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ABSA acetamidobenzenesulfonyl azide
Ac acetyl

AIBN 2,2'-azobis(isobutyronitrile)

aq. aqueous

Ar aryl

Bn benzyl

Boc tert-butoxycarbonyl

BOM benzyloxymethyl

Bu butyl

Bz benzoyl

ca. circa

CAN cerium (IV) ammonium nitrate

cat. catalytic

Cy cyclohexyl

CSA 10-camphorsulfonic acid

DBU 1,8-diazabicyclo[5.4.0]undec-7-ene
DBDMH  1,3-dibromo-5,5-dimethylhydantoin
DMF N,N-dimethylformamide

DCC N,N'-dicyclohexylcarbodiimide
DCE dichloroethane

DDQ 2,3-dichloro-5,6-dicyano-para-benzoquinone

DEAD diethyl azodicarboxylate
DIBAL diisobutylaluminium hydride
DMAP N,N-dimethyl-4-aminopyridine

DME 1,2-dimethoxyethane

DMP Dess-Martin periodinane

dba dibenzylideneacetone

de diastereomeric excess

dppb 1,4-bis(diphenylphosphino)butane
dppf 1,1'-bis(diphenylphosphino)ferrocene
dppp 1,3-bis(diphenylphosphino)propane
dr diastereomer ratio

EDCI 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
ee enantiomeric excess

Et ethyl

HMPA hexamethylphosphoric triamide
HPLC high performance liquid chromatography
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IPA
LDA
LiHMDS
Me

Mes
MOM
Ms

MS 4A
n-
NaHMDS
NBS
NMO

Ns

o-

Ph

Piv

PMB
PMP

Pr

py

quant.

rt

iSO

2-propanol

lithium diisopropylamide
lithium bis(trimethylsilyl)amide
methyl

mesityl

methoxymethyl
methanesulfonyl

molecular sieves 4A

normal

sodium bis(trimethylsilyl)amide
N-bromosuccinimide
N-methylmorpholine N-oxide
2-nitrobenzenesulfonyl

ortho

phenyl

pivaloyl

para-methoxybenzyl
para-methoxyphenyl

propyl

pyridine

quantitative

room temperature

secondary

siamyl

tertiary
tetra-n-butylammonium fluoride
tetra-n-butylammonium iodide
tert-butyldiphenylsilyl
tert-butyldimethylsilyl
trifluoromethanesulfonyl
trifluoroacetic acid
tetrahydrofuran

thin-layer chromatography
trimethylsilyl

toluene

trityl

para-toluenesulfonyl
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KIRAEACA T2 I DNV A= R L, B2 RIS Z R T EM DB E < &%
b, TR, BEREYIENEZ R T REYOZOFEARR CITEHREML L LGS Tng,
Newman 512X 5 &, 1980 4F725 2010 4F & TORREROEIK TN 26 %% b, miEH L < 7K
BEND 12-50% DEREBRKDEKTH S Y, EIRMIZT T SR, S aih, ki LT
%ﬂméMéf%%ﬁ,Aﬁﬁiﬁﬁimk%<ﬁﬁbfﬁk@:h%@mA%®ﬁ%iM$é‘KE
IR L TR Y, LS ORZNE BIEDBRRBITBIEOHZOEFEITIH ) b D TH D,

TEHE7R KR DR 2 N RANTHERE T 5 Z LIZ LI LIEREEZ £ 5, D72, B B RIS 0 &
RO EMOBFENEVEE N, HEOTEN A 2 BERENTND, 2D X5 72, KW O
PEICHER LIeABATThiIL T\ 5, S FIH T2 2 & CRIBZRER/LV— bOM LRI ERN S Z
ENTE, EFITDRIVREGRD TR L 72D, FFIT, C MIFRRAM TIE, ZHmERERRE L &k
B % B2 B BERIER NI TH Y, H<MEZD L 5 REIKE TORRNTONATE 7 2, UTF

\ZZD XD B OB 2R T,

1982 4, Wasserman (%, 1,4-butanediamine (1) DiRIHT I o Z [FRFICEREREZH L T < Z &I
KiofEXB6UMUa3A&§wt BFoiniz 3Tk, W7 I RIS ZATV, 2 2D 8

BT VX Nk —FICHET D2 LI2L > T (O-homaline (4) ORRM AL E2EREER L Y
(Scheme 1),

[ NMe
CNHZ . N/\/\OH CN/\/\ Ph N)_/"'Ph

N._~_-OH

i ﬂ

1 2 (-)-Homaline (4)

NH, >

Scheme 1. Total Synthesis of (—)-Homaline (4).

F 72 R4, Jarglis, Lichtenthaler %1%, D-7 /L 22— XFHERD — Bt % VT palythazine (8) dD%h
KR BAMEER L 9, T72bb, 0-7 L3 —RAFMK 5 L0 AF 2 A 6 1Tk LTAHER
MBOEZEATH 2 LT, BOSKRHFTT I /7 by 7 ML, BUKEAIC L2 BN ETT 52 12k
- C palythazine (8) ##Hk L7 (Scheme 2),

& — ie{%ig o S SO

5 7 Palythazine (8)

Scheme 2. Total Synthesis of Palythazine (8).



WEIZESTHZEOMAIFIRZY 2787, MUoiE, VY FARFERO BT e —FicL-
T marinomycin A (13) ORI A EER L- Y, 9, A L7 9,10, 11 ZIEKEE S5 = &
TH YU FOEFHELR 12 L Lo, HiWT, TAT VI K5 ZEbE % T marinomycin A (13)

~LFHE L7z (Scheme 3),

ONg¥e)
\/\/\/c|> X _~_OTBDPS —
TBSO OBOM + & 6 M- NN o
PN

9 10 1

1) Direct
Dimerization

2) Deprotection

OH OH

Marinomycin A (13)

Scheme 3. Total Synthesis of Marinomycin A (13).

Fio, —RT D LR EITER I EEMDOGETYH, C MM bEW A & kIS I HAATe Z & TH
FROZNEAAEATO ZENARETH D, Thbb, RIRWIEEIZR I N FEZ ML L, C, XIFR7Z2 Gk
PR ZREL, ThEIEFMET 52 & TRBRWA~LEL Z LR TENL, BHERREMICIBNT
HRNRAR BRI ATRE & 72 D,

HE, SEHE 513, 2,3-dimethylmaleic anhydride (14) 725 B RERFIRFAHIZ LY C, xIFR72 8 BER Y7
Fo 15 AR LT, VT, 201 aldol Utz X 5 3E iz X W merrilactone A (17) IZfEET 5
B rnm [330] A7 X aMEEL, 16 21570, RAERIEIL, IERTMEDOBRIZ 16 O 4 SORFHFLO
FESGHBCE 23 [ IRF IS A S T & 208D TR R G MIETH D, fit < BREEZEHLIT K - T merrilactone A
(17) OEAWAER S - © (Scheme 4),

Intramolecular /o) Me, ,O Me O
Aldol Reaction H Me g —
— B r R — N le}
OBn HO! &76 E
ClE Me
o me— O8N d
16 Merrilactone A (17)

Scheme 4. Total Synthesis of Merrilactone A (17).



Lk 4 SOERMEIZRLIEEX DI, #EOXRMEICIER Lz G RERBIIN N TH D, AR Ol
ERFE TR L D735, LN, —HOEHERAGRRAN R D 2 & THPMEDS TR R 72
BE2FALBEWAERRTIE, C, MFMEAM THW W FikimaZOE F@EMAT 5 Z LITTE 20, 1
EOREPMEE D ESHMT D2 L THRMLRAMBATRE L 2D 0, T OEKE EORFF LR D
HEEDX D RFIETHET 200588 L 20, MBEICFHE S L7 G kg & Z & /eI 3 5 Gk
MAMLETH D, mH, M) 51X, 26 OMEMEKICK T 2B OB VT X HRER
hibarimicinone (23) D&KL T-7- 7, £, 7=/ —/L 18 ® 2 BLKISIZL Y C, *IFMELAW
19 #157-1%, —H O U NALOER R RFEL, i n-TFro—T bz X IEFb L 20 %
7z, WIZ, 20 D 2 DOXR VAL 7w oAb L, =/ 2 21 LS SHE D Z & T Michael-
Dieckmann MU £ 2 8L ZH MRIRFCHEST L7 22 WG o, £0#%, FaEai75 2 &
C hibarimicinone (23) O&& kA E#ER L72 (Scheme 5),

OMe

: P
W T
S =~ “OTBS

On-BuE
Me MeO SMe H OTMS

22 Hibarimicinone (23)
Scheme 5. Total Synthesis of Hibarimicinone (23).
AR OIE, EABERNRR D 2 & TRFRMEN AL juglorescein (26) DGR A ER L 9, 77 F

X /v 24 [0y Michael fHINEUGZITVY, B2 HALE TG 2T 2 Z 12 X 0 MR ED
oA ~—{b&W 25 #157-, ZDt%, flxEHz21T 5 Z & T juglorescein (26) ~ & #FE L7

(Scheme 6),
TBSO
MOMO,
3" ” O OMOM
Ly g
MOMO O ., O
‘OMOM
CO5H
24 “otBs 2
24 25 Juglorescein (26)

Scheme 6. Total Synthesis of Juglorescein (26).



PEESIT, FAREROBEBNICIVABERNFENT- AR 75 7075 EkE BT 5%
KPR T lysidicin A (29) DEAKEZER L 9 £, TUAT U —Lm—F )L 27 Ok
Claisen HE(\ZJSIC L > Ty =Y 28 457, RIZ, =X VAL 7 ¢ ORI, fi o THN7T &
H—NEIZ Lo TARE R T 70777 B EMEEL, 29 #4685k L7z (Scheme 7),

OBn BnO\Q/OBn [e)
BnO” i ‘(j/; ° . o HO
(0] OBn
OBn
27 28 Lysidicin A (29)

Scheme 7. Total Synthesis of Lysidicin A (29).

EEHE L ZOX ) REMAIIEEE A BT, HFFROBEHRERNS R D 2 L THPMER RN
hedyotol A (30) D& FEEIT o7z, NA T U FHlT a7 7 A& TH S 30 DA T, S5t
BT L7077 UEREEEE AW, £72,2 D0 37 %L e O UM ORE AN BN
52 ETHMERRNTZEAERY T v a A R, xestoproxamine A (31) OAEAMTEEIT 72, K
{CEDRETR N 2 EMIEZ AT o~ P I UVBEEbEmE L THER STV DD, FERREKITIE
AL TR L oMb amiia 2 INEE & LT\ 5, FHEE, BRIV IFRE G IS TE S D a2 s
H L7ZA RIS T 31 OBMMZEZAT 72D T, LUTICZ OFEM AT

Hedyotol A (30) Xestoproxamine A (31)

Figure 1. Structure of Hedyotol A (30) and Xestoproxamine A (31).
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#®—% Hedyotol A (30) DL

B Fim

w15 Y VDL AYiEE

NEIZY 7 F 2 G0 a AR L L LTEA L CTE LR D, BUUTH CnOEYMOR
R DNVETEEIEIR O T - SBICAEDTH D EHIFFEN T D, LinL, Zab U 7 U HHICiIgE
FERRIED I < FFAET DD B FRUNNEETH 0, (LEW L~V TOFEMe PTG MG A T
WV, ZO72, BSECERG IS 2D U Z T OB R AW B RE O R 3 B X
nTns,

INFETICERZBHO) 7TV EN B SN TE Y, BREWERIERZ AT 2REFE LT, &
U RO Th % Steganotaenia araliacea & ¥ Hiffi iu7- (-)-steganacin (32) 00 A XEHEW TH B
Podophyllum peltatum OR2IZE £415 (-)-podophyllotoxin (33) AEISHIL TV D, TSIV FUEE
JEMEZ R L, BUE 33 2V — MMeaw e LT S HuEA (-)-etoposide (34) 28 Eifi &L T2,
F 7=, (+)-lariciresinol (35) <> (-)-secoisolariciresinol (36) 1%, AE~ER I ZZIZHENMEFEICE > Tz
A b F U REZ Y D IER 2 i S 1E 2R (-)-enterolactone (37) (NI SILD T EAVRE
nTHo W,

MeO OMe
OH

(-)-Etoposide (34)

MeO

(+)-Lariciresinol (35) (—)-Secoisolariciresinol (36) (=)-Enterolactone (37)

Figure 2. Structure of Representative Lignans.



37-UA XY [330] BKAEATLH 7T T Y VU HIIL OEMEREAE LTS D
EDBENTER ZEH TV D, (+)-Sesamin (38) XTI~ FICEENINEN 2T T Z7 ) 70T
B0, FUEEE, MIQSEFHEIEIE, /IR (LR T ARG, DAFEEIC T 2 SR, oL AT
o — /UK TER, @IEMHIES, 73— VREHEERER, ITRRGEER, U 3 LTI %
AEAIRIVER 72 & BILRIR TR 2R3 12,

Al = A2 = 3@[? (+)-Sesamin (38)

WA
0 oH
Hz <H Ar'= A = -Piperitol (39
e r ECEJ 3’©10Me (+)-Piperitol (39)
o} HO 0
1= - " .
Ar'= QCEJ Ar?= J@[Q (+)-Sesaminol (40)

OH
Arl = A2 = C[ (+)-Pinoresinol (41)
% OMe

Figure 3. Structure of Furofuran Lignans.



(+)-Sesamin (38) (ZfXFEINDH N7 0T T ) I F UK, To= T a4 R 2 1 E
BLIEEREZALTWDN, 3 0F, 4 FPREELEHR e 7 700 7 biERE ST
%, 1 Th, 7 A 3EHEY (Hedyotis lawsoniae) % 1 v Hiff & 17 hedyotol D (42) *<> hedyotisol A (43)
YWIIHIEBLIER Y, XA = O L 0 B S 7= pseudotsuganol (44) 1 EMER A B L TH 0 7,
G720 T < AMTEMEIC B BLE AR 71T % (Figure 4),

INGHR 77T 7FrofTh, 43 LIEUL 7 R BHiEY (Hedyotis lawsoniae) DHE L Y
HiffE <72 hedyotol A (30) 1, [Al—SFANIC7u 7T U 7T U ERBLIOYE RKuxu vy 75 0%
FV TS EREN RO NS T FRERORSKY D THY, 2 SOEERBIMMEZET 52 LD
BENTAYTEEN IR SN TV D, LrL, MERARY TH D 12D 0 2 EWTEMERER D 2 ST
ROVDNBIRTH D, £ D12, 30 ZEFHALFRITE X0 EMIETERER, MHGTEMEFR BT IE ~ 459
L EMROOLNTWD, BIHERNAT Y Yy FEEZAT 2 R OE I UL LITNEEZ £ 9 23,
FEHL, U RETITONTE L7 7 7 0B E VL Ry 7 I U RHEFIEOM LA MG
% Z & T, hedyotol A (30) DGk EZEMR TE 5 &5 272, F7=, hedyotol A (30) DFEXFNLAREL & 1T
2z exoexo Moo 7T 0 FFoFKK, 77°.87trans Yk Ru XUy 7T UBRKRTHDI EHEENT
WD HDD, WFFEZE PR L 72 R Tl 2R 0 58 2 7R B O SEARRL B I ARMEE T o 7o, AE
FAIFIE T UL, ARG PRI S vTRE 2R G RV — b O RESE & A KON SEARBL i DR EZ AR & L
7=,

MeO
MeO

OMe @/OH

HO o

OH O

Pseudotsuganol (44) R=H Hedyotol A (30)
R = OMe Hedyotol B (45)

Figure 4. Structure of Hybride Furofuran Lignans.
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BIH 7T U RBRMOEEREEAR

707 T RN 7o i & BLRER O AETEYE D T2, G IR DR Z DA AT
DRHIUZAT O TN D,

Scheme 8 (2707 72U 7 F U HHOESGHRREKICOWTRT, 70770 ) 77U 3ibiERIc X
STHEEND TP HIVEIGIZ L Y, coniferyl alcohol (46) A& 3 L ONLARERAGIC —Bk+5 2 &
THEAREND T, 47 OZRBALEISICE VAT Z% 7 v AF RPRE 48 135 TNBRIKIC kY 71
T TN BB IS N D, 2 2I2iE (+)-pinoresinol (41) DEGBKER LN, DT a7 T U RKRY
WZBWTHUMERITARE B2 O, EGMEEE RDRER T NV a— L OFEFR LICKE S LD E
HaFEIZ XV Figure3 IR LIc X Rkkx o7 7 7 VRN EER S D,

OH OH (0]
Oxidase - oM
_— o . B ——
MeO MeO, B €
HO
HO ©
Coniferyl alcohol (46) 47
OH
O .
MeO 8 OMe
48 (+)-Pinoresinol (41)

Scheme 8. Biosynthesis of Furofuran Lignans.

