.49H), 1.31 (s, 0.51H), 1.30-1.24 (m, 1H), 1.12 (t, 3H, J= 7.5 Hz), 1.11
(t, 3H, J = 7.5 Hz), 0.89 (s, 1.53H), 0.87 (s, 7.47H), 0.04 (s, 0.51H), 0.03 (s, 0.51H), 0.02 (s, 2.49H), 0.01 (s,
2.49H); °C NMR (126 MHz, CDCl;) § 170.4, 137.5, 130.9, 128.5, 127.1, 126.8, 125.7, 62.9, 41.1, 38.0, 33.1,
31.4,29.9, 28.7, 26.0, 24.5, 18.4, 14.1, 12.6, —5.3; IR (neat, ATR) = 2927, 1635, 1463, 1237, 1090. 889 cm™;
HRMS (FAB) m/z caled for C,sH,,NO,Si [M+H]" 416.2985, found 416.2990.

Me
NEt,
211d

Prepared, following Procedure C using compound 209a (22.6 mg, 0.115 mmol) and -bromostyrene (59 uL, 0.458
mmol). The reaction was stirred at 70 °C for 15 h. 211d was obtained after purification by column
chromatography (10-30% EtOAc/hexane) as a colorless oil, 22.1 mg (64%, E:Z = 7:1 for double bond); '"H NMR
(500 MHz, CDCl3) 6 7.43-7.33 (m, 0.56H), 7.30-7.25 (m, 3.44H), 7.20-7.12 (m, 1H), 6.54 (d, 1H, J = 15.8 Hz),
5.90 (dd, 0.86H, J=15.8, 10.6 Hz), 5.90 (dd, 0.14H, J = 6.0, 6.0 Hz), 3.60-3.50 (m, 1.72H), 3.48-3.40 (m, 0.28H),
3.39-3.30 (m, 1H), 3.26-3.17 (m, 1H), 1.91-1.82 (m, 1H), 1.75 (t, 1H, J = 9.7 Hz), 1.47-1.36 (m, 3H), 1.36 (s,
2.58H), 1,31 (s, 0.42H), 1.13-1.04 (m, 7H), 0.92 (t, 0.42H, J = 7.5 Hz), 0.90 (t, 2.58H, J = 7.2 Hz); "C NMR
(126 MHz, CDCls) 6 170.6, 137.7, 130.5, 128.5, 127.5, 126.7, 125.6, 41.0, 37.9, 33.3, 32.3, 31.3, 28.7, 24.6, 22.7,
14.1, 12.6; IR (neat, ATR) = 2978, 2914, 1733, 1634, 1469, 1433, 1382 cm™; HRMS (ESI) m/z caled for
C,0H30NO [M+H]" 300.2329, found 300.2322.
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Prepared, following Procedure C using compound 209b (39.4 mg, 0.172 mmol) and 1-bromo-2-methylpropene
(70 pL, 0.687 mmol). The reaction was stirred at 70 °C for 18 h. 211f was obtained after purification by column
chromatography (30-50% EtOAc/hexane) as a yellow oil, 31.4 mg (64%); 'H NMR (500 MHz, CDCl;) & 4.82 (d,
1H, J=10.0 Hz), 4.65 (d, 1H, J= 6.5 Hz), 4.60 (d, 1H, J= 6.5 Hz), 4.05 (dd, 1H, J=11.0, 4.5 Hz), 3.53 (dd, 1H,
J=11.0, 11.0 Hz), 3.52-3.42 (m, 2H), 3.33 (s, 3H), 3.32-3.19 (m, 2H), 1.83 (dd, 1H, J = 10.0, 10.0 Hz), 1.74 (s,
3H), 1.71 (s, 3H), 1.36 (s, 3H), 1,33-1.27 (m, 1H), 1.14 (t, 3H, J = 7.0 Hz), 1.07 (t, 3H, J = 7.0 Hz); *C NMR
(126 MHz, CDCl3) 6 170.3, 133.8, 119.0, 96.2, 65.2, 54.9, 41.0, 30.3, 29.8, 28.4, 26.0, 24.3, 18.1, 13.9, 12.3; IR
(neat, ATR) = 2923, 1633, 1424, 1236, 1089, 893 cm™'; HRMS (FAB) m/z calcd for C;sH3oNO5 [M+H]" 284.2226,
found 284.2221.

NEt,
211g

Prepared, following Procedure C using compound 206u (43.2 mg, 0.187 mmol) and 1-bromo-2-methylpropene
(80 pL, 0.782 mmol). The reaction was stirred at 70 °C for 21 h. 211g was obtained after purification by column
chromatography (10-20% EtOAc/hexane) as a yellow oil, 30.6 mg (57%); 'H NMR (500 MHz, CDCls) o
7.20-7.11 (m, 3H), 7.06-7.02 (m, 2H), 5.68 (d, 1H, J = 8.0 Hz), 3.45-3.23 (m, 2H), 3.24-3.15 (m, 1H), 2.88-2.78
(m, 1H), 2.25 (d, 1H, J = 9.0 Hz), 2.00 (dd, 1H, J = 9.0, 8.0 Hz), 1.68 (s, 3H), 1.51 (s, 3H), 1.48 (s, 3H), 1.02 (t,
3H, J=7.0 Hz), 0.76 (t, 3H, J = 7.0 Hz); "C NMR (126 MHz, CDCl;) & 169.8, 137.5, 135.2, 128.6, 127.3, 125 4,
118.2, 41.0, 37.9, 37.7, 31.5, 31.1, 26.0, 25.7, 18.3, 13.1, 12.2; IR (neat, ATR) = 2966, 1631, 1253, 1131, 1036
cm'l; HRMS (FAB) m/z calcd for C19H,sNO [MJrH]+ 286.2171, found 286.2176.

H

MOMO}@
O’
Me
NEt,

211h
Prepared, following Procedure C using compound 209b (28.1 mg, 0.123 mmol) and bromobenzene (50 uL, 0.490
mmol). The reaction was stirred at 70 °C for 16 h. 211h was obtained after purification by column
chromatography (30% EtOAc/hexane) as a yellow oil, 25.4 mg (68%); '"H NMR (500 MHz, CDCl;) § 7.24-7.20
(m, 2H), 7.18-7.14 (m, 1H), 7.10-7.07 (m, 2H), 4.49 (d, 1H, J= 6.5 Hz), 4.34 (d, 1H, J= 6.5 Hz), 4.22 (dd, 1H, J
=11.0,4.5 Hz), 3.82 (dd, 1H, J=11.0, 10.0 Hz), 3.52-3.42 (m, 2H), 3.28-3.20 (m, 1H), 2.91 (s, 3H), 2.90-2.83 (m,
1H), 2.25 (d, 1H, J = 9.0 Hz), 1.52 (ddd, 1H, J = 10.0, 9.0, 4.5 Hz), 1.48 (s, 3H), 1.12 (t, 3H, J = 7.0 Hz), 0.88 (t,
3H, J = 7.0 Hz); °C NMR (126 MHz, CDCl;) & 170.1, 137.1, 128.0, 127.9, 125.9, 96.0, 63.1, 54.5, 41.4, 38.3,
35.1, 31.8, 31.0, 25.9, 13.1, 12.1; IR (neat, ATR) = 2973, 1631, 1426, 1236, 1086, 888 cm™'; HRMS (FAB) m/z
caled for C1gHosNO; [M+H]" 306.2069, found 306.2074.
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iPro,NMgBu (3.5 eq)

THF, 70 °C, 3 h;
MOMO. :H ZnCl, (3.5 equiv), MOMO :H H
THF, 0 °C, 20 min; 2
N1 N5
Me Me
NEt, Br{/ (20 eq x2) NEt,
209e [Pd(u-1)PtBug], (10 mol%) 211i

THF-toluene, 100 °C, 11 h

To a nBu,Mg solution (357 pL, 1.0 M in heptane) was added iPr,NH (47 pL, 0.338 mmol) at 0 °C, the mixture
was heated to 50 °C and stirred for 10 min. The solvents were then removed under vacuum. THF (0.5 mL) was
then added. Then a solution of cyclopropanecarboxamide 209e (23.5 mg, 0.0966 mmol) in THF (1 mL) was
introduced slowly via cannula at room temperature. The mixture was stirred for 3 h at 70 °C. After the mixture
was cooled to 0 °C, ZnCl, (676 puL, 0.5 M solution in THF) was added, and the reaction mixture was stirred for 20
min. A solution of [Pd(u-I)PBus], (8.5 mg, 0.00976 mmol) in toluene (0.5 mL) was then transferred via cannula
into the reaction mixture, and then 2-bromopropene (172 pL, 1.93 mmol) was added. The reaction mixture was
heated to 70 °C. After 5 h, additional 2-bromopropene (172 pL, 1.93 mmol) was added and stirred for 11 h. After
the reaction mixture was cooled to room temperature, saturated aqueous NH,Cl was added to the reaction mixture.
The resulting mixture was extracted with EtOAc three times. The organic layers were washed with brine, and
dried over Na,SO,. After concentration under reduced pressure, the obtained residue was purified by flash column
chromatography on silica gel to give a desired product 211i as a yellow oil, 12.5 mg (46%): 'H NMR (500 MHz,
CDCly) 6 4.78 (s, 1H), 4.63 (d, 1H, J = 7.0 Hz), 4.62 (d, 1H, J = 7.0 Hz), 4.34 (s, 1H), 3.71-3.53 (m, 3H),
3.48-3.41 (m, 1H), 3.34 (s, 3H), 3.32-3.19 (m, 2H), 2.25-2.17 (m, 1H), 1.83 (s, 3H), 1.70-1.63 (m, 1H), 1.43 (d,
1H, J = 9.2 Hz), 1.31 (s, 3H), 1.19 (t, 3H, J = 7.2 Hz), 1.09 (t, 3H, J = 6.9 Hz), 0.90-0.82 (m, 1H); °C NMR (126
MHz, CDCl;) 8 170.8, 140.7, 109.8, 96.2, 67.8, 55.0, 41.5, 38.2, 35.1, 29.5, 28.8, 26.4, 24.9, 13.9, 12.2; IR (neat,
ATR) = 2978, 2920, 1736, 1636, 1468, 1383 cm™; HRMS (ESI) m/z caled for CigH3NO; [M+H]" 284.2220,
found 284.2213.

R? R!
o R2 EtOTf then LiOH R?
A o) .
Me MeOH-H,0 o
NEt, OEt
206i or 211g 216a or 216b

Procedure D: To a solution amide 206i or 211g (1 equiv) in CH,Cl, (2 mL) was added EtOTf (10 equiv) at room
temperature. The resultant solution was refluxed until completion of the reaction (monitored by TLC). After the
mixture was cooled to room temperature, EtOTf was removed under reduced pressure. The resultant mixture was
dissolved in MeOH-H,0 (2 mL, v/v = 3:1). LiOH-H,O (3 equiv) was added, and the reaction solution was stirred
for 2 h. After addition of aq. IM HCI, the mixture was extracted with EtOAc three times. The organic layers were
washed with brine, and dried over Na,SO,. After concentration under reduced pressure, the obtained residue was

purified by flash column chromatography on silica gel to give a desired ester 216a or 216b.
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Oﬂ
Me

OEt
216a

Prepared, following Procedure D using compound 206i (9.7 mg, 0.0463 mmol). The reaction gave 216a after
purification by flash column chromatography on silica gel (1-5% EtOAc/hexane) as a colorless oil, 6.6 mg (78%):
'H NMR (500 MHz, C¢Dg) & 4.93 (s, 1H), 4.92 (s, 1H), 3.94-3.88 (m, 2H), 2.04 (q, 2H, J = 7.6 Hz), 1.76 (dd, 1H,
J=06.9,4.6 Hz), 1.35-1.27 (m, 1H), 1.27 (s, 3H), 0.99 (3H, t, /= 7.4 Hz), 0.91 (t, 3H, J = 10.6 Hz), 0.59 (dd, 1H,
J=18.6,4.6 Hz); "C NMR (126 MHz, C;De) & 171.8, 145.8, 110.6, 60.1, 34.7, 31.9, 23.0, 21.5, 18.3, 14.3, 12.5;
IR (neat, ATR) =2956, 2849, 1735, 1697, 1451 cm’; HRMS (FAB and ESI) could not be measured because of its
volatility.

Ph

Me

216b

Prepared, following Procedure D using compound 211g (10.6 mg, 0.0371 mmol). The reaction gave 216b after
purification by flash column chromatography on silica gel (1-5% EtOAc/hexane) as a colorless oil, 6.7 mg (70%):
'H NMR (500 MHz, C¢Dg) & 7.29 (d, 2H, J = 7.4 Hz), 7.17 (d, 2H, J = 7.4 Hz), 7.06 (t, 1H, J = 7.4 Hz), 5.76 (d,
1H, J =9.2 Hz), 3.89-3.82 (m, 1H), 3.81-3.72 (m, 1H), 2.32 (d, 1H, J = 9.2 Hz), 2.07 (t, 1H, J = 9.5 Hz), 1.67 (s,
3H), 1.66 (s, 3H), 1.46 (s, 3H), 0.75 (t, 3H, J = 7.2 Hz); "C NMR (126 MHz, C¢Dg) & 171.2, 136.6, 132.9, 130.6,
130.5, 126.5, 120.5, 59.9, 37.5, 32.8, 30.7, 26.1, 24.1, 18.2, 14.0; IR (neat, ATR) = 2993, 1772, 1757, 1374, 1241
crn'l; HRMS (ESI) m/z caled for C;7H,30, [MJrH]+ 259.1693, found 259.1682.
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Chapter I11

General procedure for synthesis of thiourea-quaternary ammonium salts

ag. HCHO \/© HCI ether
NaBH;CN (1.5 eq) 5 eq)

_— BOCHN _—— BOCHN

. MeOH NMe DMF, 60 °C /N® CH,Cly, rt

$15

BocHN"

S16
52%, 2 steps

NCS
(1.5 eq)
H3N
© /N NaH (1.2 eq)
2Cl DMF, rt

PTC-38 62%, 2 steps

To a solution of tert-butyl ((/R, 2R)-2-aminocyclohexyl) carbamate (1.14 g, 5.37 mmol) in MeOH (54 mL) were
added 37% aq. HCHO (4.4 mL) and NaBH;CN (1.13 g, 18.0 mmol) at room temperature. The reaction mixture
was stirred for 4 h, before addition of 2 M aq. NaOH. The mixture was extracted with CHCIl; three times, and the
combined organic layers were dried over Na,SO, and concentrated in vacuo. The crude S15 (1.34 g) was used for
the next reaction without further purification. To a solution of dimethylamine S15 (180 mg, ca. 0.723 mmol) in
DMF (1.8 mL) was added a-bromo-o-xylene (144 pL, 1.08 mmol) at room temperature. The reaction mixture was
stirred at 60 °C for 26 h. Then, the mixture was cooled to room temperature and concentrated. The residue was
purified by silica gel column chromatography (1-20% MeOH/CHCI;) to afford ammonium salt S16 (159 mg, 52%,
2 steps) as a yellow oil. To a solution of ammonium salt S16 (159 mg, 0.373 mmol) in CH,Cl, was added 1M HCI
in ether at 0 °C. The reaction mixture was stirred at room temperature for 22 h. The resultant solution was
concentrated in vacuo to afford crude S17. The crude S17 was used for the next reaction without further
purification. To a solution of the crude S17 (ca. 0.372 mmol) in DMF (3.2 mL) were added NaH (60% in mineral
oil, 19.0 mg, 0.475 mmol) and 2-isopropylphenyl isothiocyanate (106 mg, 0.599 mmol) in DMF (500 uL) at 0 °C.
The reaction mixture was stirred at room temperature for 21 h. The mixture was quenched with solid NH4Cl and
filtered through Celite. The filtrate was washed with MeCN-hexane. MeCN-DMF layer was concentrated and then,
the residue was purified by silica gel column chromatography (1-10% MeOH/CHCl;) to afford
thiourea-ammonium salt PTC-38 (106 mg, 62%, 2 steps) as a white solid.

H@N

PTC- 38

PTC-38: [0]p'"-10.9 (¢ 0.16, MeOH); 'H NMR (500 MHz, CDCls): & 9.99 (br, 1H), 8.91 (br, 1H), 7.44-7.36 (m,
2H), 7.34-7.24 (m, 5H), 7.21-7.16 (m, 1H), 5.27-5.19 (m, 1H), 5.17 (d, 1H, J = 13.2 Hz), 4.81 (d, 1H, J = 13.2
Hz), 4.48-4.36 (br, 1H), 3.23 (s,1H), 3.20-3.14 (m, 1H), 3.05 (s, 1H), 2.52 (s, 3H), 2.53-2.47 (m, 1H), 2.31-2.25
(m, 1H), 2.06-1.98 (m, 1H), 1.92-1.81 (m, 2H), 1.66-1.55 (m, 2H), 1.45-1.36 (m, 1H), 1.19 (t, 6H, J = 6.6 Hz);
3C NMR (125 MHz, CDCly) & 182.2, 145.3, 140.0, 134.4, 131.8, 130.7, 129.3, 127.5, 126.3, 125.7, 125.7, 135.8,
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125.6, 77.2, 63.4, 54.5, 50.3, 47.8, 43.7, 34.7, 28.0, 27.0, 24.7, 23.3, 23.2, 20.5; HRMS (FAB) m/z calcd for
C16H3sN3SC1 [M-CI]" 424.2786, found 424.2790.

QKQ

C@Me ) e

PTC-7
PTC-7: [a]p'°-8.1 (c 0.35, MeOH); 'H NMR (600 MHz, CD;0D): & 8.07 (s, 2H), 7.54 (s, 1H), 4.19 (td, 1H, J =
10.7, 4.2 Hz), 3.66 (td, 1H, J = 11.0, 3.5 Hz); 3.26 (s, 9H), 2.44-2.36 (m, 1H), 2.06-2.00 (m, 1H), 2.00-1.94 (m,
1H), 1.80-1.75 (m, 1H), 1.68-1.59 (m, 2H), 1.50-1.40 (m, 2H); *C NMR (150 MHz, CD;0D) § 156.0, 142.9,
133.5, 133.3, 133.1, 132.9, 127.5, 125.7, 123.9, 122.1, 119.4, 116.1, 77.3, 54.0, 51.3, 36.2, 27.5, 25.8, 25.2;
HRMS (ESI) m/z caled for Ci5sH,4FgN;OCI [M-CI]" 412.1818, found 412.1817.