7077y RO, BN E GiEfiT 5 4 DORFTLE 7 = ) — KB EE GTem
BIEESEERON VAU —T UEGZ2A L TRV, BRI T 2 BN IEFICE V.
NHDOERK EORBEEER LoD, xR E MM AR L7 Gt 2 ML T 5 72 DI IIMAI 72
ARGHEN NI L 72 5, T ORFH RGBT, 1) B BSOS, i) 7 VT =4 SR o 3
MBS, dii) aldol G 3 DI KBlEn D, LLTFIC, ZRENOERTFIEOMEZ /7T,
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i) BRAERY “EALRUSIS K DA Akfl

BRI — B RIRIC L DT 7 0 7 7 VRO EARE B LIZARIETH Y, b EHER D
BT CTOERNARETH D, 71 LEBRILEY 49 DL E AT 7 b 50 ~OLH) — B % i
TEH D EHI L LT, FeCly-0,® TI(OCOCF;); ™, Pb0, %, NalO, 2 @ 4 FENHIHAL TV S, LA L7
Do, TNHOEMTEHEONIARY 50 1Z7 IR THY, —MRAITIZE LKV (Scheme 9),

o Oxidative R o © O Ar O Ar
Xlaative reagents
H e H Hio H
AF/VJ\OH H - “E (
Ar" (e} (0] Ar" O
49 50 51

Scheme 9. Oxidative Dimerization of Cinnamyl Acid and Their Derivatives.

Win, B HIE, BV RF VERICRF MBS LT Lproline A L7z 52 ZFRIL, ZhITH L
T PbO, ZAWEMLA ZBALSUSEAT 5 2 & T, L 4 DORFRFDSLIEL T & HIE Lo
DEARAT 7 by 53 AERLTZ, 612, 77 broiEitd HER{KIZE Y yangambin (54) DB E
R L7- %2 (Scheme 10),

PbO,, TFA o
0 0\\__/0H Colite A | oM
Ar "D CH,Cl,, ~78 °C Ar
64%, 95% ee o OMe
52 53 Yangambin (54)

Scheme 10. Asymmetric Oxidative Dimerization with PbO,.
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i) 7 VT = A SR O SRR & B AR

TIUNT = A VSR E ARfaFn T 7 b v, Rfafne 27V KOV KIS L4-FHnE %
BRFEE, 77T U RBMOERICB O TR EA SN TS HIETH S, Feringa HIE, R4l
MEEHETHAREMT 7~ 56 ~OVF AT X — /L 55 O MBS Z RIS E LT
(-)-eudesmin (60) DA FH A% R L7 %2 (Scheme 11),

n-BuLi PhS SPh = OH Hgo
PhS SPh = ArCHO H\g\ BF3 OEt, ;\
S ol g e
A H @ THF THF/HzO
M*O (0]
62%, dr = 4:1 9) 89%
55 56 57
OH OH o _a OMe k
I—— H-n H H H r= =
THE THF A OMe O}a
OH
59 (-)-Eudesmin (60)

Scheme 11. Feringa’s Total Synthesis of (—)-Eudesmin (60).

iii) Aldol iz & 5 A ksl

Park D% 61 12T 5% 2 2O 7 /LT b RO Evans-aldol FUSIZ L VSN 5 EXT )L R—/LfH0
62 #RRHMLTERAT 7 b 63 ZEp Lz, fit < BeERY72ITIZ K 0 (+)-sesamin (38) D&H Ak %
R L 7= %Y (Scheme 12),

Bu,BOTY, i-Pr,NEt _.BRr OBBu, aq. KH,PO,
CH,Cly, =78 °C; I\ Ho 9 H,0,
Y N . e | o
H MeOH
H o O Ar L/ 91% (2 steps)
BUZBO Bn
61 62
Et3;SiH
0= ON W Ar DIBAL HOw O, Ar BF5+OEt, Ol WAr o
Hre H - = Hroe H —— Hre 1H Ar = >
. THF, =25 °C . CH,Cl, ‘ d
Art g7 0 45% Ar™' NG OH 60% Ar Ng
63 64 (+)-Sesamin (38)

Scheme 12. Park’s Total Synthesis of (+)-Sesamin (38).
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FBEZH X/ UAFRHBGEERE L7 7 F U BREE

INETOEL DRI N—TIZLD, ¥kxp o773 VT F VO T AT LAB LU=
FABIRM R B RAT O TE 72 22, 2 b OA MBI RRT R EME L LT, REATORE
BERBRELMEH T 2080, FERERLICIVIFERFNTZ 707 700 7F VEOERIZIEAR
A& RBRREDRSN TN D, SHIT, ZHE TITHE SN TOVDEAEMRD G IR IR A %
FH LI HFERRLTHY, RFDERRRVRICOIER S 572, £ 2 THUFRETIL, R
PORIZE O ARFRLAEAL, 7077 CEROMPEEIEALT 2 207 F o Fn7 I U REe
1 BB CHESET D (+)-sesamin (38) DA fk/L— k& BA%E L7z (Scheme 13),

MacMillan 512 X Y #5 S4L7- Lproline Zfifit &+ % K% aldol P a&BEL L, RF—T LT
ER65 &ET77ETH—T ATk K 66c @ aldol SHZEITV, 727 hALTHZ LIk 67 ~Li
W B o, BENEETH DL EERT LT FE D aldol KOG T, 66¢ D7 = ) — LAEKEE
a7 B REMEEZET D Ns BICTREL, FEROBETBELZ R TFTIESHZ & T, ILEREL
WITT D22 R L 2, 00T, Ns A RAF LU~ EEH LT 68 (I3 L, HHEMESIET 66a
L@ aldol KIGEAT-Tet%, 77 b &EBILTHIETRY A=V 69 2GR LTI, 567z 69 % g
PESRAEITAT T 2 & T 2 o AF R 70 Z#8H U2 SRR IRBBRL S SETT L, C EFRR AR
ToH D (+)-sesamin (38) 235 H 7=,

Ns-Accelarated H OTBS H OTBS Aldol
65 Aldol Reaction ONs o Reaction
—_— —_— —_—
o) + —_— (0] . ) >
ONs ONs °
H o] o] o '
67 ,
ONs 68 H o> :
66¢c o !
' 66a

— Quinonemethide —

oo Intermediate e \\O
.

69 70 (+)-Sesamin (38)

Scheme 13. Synthesis of (+)-Sesamin (38).
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(+)-Sesamin (38) | TR L 7= bl — b & FIV CHFBREHILIC X 0 B B 72 2 A4 FEH Bl
a7 o) Il R ERER L, EPHEETHDLT 7 68 LT AT R 7173 2ELL
TIHEMERME TG L, ¥/ U AF FHEEZRB L2707 T B OMEIZ XY, (+)-sesaminol
(40) ®, (+)-demethoxyaschantin (74) #), (+)-5'-hydroxymethylpiperitol (75) 30)0){5\552 Z 3R L7- (Scheme
14), EHIENHR T 0T 70 T F L OEMREEMR LIZZ & T, REHL— MZE o TEZR L REWE
JRADREFEPHIFRFTE 5, £ 2 TEHEERL, LVEMREKEZATOIAT )y TS0 7F
DA% EST <, hedyotol A (30) DA RRIFIE 1T - 7=,

O
., OTBS OBn O @
(0] H - .
e} > + H"' 1iH
o o)
o] 0
68 71

+) -Sesaminol (40)

o7
o}
H OTBS 0 o ©/
0 H > <
(0] > + . Hoo—{H
o MeO ———

°7
0
OTBS ] o
H "
MeO "

0, H
0 > . —_— MeO Hre 1H
o MeO

o OH MeO

68 73 HO
(+)-5'-Hydroxymethylpiperitol (75)

Scheme 14. Enantioselective Synthesis of Asymmetric Furofuran Lignans.
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# 8 Hedyotol A (30) DAA R
FT—IH WA RRENT

ATV NEEE A9 2 hedyotol A (30) 3 (+)-sesamin (38) DAEKIEEZSEIZT 7 b 78 & T
LTFE R 79 LVEKTE5E%E27 (Scheme 15), 30 7 17 7 U HHILF / o AF Rk 76
Rl L THEMOBICTHREST 22 & L, ZORIBEAZ MY A —v 77 IZRE LTz, 77 1%, aldol
SOMZHRE < BILSNMZ TR T2 & L, 95727 b 718 BLUT AT E R 79 K45 D7
FUARNELE, 7 b 78 OAMIE 65 L=V FEEIK 80 DAL A V5 AF aldol
FOSZEFIFL, 79 @ trans b RaX2 Y 7 5 o FRE TSRS CREICERM L TV 2 A% Rh filljii 2
HAWB55FN C-H FAMISIC TR T S 2 & & Lz, AFEEZHWDZ LT 79 OfsEG RN KL
BRLATRETH D, 30 OFHRS L O IARFLE A ETE D & & 2 T,

@/OH

OMe

‘5? -

Hedyotol A (30)

R
i 1 H 1 OMe
H)ﬁ . HJ\C[OMe OQJ\Q:
MeO,C OR 4 OR
65 80 78
MeO *
e
Br MeO
CHO
(0]
B @ O
Ar N OR*
2 PERN
Ar OR
lo) 77
81 79

Scheme 15. Retrosynthesis of Hedyotol A (30).
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BEH KK aldol RGO

9, 77 b=y 78 25T, RFP—7/Fk F&72%5 methyl 4-oxobutanoate (65) %
AR VLT, T2 b, 2-methyl-3-buten-2-ol (82) # Hi%&J5EF L L trimethyl orthoformate & propionic
acid % MV T Johnson—Claisen #{i75i)is 22170, 83 A L7172, #:V T, ozonolysis |2 &k ¥ —&EfEd
ZYIWTd 5 Z LT 65 Z457- (Scheme 16), 7233, 82 775 83 ~DZEMAITE TH 42% & HREE DL
FTholed, BREICTRERATRETH Y, REGHBPEL ThOT-OARGHIELZERH LT,

trimethyl orthoformate

- . O
propionic acid 0 O3; PPh
/><OH )\/\/U\ - - H)K/\H/OMe
135°C OMe  CH,CI,/MeOH (5/1) 5
82 42% 83 -78°C 65

86%

Scheme 16. Synthesis of Donor Aldehyde 65.

Hedyotol A (30) DAL TIX 2 DD 7 = /) —Mkgikz XK+ 5 LERH D, 2T, L-proline %
fif it & L 7= R aldol )i %2 Bt L 7= (Table 1), ik L 7= (+)-sesamin (38) @ & ik TlE
3,4- dlhydroxybenzaldehyde (66) D7 = ) —NAMKEEIEZ RS 70 B REIMEEZ AT D Ns FETHRET D
LT, BMHNETH L EEET LT E RE DA aldol KIS EER LTS ?? (entries 1-3), Entry 1
NG 3 T 5L, FEREOBEBFEEDOKTICHAVEEICNRN/A ELTHD Z LRDN5, 30
DEFTIE, ST 5 A FR e H BN UDTRZI A=Y LFHEE 80 (R1= Me) 2V THRAL
Too TORER, HERE EOBTEENREWT LT E K 80d, 80e Z AWz, KIGIE4e < T L7220
o7, EHIZ, Ns AW THEFROBFEELZETSEZT7 LT E R 80f Th, 1TL A ERSHILE
1TL7eroTe,

Table 1. Study of L-Proline-Catalyzed Aldol Reaction.

0 L-prolinoe OH H OH 1
or! DMF,4°C H OR' AcOH OR
H HO o
NaBH,4 toluene, 70 °C OR2
2 2
MeO,C OR? \MeOH.0°c MeOL OR 4
65 66a—c 84a—f 85a—f
80d—f
entry benzaldehyde product yield (2 steps)
1 66a (R' = R?=-CHy") 85a N.R.
2 66b (R'=R?=Bz) 85b 43%
3 66¢c (R' = R?=Ns) 85¢ 64%
4 80d (R'=Me, R?=H) 85d N.R.
5 80e (R'= Me, R?=Bn) 85e N. R.
6 80f (R' = Me, R?= Ns) 85f trace
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IO DOREHERND, A M UEZ AT HEE TOLZE aldol SUSIIREETH L &l Lz, 21
1%, 2 20O Ns FHIZEViEME b7 V7 K 66c &HEg LT, B RIIEDR O- A F LK
PEAET D 80f TIEAFROEBEFHENEL, TVT b ROISERMZ OGN TN LD THD LE
Z 7z (Figure 5),

o) L-proline

0
1 DMF, 4 °C;
H)fj . HJ\©:0R _DMF.4°C; m
NaBH, MeO,C

MeCH, 0 °C

Figure 5. Electronic Effect of Protecting Groups in Aldol Reaction.

ZZTEERL, EFHEGMEDO A X EOGHREMA L L TERRBHEEN KR RE <, FHEEREL
DEFEEDK TR CTE D REFRICHEH Lz, $ 725, 3-bromo-4-hydroxybenzaldehyde (86) @
Tz )RR A Ns R TCHR#E LT AT e R 87 #HEELTHWSZ L L, ZORE,
HEJD aldol SRS FHYEIZHEST L, NaBH, TREES 2 Z & T 88 MG b iz, fieW\ T, BMESRIFET T 7

NUBREMEHL, 2 7V —/v % TBS Ri#9 52 & T, 89 & 3 BefEIE 55% THA L, &K&ZIZ,
one-pot TIR#M A Ns 220 Bn E~CZHL, B ETH8IAEWMWOT 7 Fr 90 2157
(Scheme 17),

L-proline OH 1) toluene/AcOH (3/1)

o
2) TBSCI, imidazole
Me0,C ONs NaBH, MeO,C ons 21

MeOH, 0 °C
55% (3 steps)

87 88
H OTBS PhSH, Cs,CO3 H OTBS
Br MeCN, 0 °C; Br
(0] (0]
ONs BnBr OBn
0 82% 0
89 90

Scheme 17. Synthesis of Key Intermediate 90.

AT, fRi#IEL LT Ns J, EHAL L TREFRFEHWTHEROETFEEZERTIEDLZ
& TAFE aldol SURIZAI LTz, £ D%, 3 BFSOEHIC I v ##bEamTH LD 90 157,
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B=IH 77t o=y FOEK

77 bra=y hOEMETET LIZOT, C-H AKSZIGSH LTIV Ruxy Yy 77 ik ff
DT NTE Ra=y b 79 OEMITEF L,

YWFIEE THAFE LIz N C-H ARSI, RAMBIEZFF> 7 = = VFERERE SR 91 (2 L T
R Rh A NS Z LT 23trans Pk RV Y 75 VBREBWY T AT LARRMEICTE 2
%o ARBUS TIEAF MBI L 0 M TiEiE L2 2> hr— L, ikl SIR BYT AT LA HICE
BrhzTnWd, £, REMBEL AH Rh MEOMAEDEEEE T 5 2 L Tl RIEERNE
ARETd % (Scheme 18), MR ERERZ AT 2 AP RIKIC b ARISZEHT 5 Z LN ARETH Y,
W HFJE =R Tl%, (-)-dehydrodiconiferyl alcohol (93) *¥=°1 > F—/L % & & (-)-serotobenine (94) 3%,
(+)-decursivine (95) 72 & DA A ER L T\ 5 (Figure 6),

Rh,(S-DOSP),

o

1
C12H25@ﬁ_N
o "
o

o
N

Rh,(S-DOSP), S

N
R

s

Rhy(R-DOSP),

(25,35)-92
Scheme 18. Diastereoselective Synthesis of Dihydrobenzofuran Ring.

N \

N

H N
(-)-Dehydrodiconiferyl alcohol (93) (-)-Serotobenine (94) (+)-Decursivine (95)

Figure 6. Natural Products Synthesized via Rh-Mediated C—H Insertion.
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(-)-Dehydrodiconiferyl alcohol (93) @ 2,3-trans ¥t R 7 7 UBEEKIE, hedyotol A (30) @
23trans Yk Re_u Y 7T UEEE EBUOHEETH Y, ARIEEZRERICLZDOEEIGHTED
EEZ T, 30 OIERINARLE 2R ET D702, D= 2,3trans Pk K2V 77 UERE
FEOMEHBEMEREZ G T 20ER D 5H, € 2T, BT RBER I TWD 93 LR Uk
#HT 5D 2R3Strans Yk RuXU Y 7T UEFH 97a 2O AEKT H I &L L7z (Scheme 19),

O Rhy(S-DOSP),

(0.5 mol%)

Br

CHO

o
@) T
-0

O:‘g

MeO

Ar
81a

Scheme 19. Diastereoselective Synthesis of Dihydrobenzofuran 97a.