QKQ

C@Me ) e

PTC-8
PTC-8: []p"*+3.9 (c 0.45, MeOH); 'H NMR (600 MHz, CD;OD): § 8.65 (s, 2H), 8.09 (s, 1H), 5.53-5.43 (m, 1H),
4.27-4.15 (m, 1H), 3.69 (s, 9H), 2.87-2.79 (m, 1H), 2.56-2.48 (m, 1H), 2.40-2.30 (m, 1H), 2.22-2.13 (m, 1H),
2.09-1.93 (m, 2H), 1.93-1.75; '°C NMR (150 MHz, CD;0D) & 182.0, 133.0, 132.8, 132.6, 132.4, 125.6, 124.5,
123.8, 118.6, 77.1, 55.1, 54.3, 45.5, 35.1, 27.4, 25.7, 25.1; HRMS (FAB) m/z calcd for C5Ha4F¢N;SCI [M-CI]®

428.1590, found 428.1585.
0.0

N

N
. N/kN“.
Ho H le

C]
I Me/'\\l‘Me
Me
PTC-9

PTC-9: [a]p"°-21.0 (¢ 0.24, MeOH); 'H NMR (500 MHz, CDCl5): & 8.18-8.02, 7.88 (dd, 1H, J = 8.9, 4.7 Hz),
7.07-7.01 (m, 2H), 4.59-4.48 (m, 1H), 4.19-4.09 (m, 1H), 3.43 (s, 9H), 2.50-2.43 (m, 1H), 2.28-2.18 (m, 1H),
2.11-2.02 (m, 1H), 1.06-1.82 (m, 2H), 1.83-1.68 (m, 1H), 1.64-1.52 (m, 1H), 1.51-1.39 (m, 1H); *C NMR (125
MHz, CDCl3) 8 165.6, 163.6, 150.2, 136.9, 136.8, 126.8, 126.2, 118.7, 112.9, 112.7, 103.5, 103.3, 76.2, 54.4, 50.8,

34.8,26.7, 24.4, 23.9; HRMS (ESI) m/z calcd for C1sH24FN40,SCI [M-CI]" 355.1599, found 353.1584.

PTC-10: [0]p"” +45.3 (¢ 0.13, MeOH);'H NMR (500 MHz, CDCls): § 8.82-8.67 (br, 1H), 8.08 (d, 1H, J = 9.2 Hz),
8.01 (s, 1H), 7.93 (d, 1H, J = 7.7 Hz), 7.85 (s, 1H), 7.71-7.64 (m, 3H), 7.53-7.37 (m, 7H), 7.28 (dd, 1H, J = 7.2,
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7.2 Hz), 7.12 (d, 1H, J = 7.7 Hz), 6.75 (d, 1H, J = 10.3 Hz), 5.99-5.86 (m, 1H), 5.79-5.66 (br, 1H), 4.47-4.46 (m,
1H), 5.40-5.27 (m, 2H), 5.20 (d, 1H, J = 11.7 Hz), 4.83-4.72 (m, 1H), 4.24-4.06 (m, 1H), 4.15 (s, 3H), 3.62 (dd,
1H, J = 10.7, 10.7 Hz), 3.49-3.38 (m, 1H), 2.63-2.53 (m, 1H), 2.31-2.19 (m, 2H), 2.16-2.07 (m, 1H), 1.24-1.12 (m,
1H) *C NMR (125 MHz, CDCL3) § 160.8, 151.7, 149.4, 146.5, 142.7, 136.4, 136.3, 135.1, 134.1, 133.5, 132.1,
130.9, 128.6, 128.2, 126.2, 125.0, 124.8, 124.0, 120.9, 120.3, 118.2, 101.7, 70.5, 68.4, 60.4, 57.8, 51.7, 51.0, 39.0,
29.1, 28.3, 26.3; HRMS (ESI) m/z caled for C34H3gNsO3SCI[M-CI]™ 594.2533, found 594.2527.

PTC-11: 'H NMR (500 MHz, CDCls): § 7.92 (d, 1H, J = 8.0 Hz), 7.427.30 (m, 5H), 7.17-7.05 (m, 4H), 6.88-6.81
(m, 2H), 6.72-6.65 (m, 2H), 5.53-5.46 (m, 1H), 5.10-5.12 (m, 1H), 4.92-4.86 (m, 1H), 4.71 (s, 1H), 4.57 (d, H, J =
8.0 Hz), 4.09 (d, 1H, J= 10.9 Hz), 3.70 (s, 3H), 3.61 (s, 1H), 2.98-2.79 (m, 3H), 2.77-2.70 (m, 1H), 2.58-2.51 (m,
1H), 2.24-2.16 (m, 1H), 1.68-1.40 (m, 2H), 1,33-1.84 (m, 2H), 0.75-0.69 (m, 1H); HRMS (ESI) m/z calcd for
C34H3eN505SCl [M-CI]" 594.2533, found 544.2536.

Me (
ﬁlei O
s
F3C N N :
o H ﬁ@
| -
Me’ Mg/le
ent-PTC-12

ent-PTC-12: 'H NMR (500 MHz, CDCl3) § 7.51 (s, 1H), 7.24 (s, 2H), 6.86 (d, 1H, J = 9.2 Hz), 5.35-5.26 (m, 1H),
4.74-4.64 (m, 1H), 3.46 (s, 9H), 2.67 (s, 3H), 2.41-2.30 (m, 2H), 2.17-2.09 (m, 1H), 1.99-1.92 (m, 1H), 1.90-1.80
(m, 1H), 1.73-1.62 (m, 1H), 1.48-1.38 (m, 1H), 1.39-1.25 (m, 1H); *C NMR (600 MHz, CDCl;) § 160.2, 155.7,
150.5, 132.3, 132.2, 131.9, 131.7, 122.7, 116.3, 74.7, 63.3, 54.0, 52.4, 34.5, 28.7, 24.6, 24.4, 23.6; HRMS (ESI)
m/z caled for CoH,6FsN3SCI [M-C1]" 442.1746, found 442.1747.

O‘NiN“'Q
H g H

Me,N NMe,Bn
cl ®

PTC-13
PTC-13: 'H NMR (500 MHz, CDCLy) [o]p'® +11.1 (c 0.14, MeOH) & 8.86-8.74 (br, 1H), 8.74-8.64 (br, 1H),
7.56-7.39 (m, 5H), 5.13-5.00 (m, 2H), 4.82-4.65 (m, 1H), 4.76 (d, 1H, J = 12.6 Hz), 3.19 (s, 3H), 3.09 (s, 3H),
2.90 (2.90 (s, 6H), 2.67-2.50 (m, 1H), 2.45-2.35 (m, 1H) 2.23-2.13 (m, 1H), 2.11-2.03 (m, 1H), 2.01-1.92 (m, 1H),
1.91-1.83 (m, 1H), 1.81-1.69 (m, 4H), 1.67-1.50 (m, 3H), 1.48-1.28 (m, 3H); '"H NMR (500 MHz, CD;0D) &
7.62-7.43 (m, 5H), 5.24-5.11 (m, 1H), 4.82 (d, 1H, J = 12.6 Hz), 4.82-4.61 (m, 1H), 4.71 (d, 1H, J = 12.6 Hz),
3.88-3.77 (m, 1H), 3.41-3.33 (m, 1H), 3.06 (s, 3H), 3.04 (s, 3H), 2.88 (s, 6H), 2.59-2.50 (m, 1H), 2.21-2.08 (m,
2H), 2.06-1.95 (m, 2H), 1.95-1.87 (m, 1H), 1.83-1.69 (m, 3H), 1.68-1.51 (m, 3H), 1.49-1.24 (m, 4H); '*C NMR
(125 MHz, CD;0D) & 183.4, 134.3, 131.8, 130.3, 129.0, 78.6, 68.7, 66.6, 55.4, 54.8, 51.4, 54.8, 35.6, 33.9, 27.5,
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25.9,25.4,25.2,25.1, 24.1; HRMS (FAB) m/z caled for C2qHaN4SCI [M-CI]™ 417.3052, found 417.3051.

OO NHTS MEP
CI

(R,R,R)-PTC-14
(RR,R)-PTC-14: [o]p* +118.1 (c 0.16, MeOH) 'H NMR (500 MHz, CDCls, 60 °C) & 8.69-8.57 (br, 1H),
8.04-7.94 (m, 3H). 7.92-7.83 (m, 3H), 7.74 (d, 1H, J = 8.6 Hz), 7.44-7.28 (m, 5H), 7.15 (dd, 1H, J = 7.6 Hz), 7.02
(d, 1H), 6.97-6.90 (m, 3H), 6.58 (d, 1H), 4.93-4.81 (br. 1H), 4.21-4.06 (br, 1H), 2.92 (s, 9H), 2.31 (s, 3H),
2.24-2.17 (m, 1H), 2.11-2.01 (m, 1H), 1.88-1.80 (m, 1H), 1.76-1.69 (m, 1H), 1.47-1.36 (m, 1H), 1.35-1.22 (m,
3H); °C NMR (125 MHz, CDCl3) & 180.5, 143.2, 136.1, 135.3, 132.9, 132.4, 132.3, 131.9, 131.0, 129.3, 129.1,
129.1, 128.5, 127.7, 127.7, 127.6, 127.5, 126.5, 126.5, 126.4, 126.3, 125.6, 125.3, 124.8, 75.1, 53.7, 53.6, 33.8,
26.3,24.0,23.7, 21.2; HRMS (FAB) m/z caled for C37H;N40,8,C1 [M-CI]" 637.2671, found 637.2661.

OO NHTs MEP
CI
(S,R,R)-PTC-14

(S,R,R)-PTC-14: [o]p"* -96.3 (¢ 0.15, MeOH) 'H NMR (500 MHz, CDCl3) & 9.25-9.13 (br, 1H), 8.41-8.31 (br,
1H), 8.01-7.79 (m, 5H), 7.68-7.62 (m, 1H), 7.43-7.34 (m, 2H), 7.22-7.14 (m, 2H), 6.85 (dd, 1H, J = 7.4, 7.4 Hz),
6.80-6.71 (m, 2H), 6.34 (dd, 1H, J = 7.7, 7.7 Hz), 5.14-5.05 (m, 1H), 4.02-3.94 (br, 1H), 3.27 (s, 3H), 2.33-2.21
(m, 1H), 2.23 (s, 3H), 2.19-2.10 (m, 1H), 1.95-1.87 (m, 1H), 1.84-1.68 (m, 1H), 1.64-1.56 (m, 2H), 1.50-1.30 (m,
2H); *C NMR (125 MHz, CDCl;) & 180.1, 143.1, 135.7, 135.5, 133.3, 132.4, 132.8, 131.8, 130.8, 129.6, 128.9,
128.9, 128.2, 127.8, 127.5, 127.2, 127.1, 126.4, 125.9, 125.7, 125.5, 125.4, 125.3, 122.5, 119.6, 75.3, 54.4, 53.8,
34.0,26.4,24.1,23.8, 21.1; HRMS (ESI) m/z caled for C37H4NsO3S,Cl1 [M-CI]" 637.2671, found 637.2643.
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PTC-15: [o]p"® +7.9 (¢ 0.18, MeOH) 'H NMR (500 MHz, CDCls) & 9.00-8.65 (br, 1H), 8.60-8.34 (br, 1H),
7.41-7.32 (m, 1H), 7.29-7.15 (m, 3H), 5.19-5.04 (m, 1H), 4.38-4.18 (br. 1H), 3.42 (s, 9H), 2.42-2.35 (m, 1H), 2.32
(s, 3H), 2.25-2.15 (m, 1H), 2.01-1.92 (m, 1H), 1.87-1.69 (m, 2H), 1.63-1.51 (m, 1H), 1.52-1.41 (m, 1H), 1.41-1.30
(m, 1H); >C NMR (125 MHz, CDCl3) & 181.1, 130.7, 128.3, 128.3, 127.5, 126.4, 76.0, 54.5, 54.2, 34.5, 26.8, 24.1,
18.5; HRMS (ESI) m/z caled for C17H,sN3;0SCI [M-CI]" 306.1998, found 306.1983.
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PTC-16: [o]p'” -1.7 (¢ 0.35, MeOH); 'H NMR (500 MHz, CDCl;) § 9.17-8.67 (br, 1H), 8.63-8.40 (br, 1H),
7.52-7.21 (m, 4H), 5.12-5.01 (br, 1H), 4.30-4.16 (br, 1H), 3.43 (s, 9H), 2.65-2.57 (m, 2H), 2.44-2.36 (m, 1H),
2.24-2.16 (m, 1H), 2.02-1.90 (m, 1H), 1.89-1.77 (m, 2H), 1.74-1.51 (m, 3H), 1.50-1.31 (m, 2H), 1.05-0.98 (m,
1H), 0.97 (t, 3H, J = 7.2 Hz); *C NMR (125 MHz, CDCL3) § 181.5, 129.9, 129.1, 127.6, 126.4, 75.8, 54.3, 54.3,
34.5, 33.8, 26.8, 24.4, 24.1, 23.5, 14.2; HRMS (ESI) m/z caled for C;sH3,N;SCl [M-CI]™ 334.2311, found
334.2319.
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PTC-17