£7°, MO guaiacol (98) % HIZEJFEE U CTHIEBINIC BB T OEA Li=tk, KEEEDOT UL
ik 7V v/ —v 99 2457, #Hi\ T, Claisen S %1TH 2 & T 100 ~ & %,
vanillin (80d) LV FHHE L=< Y7 m I R 101 % 100 D7 = ) —AMEKERE~EANSTH Z LT
102 Z457- WIT, WEfbA A I U AT K DA VT 4 U ED VA — /b & UEEEREN I K D (b rIBRZRIC
EoTT7 AT R 103 ~Lilinie, ZD#%, Kraus BB{LE1T9 Z & THAR U 104 ~E B LTz,
KT, DMAP 177, $ia#l& LT DCC %W T (R) -~ > FAMFHEE 1058 & DS %175 =
& T, AHFMILZBA LI 7 = = VEFERFEMR 106a % w3 TH57= (Scheme 20),
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1) NBS, DMF

Br
0°C, 97% 190 °C
_
MeO
2) Br MeO Et,NPh
OH \/\ O\J 90%
K,COs 0
98 MeCN, 97%
MeO
B0 1) 0sO,, NMO o
101 acetone/H,0
K>CO3 MeO X MeO H
—_— 0 2) Pb(OAC)s, KoCO3 0
DMF j benzene j
65% Ar 75% (2 steps) Ar
102 103
> D
Br Ho NN Br Ph O
e} = N
Q 105a O/\ér
MeO OH DCC, DMAP MeO o)

Oj CH,Cl,, =20 °C Oj

Ar 93% Ar

104 106a

Scheme 20. Synthesis of Ester 106a.
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Br

MeO
OH
100

NaC'Oz, NaH2P04
2-methyl-2-butene

THF/t-BuOH/H,0
93%



oz A7 /L 106a I1Z%F LT p-ABSA (107) # M\ % diazo-transfer )&% 4TVy, C—H A&
DR L7257 Y 2 A7)V 8la A LT, #W\WT, #Eed C-H ffAKSZ Rh filfitl LT
Rhy(S-DOSP), & W TIT o7& 2 A, @R, @Y7 A7 LA RERMIZ trans B KXy 75 v
BROMRICKII L, 96a NGO, £/, T E TOMZEND Rh it G425 K5 B KD R, S
LT —HOPT AT LA—RNEGELNDLZ LD, REFEIIAFMEDOIRIETIEARL, R
FIEDO NIRRT L TND EEZ LN TWD, 2 OBIRMERBUCIX, DA A RIRFEIC
S LUTAFMPMEDT I RIAR=VEBHAEEMT 22 LT 6 BETHIK 108a k452 &
NEETHD EEZ TS (Scheme 21),

AcHNOSOZN3
Br Ph Br
N

: 107 . Rhy(S-DOSP),
O/\ﬂ/ DBU oR (0.5 mol%)
o}
MeO (@)
MeO © MeCN o CH,Cl,, —10°c ~ MeO
Oj 95% N 2 88%, 92% de
Ar Ar
106a 81a

Br
CO,R*
MeO N

N NY 0O MeO
X! .

O roH /R_h \l/

B 1 5®;’?f
Ar - :_-@
81a 109a 96a

Scheme 21. Construction of Dihydrobenzofuran Ring.
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Ve RaxRy YT T UBOBENE T LD T, DIBAL TLEET 5 Z L TP/ a—/L~ZHL, R
FHBEERE Lz, Z O, ER & REMBEOBETIRODEENRETH > 72720, IREWDOF F
KR A TBDPS FEIZ TR LRREBEAITV, 110a #1572,

TV TRFBENLOFR NI MbERE LTz, £77, n-BuLi & DMF % W5 R I UbRIG & 1T - 72
LA, WRITTRETH 7= (Scheme 22), = DJEKIE, BAVEEDE Bn (i3 7 1 koAb &,
NAF =Y F T AT L > TEKR LT FAT B I FERIGLIEALEMREIERD & LTELNR
el ThoT,

Br
., 1)DIBAL n-BuLi, THF
H OR* “ch,cl, -78°C oc;
MeO 3 22 P Y Meo —78°C
H O 2)TBDPSCI DMF
Ar imidazole —-78 to 0 °C
DMF 48%
60% (2 steps)
MeO OBn
96a 110a 97a

Scheme 22. Synthesis of Key Intermediate 97a.

AR OFER NS a7 o= F 7 AR D RN I NALITINETH S &5 %, Pd il 2 Huv 7z
CO AT X DA I VEEDOE A Z 7 L7z (Table 2), £, Pd(OAc), & DPPB % FH\\\7=#i&
(entry 1) <> PdCly(dppp) ZHW\ =354 (entry 2) TIEXUGHHEIT L2 o7z, #iW T, DPPF % Bl 1
\ZFF> PACl(dppf) ZHW= & 25, BINETH LN EEY 97a RGO L2 RHE LT (entry 3),
Z T, WELHET DH72DIC CO DENZE P TRIGET 72, KIGBNHES I, BMEHED
ZEIETER o2 (entry 4),

Table 2. Study of CO Insertion Reaction.

Br CHO

CO (X atom)
conditions

MeO S
py OTBDPS DMF, 90 °C
Ar
110a
entry conditions pressure (atm) yield (%)
Pd(OAc),, DPPB

1 Na,COs, EtsSiH 1 N.-R
PdCl,(dppp)

2 N32003, EtaSIH 1 N.R.
PdCl,(dppf) o

3 Et3N, Et3SiH 1 16%
PdCl,(dppf)

4 EtsN, EtsSiH 6 N-R
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Z T, EH DI X s Sz Pd AMEAFEE N CO YR & LT N-formylsaccharin (111) % v %
CO ARG ®aikpi-L 25, BIFRINRICTHIY 97a 2155 2 L2 L72 (Scheme 23), —
RE9IZ CO FABISHEITS 2121%, Pd OERLAIMIINICKEE 1 539 F D CO 75 Pd IZENLS 2% LB
WD, FHO CO REOHFHNEEL 05, ThiE, My CO IRETIT Pd 2EEEIZK L THE
{ERIFTINE SR CO 2% Pd (ZHLNZ L, E~OERLAS I mE s b, —J7, vy CO RE TIX
FRLAOINEETT 3 5 2%, i< CO FHADZENMET T 5, 111 % CO JRE L THWIZIGEITITEN
WE S N B HRITEN TR WA, ZH O CO REEN SIS DEITICRE R KL lgoTcled EEZ T
W5,

Br o CHO
111

Pd(OAc),, DPPB

MeO S N32CO3, Et3S|H MeO
\ OTBDPS
DMF, 80 °C
Ar 72%

110a

Scheme 23. CO Insertion via Manabe’s Method.
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I (77R,8”S)-Hedyotol A DA

Wiz, ALz 2 2O=2=> 90 X" 97a ZHWT, MU A—/ 112a DERkLE, ¥/ U AF K
PR 113a 2kl Lic7 v 7 T U EEOMEITEY A TS (Scheme 24),

CHO

OBn o OTBDPS
o L

Ar
90 97a

113a (7"R,8"S)-Hedyotol A (30a)

Scheme 24. Total Synthesis of (7”R,8”S)-Hedyotol A (30a).

Z7 by 90 Ik LT, ML T T LT e R 97a & aldol G E{T-o72E 2 A, IR =
Voo PLICEWTHRONM R Z2H T 5 114a Z457- (Scheme 25), Z DFE, 90 DA /LR =L B (LD
BRI F-RANVR=IL o (OBBHRIEL LD Ry 75 0 BKRNEL L GIEFITE @
WIZHNR=)V o MO FZTTZRICHETE, o, B AL2Y trans BLEOLEW NG B, Fiz,
T AT LA 52 IZTHUEEWRE IV TWD DY, Bl lZAR Lo KR O SR L FEITRR Lz b o
THbDH, ¥/ AF FHEE 113a 8 HE T 5 BEIKBREO N RILRITNL T D720, Ak B4
RREIZ 22 &l LA & D 72,

CHO
, OTBS
Br LiIHMDS
O +
MeO o
OBn 5 otBDps THF,—78°C
o} 76%, dr = 5:2
Ar
90 97a

Scheme 25. Aldol Reaction between Key Intermediates 90 and 97a.
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BENWT, LD 707 T U BROEEE1T 7=, (+)-Sesamin (38) DARRICEBIT HHAND 114a
% Ca(BH,), TiEt ®L, hUA—/ 112a ~E W L7-, 112a RS 5 2 &< MBS L
el Ah, ¥/ AF RHEE 118a 2l L THTHNEILRISHEITL, 717 7 U FiE ORI
h Uiz, Z OB Bisk#l & LT trimethyl orthoformate Z #1425 2 & TEBRALSISOMERE S, 2 TR
U= 49% T 116a 235 54172 (Scheme 26),

AcCl
trimethyl orthoformate

CH,CI,/MeOH
49% (2 steps)

-
"
"
~.

A OTBDPS Ar —OTBDPS
115a 113a
OBn
(0} -
MeO H' IHI |H Br
(0]
Ar OTBDPS
116a

Scheme 26. Construction of Furofuran Ring.

26



70u 77 o BREORGEIIRE LTS, BERITFRETH Vil E DV < b O TIEeno Tz, UGS DRI
W EREE LT & 25, K HCl 24272012V MeOH & b U A — L 112a 26 L 724k
BWHREL TV, MeOH 43 L%/ U AF FRBEDKISRE LT a, b, ¢ @ 3 »FIRBE LR,
MeOH MEEEAIND Z LI X0 KISHEH L LT LB 2 6 b (Figure 7),

Figure 7. Plausible Mechanism of Generation of By-products.

% 2T, HCl @ 14-dioxane &% FH\\ 7= & 2 AULEIT 77% Zm £ L7z (Scheme 27), 7233,
Scheme 26 TE R % 5 % 7= trimethyl orthoformate <> MS 4A % /KAl & L CENZIRIN L 7223,
FOSPEIZAR T L7z,

HCI o @: OBn
< ca. 4 mol/L ) h
MeO H 1iH

in 1,4-dioxane Br
CH,Cl, o ©
77%
(2 steps) A OTBDPS
112a 116a

Scheme 27. Improvement of Construction of Furofuran Ring.
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%E\ T, CuBr, NaOMe #5711 v 7V » FRUSICTRFIRATF 2 A bR~ O L, 2o
B, [FIEFIZ TBDPS A bBrE 4, 117a 3G 547z, KRIZ, THF/MeOH ¥ HR TR SEUINEUSL 24T
Bn EXDOREEZRALD, Vb FaxXr V7T VR EOXRC UM B YUIE SnE, RO R, EtOAC
IR CARBIRMBUSEAITO 2 & T, MEOZ L 725 Z L 72< Bn EalifriT 52 LN TE,
(77R,8”S)-hedyotol A (30a) DAk %A R L7= (Scheme 28), & 512, 7 F /LK 118a 4k L, Hiff
ke DEFEART MT =22 Lz e 24, BBESCIRICR SN ERED [alp +29 (¢ 1.00,
CHCl) TH 5Dkt L, HEENG LT- 118a X [a]o +14 (¢ 0.80, CHCly) TH Y, B\ —HK &z /Rr& 7
Mmoo Tz,

a

OBn
Vea oot
o CuBr, NaOMe
Meo HHH"H Br EtOAG MeO He— H OMe 1, paic

MeOH/THF e EtOAc
o) 92% o 96%
& Ar\
Ar OTBDPS OH
116a 117a
OH OAc
OMe OMe
AC2O
pyridine
94%
(7"R,8"S)-Hedyotol A (30a) 118a : [a20 +14 (¢ 0.80, CHCly)

lit. [a]? +29 (¢ 1.00, CHCI3)"®

Scheme 28. Total Synthesis of (7”R,8”S)-Hedyotol A (30a).
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H=H Hedyotol A DOHEXHLAELE DYE

G L7z 118a DIIERENHBECHE E — B Lo BlEE LT, Ve FaXur Y 7 J VRO
AECER R E BRI D Z ENEBEZXOND, T, Vb RaxXuy 77 VBN SO ARMEZE 2R
(77S,8"R)-hedyotol A (30b) Z &R 52 & & Lz, it —HH CTik~7= X 512, RAFMBE, A7 Rh
DI AB DT L 2TV Ry Yy 77 VERITEBREMEEREZIED 505 2 L BAEETH 5, (9)-
v UTNVEBEEANRY U7 I KE Rhy(R-DOSP), # M5 Z &1 L 0 Sfg BIER 97b &Rk L, [AEkD
I M A% C (77S,87R)-hedyotol A (30b) ~L &< Z L & L7 (Scheme 29),

)\[( Rho(RDOSP);

Br CHO

MeO
(e}
Ar
106b 96b
OTBS ¢Ho
H
Br
"
0 MeO AW
OBn o OTBDPS
(e}
Ar A L
r ~_
90 97b OTBDPS
112b
----- >
----- >
| A “—OTBDPS |
113b (7"S,8"R)-Hedyotol A (30b)

Scheme 29. Total Synthesis of (7”°S,8”R)-Hedyotol A (30b).

£, L@LEMERD IR 104 EAFMBIEL LTRIZE LIFHOSKLFEE2AT D (S)-
v UTNMBEENY T IR 105 EAfFA L, = ATV 106b A1F7c, & HIZ, diazo-transfer i, it
< Rhy(R-DOSP), # % C-H AN L > THBIA L DT KXy 75 96b ML
7o BT, RFAMBHEAFRZ L, N-formylsaccharin (111) # W% CO fAKIC L > TT7 AT R
97b ~& &\ 7= (Scheme 30),
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B
r o Br Ph O 1) p-ABSA, DBU Br
o 105b o)\[(N MeCN
EDCI I 95% H OR*
MeO OH MeO o
& CH,Cly, 0°C i 2) Rhy(R-DOSP),  MeO o
N 50% N (0.5 mol%) O—'H
Ar Ar CH,Cly Ar
83%, 82% de
104 106b 96b
Oy
o s
SN
H
Br O 111 CHO
1) LiBH, Pd(OAc),, DPPB
THF, 0 °C Na,COj, Et;SiH
MeO ; MeO
2) TBDPSCI [,yy OTBDPS  DMF,80°C ., OTBDPS
imidazole 2% > H
DMF Ar Ar
74% (2 steps) 110b 97b

Scheme 30. Synthesis of Aldehyde 97b.

WIZ, 7877 B OREEE1T> 7= (Scheme 31), HEEMESIET aldol KSZ21TV 2 &7 7 K
v 14b #1571, Bt 52 & TRILRIBMATH S U A —/b 112b ~&E 7z, i\, (7°R,87S)-

hedyotol A (30a)

LRIEDZHER LI, Y ey 77 U8R EOS RN UG 2

LRBED A TRV L T T2 8 24, BB RPCfELL L, TBS %2 H7
FEZTHWBL0EHEL

TWb, BMatORER, PEOX Y ) — NV ERINT D E UL L, IR 72% T 116b 257~ =X
J =V DM L - T TBS HONMR#EMNMEESIN, ¥/ AT FHBKRDOIERE RS I LTz LB

LTW5,
B
H OTBS
(0]
(0]
920
CaClz
NaBH,
—_—
EtOH

OTBS
H
Br
CHO g
Br LiIHMDS 4 OBn
+ — >
MeO AN o
OBn 5 oTBDPs  THF.—78°C
80% MeO N
Ar dr=1:1 OTBDPS
97b Ar
114b
OBn OBn
HCI ORI
Br ca. 4 mol/L n [ Br
MeO < in 1,4-dioxane MeO H H
wh O
o CH,Cl,/EtOH o
/ 72% /
AY _57eDPS (2 steps) A"~ _OTBDPS
112b 116b

Scheme 31. Aldol Reaction of Key Intermediates 90 and 97b and Construction of Furofuran Ring.
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BN TIDOERLITHEY, CuBr, NaOMe Z AW THRFER 74 A hF AL EHL 1UTh 28, &
%12, Pd filEAF1E T EtOAC IWIEH CKFEUIAZIT 5 Z &12 X 1, (77S,8”R)-hedyotol A (30b) DAk

B LTZ, 5612, 7R F Mk 118b 1T L, HEE SO 13’3:%$$x&& kL7 —2% (*H, °C, Mass,
IR, MHESFE) Z M L7 ZARW—EZ /R L72Z & 225, hedyotol A (30) Diffaxf Ni AR & % LL I
ARG & L CIRE L7z (Scheme 32),

OBn
@OB“ X
CuBr, NaOMe N OMe

Me Hio iH EtOAC MeO. HI‘I H2, Pd/C
MeOH/THF S EtOAc
73% o quant.
- Ar T
Ar “—OTBDPS OH
116b 117b

ACzO

pyridine
90%

(7"S,8"R)-Hedyotol A (30b) 118b : [0]2 +34 (¢ 0.30, CHClI5)
lit. [o]3 +29 (¢ 1.00, CHCI3)'®

Scheme 32. Total Synthesis of Hedyotol A (30).