PTC-17: [a]p"” +0.6 (¢ 0.48, MeOH) 'H NMR (500 MHz, CDCl;) 5 9.18-8.59 (br, 1H), 8.53-8.15 (br, 1H),
7.39-7.17 (m, 4H), 5.19-5.08 (br, 1H), 4.48-4.24 (br, 1H), 3.42 (s, 9H), 3.19-3.10 (m, 1H), 2.40-2.31 (m, 1H),
2.23-2.14 (m, 1H), 2.00-1.90 (m, 1H), 1.87-1.75 (m, 1H), 1.69-1.59 (m, 1H), 1.60-1.50 (m, 1H), 1.50-1.40 (m,
1H), 1.40-1.30 (m, 1H), 1.23 (dd, 6H, J = 11.3, 7.0 Hz); *C NMR (125 MHz, CDCl3) 5 181.5, 145.2, 129.1, 127.9,
125.9, 75.7, 54.2, 54.1, 34.3, 28.0, 26.6, 24.2, 23.8, 23.3, 23.1; HRMS (ESI) m/z calcd for C;oH;,N3SCI [M-CI]"
334.2311, found 334.2299.
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PTC-18: [a]p™ -19.6 (¢ 0.13, MeOH); 'H NMR (500 MHz, CDCl;) & 9.59-8.93 (br, 1H), 8.67-7.96 (br, 1H), 7.48
(d, 1H), 7.36-7.22 (m, 2H), 7.22-7.10 (m, 1H), 5.20-5.07 (m, 1H), 4.66-4.05 (br, 1H), 3.46 (s, 9H), 2.44-2.32 (m,
1H), 2.22-2.09 (m, 1H), 2.03-1.89 (m, 1H), 1.89-1.74 (m, 2H), 1.73-1.64 (m, 1H), 1.64-1.51 (m, 1H), 1.50-1.29
(m, 1H), 1.42 (s, 9H); '"H NMR (500 MHz, CD;0D) & 7.54 (d, 1H, J = 8.0 Hz), 7.32 (dd, 1H, J = 7.7, 7.7 Hz),
7.25 (dd, 1H, J = 7.2, 7.2 hz), 7.04 (d, 1H, J = 8.0 Hz), 5.09-5.01 (m, 1H), 3.62-3.53 (m, 1H), 3.27 (s, 9H),
2.36-2.29 (m, 1H), 2.00-2.12 (m, 1H), 1.92-1.83 (m, 1H), 1.70-1.64 (m, 1H), 1.60-1.50 (m, 1H), 1.39-1.24 (m,
3H), 1.35 (s, 9H); >°C NMR (125 MHz, CDCl3) & 171.2, 141.5, 132.5, 129.8, 129.2, 129.0, 128.4, 76.6, 56.5, 54.0,
36.0, 35.3,31.1,27.2,25.5,25.1; HRMS (ESI) m/z calced for C50H3,N3SCI [M-C1]" 348.2468, found 348.2458.
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PTC-19: [0]p"’ -4.4 (c 0.20, MeOH); 'H NMR (500 MHz, CDCl;) & 8.81-8.52 (br, 1H), 8.52-8.36 (br, 1H), 7.51
(d, 2H, J = 7.4 Hz), 7.45-7.35 (7.45-7.36 (m, 5H), 7.35-7.28 (m, 2H), 4.99-4.87 (m, 1H), 4.31-4.16 (br, 1H), 3.16
(s, 9H), 2.36-2.26 (m, 1H), 2.04-1.97 (m, 1H), 1.96-1.87 (m, 1H), 1.79-1.65 (m, 2H), 1.58-1.46 (m, 1H), 1.43-1.22
(m, 2H); °C NMR (125 MHz, CDCL3) & 181.4, 140.6, 139.4, 135.2, 131.0, 129.9, 129.9, 128.6, 128.5, 128.4,
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127.3, 76.0, 54.6, 54.4, 34.5, 27.0, 24.7, 24.3; HRMS (ESI) m/z calcd for C,,H3N3SCI [M-C1]" 368.2155, found
368.2144.
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PTC-20: [o]p'® +6.87 (¢ 0.17, MeOH); 'H NMR (500 MHz, DMSO-d6) & 9.54-9.39 (br, 1H), 7.61-7.40 (br, 1H),
7.34-7.24 (m, 6H), 7.24-7.13 (m, 3H), 7.10-7.68 (m, 4H), 6.89 (d, 1H, J = 6.9 Hz), 5.85 (s, 1H), 4.76-4.65 (m,
1H), 3.63-3.53 (m, 1H), 3.03 (s, 9H), 2.22-2.14 (m, 1H), 1.80-1.72 (m, 1H), 1.60-1.42 (m, 3H), 1.24-1.08 (m, 3H);
C NMR (125 MHz, DMSO-d6) & 180.0, 143.0, 142.9, 1412, 132.3, 130.1, 129.1, 129.0, 128.3, 128.3, 127.3,
126.4, 126.3, 74.2, 54.2, 52.7, 50.3, 33.5, 25.5, 24.4, 23.7; HRMS (ESI) m/z calcd for C,oH3sN3SCl [M-CI1]"
458.2624, found 458.2624.
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PTC-21: [o]p? +2.2 (¢ 0.10, MeOH); 'H NMR (500 MHz, CDCl;) § 9.64-9.52 (br, 1H), 8.82-8.69 (br, 1H),
7.37-7.1- (m, 3H), 5.15-4.98 (m, 1H), 4.26-4.08 (m, 1H), 3.44 (s. 9H), 3.45-3.49 (m, 1H), 3.17-3.05 (m, 1H),
2.44-2.32 (m, 1H), 2.28-2.16 (m, 1H), 2.06-1.92 (m, 1H), 1.90-1.75 (m, 1H), 1.63-1.53 (m, 1H), 1.52-1.31 (m,
3H), 1.33-1.11 (m, 12H); *C NMR (125 MHz, CDCLy) & 182.7, 147.3, 146.1, 133.5, 128.5, 128.3, 123.6, 123.1,
76.5, 54.6, 54.1, 34.8,29.7, 29.0, 28.7, 26.9, 23.6, 24.3, 24.1, 23.4, 23.2; HRMS (ESI) m/z calcd for C5,H3sN;SCl
[M-CI]" 376.2781, found 376.2766.
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PTC-22: 'H NMR (500 MHz, CDCLy) § 9.23-8.61 (br, 2H), 7.42-7.06 (m, 4H), 5.24-5.01 (m, 1H), 4.42-4.03 (m,
2H), 3.75-3.63 (m, 1H), 3.63-3.53 (m, 1H), 3.44-3.36 (m, 1H), 3.27 (s, 3H), 3.22-3.12 (m, 1H), 2.39-2.27 (m, 2H),
2.22-2.14 (m, 1H), 2.01-1.71 (m, 8H), 1.60-1.44 (m, 2H), 1.41-1.32 (m, 1H), 1.30-1.24 (m, 1H), 1.24 (dd, 6H, J =
6.30, 6.30 Hz); HRMS (ESI) m/z calcd for C»,HssN3SCI [M-CI]" 374.2624, found 374.2606.
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PTC-23: [0]p'® +1.0 (¢ 0.14, MeOH);'H NMR (500 MHz, CDCls, 60 °C) 9.41-9.17 (br, 1H), 9.06-8.79 (br, 1H),
7.78-7.70 (m, 2H), 7.70-7.60 (m, 2H), 7.30-7.18 (m, 5H), 7.13 (dd, 1H, J = 7.0, 7.0 Hz), 5.40-5.28 (m, 1H),
5.24-5.06 (br, 1H), 4.49-4.31 (br, 1H), 4.28-4.10 (br, 2H), 3.95-3.77 (br, 1H), 3.51 (s, 3H), 3.23-3.12 (m, 1H),
2.62-2.49 (m, 1H), 2.28-2.19 (m, 1H), 2.18-2.04 (m, 1H), 1.90-1.80 (m, 1H), 1.71-1.60 (m, 1H), 1.60-1.48 (m,
1H), 1.64-1.36 (m, 1H), 1.46-1.39 (m, 1H), 1.15 (dd, 6H, J = 5.4, 5.4 Hz); >*C NMR (125 MHz, CDCl5) & 165.9,
142.0, 140.3, 130.9, 129.9, 128.8, 128.4, 128.1, 126.0, 125.6, 125.5, 125.4, 122.9, 58.0, 55.4, 46.5, 40.8, 29.1,
279, 27.7, 23.2, 22.9, 22.3, 20.2, one carbon peak could not be obsereved; HRMS (FAB) m/z calcd for
C31H3gN3SC1 [M-CI]" 484.2786, found 484.2783.
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PTC-24
PTC-24: [a]p> +4.3 (c 0.08, MeOH); 'H NMR (500 MHz, CDCl;) § 9.89-.980 (br, 1H), 8.90-8.61 (br, 1H),
7.55-7.43 (m, 5H), 7.34-7.17 (m, 9H), 5.28-5.17 (m, 1H), 5.23 (d, 1H, J = 12.6 Hz), 4.64 (d, 1H, J = 12.6 Hz),
4.59-4.29 (br, 1H), 3.25 (s, 3H), 3.23-3.12 (m, 1H), 3.10 (s, 3H), 2.53-2.42 (m, 1H), 2.31-2.20 (m, 1H), 2.06-2.00
(m, 1H), 1.94-1.78 (m, 2H), 1.68-1.52 (m, 1H), 1.54-1.34 (m, 1H), 1.27-1.22 (m, 1H), 1.20 (d, 6H); HRMS (ESI)
m/z caled for CsHseN3SCI [M-CI]™ 410.2624, found 410.2636.
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PTC-25: [a]p' +19.5 (¢ 0.32, MeOH); 'H NMR (500 MHz, CDCl3) & 9.55-9.30 (br, 1H), 9.02-8.62 (br, 1H),
7.57-7.48 (m, 2H), 7.42 (dd, 2H, J = 7.7, 7.7 Hz), 7.37 (d, 2H), 7.30-7.11 (m, 11H), 7.08 (d, 2H, J = 7.2 Hz), 7.04
(dd, 1H, J = 7.3 Hz), 6.89 d, 1H, J = 7.4 Hz), 6.04 (s, 1H), 5.20-5.10 (m, 1H), 5.16 (d, 1H, J = 12.3 Hz),
4.43-427 (m, 1H), 4.37 (d, 1H), J = 12.3 Hz), 2.96 (s, 3H), 2.93 (s, 3H), 2.47-2.30 (m, 1H), 2.16-2.06 (m, 1H),
2.01-1.94 (m, 1H), 1.84-1.75 (m, 2H), 1.62-1.50 (m, 2H), 1.38-1.29 (m, 1H); *C NMR (125 MHz, CDCl;) &
180.1, 142.7, 142.6, 139.8, 132.9, 130.4, 129.8, 129.4, 129.3, 129.2, 128.9, 128.8, 127.9, 127.8, 126.6, 126.5,
126.3, 125.9, 125.8, 77.7, 642, 53.7, 50.9, 50.3, 49.8, 34.6, 26.6, 24.5, 23.9; HRMS (ESI) m/z calcd for
C3sH4N3SCI [M-CI]" 534.2937, found 534.2954.
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PTC-26
PTC-26: [a]p'® -8.0 (¢ 0.11, MeOH); 'H NMR (500 MHz, CDCL3) : & 9.77-9.15 (br, 2H), 7.48-7.33 (m, 6H),
7.18-7.11 (m, 2H), 6.93-6.88 (m, 1H), 5.12-5.02 (m, 1H), 5.05 (d, 1H, J = 12.6 Hz), 4.73 (d, 1H, J = 12.6 Hz),
4.44-4.32 (m, 1H), 3.16 (s, 3H), 3.00 (s, 3H), 2.57-2.46 (m, 1H), 2.34-2.13 (m, 1H), 1.98-1.86 (m, 1H), 1.81-1.67
(m, 2H), 1.61-1.48 (m, 2H), 1.39-1.29 (m, 1H); >C NMR (125 MHz, CDCl3) § 178.9, 150.2, 133.1, 131.1, 131.0,
129.5, 128.1, 126.6, 126.2, 121.1, 119.7, 77.8, 66.1, 54.6, 51.0, 49.4, 34.9, 27.0, 24.7, 24.1; HRMS (ESI) m/z
caled for Cy,HsoN;OSCI [M-CI]” 384.2104, found 384.2107.
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PTC-27: 'H NMR (500 MHz, CDCls) & 10.01-9.89 (br, 1H), 9.22-9.12 (br, 1H), 7.58-7.51 (m, 2H), 7.47-7.42 (m,
1H), 7.40-7.36 (m, 2H), 7.26-7.23 (m, 4H), 5.20-5.08 (m, 1H), 5.16 (d, 1H, J = 12.6 Hz), 4.72 (d, 1H, J = 12.6
Hz), 4.44-4.32 (br, 1H), 3.21 (s, 3H), 3.04 (s, 3H), 2.31 (s, 3H), 2.54-2.46 (m, 1H), 2.26-2.17 (m, 1H), 2.15-2.07
(m, 1H), 1.98-1.88 (m, 1H), 1.83-1.68 (m, 1H), 1.62-1.49 (m, 1H), 1.44-1.27 (m, 2H); HRMS (ESI) m/z calcd for
C,3H3,N3S,C1 [M-CI]* 414.2032, found 414.2038.

O i
®
Q //N\Bn

CF5;CO0

PTC-28
PTC-28: [a]p" -25.3 (¢ 0.16, MeOH); 'H NMR (500 MHz, CDCl5) & 10.5-10.1 (br, 1H), 10.1-9.67 (br, 1H), 7.97
(d, 1H, J = 8.3 Hz), 7.89 (d, 1H, J = 8.3 Hz), 7.83 (d, 1H, J = 8.3 Hz), 7.69 (d, 1H, J = 7.2 Hz), 7.61-7.59 (d, 1H,
J = 6.6 Hz), 7.56-7.47 (m, 6H), 7.43 (dd, 1H, J = 7.7, 7.7 Hz), 5.39-5.27 (m, 1H), 5.19 (d, 1H, J = 12.6 Hz), 4.64
(d, 1H, J = 12.6 Hz), 4.46-4.30 (br, 1H), 3.24 (s, 3H), 3.11 (s, 3H), 2.53-2.43 (m, 1H), 2.39-2.30 (m, 1H),
2.10-2.01 (m, 1H), 1.90-1.81 (m, 2H), 1.77-1.55 (m, 2H), 1.50-1.38 (m, 1H); *C NMR (125 MHz, CDCl;) &
182.4, 163.2, 162.9, 162.7, 162.4, 1343, 133.2, 133.1, 130.6, 129.5, 128.5, 127.4, 126.9, 126.5, 126.3, 126.2,
125.5, 122.9 118.1, 115.8, 78.4, 65.5, 54.5, 50.9, 49.7, 35.0, 26.9, 25.0, 24.3; HRMS (ESI) m/z calcd for
C,6H1,N3SCI [M-C1]" 418.2311, found 418.2294.
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PTC-29: [o]p'” +26.1 (c 0.15, MeOH); 'H NMR (500 MHz, CDCl;) § 10.4-10.1 (br, 1H), 9.60-9.31 (br, 1H), 8.28
(s, 2H), 7.58 (s, 1H), 5.51-7.34 (m, 5H), 5.34-5.16 (m, 1H), 5.03 (d, 1H, J = 12.3 Hz), 4.73 (d, 1H, J = 12.3 Hz),
4.38-4.29 (m, 1H), 3.20 (s, 3H), 3.10 (s, 3H), 2.66-2.50 (m, 1H), 2.27-2.13 (m, 1H), 2.06-1.91 (m, 1H), 1.86-1.73
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(m, 2H), 1.71-1.52 (m, 2H), 1.48-1.33 (m, 1H); 1°C 142.7, NMR (125 MHz, CDCl;) & 181.8, 142.7, 134.3, 133.3,
133.1, 132.8, 132.5, 131.2, 131.8, 131.7, 130.4, 130.3, 128.9, 128.7, 125.7, 124.4, 124.2, 123.6, 118.6, 77.9, 69.6,
66.5, 55.0, 35.5,27.4,25.8, 25.1 ; HRMS (FAB) m/z caled for Co4HasF6N3S [M-CI]" 504.1908, found 504.1903.
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PTC-30