KETIE, 707 7 EROMHEGEICER LT 2 2OFT b Fu 77 08E 1 BERETRESEL,
hedyotol A (30) DORhRA /2B RIEZ N LTz, £72,23trans Y& Ry 77 VRICETH VT A
TFLA~v—ZAW L, FREAT bATF—% (*H,BC, Mass, IR, FLIEYEHE) %45 = & T, hedyotol
A(30) DMEISIKEE % 30b & RTE L7z,
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FE_E Xestoproxamine A (31) DA RRAFZE

B K

B <P IVEELEY L AR

Manzamine A (119) 158 172523 AUER (ICs = 0.07 pg/mL, P-388 ~ w7 2 (HIfiLfifife) |, i~T7 V7
EAEAAET LT A oA RTHD, 1986 fEIC 3, Jefford 512 X - Tl 75 i B R PE O YA
(Halichrona J&) X v Hififf - #isdeE S TLR, BUEE TIOE < o~ oW I LA @i
INTWD, AIBIORWFEREEESHT D2 ENLAERRIEEOM 1 H D4 —%7 v F & LTHEHRS
i, 1992 4F, Baldwin HiIZ K-> TEATE Frb Y Y= AR 120 @531 Diels-Alder &%
FHET 2 L) BIREOAEA R RE St ), Diels-Alder SR &> TH S - A 121
X 122 LPERARIZH D, KOMIMZE>TT AT e R 123 Led, 0k, rEfaInbZ LI
& > T manzamine A (119) AEGKEIND LW IHRF L TH S (Scheme 33),

CHO A
I o
NH,
CHO .
—_— ——
CHO
NH,3
CHO J
A OHC

120 120

123

Manzamine B (124) 125 Manzamine A (119)

Scheme 33. Biosynthesis of Manzamine A (119) Proposed by Baldwin.
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Marazano 5% Baldwin &OAEAREHE b L ICET LAY Z W TZAROBRIEEZTT-7- ¥, ©
A7 hZERrEY Y 126 #HVWTEAVE KU Y=g AflE 127 2 84ESE, 517N
Diels—Alder KLz 1T9 2 & 2 A 720, B 128 131G 54072 h > 72 (Scheme 34), % Z T,
Marazano (%, XY @\ % 7~k9 5-amino-2,4-pentadienal H1 A 129 AR H T 58 7= A ARk
RIEZIRIB LTV D 9 129 706 DEHITIT 2 SDORKENIRBINTEY, —HITBITCHBERILIC
TAELLYVE Frbv ) v=y APk 130 ZfHT 5K THD, 2 2O C-C MaxlT oI &
T 131 &7 oT2t%, BIICL T 123 L7200, 119 ~E A I D, MFIE, 129 N"E{b LT 132 &
Rolcth, A IVDBILEERY PVUBMICE D 133 ~E BB, TO% 119 ~ L BN LR
T#H 5 (Scheme 35),

S

- - 128
Scheme 34. Study of Diels—Alder Reaction of Bis(dihydropyridinium) Intermediate.
o~ X H CHO CHO
HN Ne
—_— @ = —_—
V=
NH HN
“ | | |
129 130 131 123
Ox CHO H CHO
X Ox :
H
N~ 7 N S
S - [ -
HN HN
129 132 133 Manzamine A (119)

Scheme 35. Biosynthesis of Manzamine A (119) Proposed by Marazano.
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135 X° 136 DX H v 7 I I VHENHBESNIZZ EIX I N ORFE RS XFT L0 LEE 2L
NTEY, 20D 7 I IVHITI I oE{LEME STV S (Scheme 36), T 72 b,
Baldwin & OfGRIZEWTIE, LERMA I =7 APHE 121 O5ERIZE > T 134 BEL, ZThrE
TEENDHZ LT 135 NEAKEND EEZ BN TVWS Y, —J, Marazano 5 DRHTIE, Yk Rt
U Y= AFRE 130 O FREEMNIISIZE > T 1 20 C-C AR S 137 L7225, fi
W, AT UBREMAE LT 138 OBRLICE VAT A E Y D= AFREIA 139 BB InD Z &
ICk»>T 135 WEAREND EEZ LN TS Y

Baldwin's pathway

H

7
/ H N
H:
NS

121 134 134 Homohalicyclamine A (135) Halicyclamine B (136)

130 137 138 139

Scheme 36. Biosynthesis of Cyclamine Derivatives.

Manzamine A (119) OAEGHEAMZEIZ L > TEBERVEZ EDLHV 7 T IVHTH LD, ZHHEG R
BB 2R ORRRMEEWHETH D, v 7 T IVHIT, 2 DO~ 7 B BEOFLINT 3-4 (L THfS
L7eERERY DU FKE DI ERREONREDT LV inA RThbd, BEAEXY gk Lo
AFEHL, v 7 BEREORE SRFREIC L > TEEOBERAENFIET S (Figure 8), A 72 AEMiEME 4
R E BRI TH Y, haliclonacyclamine E (144) <° arenosclerins A, C (150, 152) (XHtEW &G,
fa e A e S *2, haliclonacyclamine A (140), haliclonacyclamine B (142) (13N A2 CHIEEIEME & A
THZERBRESRTWD D, FELEHNRIEEFERB ZRbhTE Y, 140 X 142 1%
Mycobacterium smegmatis <> M. Bovis (ZfEH L CHi~A a7 7 U 7IEWZ R T Z BN OMnE 72>
7= W, E T, AR K A IHERRIEL 7 5 I U TH D cis-syn—cis BLED B A B OBk & F
-> tetrahydrohaliclonacyclamine A (tetrahydro-140) & cis-anti—cis Af&E & £FONIREMER 153 2 U C
hM; mAChR (ZxF9 % functional assay 23179417z, & OifE R, tetrahydro-140 [ X7 V7 A=A FTh 5
DIZH LT, 153 137 =2 M &b Z L MHBALE 9,
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Haliclonacyclamine A -A® (140) Haliclonacyclamine B -A'5 (142)  Haliclonacyclamine E (144)  Haliclonacyclamine F (145)
Haliclonacyclamine C (141) Haliclonacyclamine D (143)

Halicyclamine A (146) Homohalicyclamine A (135) Halicyclamine B (136) Xestoproxamine A -AZ" (31)
Xestoproxamine B (147)

Neopetrosiamine A (148) Halichondramine (149) Arenoselerin A (150) Arenosclerin B (151)

Arenosclerin C (152) Tetrahydrohaliclonacyclamine A 153
(tetrahydro-140)

Figure 8. Structure of Cyclamine Derivatives.
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BH VI IIVEDINE COLAREVERIFE

Sulikowski B, AZ BTV RIZEL D~V 7 vBROME, Iy 7V U RISTEHERLIEEAERY P
TFuZOBEITLIZEY EAENRY D ERE ST 55 RIS IC T, (+)-haliclonacyclamine C (141) @
AR E#E Le %9 (Scheme 37), £3°, A (ka4 154 L =13 —Y R 155 O Stille v 7V 7
BRIz k- T 156 AR LTz, D% TBS M4 AcE~E AL, 2 EH D Stille 71> 7" Y > 7 i
ICCHRIBE DM EA1T 9 2 & T 158 ~&\Wniz, fi\ T, Ru fillfif 159 WAL 7 0 o A XU R
Ik~ nBORELIT- -1, B 51 160 (28 LAKETRME G ZITV, C7 OARFHL A 5
ELTeEAERY VOB EORFROLOEEEZITo72, o &V AKERFML 1610 & B HLY
KREBFIM LT 1618 2 1.3:1 THOLNT, A UTKBRIEIET VX ~EEH L, Red-Al ZH\TZ
78 LEETTL, 163 ~L WS D T & TIVARRMEAZ SHEL 72, K&%IZ, Mo itz V727 L
ABBL ALY~ nBREHEE T H 2 LT (2)-haliclonacyclamine C (141) O2A & K L7,

(0]
H
: 1) TBAF
Nm THF, 0 °C
_ 2) Ac,0, Et;N
I 155 DMAP
SnMe; CuCl, LiCl CHCl,
Pd(dba), 96% (2 steps)
7 oBS ____° -
DMF, 65 °C 3) oH
C\/N 80% BUsSI g,
157
LiCl, Pd(dba),
DMF, 65 °C
154 156 80% 158
1) DMP
HCl/ether; 2) ?
@ ey
N
CysR Q TFA; 2 162
CloRY Ph H, (500 psi) K>COj3, MeOH
PCys 159 Pd(OH), 54% (2 steps)
CH,Cly, reflux EtOH, 70 °C 3) Red-Al
64 % 79% toluene, 130 °C
16101618 = 1.3:1 51%

(B-isomer : 39%)

N
11
1) Me3SiO"M°\N/S'M93

MesSiO i
SiMe3
165
1) n-BulLi Ph3SiOH
THF, -78 °C to rt; toluene, 130 °C
Ve I
2) NaSPh 2) II;|t2C,)'I&indIar cat.
DMF, 130 °C 887 c
0

41% (2 steps)

(t)-Haliclonacyclamine C (141)

163

Scheme 37. Sulikowski’s Total Synthesis of (+)-Haliclonacyclamine C (141).
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Marazano 5%, H & OHET 54 A RAREE 2 Bifhk U 7= & 54 F1Ei L, halicyclamine A (146) O €7 /L
BRFSE V%47 - 7= (Scheme 38), £7°, Hilli? tetradecanedioic acid (166) J VW=7 LF bt K 167
\Zxf9°% Strecker SUGICE > TT7 X /= kUL 168 %157, IRW\NT,168 O T X / HH) 5 acrolein ~
D 1400, i< AgBFy IC XD FAT AT E REEDIAKMEEICLE > TV FrE Y Uy Al
L,CN A4 ThT v 7 FT52LICE>T a7 I/ =FY /b 169 24572, 169 (L Boc FAfrEL
7= %%, 2-methyl glutaconaldehyde potassium salt (170) & Bi/K#EE 95 Z & T 171 ~&E\je, Z 2T, 4
BRI A L) U LA A DR E D AN (Scheme 36) IZX 5T 173 ~& 2 H#i
TR AW EAER SER, ZBEOT I —v 172 M5 57, 172 (T KCN & AcOH % {EH]
SHLHI LT I3 ~EEMARETHY, i NaBH, ICEVETT D2 L THIME T 2 Rfafie X
BN D UALEY 174 2155 Z LTI LT,

BnNH,+HCI
KCN BnHN
., O Y\M/\NHBOC
HOOC COOH _—, NHBoc E— 11
10 \/\M? EtOH/H,0 CN
quant.
166 167 168
1) acrolein
CH,Cl, 1) TFA
quant. Bl | CH,Cl, BAN | “
- g " NHBoc n N NS0
2) AgBF, 1 2) TFA "H
THF/CH,Cly; CN “ CN
KCN, TFA 169 SR g 171
CH,Cl,/H,0 170
46% CH,Cl,/THF
87% (2 steps)
Zn(OTf),
NaHCO, KCN, AcOH NaBH,
_ = _ =
o o BnN
DCE, 70 °C n-BuOH, 80 °C MeOH/H,0
33% —20 °C to rt
27% (2 steps)
172 173

174 Halicyclamine A (146)

Scheme 38. Marazano’s Synthetic Study of Halicyclamine A (146).
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Pigge HI1ZE Y v DO HFLEE%Z T xestoproxamine C (175) DEF /LA RMIZE 21T 72 *®
(Scheme 39), £, 176 KV ARk L7z 177 OKEEREAE Ms b, MEERAEFHEEL2 22120 77
B BEGRLL, 178 %157-, %\ C, Ru filfif 179 ZHWi-A L7 v A X BV RAICE D) ~ 7 n B ail
FL, BELTA VT 4 o &BITT DI LT 180 272, %t VT, CICOEt ZHWTT AFUTF P B
By 181 ~EEHL, TR EAKBRMPBUSICE TR LT 2L TEAERYI YT T r s
182 ALz,

CHO MsCl, EtsN
©/C| THF, 0 °C;
N — NaH, 70 °C
57%
176
__________________________ 177 178
Mes—N N—Mes 1
R |
cr* ‘“’ !
: ﬂo SO N(Me), |
P79 _ _
1) 179 CICO,Et Hz (700 psi)
toluene, 80 °C EtN N PtO,
D — e B — e —_—
2) H, (100 psi) THF, 80 °C 0 50% (2 steps)
Pd/C
69% (2 steps) |
N
CO,Et
180 181

Xestoproxamine C (175)

Scheme 39. Pigge’s Synthetic Study of Xestoproxamine C (175).
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i Xestoproxamine A (31) DE RS
B—IH HFEERENT

7T I VEDOBHMENED HILTWD R, SRBINERCRBIRMEICIREZ R L, RE M E
RENTZDIE 1 BIOHThH D, ZHE TOMFERRN O RCAEWRED G EHR~ 7 n RIERITIIA X &
VARG ENTHLFERH LN ERS>TNWD, —FH T, ZORISOME L 2 DO~ 7 v LOERE
ERFIRIND LWV BENE SN TN D, 2 2 TEHERIE, KVIHAMEREOWFIETY 7 nBRAMBEL,
FIRMEIZ L < BN D trans-syn—cis FL{E B R B2 O Bl O @ ST IR B 7 W LB 2 ST+ % =
& T, Z< OFERIEG AR TR/ B BIE DL Z A& L TARMFZE 21T o 72,

FEFL, RN IS NE T DRSS R L CAR O b2 X5 Z L & L7z (Scheme
40), REAFnZ 7 b 187 1Txt L TR AT 7 h 2 188 @ LA-FHINKUGIE, RATL = kI FrE %
Ffov AT 7 hALA 186 % 5% 5, 186 MFF oM AR A FIM Lz 5 M CO R B HE
ZEHIX, xestoproxamine A (31) ~&E L flfER FETH D, T72005,186 O 2 DOT 7 MU EHEL
72 185 DM T N FNMEFRIGICERIE T A HEATLHI LT, Ns-7 I R 184 ~EZBWTHT ENTE
Do IRNT, FERZR M FROGHHEEITT D Ns-strategy (2L W~ nBEOMEEITHIZ LT, UV~
BALAY 183 #1552 L & Lt IkBIC 2 DOERY PUREBKRT D Z L2V, BB
RO 31 AATEHEB R T,

ARE RN T, AR THELZEAT7 7 hUBK EOREFLEZOEEEAERY VUF
FEDORFHLA~E ML, FROEIRETH L @ RRIRR EA XY O BROMBEEZITH =
L7,

NHNs

185 186 187 188

Scheme 40. Retrosynthesis of Xestoproxamine A (31).
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BTH AREREOMMRISIZEDERT 7 N B OMEE

EF, AT 7 b 191 SR D AEE LAY 192 O LA-(IINEOS 2 IV S F ik 2 G LTz
(Scheme 41), 191 1% 12-7 V)L OT D EEE 2 CRENHIE STV D720, BN T T LV
JUVRIEE & RO HHEIT L, 3 DO RFHLEFFOREME AT 7 b AbEY 190 ~ELE T &3]
BECH D, MKITEITLTDHZET, 4 DORFEFLERTDLEATZ ALt 189 285 Z LB T
THLEERI,

BnO BnO
H
— /
- o . o
/ Nu fe)
192
BnO BnO _——= H
n OTO/ H BnO
189 190 191
L OBn _|

Scheme 41. Plan for Construction of the Bis(lactone) Core by Using Organocopper Compound.
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ZIZTET, ETNMEW TORPEITI O NFEMER A AT 7 v 191 245K LT
(Scheme 42), L-Malic acid (193) % HZEFEIE L, H,SO, ZHWT= AT Uk 9 25 Z LT 194 2457,
WIT, Seebach &1 L » THE S -F1E D2 AW T BRIRAIC 7 VLA EA L, 195 28 LT,
T, LIAIH, ZRWEB eI & U A= L, 7T X— 45T 52 LT 196 ~E#EW -,
KIEEH:%Z TBDPS f# L7-#, 197 OKRIA L 7 4 &b Fu kv #E ISk < Ik X - TRERHEA~
LML, Bn T D LT 198 AR LT2,198 DT & Z— /LT Zn(NOs),-6H,0 0% F v TR
FICERE LA —b 199 1572, IRWVT, NalOy, # W TV A — LV A&BRAL, U7 AT Rigx L
TLBERIE 200 V2B &85 2 & T cis BOREFIA F/LT X7V 201 ZHEE LT, &iglc, ik
FIECATZ L CHBOAR T 7 b 191 2157,

LDA o
o) Q THF HO OEt 1) LiAlH,
HO OH H,SO, HO OEt —78 to 20 °C; / THF, reflux
- —_— EtO i~ ———
HO EtOH EtO B 0 < 2) CSA
9] reflux @) 18°Ciort \ MeO OMe
0,
. 92% 194 71% 195 acetone
1) (Sia),BH;
H202, NaOH
TBDPSCI THF
o TBDP
)ri)>_/’0"' imidazole )(O OTBDPS  91% )(\%_/70 S Zn(NOs), *6H,0
- _— _ = - _
o) ﬂ o ; .
57% E()g/lsFte s) © / 2) Rart, BnBr Moo
\ s (3 step <\ eplh 94%
82% BnO
196 197 198
o)
1) NalO, OMe Q
HO, OTBDPS THF/H,0 OTBDPS TsOH+H,0 Q
HO 1% \ g ° \
2) )K/P(O-O-Tol)z g toluene/MeOH, 80 °C
MeO 200 82%
NaH
BnO THF, =78 °C to rt Bnd
70% (2 steps) BnO
199 201 191

Scheme 42. Synthesis of Lactone 191.
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Scheme 41 D& AHEIGIZHE XX, 191 OXERT 7 b X0 EHE L ALY A HWT 14-fF
MBS ZAT 5 BN D D, A, AT 7 N EEBEIEOMSLZE% L, 191 & VR L 72 AL
EWEH TR EITH 2 & & L7 (Scheme 43), = ZC% 7,191 @ afii/~m s 2 Ab&4T\, 202, 203
B, BT, BRESLA Y ~DOEBRE AT, FHEIIREEE DT, T =4 B & MR 5
7esh D ALEBRAATIR 7203, D BIR 204 21820 Z LIXTE R ole, T =4 VOB E, <&
ENTMCRIEHNEIT LEEERZBE L TWDZ ENFRRNEEZOND, TDO0, AHSILAYE A
Wiz 14 ARSI E 5 AT 7 |k ‘/“Wém%% (YN B TNl B a8

Br2
EN

BnO O
Q o)
0 base D \
THF, =78 °C; 4
\ — ALY/ -
D,0 g
g BnO
BnO 204
2
pyr|d|ne
ether i base: n-BulLi |
! i-PrMgCl '
BnG i-PrMgCl-LiCl |

Scheme 43. Study of Formation of Organocopper Compound.
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BT Michael fIIMRIGIC L B E R T 7 b BBROBE

JEDOHEIE CIIRERO A O E&BMMERRIE L 72570, & 2T, BRI E R IEEA T LAk
B D Michael (MBS ZRWZE AT 7 b BROEEZ 510 L2 (Scheme 44), Michael A5G
ERWESE, VT AT LAY —IREWTH LMK 206 BEoND, VT AT LAY—Z NI T T
— MK 205 ~E BT H L TH—-DILEMETHZENTE, AMfafIe 27 7 FALEY 190 %
EEHLTERAT 7 hoAEMETE D LEXT,

BnO BnO

BnO BnO BnO

189 190 205

BnO
o H
O
O
207
BnO BnO
206 191

Scheme 44. Plan for Construction of Bis(lactone) Core by Using Michael Addition.
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filexr L7z 191 OA RN R %2 FOIUE, ent-207 2 A/ ICHREICE 5, AL T 2EE DA 0 &1
T DHZLIETERVAR, Scheme 44 TRLTEE DR ERT 7 b B OREEIEMIAEA L, 191 (2
%4 % ent-207 @ Michael HINEILZEITH Z & & LT,

9,87 b T 7 Foent-207 DERLETT o 72 (Scheme 45), RiiA/V— MMZEIT 5 HIE 196 Dk
Betia PMB {Ri# L7=1%, 208 OKMGA L 7 4 v & b FukvHEicH < Bbic X - TR~ &
L, Bn fR#3 252 LT 209 Ak LT, WIZ, TEX—AEKOREZITH 2L TYUA—)L 210 %
7z, FEWT, HAEMESMET TsCl Z2/EHIELZLICL YV mARF U R 211 ~L#E X KCN 2L 58
B, A U7- KD DMP BRIKIC XV B-7 b= UL 212 %457, RUNT, Parkins filifit 213 “0% Fu»
T=RrUL%ET K 214 ~LAkFaL7z, DDQ %\ 7= PMB ORI CIIEAW D /iR KGN
LTy, A A V5 2 & TIREIZEEI U, RBICERIESRMICA 2 & ThFEER B-7 7
7 hvoent-207 AR L7,

1) (Sia),BH;

H,0,, NaOH Jro OPMB
PMBCI, NaH OPMB THF ﬂ
)(ﬂ TBAI )(\7_/7 quant. o 7 AOH |

_—

THF/H,0, 50 °C
<\ D'V(')F <\ 2) NaH, BnBr 8%
67% DMF BnO
96%
196 208 209
Me, Me,
1) KCN, LiCIO CN ST
’ 4 ~0-Pp” “H
'10)_/70PMB o’ OPMB MeCN, reflux OPMB Me;
HO NaH, TsCI 90% Parkins cat. 213
—_— = O ’
g ethggof °C 2) DMP g EtOH/H,0
BnO ° BnO CH,Cl,
90% BnO
210 211 212
Q 1) MgBr2°OEt2 Q
NH, SMe o}
OPMB e él
- 2 2 -
o 7 2) TsOH+H,0 o 7
toluene
50% (3 steps)
BnO BnO
214 ent-207

Scheme 45. Synthesis of B-Ketolactone ent-207.

e T, ent-207 & V72 Michael (NG A1T 572, LA L, ARIR T CIXSUS D ETTE T, SGREH]
ZERETCHRLTHODOTDICKIERNETT 20 THoT, ok, VEASLNZ 215 Z ) 77—
MEL, Rfafie 27 7 hAbB 216 ~LE L 2 & T Michael IS ONREIRIED 2:1 Th
% Z L &S L7z (Scheme 46),
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BnO

BnO

o 0
° ent-207
g N t-BuOK
—_—
THF
dr=2:1
low yield

BnO
BnO BnO

191 215 216

Scheme 46. Construction of Bis(lactone) Core by Using pB-Ketolactone ent-207.

IR T TORGIT K 0 SRR MO [ IR T& 2723, Scheme 46 O R 5, ent-207 13~ A1 7
VR T =L LTORIGHER R+ Thd e Wz D, £Z2T, JOtER EZ2#fLT~A 7 v K h—%
B-7 h=hKU/N 212 ~LEFTL, RIS AREEIMT 7 o 2R T 5 k45 L7z (Scheme 47), fF
INBSIZIE 2 8 & 9 R 2 M BL & U723 BAFZRINGERIS TROSITEIT L, MK 217 2457, fiv
T, Parkins fiifif 213 ZMHWTT I R 218 ~L A LTz, £ D%, PMB EDONREILEW HIKDZ
EVE, BOSOFBNEICHERH D00, 3 BT RY 77— MK 216 ~EE Z LT Lz, 2
Z C, Michael fTANSIG DSLAERIRMEDS 4:1 Th HHEEMER LT,

BnO
O H BnO
OPMB
Q CN 212
o N\ t-BuOK Parkins cat. 213
THF EtOH/H,0
0 °C, 2 weeks
70%, dr = 4:1
BnO
BnO
191 A 217
BnO
1) MgBr2°OEt2, SM92
CHCl T£,0, Et;N
- 5 e
2) CSA CH,Cl,, —78 °C

toluene, 70 °C low yield (4 steps)

BnO BnO
215 216

Scheme 47. Construction of Bis(lactone) Core by Using B-Ketonitrile 212.
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EUE FaMmT 7 %R

ATHEIZEB VT, 3 DORFHFLERFORBMERT 7 M ALEWME ST AT LA 41 THHIZ &
W LT K VARIR CROGZAT O 2 &IC & 0 SEREIRMED ) LR TE 2728, FOGKFR O R S 230
BEND, T TEHIL, Herradon 512 L » THE Sz @2 AR e 7 Michael NS % 5%
W2, 8 fLiICe ¥ AT NUVEEABEALLAAMT 7 b 219 2HWAHZ & &5 L7z, 220 & 221
D 2 OORPETIE, 1.2-7 YV NVOTHDEBEIE X AFNVENRT T T b YT AL L 72 52 EL
RIS Z & T, 220 ORLENBIE S5, K0 MENIZELEA S S 7z 219 1263 2% Michael £
INBOEVE, @SRRI AT A% 52 % &5 2 7=, (Figure 9),

[e) Nu
(o] A OTBDPS O\ H
OT/_ H —— o:L— OBn
TBDPSO o
OBn OTBDPS
BnO B ]
219 220 221

Figure 9. Design of 3-Hydroxymethyl Lactone.
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)o-& ReXo AF VAT 7 DA

MeSE L7z 191 OARERAE VT, ent-219 285 ICTRETE 2, AL T DBLE DA T A4
A HZ LILTE7RWA, Figure 9 T/R L7 X 9 72 Michael fANIGIZ XY, @ SLARIEIREGIZAANE
EEDH B, ent-219 OERKETT 7= (Scheme 48), £3°, YA —/b 199 @ 1 #KEEIEDO %
Piv (f#9 2524 T 222 ~EZBH LTz, 8- FurFI AF L% cis BLE TEAT LT, EHK
Fe L 2 NIRRT D LN B D, % Z T, p-nitrobenzoic acid (223) & DO IAERIGIZ & - T 2 HkEgFo
SAKE CHR LTs 224 H45T2, T D%, BITICHIK TR X — VR #BIC L > TT ' & —)L 225 ~ Lz,
eV T, TBDPS :DERZE, DMP BALIC L > TAEUZT VT B RICK L CpEE 200 #/ER &E5
LT A F IV AT )L 226 % cis BAE THEEE L7z, RWT, ACOH (IZX - TT & # — /LB DR
ExITW, 1 fRokEEEE %2 TBDPS JE TS 5 2 & T 227 ~LE\ o, ffkic, BRI d 2L

TERALRSESIT L, ent-219 #7157~
HO C

223 OTBDPS
HO. OTBDPS HO. OTBDPS
PivCI, Et;N DEAD, PPhs

_ - ' s~ PWO

HO CH,Cl, PivO toluene/THF g
85% 97%
BnO
BnO BnO
199 222 224
1) TBAF Q

MeoA\\: 1) ACOH
o OTBDPS THF, 96% o N THF/H,0, 50 °C
1) LIAH, \/—f 2) bmP / 87%

o g SIS

THF, 0 °C CHCl,, 86%

2) TBDPSCI
2) Me&gMe 3) o o imidazole
Bnd Mao S P(O-0-Tol), DMF
TSOH+H,0 200 Bno 89%
CH20|2 NaH
59% (2 steps) 225 THF, -78 °C to rt 226
78%
O, O,
MeO
\ OE \>
TsOH. HZO
TBDPSO— toluene, 80 °C TBDPSO—
92%
BnO BnO
227 ent-219

Scheme 48. Synthesis of 5-Hydroxymethyl Lactone ent-219.
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i)o-t Ry AF AT 7 a2V E AT 7 F Bk O

BT, B b=k UL 228 &7z Michael MBS ZEITV, REEFIE AT 7 N B OHBEE
72 (Scheme 49), Scheme 47 Tix PMB EONifri#ICRIBE A2 T\ /o, RiEREZ Tr KL
EHE LT, -8 R XAFLAREFNT 7 b ent-219 (2% %5 Michael fHINBG 1T SEASRIR A
BAF7RUURTHEAT L, AR 229 %1572, #i\ ) C, Parkins filfft 213 # W\ CT7 2 K 230 ~E/KFIL,
FEMESRIEICA 3 2 & C Tr ROPUREE LV 2R DRALIS DN EIT L2 231 BN ohniz, Z O,
Scheme 47 IZBEWTHB TH > b EM BIKOLENE, BOSO BB OMBIIMR I, =/ —)b
231 OTT AT UAN 101 YLETHLN TS Z AR LT T THO #HWT RY 75—
NME 232 ~EZBH LT, /NT VT Ml A W ToKFEIC L s TRafie 27 7 b ALA Y 233

~EEWT,
BnO
BnO BnO

O H
O

OTr
\ CN 228
0 t-BUOK

OTr Parkins cat. 213

S 0 —_— - =
TBDPSO— THF, 0 °C sio— > EtOH/H,0
2 weeks 80 °C
84%, dr >10:1
BnO
BnO
ent-219 o 229 230
n
BnO BnO
Q o)
T,0 Pd(PPh3)s
CSA Et3N Et;SiH, Et;N
- - Q _— Q H )~
toluene, 80 °C S CHyCl,, 78 °C ST H DMF, 70 °C
76% (2 steps) SO o 96% Sio—" g o) 92%
BnO BnO
231 232

Scheme 49. Construction of Bis(lactone) Core.

REIFNT 7 R ACH R EIMNA T2 & TREIMARERZ: Michael ANBISICAREZI L, REafiE 2 Z 7
~AbAY 233 B457-, 233 LIS L7z 3 D DOARFFuL T xestoproxamine A (31) ASEFORF L
EABRINLARELE A — 2 L, MERTARELE 230 & 7> TV D, R DI R B OARAF T LOMBETH Y,
BILEGNZ LD 4 DHORFFLOHEEEZRATZ (Table 3), 3, MeOH &R L L2 /KBRS
EATSTD, IREME G 25 70 -72 (entryl) , & Z T, THF/IMeOH RIEE TR ZITo72 & 2 5,
T AT VAL 25:1 THHWMEZRSD Z LTI L7 (entry 2) . Ni(BH,), # M\ 14- ZEILTIIX
JSRENRAFT D 2 e T AT LA 221 TROSHHEIT L7z (entries 3,4) ., F£7z,Pd-H <> Cu-H
N 1487 TSR EEIT L7 )s > 7= (entries 5, 6), 15 ST AL AW D LR LZEIZ W TIE HP
L H © NOE HIBZMRL, BIE TR EEMEELTHONATND EHEEL TV,
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Table 3. Study of Reduction.

BnO RO
(0] (0]
conditions
o E—— (0]
TBDPSO— 7 O TBDPSO— 7 O
BnO RO
233 234
entry conditions product diastereoselectivity
1 H,, Pd(OH),, MeOH complex mixture -
2 H,, Pd(OH),, THF/MeOH R=H 2.5:1
3 NiCl,, NaBH,4, MeOH R=Bn 2:1
4 NiCl,, NaBH,4, MeOH, —20 °C R =Bn 2:1
5 Pd-H N.R. -
6 Cu-H N. R. -

ARIETIE, REAFIE 2T 7 Bk 233, BAT 27 ks 234 EORFRLEMGEST 52 LITHK
L=, b DIbEWIT4A#, halicyclamine B (137) <° xestoproxamine A (31) O KRR & 13l 2R
BLiEAS W & 72 % ent-xestoproxamine A (ent-31) ~LEL Z LR TEBHEEZ TS, LrL, BEXT7
~ERE L 4 OB OARFHLOESIERERIIEE L) 5 SIS W TITBEN R STV D, 22T,
ENLARIEIR A 2 AR SR AN TR 2 D BT 2 & & LTe,

BnO BnO

Halicyclamine B (137) ent-Xestoproxamine A (ent-31)

Figure 10. Bis(lactone) Core Correspond to Bis(piperidine) Core.
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BRE AR ORE

ATH T, xestoproxamine A (31) D= F > F A4~ —{KTdh 2 ent-xestoproxamine A (ent-31) D ERLIEME
AR T I & Lis, ATECOERBRBER LY, 233 O X9 e HHEELAEER HFEA OR TS Lo AR
A A7 7 R ALEWND 4 DHOARFHLEEEEROICES Z EIXRETH L VR D, £
ZTCALEMOBRIEEZFIRT D Z LT 4 SDADOARFTLE ESEBIRIICHERE TE D L E 272, T4
bbb, —HFO~7aRBaE IR L Tary 7 A—ra Y EHIR L 236 12X LT 143872179
Z LT 235 MESREIRICE LD B T, 236 DORIBEEL 2D AfafIe A7 7 FAbit 237
X, 50U~ 7 aBRIEGEICNIE L2 DI85 & FFD 238 & 239 @ Michael IS L V5 Z &
&Lz, $£72,238 & 239 (TILEHHIA 240 KV 2R ENEKT D2 & T, KV ERL— FOZIE(L
MA[RECoH 5 & B 2 7= (Scheme 50),

ent-Xestoproxamine A (ent-31) ent-183 235

PMPO
OBn TBDPSO— WOBn i
236 237
o}
OH HO OH
— 07_[ —
” HO
o}
TBDPSO— 7 OBn
AN 193
= (\r;OPMP
238 240

Scheme 50. Retrosynthesis of ent-Xestoproxamine A (ent-31).
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F7°, 241 O/KEEF% Parikh-Doering B2{LIZ LD 77 & K& L7, K F-Bestmann 38 162 %
FAWTT vy 242 ~EZ8H LT, FiWC, 243 ZHWIZ T VX ALIC L - T~ 7 m BREEICLE L
ROMBHEEA LTz, 244 OT X —/LiE Zn(NO3),-6H,0 % AWV TERIAGICHRZE L, 1 fokpgltz %
REGIZ Ts k322 LT 245 ~ LBz, RWNT, HEMESRMFICHT 2L ToRF T FEBRL,

TBDPS R DFREZITH Z & CTIHIEFHIA 240 #4572 (Scheme 51),

1) SO3°Py n-BulLi;
DMSO, Et;N HMPA,;
o) OTBDPS CHCl, o OTBDPS Br” ™ oPMP
\)—,/7 78% \>—/7 243
(o] “ _— (@] ~ _—
2) KoCO;3 TBAI
o o \ THF, -78 °C to 1t
I o
HO (MeOf \ 73%
\P)
241 MeOH 162 242

H
1) ZN(NO3),*6H,0 HO, OTBDPS ) k,co, o ©
MeCN, 50 °C MeOH
TsO 7

R
2) TsCl 2) TBAF
Bu,SnO, EtzN THF \
CH,Cl, \\ 83% (2 steps) N
79% (2 steps) (M5OPMP (M5OPMP
245 240

Scheme 51. Synthesis of Common Intermediate 240.
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WIZ, -8 FaXx T AF RGBT 7 o OFEAEIT>72 (Scheme 52), @A 240 OKERH A
DMP B&(bd 25 Z L TT/VT b R~ LB L 7otk RS 200 2 V5 2 & T cis AIZBRIIC A
FMAF N ATV 246 %157, K T, 30% HCIO, Z W T=AR¥ REBR L, HIOSIKLF%
BHT5 6t Raxv AFNREMT 7 o 247 ~EEN 2 SIERGIZ K B KB HEE D SR K ERIZ L 0
b R 2 F RO A5 LT 7z Scheme 48 (2xF L, REFIT 7 b O£ H =R
X2 RO THNBRBRBUGIZ X 0 LB bF A ST 5 2 & C, RN AL L 2oz, I, KL%
TBDPS R4 2% Z & T 248 %#15%7-, %\ C, CAN & H T PMP JZfa{bAIcBRZs L, Dudley #RA3K
249%7% VT Bn {R#3 5 2 L THMOD 8-t FuX T AFUREAMT 7 b 238 2AH LT,

Q o
1) DMP A\ TBDPSCI
o / OH C..chb Mgo d d i-Pr,NEt
VARO 86% 30% HCIO, DMAP
2) o o HO— T ol
n MeCN CH2C|2
\\ MeO)K/ P(O-o-Tol), \\ \ 80% (2 steps)
(M=OPMP NaH 200 ( N\
5 a sOPMP
THF, -78 °C (HgOPMP
240 82% 246 247
o 1) CAN, NaHCO, Q
MeCN/H,O \
g N 91% Q
TBDPSO— 7 2) B TBDPSO—
BnO” "N ©
OTf \
AN o Me 249 A
g (M=0Bn
( GOPMP toluene, 80 °C 6
248 85% 238

Scheme 52. Synthesis of 8-Hydroxymethyl Lactone 238.