PTC-30: [a]p'® +9.0 (c 0.21, MeOH); 'H NMR (500 MHz, CDCl3) § 9.85-9.46 (br, 1H), 9.02-8.74 (br, 1H), 8.06
(s, 2H), 7.35-7.20 (m, 1H), 5.72 (d, 1H, J = 12.9 Hz), 5.30-5.20 (m, 1H), 4.95 (d, 1H, J = 12.9 Hz), 4.80-4.60 (br,
1H), 3.33 (s, 3H), 3.19 (s, 3H), 3.21-3.11 (m, 1H), 2.62-2.52 (m, 1H), 2.31-2.27 (m, 1H), 2.08-2.00 (m, 1H),
1.95-1.80 (m, 1H), 1.71-1.57 (m, 1H), 1.45-1.35 (m, 1H), 1.29-1.34 (m, 1H), 1.19 (dd, 6H, J = 15.2, 6.6 Hz); 'H
NMR (500 MHz, CD30D) & 8.33 (s, 2H), 8.21 (s, 1H), 4.46-7.29 (m, 2H), 7.27-7.21 (m, 1H), 7.16 (d, 1H, J = 7.4
Hz), 5.34 (d, 1H, J = 12.6 Hz), 5.35-5.27 (m, 1H), 4.90 (d, 1H, J = 12.6 Hz), 4.03-3.93 (m, 1H), 3.19 (s, 6H),
3.17-3.07 (m, 1H), 2.64-2.54 (m, 1H), 2.10-2.03 (m, 1H), 2.03-1.95 (m, 1H), 1.87-1.73 (m, 2H), 1.63-1.51 (m,
1H), 1.50-1.38 (m, 2H), 1.23 (d, 3H, J = 6.9 Hz), 1.18 (d, 3H, J = 6.9 Hz); '*C NMR (125 MHz, CD;0D) § 182.5,
147.5, 134.8, 134.0, 133.7, 133.4, 133.2, 132.3, 130.2, 129.8, 127/.9, 127.7, 125.7, 123.3, 79.7, 63.4, 56.0, 51.7,
51.5,36.0, 29.4, 27.5, 25.9, 25.4, 23.8, 23.7; HRMS (ESI) m/z caled for Co7H3,FgN3SCI [M-CI]™ 546.2372, found
546.2351.
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PTC-31

PTC-31: [a]p"” +0.75 (¢ 0.23, MeOH); 'H NMR (500 MHz, CDCl5): & 9.86-9.53 (br, 1H), 9.07-8.76 (br, 1H),
7.54-7.53 (m, 1H), 7.33-7.23 (m, 5H), 7.16 (dd, 1H, J = 7.30 7.30 Hz), 5.30-5.20 (m, 1H), 5.15 (d, 1H, J = 12.3
Hz), 4.60-4.54 (m, 1H), 4.40-4.27 (br, 1H), 3.26 (s, 3H), 3.24-3.16 (m, 1H), 3.11 (s, 3H), 2.65-2.49 (m, 1H),
2.29-2.21 (m, 1H), 1.94-1.85 (m, 1H), 1.84-1.77 (m, 1H), 1.72-1.54 (m, 2H), 1.32 (s, 18H), 1,43-1.34 (m, 1H),
1.22 (d, 3H, J = 6.9 Hz), 1.18 (d. 3H, J = 6.9 Hz); °C NMR (125 MHz, CDCl;) & 181.2, 151.8, 144.9, 129.4,
127.3, 127.1, 125.7, 125.5, 125.7, 125.4, 125.4, 124.4, 78.1, 65.6, 53.8, 50.1, 49.7, 34.7, 34.6, 31.0, 27.9, 26.7,
24.6,23.9, 23.3,22.8; HRMS (FAB) m/z calcd for C33Hs,N3S [M-CI]" 522.3882, found 522.3878.
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PTC-32: [o]p”' -3.4 (¢ 0.12, MeOH); '"H NMR (500 MHz, CDCl;) & 9.69-9.38 (br, 1H), 9.20-8.76 (br, 1H),
7.34-7.17 (m, 4H), 5.30 (d, 1H, J = 14.0 Hz), 5.26-5.16 (m, 1H), 4.99 (d, 1H, J = 14.0 Hz), 4.73-4.60 (br, 1H),
3.42 (s, 3H), 3.25-3.17 (m, 1H), 3.14 (s, 3H), 2.78-2.47 (m, 2H), 2.30-2.20 (m, 1H), 2.09-1.92 (m, 1H), 1.88-1.73
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(m, 2H), 1.69-1.55 (m, 1H), 1.48-1.36 (m, 1H), 1.29-1.17 (m, 6H); HRMS (ESI) m/z caled for C,sHs FN;SCI
[M-CI]" 500.2153, found 500.2151.
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PTC-33

PTC-33: [a]p'” -7.3 (¢ 0.69, MeOH); "H NMR (500 MHz, CDCl5): & 10.01-9.78 (br, 1H), 9.52-9.24 (br, 1H), 7.38
(d, 2H, J = 8.6 Hz), 7.35-7.24 (m, 3H), 7.19 (dd, 1H, J = 7.2, 7.2 Hz); 6.88 (d, 2H, J = 8.6 Hz), 5.20-5.10 (m, 1H),
5.12 (d, 1H, J = 12.3 Hz), 4.72 (d, 1H J = 12.9 Hz), 4.45-4.25 (br, 1H), 3.83 (s, 3H), 3.27-3.13 (m, 1H), 3.16 (s,
3H), 3.04 (s, 3H), 2.64-2.44 (m, 2H), 2.27-2.20 (m, 1H), 2.02-1.90 (m, 1H), 1.85-1.73 (m, 1H), 1.66-1.51 (m, 1H),
1.42-1.32 (m, 1H), 1.26-1.18 (m, 7H); °C NMR (125 MHz, CDCl;) 8 161.3, 144.9, 136.6, 134.6, 129.3, 127.2,
125.7, 125.6, 118.9, 114.5, 77.5, 65.8, 55.4, 50.4, 48.7, 34.9, 28.2, 27.0, 25.1, 24.3, 23.4, 23.3, One carbon peak
could not be observed; HRMS (ESI) m/z calcd for CycH33N3OSCl [M—Cl]+ 440.2730, found 440.2728.

PTC-34

PTC-34: [a]p™ -12.1 (¢ 0.14, MeOH); '"H NMR (500 MHz, CDCLy): § 9.60 (br, 1H), 9.09 (br, 1H), 8.31 (d, 1H, J
= 8.6 Hz), 7.88 (d, 1H, J = 8.0 Hz), 7.80 (d, 1H, J = 8.0 Hz), 7.62 (d, 1H, J = 6.9 Hz), 7.54 (t, 1H, J = 7.7 Hz),
7.22 (t, 1H, J = 7.4 Hz), 7.45-7.29 (m, 5H), 5.64 (d, 1H, J = 13.2 Hz), 5.48 (d, 1H, J = 13.2 Hz), 5.28 (m, 1H),
4.78 (br, 1H), 3.22 (m, 1H), 3.14 (s, 3H), 3.03 (s, 3H), 2.60 (d, 1H, J = 8.0 Hz), 2.28 (d, 1H, J = 13.2 Hz), 2.01 (d,
1H, J = 14.3 Hz), 1.95 (d, 1H, J = 11.5 Hz), 1.84 (d, 1H, J = 13.2 Hz), 1.77-1.67 (m, 1H), 1.66-1.57 (m, 1H),
1.45-1.36 (m, 1H), 1.19 (d, 3H, J = 6.9 Hz), 1.18 (d, 3H, J = 6.9 Hz); >C NMR (125 MHz, CDCl3) 5 182.6, 171 .4,
145.8, 134.2, 134.1, 133.3, 132.2, 129.7, 129.4, 128.3, 126.7, 126.2, 125.0, 123.8, 123,6, 77.8, 64.0, 60.6, 55.0,
50.9, 48.5, 36.7, 35.2, 28.6, 27.5, 25.1, 24.5, 23.7, 23.6, 21.3, 14.4; HRMS (FAB) m/z calcd for CoH3sN;SCI
[M-CI]" 460.2786, found 460.2778.
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PTC-35