HWNT B-7 b= MU LDOAKEIT>7= (Scheme 53), £, HumHk 240 OKEEEEE Tr TR
T HZ LT 250 ~LEW=, HWT, KCN ZHWTZAREY o1 NERERT 52 LT 251 #2157,
WNT, A UT2KER%Z DMP k452 & T B h=br U 239 #1587,

PMPQ PMPQ
OH AL A
TrCl, EtzN KCN
Svan 7 DMAP 4 Liclo,
- CH,Cl, MeCN, 70 °C
AN o 89% 0 97%
(\MzOPMP OH otr
240 240 250
PMPO PMPQ

/e DMP (/)6
Vi NaHCO; /
CH,Cl,
HO 81% 0
oTr oTr
CN CN
251 239

Scheme 53. Synthesis of B-Ketonitrile 239.

52



RN, 238 & 239 Z W T Michael fHANSOR 24TV, MK 252 %2457, = F U LDT I F~D
BHATIE, KERAWTZEHA TIEA W ORMRIEIC RIEA A U 72725, acetaldoxime (253) ¥ & ki & LT
HAWCRINE T T2, TD%, BRYESRMICAT 2 ik »T B b7 27 b 254 ~LiEn/-, 254 |
M) Z7I7—METHZEICLoTARBMERT 7 FAbEY 255 ~EEH L, U7 A7 L AR
10:1 LA ET Michael fINBUGSHEST L7z 2 & MR L7z, eV T, Scheme 49 (Z351F 2 &R TIIE)
L7z PAELSIH %24 WD KBRS ZIT 2720, 3 FHRICT L F U BFET 5 2 &0 DRI UG E
JeL,237 2155 2 LIxTERhole, FABEOME, =/ — 1 N 7T — bR REY T2
I UHEEANLEWL, I UROIEMACE B E T 2MBF(ET Zn/ACOH DRMFITAT 32 & TARAY
MERZ 7 b AbEY 237 #1525 2 LT L7z (Scheme 54),

1) H OH
)=N
Me 253
Parkins cat. 213
OoTr toluene
t-BuOK 80 °C
» PMPO OTr _—
THF,0°C Nt 2) CSA
— 2 weeks TBDPSO— 5 OBn toluene, 80 °C
TBDPSO—" wogn 71%, dr >10:1 56% (2 steps)
238 252
1) Lil
PMPO Tf,0, Et3N PMPO MeCN, 80 °C
TBDPSO— 5 O OBn CHCl,78°C  1pppso— % ¢ OBn 2) Zn, AgOAC
81% w ACOH, 50 °C

254 255

PMPO

TBDPSO—" wosn

237

Scheme 54. Construction of Bis(lactone) Core.
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~ 7 HBRREEIZ T IRIR D

1

{

- -

PREIXEARN T 7 h OB RBRKIS TH D, T2 T, SAITEALT
E RaeXx o AFARERMA L, £7,HF Py Z W T TBDPS M ZfrETHZ LT 256 #1572, £

D%, BVESRMET 22-0 A X Ta RNV EHES®EH 2 L TMT7 7 N OBNRATF LT AT L E
L CHfER L7z 257 % 15&7= (Scheme 55),

MeO OMe
PMPO HF Py : CSA
_ > _ >
S THF, 0 °C HO— = @& OB CHyClI,
TBDPSO wom 74% (3 steps) w n 74%

237

Scheme 55. Toward to Construction of Macrocycle.

BEIL 257 OAMRETERLTEY, SRIIERFTOEAL 7 nEBOMBEIZLY 236 ~L A
Hats, BT T AT UARIRMZETICE Y 235 AT 5, mEIC, EAENY UUBKEEET D
Z LT ent3l OREKEEK TE HEH X TS (Scheme 56),

1,4-Reduction
High
Selectivity

236

OBn

235 ent-183

ent-Xestoproxamine A (ent-31)
Scheme 56. Future Work.
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ASEEEHL, AHMEEAE®RT LI THH e 750 77 TH D hedyotol A (30) DEA K,
xestoproxamine A (31) DA RTEE 1T~ 72,

Hedyotol A (30) DG TIX, £7° 2 2OHMLAY 90, 97 DA AEIT 72, BFEF T, Ns HEIZ X
D EEEROBVTEELLTFIEEEFRT VT K 87 #H\W25Z & T, Lproline Zfiliflt b L7=%37%
aldol SRS BEHFZRINRIZTHEIT T EE2RMHL, 77 b 90 #4A/ Rk L7z (Scheme 57), 7=,
guaiacol (98) LV 7YV = AT )L 81 ~LiE X Rh itz H\ S C-H fAKSIZ LD 2,3-trans ¥
E ey 7T VRO EMEREZ E N ZEIRIICHESE LT, E5I12,Pd filliFE T, CO JiRE L
T N-formylsaccharin (111) & AW THILZATY, TAT B K 97 2155 Z L2k L= (Scheme 58),

o o L-proline OH OTBS

Br DMF, 4 °C H Br Br
H + H HO — . ¢
NaBH
MeO,C ONs akHs MeO,C ONs 4 OR

MeOH, 0 °C
I: R = Ns 89
R =Bn 90

65 87 88

Scheme 57. Organocatalytic Aldol Reaction.

Br
1) OsO4, NMO o
2) Pb(OAc)4, K,CO3 1) R*OH, EDCI
_—
eO MeO N MeO OH
3) NaClO,, NaH,PO4 o 2) p-ABSA, DBU
2-methyl-2-butene j
98 Ar Ar
102 104
o
Rhy(S- DOSP)
/@\N/:\W Rh2(R DOSP 0 oo
OTBDPS
Ar Ar
81 96 97

Scheme 58. Synthesis of Dihydrobenzofuran Fragment.

/o 2 DOgLAEWICR L, MEERFET aldol KnEITH 2 & C@E#|T 7 b 114 %45
Too BUA—/V 112 ~EEIE LTk, MIESRMISATZ L T o AF PR 113 ZfH 3 5 5R1{k
FOSIZE Y 707 7 o EROBEICKT Lz, T, RFEFRFO A I HA~OZH, Difri#ELE1T 9
Z & T hedyotol A (30) KX 778" (LICRHT B YT AT LA~ —DHIOEAKEER LT-, 12, K%K
Y OFFER & LFENE & i35 2 LI X 0 MEx L RElE 4 7°S,8"R & PE L7z (Scheme 59),
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90

(

LIHMDS

97

Ar OTBDPS

116

OR
1 OMe
and
|: R = H (7"R,8"S)-Hedyotol A (30a) |: R = H (7"S,8"R)-Hedyotol A (30b)
R=Ac 118a R =Ac 118b
118a : [0]20 +14 (c 0.80, CHCly) 118b : [a]2° +34 (¢ 0.30, CHCl3)
lit. [o]3' +29 (c 1.00, CHCI3)'® lit. [o]3 +29 (c 1.00, CHCI3)'®

Scheme 59. Total Synthesis of (7’R,8”S) and (7”°S,8”R)-Hedyotol A (30).
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Xestoproxamine A (31) O ERAIE T, EAERY P UBKROEMIKEEAT 7 K ET DA
RIS CHFIEZ AT - 72, £, L-malic acid (193) % H3&JFUEFE LT Seebach & IZ#iA SN =FiEx AW
TeRFRLOWMELIT Tz, T D%, Fx OEMEZRCAREMT 7 h ent-219, B- b=k UL 228
#1372, %V T, Michael IR ZAT o 721%, REafnE 27 7~ AbEW 233 ~&B o, fit <&
BOSTIE, BIOSKEF 2R T o827 7 b ALt 234 2Bz, ZhbDERIIEAY
AR DB OEMATH D78, 41, halicyclamine B (137) <° ent-xestoproxamine A (ent-31) 37L&
BRI B RIC 7203 % E]FFT& 5 (Scheme 60).

o 2 Bn
Q \
HO OH HO, OH °
—_, -, O H
HO HO TBDPSO— 2
° A\
BnO

CN

0]
OTr

193 195 ent-219 228

BnO BnO BnO

Halicyclamine B (137) ent-Xestoproxamine A (ent-31)

Scheme 60. Construction of Bis(lactone) Core.
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BRSO R 2B E 2, HiR 53RN Lo~ 7 nBEEAZIC 14806 E1T) 2 L& A
e LTEMEED TWD, v 7 mBRIEEIC LI & 72 5 IgH A FF> 238,239 & H 7= Michael {11/
IS b BAFRICGECHIMA 252 %5 %, ENLRRFIIC AR e 2T 7 b AL/ 237 2155 FITK
WLl TD%, fafn7 7 b OBRNRBBRKGE LY 257 2/ Tn5, 4%, ERFTOEANL <
7 OBREME LR, @Y7 AT VABRNZRETCGZIT O 2 & T ent-31 OREHEMRIZORAD
EHIRFTX 5 (Scheme 61),

OTr
t-BuOK
PMPO oTr —_
THF, 0 °C >
—V 71% TBDPSO— 7 OBn
TBDPSO— NOBn dr >10:1 w

PMPO

(o]

TBDPSO—" woan

237

Scheme 61. Toward to High Diastereoselective Construction of Asymmetric Center on Bis(lactone) Core.

Hedyotol A (30) OERMIZETIL, BARLFERTLFHOHETL 707 T B O MG Z —2%
(KBS L, 26 aE R LT-, Xestoproxamine A (31) D& AFZE CIEtE Lk b IREEE Bbh b AT
7 bR EOREFRLEWET D 2 LTI LT, Atk ent-31 OEAKNEKRSND LT, Ih
ORI OFEM I EDFHIFFHIRELS FETDH LD LB R D,
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EROE
Analysis instruments

Nuclear magnetic resonance ['H NMR (500 MHz), *C NMR (125 MHz)] spectra were determined on
JEOL ECA-500 instrument. Chemical shifts for *H NMR were reported in parts per million downfields from
tetramethylsilane (3) as the internal standard and coupling constants were in hertz (Hz). The following
abbreviations are used for spin multiplicity: s = singlet, d = doublet, t = triplet, g = quartet, m = multiplet, br =
broad. Chemical shifts for *C NMR were reported in ppm relative to the centerline of a triplet at 77.0 ppm for
deuteriochloroform.

High-resolution mass spectra (HRMS) were obtained on a BRUKER DALTONICS micrOTOF (ESI).

Infrared (IR) spectra were recorded on a SHIMADZU IRPrestige-21.

Optical rotations were measured on a JASCO P-2200 Polarimeter at RT using the sodium D line.

Analytical thin layer chromatography (TLC) was performed on Merck precoated analytical plates, 0.25 mm
thick, silica gel 60 F,s,. Preparative TLC separations were made on 7 x 20 cm plates prepared with a 0.25 mm
layer of Merck silica gel 60 F,s,. Compounds were eluted from the adsorbent with 10% methanol in chloroform.
Column chromatography separations were performed on KANTO CHEMICAL Silica Gel 60 (spherical) 40-50
pum, Silica Gel 60 (spherical) 63—210 um or Silica Gel 60 N (spherical, neutral) 63—210 pum.

Reagents and solvents were commercial grades and were used as supplied with the following exceptions.

1) Dichloromethane, tetrahydrofuran and toluene: dried over molecular sieves 4A.
2) Methanol and acetonitrile: dried over molecular sieves 3A.

All reactions sensitive to oxygen and/or moisture were conducted under an argon atmosphere.

Numbering system: Based on a numbering system employed in Kikuchi’s paper,!'*) we employ the following
numbering system in the main text and Supporting Information. The numbers assigned for early synthetic

intermediates to specify positions of interest are in accord with the corresponding carbons in hedyotol A.

®=\4_ OH

'8'8""H 2 OMe

Hedyotol A (30)

[13] Kikuchi, T.; Matsuda, S.; Kadota, S. Chem. Pharm. Bull. 1985, 33, 1444-1451.
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I. Synthesis of (7”°S,8”R)-Hedyotol A (30b)

Methyl 5-methylhex-4-enoate (83)

trimethyl orthoformate

/><OH propionic acid )\/\/[C])\
135°C X OMe

82 42% 83

To a stirred solution of 2-methyl-3-buten-2-ol (82) (25.8 mL, 0.200 mol) in trimethyl orthoformate
(63.5 mL, 0.500 mol) was added propionic acid (0.100 mL, 1.25 mmol) at room temperature. Then the resulting
mixture was heated at 135 °C until no more MeOH was collected in a dropping funnel. Then the reaction
mixture was cooled to 80 °C and the MeOH collected in the dropping funnel was returned to the flask. To the
solution propionic acid (0.100 mL, 1.25 mmol) was injected and heated again. The distillation cycle was
repeated until no 82 was detected in the distillate. H,O (4.50 mL) was added at room temperature and stirred for
30 minutes. The solvent was removed by distillation, and the resulting residue was purified by distillation
(110 °C, 150 mmHg) to afford 83 (12.0 g, 42%) as a colorless oil.

IR (film, cm™) 1749.

'H NMR (500 MHz, CDCl5) § 5.10-5.07 (m, 1H), 3.67 (s, 3H), 2.35-2.29 (m, 4H), 1.68 (s, 3H), 1.62 (s, 3H).
3C NMR (125 MHz, CDCl,) § 173.8, 133.0, 122.3, 51.4, 34.2, 25.6, 23.5, 17.6.

HRMS (ESI) Calcd for CgH1,0,Na [(M+Na)*] 165.0891, found 165.0886.
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Methyl 4-oxobutanoate (65)=!

0}

O 03; PPh3 OMe
)\/\/u\ H)J\/\H/
OMe  CH,Cl,/MeOH (5/1) o
83 -78°C 65

86%

A solution of 83 (12.0 g, 84.3 mmol) in the 5:1 mixture of CH,Cl, and MeOH (total 120 mL) was
stirred under O bubbling for 30 minutes at —78 °C. Then the reaction mixture was bubbled with argon gas to
purge off unreacted Os, and triphenyl phosphine (26.5 g, 101 mmol) was added at —78 °C. The resulting mixture
was stirred at room temperature for 3 hours. Then the reaction mixture was concentrated by distillation. The

resulting residue was purified by distillation (75 °C, 15 mmHg) to afford 65 (8.46 g, 86%) as a colorless oil.
IR (film, cm™) 2957, 1717, 1738.
'H NMR (500 MHz, CDCl,) 8 9.75 (s, 1H), 3.63 (s, 3H), 2.76 (t, J = 6.87 Hz, 2H), 2.56 (t, J = 6.87 Hz, 2H).

13C NMR (125 MHz, CDCl;) § 199.9, 172.7, 51.9, 38.5, 26.3.
HRMS (ESI) Calcd for CsHgOsNa [(M+Na)*] 139.0371, found 139.0365.

[31] Freeman, P. T.; Siggel, L.; Chamberlain, P. H. Tetrahedron 1988, 44, 5051-5064.
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3-Bromo-4-(2-nitrobenzenesulfonyloxy)benzaldehyde (87)

(0] (0]
Br NsClI, Et;N Br
H E—— H
MeCN
OH 90% ONs
86 87

To a stirred solution of 3-bromo-4-hydroxybenzaldehyde (86) (2.50 g, 12.4 mmol) in MeCN (30.0
mL) was added triethylamine (2.60 mL, 18.7 mmol) at 0 °C. A solution of 2-nitrobenzenesulfonyl chloride (3.00
g, 13.7 mmol) in MeCN (10.0 mL) was added dropwise over 1 hour at the same temperature. The resulting
mixture was stirred at room temperature for 3 hours. Then the reaction mixture was quenched with saturated
aqueous NH,CI and extracted with EtOAc. The organic layer was washed with brine, dried over anhydrous
Na,SO,4, and concentrated under reduced pressure. The resulting residue was purified by recrystallization (80%

EtOAc in n-hexane) to afford 87 (4.30 g, 90%) as a colorless crystal.

IR (film, cm™) 3099, 2848, 1701, 1591, 1544, 1475, 1394, 1215.

'H NMR (500 MHz, CDCl;) & 9.96 (s, 1H), 8.14 (d, J = 7.94 Hz, 1H), 8.11 (d, J = 1.70 Hz, 1H), 7.86-7.92 (m,
3H), 7.78-7.81 (m, 1H), 7.53 (d, J = 8.50 Hz, 1H).

®C NMR (125 MHz, CDCly) & 189.2, 150.8, 148.5, 136.0, 134.8, 132.4, 131.7, 130.1, 129.1, 125.1, 124.0,
117.3.

HRMS (ESI) Calcd for C1sHgBrNO,SNa [(M+Na)*] 423.9097, found 423.9102.
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(2-Bromo-4-(R-((tert-butyldimethylsilyl)oxy)(R-5-oxotetrahydrofuran-3-yl)methyl)phenoxy)

-2-nitrobenzenesulfonic acid (89)

-proli OTBS
o) o L-proline OH H
o H 1) toluene/AcOH (3/1
Br DMF, 4 °C; Br )70 e (3/1) Br
H + H HO (¢}
NaBH, 2) TBSCI, imidazole ONs
MeO,C ONs MeOH, 0 °C MeO,C ONs DVE o
65 87 88 55% (3 steps) 89

To a stirred solution of 87 (7.00 g, 18.2 mmol) in DMF (41.0 mL) was added L-proline (168 mg, 1.45
mmol) at 4 °C. After 10 minutes, a solution of 65 (846 mg, 7.29 mmol) in DMF (10.0 mL) was added dropwise
over 5 hours by a syringe pump at 4 °C. After 1 hour, MeOH (51.0 mL) and NaBH, (689 mg, 18.2 mmol) were
added at 0 °C. The resulting mixture was stirred at the same temperature for 30 minutes. Then the mixture was
quenched with saturated aqueous NH,CI and extracted with EtOAc. The organic layer was washed with brine,
dried over anhydrous Na,SO,, and concentrated under reduced pressure. The crude material including 88 was
applied to the following reaction without further purification.

To a stirred solution of the crude material including 88 in toluene (180 mL) was added AcOH (60.0
mL) at room temperature. The resulting mixture was stirred at 70 °C for 2 hours. Then the solvent was
concentrated under reduced pressure. The resulting residue was dissolved with EtOAc and saturated aqueous
NaHCO; and extracted with EtOAc. The organic layer was washed with brine, dried over anhydrous Na,SO,,
and concentrated under reduced pressure. The crude material including the desired lactone was applied to the
following reaction without further purification.

To a stirred solution of the crude material including the lactone in DMF (20.0 mL) were added
imidazole (5.58 g, 82.0 mmol) and TBSCI (8.24 g, 54.7 mmol) at 0 °C. The resulting mixture was stirred at room
temperature for 5 hours. Then the reaction mixture was quenched with saturated aqueous NH,Cl and extracted
with EtOAc. The organic layer was washed with brine, dried over anhydrous Na,SO,, and concentrated under
reduced pressure. The resulting residue was purified by column chromatography (silica gel, n-hexane : EtOAc =
4 : 1) to afford 89 [2.35 g, 55%, 3 steps, dr = 10:1 (94% ee)] as a colorless amorphous solid. The diastereomer
ratio (dr) and enantiomeric excess value (ee) were determined by *H NMR spectra and chiral HPLC analysis,

respectively.

HPLC (DAICEL CHIRALCEL OD-H, n-hexane : IPA = 4:1, 1.0 mL/min, 210 nm, Tygjor 25.9 Min, Tyinor 30.3
min).

[a]p?® +37.7 (c 1.12, CHCl;, 94% ee)

IR (film, cm™) 2954, 2929, 2858, 1778, 1546, 1481, 1394, 1180, 852.

'H NMR (500 MHz, CDCl;) & 8.12 (dd, J = 7.94, 1.13 Hz, 1H), 7.89 (dt, J = 7.94, 1.13 Hz, 1H), 7.82 (dd, J =
7.94, 1.13 Hz, 1H), 7.77 (dt, J = 7.94, 1.13 Hz, 1H), 7.52 (d, J = 2.27 Hz, 1H), 7.34 (d, J = 8.50 Hz, 1H), 7.27
(dd, J = 8.50, 2.27 Hz, 1H), 4.62 (d, J = 6.24 Hz, 1H), 4.29 (dd, J = 9.07, 6.80 Hz, 1H), 4.23 (dd, J = 9.07, 7.94
Hz, 1H), 2.83-2.76 (m, 1H), 2.46 (dd, J = 17.6, 8.50 Hz, 1H), 2.32 (dd, J = 17.6, 7.37 Hz, 1H), 0.88 (s, 9H), 0.06
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(s, 3H), ~0.21 (s, 3H).

3C NMR (125 MHz, CDCly) § 176.2, 148.6, 146.1, 143.3, 135.7, 132.2, 131.8, 131.4, 129.1, 126.2, 124.8, 124.7,
116.4, 74.1, 69.2, 43.7, 31.2, 25.6, 18.0, ~4.5, -5.2.

HRMS (ESI) Calcd for CpsH,BrNOgSSiNa [(M+Na)*] 608.0380, found 608.0390.
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(R)-4-((R)-(4-(benzyloxy)-3-bromophenyl)((tert-butyldimethylsilyl)oxy)methyl)dihydrofuran-2(3H)-one (90)

g 9TBS PhSH, Cs,CO; , OTBS
Br MeCN, 0 °C; Br
o] —_— g
ONs BnBr OBn
0 82% 0
89 920

To a stirred solution of 89 (290 mg, 0.500 mmol) in MeCN (2.50 mL) were added Cs,CO; (326 mg,
1.00 mmol) and PhSH (0.100 mL, 1.00 mmol) at 0 °C. After 2 hours, benzyl bromide (0.180 mL, 0.150 mmol)
was added at 0 °C. The reaction mixture was stirred at room temperature for 16 hours. The resulting mixture was
quenched with saturated aqueous NH,Cl and extracted with EtOAc. The organic layer was washed with brine,
dried over anhydrous Na,SO,4, and concentrated under reduced pressure. The resulting residue was purified by

column chromatography (silica gel, n-hexane : EtOAc = 9 : 1) to afford 90 (200 mg, 82%) as a colorless solid.

[a]p® +34.2 (c 0.85, CHCly, 94% ee)

IR (film, cm™) 2954, 2929, 2856, 1780, 1498, 1255, 1176, 1078, 1047, 1016.

'H NMR (500 MHz, CDCls) & 7.49 (d, J = 2.27 Hz, 1H), 7.48 (d, J = 7.37 Hz, 2H), 7.42-7.39 (m, 2H), 7.35-7.32
(m, 1H), 7.14 (dd, J = 8.50, 2.27 Hz, 1H), 6.91 (d, J = 8.50 Hz, 1H), 5.15 (s, 2H), 4.52 (d, J = 6.24 Hz, 1H), 4.32
(dd, J = 9.64, 6.80 Hz, 1H), 4.26 (dd, J = 9.64, 7.37 Hz, 1H), 2.80-2.75 (m, 1H), 2.40 (dd, J = 17.6, 8.50 Hz, 1H),
2.29 (dd, J = 17.6, 7.37 Hz, 1H), 0.88 (s, 9H), 0.04 (s, 3H), —0.22 (s, 3H).

B3C NMR (125 MHz, CDCl;)  176.5, 154.8, 136.3, 136.2, 131.1, 128.6, 128.0, 127.0, 126.1, 113.6, 112.7, 76.7,
71.0,69.8,44.1,31.3, 25.7, 18.0, -4.5, -5.2.

HRMS (ESI) Calcd for C,4H3;BrO,SiNa [(M+Na)*] 513.1067, found 513.1072.
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(((2S,3R)-2-(4-(Benzyloxy)-3-methoxyphenyl)-5-bromo-7-methoxy-2,3-dihydrobenzofuran-3-yl)methoxy)
(tert-butyl)diphenylsilane (110b)

1) LiBH,
THF, 0 °C

2) TBDPSCI
imidazole
DMF
74% (2 steps)

To a stirred solution of 96b (73.6 mg, 107 umol) in THF (1.00 mL) was added LiBH,4 (89.5 uL, 269
pmol, ca. 3 mol/L in THF) at 0 °C. The resulting mixture was stirred at the same temperature for 3 hours. Then
the reaction mixture was quenched with saturated aqueous NH4CI and extracted with EtOAc. The organic layer
was washed with brine, dried over anhydrous Na,SO,, and concentrated under reduced pressure. The crude
material including the desired alcohol was applied to the following reaction without further purification.

To a stirred solution of the crude material including the alcohol in DMF (0.500 mL) were added
imidazole (18.3 mg, 269 umol) and TBDPSCI (70.0 pL, 269 umol) at 0 °C. The resulting mixture was stirred at
room temperature for 3 hours. Then the reaction was quenched with saturated aqueous NH,CI and extracted with
EtOAc. The organic layer was washed with brine, dried over anhydrous Na,SO,, and concentrated under reduced
pressure. The resulting residue was purified by column chromatography (silica gel, n-hexane : EtOAc=40: 1 to
40 : 3) to afford 110b P! (56.2 mg, 74%, 2 steps) as a colorless oil.

[a]p® 22.9 (c 1.00, CHCls, 82% ee)

IR (film, cm™) 2957, 2932, 1895, 1686, 1591, 1516, 1323, 1136.

'H NMR (500 MHz, CDCl;) & 7.62-7.58 (m, 4H), 7.45-7.28 (m, 11H), 6.91 (d, J = 1.70 Hz, 1H), 6.88 (brs, 1H),
6.85 (d, J = 1.70 Hz, 1H), 6.82-6.79 (m, 2H), 5.64 (d, J = 6.24 Hz, 1H), 5.15 (s, 2H), 3.90 (dd, J = 10.2, 5.10 Hz,
1H), 3.88 (s, 3H), 3.84 (dd, J = 10.2, 6.80 Hz, 1H), 3.82 (s, 3H), 3.62-3.58 (m, 1H), 1.03 (s, 9H).

3C NMR (125 MHz, CDCls) & 149.8, 148.0, 147.5, 144.9, 137.1, 135.6, 135.5, 134.1, 133.1, 132.9, 129.8, 128.5,
127.8,127.2,112.0, 118.3, 115.2, 114.0, 112.2, 109.7, 88.0, 71.0, 65.5, 56.2, 56.0, 53.6, 26.8, 19.2.

HRMS (ESI) Calcd for CqoH41BrOsSiNa [(M+Na)*] 731.1799, found 731.1816.
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(2S,3R)-2-(4-(Benzyloxy)-3-methoxyphenyl)-3-(((tert-butyldiphenylsilyl)oxy)methyl)-7-methoxy
-2,3-dihydrobenzofuran-5-carbaldehyde (97b)

111
Pd(OAc),, DPPB
N82CO3, Et3SIH

DMF, 80 °C
72%

To a stirred solution of 110b (218 mg, 308 pmol) in DMF (1.20 mL) were added 111 (97.2 mg, 462
pmol), Pd(OAC), (2.20 mg, 9.20 umol), dppb (6.10 mg, 13.8 umol), Na,CO; (48.6 mg, 462 pumol) and Et;SiH
(63.2 uL, 400 pumol) at room temperature. The resulting mixture was stirred at 80 °C for 16 hours. Then the
reaction mixture was diluted with EtOAc and brine. The mixture was extracted with EtOAc, dried over
anhydrous MgSQ,, and concentrated under reduced pressure. The resulting residue was purified by column

chromatography (silica gel, n-hexane : EtOAc = 8 : 2) to afford 97b (147 mg, 72%) as a colorless oil.

[a]p?° 38.7 (¢ 1.00, CHCls, 82% ee)

IR (film, cm™) 2956, 2933, 2858, 1513, 1324, 1136.

'H NMR (500 MHz, CDCls) § 9.76 (s, 1H), 7.61-7.57 (m, 4H), 7.45-7.23 (m, 13H), 6.89 (d, J = 1.13 Hz, 1H),
6.84-6.80 (m, 2H), 5.77 (d, J = 6.24 Hz, 1H), 5.16 (s, 2H), 3.98 (dd, J = 10.2, 5.10 Hz, 1H), 3.95 (s, 3H), 3.92
(dd, J =10.2, 6.80 Hz, 1H), 3.83 (s, 3H), 3.71-3.68 (m, 1H), 1.03 (s, 9H).

3C NMR (125 MHz, CDCl3) & 190.5, 154.0, 149.8, 148.2, 145.0, 136.9, 135.54, 135.49, 133.4, 133.0, 132.8,
131.2, 129.9, 128.8, 128.5, 127.82, 127.77, 127.1, 121.7, 118.4, 113.8, 111.5, 109.6, 89.3, 70.9, 65.3, 56.1, 56.0,
52.8, 26.8, 19.2.

HRMS (ESI) Calcd for Cq;H4,0SiNa [(M+Na)'] 681.2672, found 681.2642.
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(3S,4R)-4-((R)-(4-(Benzyloxy)-3-bromophenyl)((tert-butyldimethylsilyl)oxy)methyl)
-3-(((2S,3R)-2-(4-(benzyloxy)-3-methoxyphenyl)-3-(((tert-butyldiphenylsilyl)oxy)methyl)
-7-methoxy-2,3-dihydrobenzofuran-5-yl)(hydroxy)methyl)dihydrofuran-2(3H)-one (114b)

OTBS
H
Br
CHO o
OBn
Y OTBS o H
Br MeO LiIHMDS
e} + OTBDPS ——»
THF, =78 °C  MeO
OB e
& " 80% OTBDPS
dr=1:1
90
MeO OBn
97b MeO OBn

114b

To a stirred solution of lithium bis(trimethylsilyl)amide (149 uL, 149 umol, 1.0 M solution in THF) in
THF (0.20 mL) was added a solution of 90 (36.5 mg, 74.4 umol) in THF (0.950 mL) at —78 °C. After 30 minutes,
a solution of 97b (40.8 mg, 62.0 umol) in THF (0.95 mL) was added at —78 °C. The resulting mixture was
stirred at the same temperature for 30 minutes. Then the reaction mixture was quenched with a small amount of
MeOH and saturated aqueous NH,CI at —78 °C and extracted with EtOAc. The organic layer was washed with
brine, dried over anhydrous Na,SO,, and concentrated under reduced pressure. The resulting residue was
purified by column chromatography (silica gel, n-hexane : EtOAc = 9 : 1) to afford 114b (56.9 mg, 80%, dr=1:

1) as a colorless oil.

The less-polar isomer

[a]p?° —13.8 (c 0.25, CHCI;)

IR (film, cm™) 3510, 2954, 2929, 2857, 1735, 1496, 1258, 1112.

'H NMR (500 MHz, CDCly) & 7.64-7.61 (m, 4H), 7.46-7.31 (m, 16H), 7.07 (d, J = 2.29 Hz, 1H), 6.89-6.88 (m,
2H), 6.82 (dd, J = 8.59, 2.29 Hz, 1H), 6.76-6.71 (m, 4H), 5.74 (d, J = 5.73 Hz, 1H), 5.07 (s, 2H), 5.06 (s, 2H),
473 (d, J = 8.02 Hz, 1H), 4.44 (dd, J = 9.16, 7.45 Hz, 1H), 4.03-3.84 (m, 5H), 3.90 (s, 3H), 3.74 (s, 3H),
3.66-3.62 (m, 1H), 2.73 (t, J = 8.02 Hz, 1H), 2.42-2.36 (m, 1H), 1.04 (s, 9H), 0.83 (s, 9H), —0.12 (s, 3H), —0.44
(s, 3H).

3C NMR (125 MHz, CDCly) 6 178.8, 154.5, 149.7, 148.4, 147.8, 144.2, 137.0, 136.2, 135.9, 135.54, 135.50,
134.4, 133.3, 133.2, 132.9, 130.6, 129.8, 128.6, 128.5, 128.0, 127.8, 127.2, 127.0, 125.3, 117.9, 115.4, 113.8,
113.4,112.3, 110.8, 109.4, 87.9, 74.6, 71.9, 71.0, 70.8, 66.6, 66.0, 56.1, 55.9, 54.2, 48.7, 46.1, 26.8, 25.8, 19.3,
18.0,-4.4,-5.1.

HRMS (ESI) Calcd for CgsH73BrO0Si;Na [(M+Na)*] 1171.3818, found 1171.3783.
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The more-polar isomer

[a]p?° —8.7 (c 1.00, CHCly)

IR (film, cm™) 2954, 2929, 1762, 1498, 1259, 1111, 835, 756.

'H NMR (500 MHz, CDCls) & 7.65-7.62 (m, 4H), 7.46-7.28 (m, 16H), 7.13 (d, J = 2.27 Hz, 1H), 6.91 (d, J =
2.27 Hz, 1H), 6.82 (dd, J = 7.94, 1.70 Hz, 1H), 6.75 (d, J = 7.94 Hz, 1H), 6.72 (dd, J = 8.50, 1.70 Hz, 1H), 6.69
(brs, 1H), 6.64 (brs, 1H), 6.61 (d, J = 8.16 Hz, 1H), 5.69 (d, J = 5.67 Hz, 1H), 5.21 (brs, 1H), 5.10 (s, 2H), 5.07
(d, 3 = 11.9 Hz, 1H), 5.02 (d, J = 11.9 Hz, 1H), 4.41 (dd, J = 9.07, 5.67 Hz, 1H), 4.14 (t, J = 8.50 Hz, 1H), 4.03
(dd, J = 10.2, 5.67 Hz, 1H), 3.98 (d, J = 5.10 Hz, 1H), 3.90 (dd, J = 9.64, 8.50 Hz, 1H), 3.84 (s, 3H), 3.77 (s,
3H), 3.65-3.61 (m, 1H), 2.77-2.72 (m, 1H), 2.66-2.65 (m, 1H), 2.48 (brs, 1H), 1.06 (s, 9H), 0.80 (s, 9H), —0.23 (s,
3H), —0.43 (s, 3H).

B3C NMR (125 MHz, CDCl,) & 178.1, 154.4, 149.7, 147.8, 147.7, 1445, 137.1, 136.3, 135.7, 135.52, 135.50,
134.3, 134.2, 133.2, 133.0, 130.9, 129.9, 128.6, 128.5, 128.2, 128.0, 127.83, 127.79, 127.2, 127.1, 125.5, 118.0,
113.9, 113.8, 113.3, 111.9, 109.6, 108.8, 87.9, 73.6, 72.1, 71.0, 70.8, 68.1, 65.9, 55.9, 53.9, 50.2, 43.3, 26.9, 25.7,
19.3,17.9,4.4,-53.