PTC-35: [o]p'® +5.6 (¢ 0.11, MeOH) 'H NMR (400 MHz, CDCl;): & 9.81-9.39 (br, 1H), 9.31-8.95 (br, 1H), 7.97
(s, 1H), 7.84-7.73 (m, 3H), 7.60-7.46 (m, 3H), 7.39-7.27 (m, 3H), 7.22 (ddd, 1H, J = 7.4, 7.4, 1.9 Hz), 5.38 (d, 1H,
J =12.8 Hz), 5.28-5.17 (m, 1H), 5.00 (d, 1H, J = 12.8 Hz), 4.57-4.39 (br, 1H), 3.25 (s, 3H), 3.33-3.18 (m, 1H),
3.11 (s, 3H), 2.61-2.51 (m, 1H), 2.30-2.20 (m, 1H), 2.08-1.94 (m, 1H), 1.92-1.74 (m, 2H), 1.68-1.55 (m, 2H),
1.47-1.32 (m, 1H), 1.22 (dd, 6H, J = 9.6, 6.7 Hz); C NMR (125 MHz, CDCl;) 5 181.8, 133.4, 133.4, 132.4,
129.3, 128.8, 128.6, 127.9, 127.5, 127.5, 127.4, 127.4, 126.8, 125.7, 125.6, 124.1, 77.4, 66.1, 54.3, 50.3, 48.6,
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34.7, 28.0, 26.8, 24.5, 24.0, 23.2, 23.0; HRMS (ESI) m/z calcd for C,oH3sN3SCl [M-CI]™ 460.2781, found
460.2788.
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PTC-36

PTC-36: [a]p'® +5.7 (c 0.11, MeOH); 'H NMR (500 MHz, CDCls): & 9.68-9.43 (br, 1H), 9.22-8.92 (br, 1H),
8.00-7.93 (m, 1H), 7.65 (d, 1H), 7.47-7.41 (m, 1H), 7.34-7.23 (m, 2H), 7.23-7.14 (m, 2H), 5.41 (d, 1H, J = 13.2
Hz), 5.26-5.17 (m, 1H), 4.89 (d, 1H, J = 13.2 Hz), 4.49-4.39 (br, 1H), 3.44 (s, 3H), 3.26-3.20 (m, 1H), 3.19 (s,
3H), 2.63-2.56 (m, 1H), 2.30-2.22 (m, 1H), 2.07-1.98 (m, 1H), 1.94-1.79 (m, 2H), 1.79-1.70 (m, 1H), 1.70-1.58
(m, 1H), 1.48-1.33 (m, 1H), 1.26-1.19 (m, 6H); >C NMR (125 MHz, CDCl3) § 181.7, 144.9, 141.0, 134.4, 132.2,
130.0, 129.2, 129.2, 128.8, 127.4, 125.6, 125.5, 104.3, 78.7, 66.7, 54.0, 52.5, 49.8, 34.7, 28.0, 26.7, 24.6, 23.9,
23.2,23.1; HRMS (ESI) m/z caled for CosHisIN;SCI [M-CI]™ 536.1591, found 536.1566.
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PTC-37

PTC-37: [a]p”' -2.4 (¢ 0.08, MeOH); 'H NMR (500 MHz, CDCl3) & 9.87-9.45 (br, 1H), 9.05-8.85 (br, 1H),
7,69-7.55 (m, 1H), 7.39-7.34 (m, 2H), 5.36-5.24 (m, 1H), 5.17 (d, 1H, J = 13.2 Hz), 4.87 (d, 1H, J = 13.2 Hz),
7.27-7.20 (m, 1H), 7.17-7.12 (m, 2H), 6.95 (dd, 1H, J = 7.7, 7.7 Hz), 4.58-4.44 (br, 1H), 3.4 (s, 3H), 3.31-3.23
(m, 1H), 3.15 (s, 3H), 2.80-2.66 (m, 1H), 2.62-2.52 (m, 1H), 2.37-2.25 (m, 1H), 2.12-2.02 (m, 1H), 1.93-1.79 (m,
2H), 1.72-1.63 (m, 1H), 1.50-1.41 (m, 1H), 1.32-1.22 (m, 6H); HRMS (FAB) m/z calcd for CpsH3,F,N;SCl
[M-C1]" 446.2442, found 446.2442.
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PTC-39

PTC-39: [a]p™ -21.6 (¢ 0.17, MeOH); 'H NMR (500 MHz, CDCl3): § 9.33-8.37 (br, 2H), 7.80 (d, 2H, J = 8.0 Hz),
7.64, (s, 1H), 7.43 (d, 1H, J = 8.0 Hz), 7.28-7.13 (m, 7H), 5.18-5.09 (m, 1H), 5.02 (d, 1H, J = 12.3 Hz), 4.66 (d,
1H, J = 12.0 Hz), 4.29-4.22 (br, 1H), 3.13-3.04 (m, 1H), 3.07 (s, 6H), 2.46-2.40 (m, 1H), 2.34 (s, 3H), 2.22-2.17
(s, 3H), 2.24-2.15 (m, 1H), 1.94-1.87 (m, 1H), 1.83-1.64 (m, 2H). 1.56-1.40 (m, 2H), 1.38-1.16 (m, 2H), 1.10 (d,
6H); *C NMR (125 MHz, CDCl;) 5 181.8, 144.9, 143.5, 138.3, 135.7, 129.6, 129.3, 129.3, 128.6, 127.6, 127.3,
127.1, 127.1, 125.8, 125.5, 125.4, 122.9, 77.6, 53.9, 50.1, 48.7, 34.8, 27.9, 26.4, 24.5, 23.9, 22.9, 22.8, 21.2;
HRMS (ESI) m/z caled for C3,H43N40,SCI [M-CI]* 579.2822, found 579.2818.
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General procedure for acetalization of y-chloro-butenolide (Procedure E).

O
O q (1.1 eq) S NHTs
A )k
O (R) @ /N

PTC-39 (10 mol%)
032003 (2 eq),
(+)_44 CHZC|2-H20 (2021), 0°C,48h (+)_25
>99% ee 74%, 92:8 er PTC-39

To a solution of enol (+)-44** (10.3 mg, 0.0510 mmol), Cs,CO; (36.1 mg, 0.111 mmol) and PTC-39 (3.1 mg, 5.04
umol) in CH,Cl, (500 pL) and H,O (50 pL) were added 5-chloro-3-methylbutenolide 26* (7.3 mg, 0.0553
mmol) in CH,Cl, (500uL) at 0 °C. The reaction mixture was stirred at 0 °C for 48 h. After monitoring progress of
the reaction, the mixture was then diluted with 1 M aq. HCIl and extracted with ethyl acetate three times. The
combined organic layers were dried over Na,SO,, filtered and concentrated in vacuo. The resulting crude was
purified by Preparative Thin Layer Chromatography (60% ethyl acetate/hexane) to afford (+)-25 (11.2 mg, 74%,
92:8 er). Dr was calculated by HPLC [Chiralcel OD, 30% 2-propanol/n-hexane, 1 mL/min, A = 238 nm, tg(minor)
=21.2 min ty(major) =24.1 min]; 25: "H NMR (500 MHz, C¢D¢) & 7.32 (d, 1H, J = 6.9 Hz), 7.25 (d, 1H, J = 2.6
Hz), 7.05 (dd, 1H, J = 7.2, 7.2 Hz), 6.99 (dd, 1H, J = 7.2, 7.2 Hz), 6.99 (d, 1H, J = 7.2 Hz), 5.64 (s, 1H), 5.32 (d,
1H, J =7.7 Hz), 4.94 (s, 1H), 3.27-3.20 (m, 1H), 2.93 (dd, 1H, J = 16.2, 9.0 Hz), 2.84 (dd, 1H, J = 16.2, 3.2 Hz),
1.33 (s, 3H); 2"-epi-25: "H NMR (500 MHz, C¢Dg) & 7.31 (dd, 1H, J = 4.2, 4.2 Hz), 7.24 (d, 1H, J = 2.6 Hz),
67.02-6.95 (m, 2H), 6.81-6.77 (m, 1H), 5.64 (s, 1H), 5.37 (d, 1H, J = 8.0 Hz), 4.98 (s, 1H), 3.35-3.30 (m, 1H),
2.90 (dd, 1H, J = 16.6, 9.2 Hz), 2.83 (dd, 1H, J = 16.5, 3.3 Hz), 1.33 (s, 3H). The spectra data of these

compounds 25 and 2'-epi-25 were matched with reported data®.

5y S @Eﬁi Neots

PTC-39 (10 mol°/)

Cs,CO3 (2 equiv.)
CH,Cly-H,0 (20:1), 0 °C, 48 hr \ o o
(+)-25 (GR24) (-)-ent-2'-epi- 25

54%, 82:18 er 40%, 88:12 er

(+)-25 and (-)-ent-2'-epi-25: Prepared, following Procedure E using enol (+)-44 (20.4 mg, 0.101 mmol). The
reaction gave (+)-25 as a colorless oil (16.2 mg, 54%, 82:18 er) and (-)-ent-2'-epi-25 (12.7 mg, 40%, 88:12 er) as
a white solid after purification by Preparative Thin Layer Chromatography (60% ethyl acetate/hexane).
Compound data of (+)-25 and (-)-ent-2'-epi-25 were in agreement with previously published report™. Er of (+)-25
was calculated by HPLC [Chiralcel OD, 20% ethanol/n-hexane, 0.7 mL/min, A = 238 nm, tg(minor) = 21.3 min
tr(major) =26.1 min]. Er of (-)-ent-2'-epi-25 was calculated by HPLC [Chiralcel OD, 20% ethanol/n-hexane, 0.7

mL/min, A = 238 nm, tg(minor) = 25.7 min tg(major) =31.1 min].

0
. 0 — 26(1 1eq)
$ ~“‘\
ES o._o
. PTC-39 (10 mol%) O o
Cs,CO3 (2 eq), —
(+)-222 CH,Cly-Ho0 (20:1), 0°C  (+)-224 (GR7 (-)-ent-2"-epi-224
41%, 81:19 er 34%, 85:15 er
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(+)-224 and (-)-ent-2'-epi-224: Prepared, following Procedure E using enol (+)-222 (15.2 mg, 0.0999 mmol). The
reaction gave (+)-224 as a colorless oil (10.2 mg, 41%, 81:19 er) and (-)-ent-2'-epi-224 (9.1 mg, 34%, 85:15 er) as
a white solid after purification by Preparative Thin Layer Chromatography (60% ethyl acetate/hexane).
Compound (+)-224: 'H NMR (500 MHz, CDCl3) 6 7.42 (s, 1H), 6.96 (s, 1H), 6.17 (s, 1H), 5.75 (s, 1H), 5.65 (s,
1H), 5.13 (dd, 1H, J = 6.3, 6.3 Hz), 4.15-4.08 (m, 1H), 2.82 (dd, 1H, J = 19.0, 6.2 Hz), 2.69 (d, 1H, J = 6.2 Hz),
2.04 (s, 3H); *C NMR (500 MHz, CDCly) & 171.1, 170.2, 149.8, 135.9, 129.4, 128.5, 111.0, 100.5, 80.8, 48.2,
39.5, 10.7; Compound (-)-ent-2'-epi-224: "H NMR (500 MHz, CDCl3) & 7.41 (s, 1H), 6.95 (s, 1H), 6.17 (s, 1H),
5.74 (s, 1H), 5.65 (s, 1H), 5.12 (dd, 1H, J = 6.4, 6.4 Hz), 4.1704.08 (m, 1H), 2.81 (dd, 1H, J = 18.5, 5.9 Hz), 2.69
(d, 1H, J = 18.6 Hz), 2.04 (s, 3H); °C NMR (500 MHz, CDCl;) § 171.3, 170.2, 149.5, 140.1, 136.0, 129.3, 128.5,
111.0, 100.4, 80.8, 39.5, 10.8; Er of (+)-224 was calculated by HPLC [Chiralcel OD, 15% ethanol/n-hexane, 1
mL/min, A = 238 nm, tg(minor) = 12.3 min tg(major) = 14.1 min]. Er of (-)-ent-2'-epi-224 was calculated by
HPLC [Chiralcel OD, 20% ethanol/n-hexane, 1 mL/min, A = 238 nm, tg(minor) = 8.6 min tr(major) = 10.2 min].
The spectra data of these compounds 224 and 2'-epi-224 were matched with reported data %*.

Clan O 20
M(:\GG (1.1 equiv)

DMP
pyr.
PTC-39 (10 mol%)
Cs,CO;3 (2 eq),
CH,Cly-H,0 (20:1), 0 °C
.0 0 0

160 45% (+)-161 (R = TES) 64% (-)-ent-2"-epi-161 (R = TES) 36%

ent-2"-epi-160 30%

(mixture)

(+)-161 and (-)-ent-2'-epi-161: Prepared, following Procedure E using enol (£)-253 (7.0 mg, 0.0177 mmol). The
reaction gave mixture of 160 (ca. 3.9 mg, 45%) and ent-2'-epi-160 (ca. 2.6 mg, 30%) after purification by flash
column chromatography on silica gel (20-35% ethyl acetate/hexane). To a solution of mixture of acetal 160 and
ent-2'-epi-160 (6.5 mg) in CH,Cl,-pyridine (8:1, 900 puL) was added DMP (11.8 mg, 0.0278 mmol) at room
temperature. The reaction mixture was stirred for 2h. then, the mixture was quenched with satd. aq. NaHCO; and
10% aq. Na,S,0;5 and extracted with EtOAc three times. The combined organic layers were washed with water
and brine, dried over Na,SOy, filtered and concentrated under reduced pressure. The residue was purified by
Preparative Thin Layer Chromatography (40% ethyl acetate/hexane, three times) to afford 161 as a colorless oil
(4.2 mg, 64%) and ent-2'-epi-161 (2.8 mg, ca. 36%) as colorless oil. Compound data of (+)-161 and
(-)-ent-2'-epi-161 were in agreement with chapter L. (+)-161: [a]p* +4.8 (¢ 0.20, CHCL); (-)-ent-2'-epi-161: [a]p™*
-24.0 (¢ 0.15, CHCly).

(+)-40

(+)-40: Prepared, following procedure in Chapter I using (+)-161 (2.0 mg, 4.08 pmol). The reaction gave mixture
of (+)-40 (1.8 mg, quant., 81:19 er) after purification by flash column chromatography on silica gel (40-70% ethyl
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acetate/hexane). Compound data was in agreement with chapter I. Er was calculated by HPLC [Chiralcel OD,
40% 2-propanol/n-hexane, 1 mL/min, A = 238 nm, tg(minor) = 12.4 min tg(major) = 14.8 min]; [a]p™ +7.6 (¢ 0.16,

CHCl;); CD (CH3CN. ¢ 0.036) Apax (Ag) nm: 229 (30.23), 206 (-24.53).

CD spectrum of synthetic avenaol (+)-40 (MeCN)

LN
7N

)
% 10
g )
N’
= 0 T T T
- 1 220 245 270 295
‘10 ‘f
- ELV“
-30

wavelength (nm)

(-)-ent-2"-epi-40
(-)-ent-2'-epi-40: Prepared, following procedure in Chapter I using (-)-ent-2'-epi-161 (3.9 mg, 7.95 pumol). The
reaction gave mixture of (-)-ent-2'-epi-40 (2.4 mg, 80%, 96:4 er) after purification by flash column
chromatography on silica gel (30-60% ethyl acetate/hexane). Er was calculated by HPLC [Chiralcel OD, 30%
ethanol/n-hexane, 0.7 mL/min, A = 238 nm, tg(major) = 33.9 min tg(minor) = 46.9 min]; [U,]D23 -10.1 (¢ 0.22,

CHCl;); CD (CH;3CN. ¢ 0.048) Apmax (Ag) nm: 225 (32.9), 260 (-7.55).
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CD spectrum of ent-2"-epi-40 (MeCN)
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Compound 252: Prepared, following Procedure E using enol 251%° (32.0 mg, 0.200 mmol), and PhCl instead of
CH,Cl,. The reaction gave 252 as a colorless oil (37.1 mg, 72%, 94:6 er) as a white solid after purification by
flash column chromatography on silica gel (30-50% ethyl acetate/hexane). Compound data of 252 was in
agreement with previously published report®™. Er was calculated by HPLC [Chiralcel OD, 50%

2-propanol/n-hexane, 1 mL/min, A = 283 nm, tg(major) = 6.3 min tg(minor) = 16.6 min]; [a]D20 +1.4 (c 0.21,

CHCI,) for 94:6 er.
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Calculation of transition state energy

All of the theoretical optimizations were performed using Gaussian 09 at the B3LYP/6-31G* level. Once the
stationary points were obtained at the B3LYP/6-31G* level, the harmonic vibration frequencies were calculated at
the same level to estimate the Gibbs free energy. All of the Gibbs free energy values reported in this paper were

calculated for a temperature of 298.15 K. All of the transition structures reported were optimized without

constraints.
TS-1
Zero-point correction= 0.688345 (Hartree/Particle)
Thermal correction to Energy= 0.729908
Thermal correction to Enthalpy= 0.730852
Thermal correction to Gibbs Free Energy= 0.608475
Sum of electronic and zero-point Energies= -2528.430218
Sum of electronic and thermal Energies= -2528.388655

-2528.387711
-2528.510088

Sum of electronic and thermal Enthalpies=

Sum of electronic and thermal Free Energies=

01
H 7.21625600  -1.00334700  -2.31914400
C 6.63311900  -0.56547100  -1.51375000
C 5.09915200 0.56926000 0.57088200
C 5.25415000  -0.74328300 -1.48368600
C 7.25475700 0.18771300  -0.51637100
C 6.48953100 0.74687200 0.50322400
C 4.49026700  -0.18910300  -0.44899800
H 4.75397500  -1.31138800  -2.25878300
H 8.33052000 0.34159900  -0.53406500
H 6.98265800 1.33429600 1.27339500
N 3.06768200  -0.31587500  -0.46935700
C 2.33161500  -1.45127800  -0.53791900
S 2.97535200  -3.01428300 -0.67243100
N 0.96977500  -1.21238800  -0.42646100
C -0.03562200  -2.13196500  -0.95262300
C -2.25596400  -3.32267000  -0.71265800
C -1.44408500  -2.65243500  -3.02467700

140



ent-TS-1

Zero-point correction= 0.688171 (Hartree/Particle)

Thermal correction to Energy= 0.729824
Thermal correction to Enthalpy= 0.730769
Thermal correction to Gibbs Free Energy= 0.608664

Sum of electronic and zero-point Energies= -2528.430336
Sum of electronic and thermal Energies= -2528.388683

Sum of electronic and thermal Enthalpies=

Sum of electronic and thermal Free Energies=

-2528.387739
-2528.509844

01
H 7.49995200  -1.49841500  -1.00349000
C 6.78382500  -0.89057100  -0.45747000
C 4.90576200 0.68272200 0.95134700
C 542148800  -1.06212800  -0.68040300
C 7.21986900 0.07261800 0.45322200
C 6.28653900 0.84650300 1.13783800
C 4.48660200  -0.28970100 0.01979800
H 5.06809900  -1.79265700  -1.39746000
H 8.28195200 0.22299900 0.62811600
H 6.63677400 1.59571300 1.84273000
N 3.09375200  -0.41758700  -0.26737400
C 2.32876300  -1.53858700  -0.27610000
S 2.90460000  -3.11536200  -0.03584700
N 0.98628200  -1.25750100  -0.44441700
C 0.03364300  -2.19768400  -1.02805800
C -2.32841600  -3.16162100  -1.05444900
C -1.13906600  -2.74487200  -3.25451200
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