HRMS (ESI) Calcd for CgsH73BrO1,Si,Na [(M+Na)*] 1171.3818, found 1171.3812.
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(((2S,3R)-5-((1S,3aR,4S,6aR)-4-(4-(Benzyloxy)-3-bromophenyl)tetrahydro-1H,3H-furo[3,4-c]furan-1-yl)
-2-(4-(benzyloxy)-3-methoxyphenyl)-7-methoxy-2,3-dihydrobenzofuran-3-yl)methoxy)
(tert-butyl)diphenylsilane (116b)

OBn
o .

HCI MeO H' 1 " |H Br
CH,Cl,
EtOH
0 B
—OTBDPS 2% A “—OTBDPS
(2 steps)
112b 116b

CaCl, (15.5 mg, 139 pumol) and NaBH, (10.5 mg, 279 pumol) were added to EtOH (0.20 mL) at room
temperature. After 15 minutes, a solution of 114b (32.0 mg, 27.9 umol) in EtOH (0.70 mL) was added at O °C.
The resulting mixture was stirred at room temperature for 10 hours. Then the reaction mixture was quenched
with saturated aqueous NH,CI and extracted with EtOAc. The organic layer was washed with brine, dried over
anhydrous Na,SO,, and concentrated under reduced pressure. The crude material including 112b was applied to
following reaction without further purification.

To a stirred solution of the crude material including 112b in CH,CI, (2.80 mL) were added EtOH
(35.0 pL) and HCI (35.0 pL, ca. 4 mol/L in 1,4-dioxane) at 0 °C. The resulting mixture was stirred at room
temperature for 7 hours. Then the reaction mixture was quenched with saturated aqueous NaHCO; and extracted
with EtOAc. The organic layer was washed with brine, dried over anhydrous Na,SO,, and concentrated under
reduced pressure. The resulting residue was purified by column chromatography (silica gel, n-hexane : EtOAc =

7 : 3) to afford 116b (20.0 mg, 72%, 2 steps, single diastereomer) as a colorless solid.

[a]p?® +45.2 (c 0.60, CHCIy)

IR (film, cm™) 2931, 2856, 1496, 1261, 1111, 740.

'H NMR (500 MHz, CDCl;) & 7.61-7.57 (m, 4H), 7.54 (d, J = 2.27 Hz, 1H), 7.47-7.27 (m, 16H), 7.18 (dd, J =
8.50, 2.27 Hz, 1H), 6.90-6.89 (m, 2H), 6.83-6.76 (m, 3H), 6.72 (brs, 1H), 5.60 (d, J = 6.24 Hz, 1H), 5.16 (s, 2H),
5.14 (s, 2H), 4.72 (d, J = 4.53 Hz, 1H), 4.65 (d, J = 4.53 Hz, 1H), 4.23 (dd, J = 9.07, 6.80 Hz, 1H), 4.14 (dd, J =
9.07, 6.80 Hz, 1H), 3.93 (dd, J = 10.2, 5.67 Hz, 1H), 3.90 (s, 3H), 3.90-3.81 (m, 3H), 3.81 (s, 3H), 3.63 (dd, J =
13.0, 6.24 Hz, 1H), 3.05-3.00 (m, 2H), 1.03 (s, 9H).

3C NMR (125 MHz, CDCls) & 154.5, 149.8, 147.9, 147.8, 144.3, 137.2, 136.4, 135.6, 135.5, 135.1, 134.5, 134.1,
133.3, 133.1, 131.0, 129.8, 128.6, 128.5, 128.0, 127.8, 127.7, 127.2, 127.0, 126.1, 118.3, 114.7, 114.0, 113.8,
112.7,110.4, 109.8, 87.9, 86.2, 84.8, 71.8, 71.6, 71.1, 70.9, 65.9, 56.2, 56.0, 54.2, 54.1, 53.8, 26.8, 19.3.

HRMS (ESI) Calcd for CsoHseBrOgSiNa [(M+Na)*] 1025.3060, found 1025.3025.
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((2S,3R)-2-(4-(Benzyloxy)-3-methoxyphenyl)-5-((1S,3aR,4S,6aR)-4-(4-(benzyloxy)-3-methoxyphenyl)tetrahydr
0-1H,3H-furo[3,4-c]furan-1-yl)-7-methoxy-2,3-dihydrobenzofuran-3-yl)methanol (117b)

OBn
. ..
‘ Hl H OMe

Heo—{H CuBr, EtOAc ~ MeO H
; NaOMe o
(5 mol/L in MeOH)
/ THF A 2
2 r »_
Ar “—OTBDPS 73% OH
116b 117b

To a stirred solution of 116b (13.7 mg, 13.7 umol) in THF (88.0 uL) were added NaOMe (177 pL, ca.
5 mol/L in MeOH), CuBr (0.600 mg, 4.10 umol) and EtOAc (8.00 pL, 8.20 pumol) at room temperature. The
resulting mixture was stirred at 70 °C for 16 hours. Then the reaction mixture was quenched with 2 M HCI and
extracted with EtOAc. The organic layer was washed with brine, dried over anhydrous Na,SO,, and concentrated
under reduced pressure. The resulting residue was purified by column chromatography (silica gel, n-hexane :
EtOAc =1:1) to afford 117b (7.20 mg, 73%) as a colorless solid.

[a]p?® +46.1 (c 0.31, CHCIy)

IR (film, cm™) 3414, 2931, 1604, 1498, 1263, 1139, 1103.

'H NMR (500 MHz, CDCl) & 7.44-7.27 (m, 10H), 6.95 (d, J = 2.27 Hz, 1H), 6.93 (d, J = 2.27 Hz, 1H),
6.89-6.79 (m, 6H), 5.58 (d, J = 6.80 Hz, 1H), 5.15 (s, 2H), 5.14 (s, 2H), 4.77 (d, J = 4.53 Hz, 1H), 4.72 (d, J =
5.10 Hz, 1H), 4.29 (dd, J = 9.07, 6.80 Hz, 1H), 4.23 (dd, J = 9.07, 6.80 Hz, 1H), 3.98-3.86 (m, 4H), 3.91 (s, 3H),
3.90 (s, 3H), 3.86 (s, 3H), 3.62 (dd, J =12.5, 6.24 Hz, 1H), 3.16-3.07 (m, 2H).

B3C NMR (125 MHz, CDCl;) & 149.90, 149.87, 148.2, 148.1, 147.8, 144.5, 137.11, 137.06, 134.6, 134.1, 128.5,
127.9, 127.8, 127.2, 118.6, 118.2, 114.1, 114.01, 113.97, 110.5, 110.0, 109.9, 87.9, 86.2, 85.6, 71.9, 71.5, 71.12,
71.05, 64.0, 56.1, 54.4, 54.1, 53.6.

HRMS (ESI) Calcd for CHOsNa [(M+Na)*] 739.2878, found 739.2853.
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(77S,8"R)-Hedyotol A (30b)

OMe

117b (7"S,8"R)-Hedyotol A (30b)

To a stirred solution of 117b (7.20 mg, 10.0 umol) in EtOAc (1.00 mL) was added 5% Pd/C (3.60
mg) at room temperature. The resulting mixture was stirred at room temperature for 4 hours under H,
atmosphere (balloon). Then the reaction mixture was filtered through a pad of Celite and concentrated under

reduced pressure to afford (7’S,8”R)-hedyotol A (30b) (5.40 mg, quant.) as a colorless solid.

[a]p?® +51.6 (¢ 0.72, CHCIy)

IR (film, cm™) 3404, 3012, 2935, 1604, 1517, 1274, 1149, 1035.

'H NMR (500 MHz, CDCl;) & 6.92-6.82 (m, 8H), 5.62 (s, 1H), 5.60 (s, 1H), 5.57 (d, J = 7.45 Hz, 1H), 4.76 (d, J
= 458 Hz, 1H), 4.73 (d, J = 5.15 Hz, 1H), 4.29 (dd, J = 9.16, 6.87 Hz, 1H), 4.23 (dd, J = 9.16, 6.87 Hz, 1H),
3.98 (dd, J = 10.9, 6.30 Hz, 1H), 3.911 (s, 3H), 3.91-3.87 (m, 3H), 3.91 (s, 3H), 3.87 (s, 3H), 3.63 (dd, J = 12.0,
5.73 Hz, 1H), 3.16-3.10 (m, 2H).

BC NMR (125 MHz, CDCl) & 148.0, 146.67, 146.63, 145.7, 145.2, 144.5, 134.5, 132.9, 132.8, 128.0, 119.4,
118.9, 114.3, 114.2, 114.0, 110.4, 108.8, 108.6, 88.1, 86.3, 85.7, 71.9, 71.5, 63.9, 56.1, 55.98, 55.96, 54.4, 54.1,
53.7.

HRMS (ESI) Calcd for C5oHs,0sNa [(M+Na)*] 559.1939, found 559.1923.
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(7’S,8”R)-Hedyotol A triacetate (118b)

ACzO

pyridine
90%

(7"S,8"R)-Hedyotol A (30b) 118b

To a stirred solution of (7’S,8”R)-hedyotol A (30b) (5.40 mg, 10.1 umol) in pyridine (0.400 mL) was
added Ac,0 (0.110 mL) at room temperature. The resulting mixture was stirred at the same temperature for 16
hours. Then the reaction mixture was concentrated under reduced pressure. The resulting residue was purified by
preparative TLC (n-hexane : EtOAc = 3 : 2) to afford 118b (6.00 mg, 90%) as a colorless solid.

[a]p?° +34.0 (c 0.30, CHCly)

[Hedyotol A triacetate: [a]p?° +34.0 (¢ 0.30, CHCI,), lit [a]p?' = +29.0 (¢ 1.00, CHCl5)!"]

IR (film, cm™) 2939, 1762, 1379, 1606, 1508, 1369, 1197, 1153, 1035.

'H NMR (500 MHz, CDCls) & 7.02 (d, J = 2.83 Hz, 1H), 7.01-7.00 (m, 3H), 6.95 (dd, J = 7.94, 1.70 Hz, 1H),
6.90 (dd, J = 8.50, 1.70 Hz, 1H), 6.86 (brs, 1H), 6.80 (brs, 1H), 5.55 (d, J = 6.80 Hz, 1H), 4.83 (d, J = 5.10 Hz,
1H), 4.73 (d, J = 5.10 Hz, 1H), 4.46 (dd, J = 10.8, 5.10 Hz, 1H), 4.33-4.24 (m, 3H), 3.94-3.90 (m, 2H), 3.92 (s,
3H), 3.85 (s, 3H), 3.81 (s, 3H), 3.82-3.76 (m, 1H), 3.17-3.12 (m, 1H), 3.10-3.04 (m, 1H), 2.31 (s, 3H), 2.30 (s,
3H), 2.05 (s, 3H).

3C NMR (125 MHz, CDCl3) & 170.7, 169.1, 168.9, 151.3, 147.6, 144.5, 140.2, 139.64, 139.53, 139.1, 134.9,
127.1, 122.9, 122.8, 118.2, 117.9, 114.3, 110.6, 110.0, 109.9, 88.0, 86.1, 85.4, 72.0, 71.7, 65.4, 56.2, 55.9, 54.4,
50.7, 20.8, 20.6.

HRMS (ESI) Calcd for CysH30:.Na [(M+Na)*] 685.2255, found 685.2251.

[13] Kikuchi, T.; Matsuda, S.; Kadota, S. Chem. Pharm. Bull. 1985, 33, 1444-1451.
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11. Synthesis of (7”’R, 8”S)-Hedyotol A (30a)

(3S,4R)-4-((R)-(4-(Benzyloxy)-3-bromophenyl)((tert-butyldimethylsilyl)oxy)methyl)
-3-(((2R,3S)-2-(4-(benzyloxy)-3-methoxyphenyl)-3-(((tert-butyldiphenylsilyl)oxy)methyl)
-7-methoxy-2,3-dihydrobenzofuran-5-yl)(hydroxy)methyl)dihydrofuran-2(3H)-one (114a)

TB
Ho S
Br
CHO g
OBn
y OTBS g HY~OH
Br MeO LiHMDS
o + o OTBDPS ———>»
oB THF,-78 °C MeO
4 n 76% o—/ OTBDPS
90 dr=5:2 E
MeO OBn
97a MeO OBn

To a stirred solution of lithium bis(trimethylsilyl)amide (283 uL, 283 umol, 1.00 M solution in THF)
in THF (0.50 mL) was added a solution of 90 (69.4 mg, 142 umol) in THF (1.70 mL) at —78 °C. After 30
minutes, a solution of 97a (77.7 mg, 118 umol) in THF (1.70 mL) was added at —78 °C. The resulting mixture
was stirred at the same temperature for 30 minutes. Then the reaction mixture was quenched with a small
amount of MeOH and saturated aqueous NH,CI solution at —78 °C and extracted with EtOAc. The organic layer
was washed with brine, dried over anhydrous Na,SO,, and concentrated under reduced pressure. The resulting
residue was purified by column chromatography (silica gel, n-hexane : EtOAc = 9 : 1) to afford 114a (103 mg,

76%, dr =5 : 2) as a colorless oil.

Major isomer

[a]p?* —11.9 (c 1.00, CHCI3)

IR (film, cm™) 3489, 2954, 2929, 2858, 1751, 1602, 1492, 1257, 1107.

'H NMR (500 MHz, CDCls) & 7.60-7.64 (m, 4H), 7.43-7.24 (m, 16H), 7.07 (d, J = 1.81 Hz, 1H), 6.96-6.95 (m,
2H), 6.87 (dd, J = 8.16, 1.81 Hz, 1H), 6.73 (d, J = 8.16 Hz, 1H), 6.65 (brs, 1H), 6.51 (dd, J = 8.16, 1.81 Hz, 1H),
6.48 (d, J = 8.16 Hz, 1H), 5.80 (d, J = 4.99 Hz, 1H), 5.06 (d, J = 12.2 Hz, 1H), 5.03 (t, J = 11.8 Hz, 2H), 4.98 (d,
J=12.2 Hz, 1H), 4.67 (d, J = 8.61 Hz, 1H), 4.48 (t, J = 8.61 Hz, 1H), 4.22 (brs, 1H), 4.01 (t, J = 8.61 Hz, 1H),
3.98 (dd, J = 9.97, 5.44 Hz, 1H), 3.92 (s, 3H), 3.86 (dd, J = 9.97, 8.61 Hz, 1H), 3.77 (s, 3H), 3.79-3.76 (m, 1H),
3.74 (d, J = 2.72 Hz, 1H), 2.69 (t, J = 8.61 Hz, 1H), 2.38 (ddd, J = 16.6, 8.61, 2.72 Hz, 1H), 1.05 (s, 9H), 0.85 (s,
9H), —0.10 (s, 3H), —0.39 (s, 3H).

3C NMR (125 MHz, CDCls) & 179.0, 154.4, 149.9, 148.5, 148.0, 144.9, 136.9, 136.2, 135.8, 135.5, 135.4, 134.6,
133.3, 133.2, 132.9, 130.3, 129.84, 129.81, 128.5, 128.4, 127.9, 127.8, 127.5, 127.2, 127.0, 125.3, 117.8, 115.7,
114.0, 113.1, 112.2, 109.9, 109.5, 87.8, 74.7, 71.7, 71.1, 70.6, 66.4, 66.1, 56.0, 55.9, 54.2, 48.6, 46.1, 26.8, 25.7,
19.3,18.0, 4.4, —4.9.

HRMS (ESI) Calcd for CesH73BrOy,Si,Na [(M+Na)*] 1171.3818, found 1171.3766.
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Mainer isomer

[a]p?* —21.7 (c 1.00, CHCI;)

IR (film, cm™) 3504, 2954, 2929, 2858, 1762, 1602, 1498, 1259, 1112.

'H NMR (500 MHz, CDCls) & 7.64-7.58 (m, 4H), 7.44-7.25 (m, 16H), 7.12 (d, J = 1.81 Hz, 1H), 6.98 (d, J =
1.81 Hz, 1H), 6.89 (dd, J = 8.16, 1.81 Hz, 1H), 6.82 (brs, 1H), 6.78 (d, J = 8.16 Hz, 1H), 6.64 (dd, J = 8.16, 1.81
Hz, 1H), 6.51 (d, J = 8.16 Hz, 1H), 6.50 (brs, 1H), 5.72 (d, J = 5.89 Hz, 1H), 5.24 (t, J = 2.72 Hz, 1H), 5.10 (s,
2H), 5.04 (d, J = 11.8 Hz, 1H), 4.93 (d, J = 11.8 Hz, 1H), 4.44 (dd, J = 8.61, 5.44 Hz, 1H), 4.16 (t, J = 8.61 Hz,
1H), 4.00 (dd, J = 9.97, 4.99 Hz, 1H), 3.94 (d, J = 4.99 Hz, 1H), 3.88 (dd, J = 9.97, 7.71 Hz, 1H), 3.81 (s, 3H),
3.82-3.79 (m, 1H), 3.77 (s, 3H), 2.80-2.75 (m, 1H), 2.60 (dd, J = 5.89, 2.72 Hz, 1H), 2.32 (d, J = 2.72 Hz, 1H),
1.04 (s, 9H), 0.822 (s, 9H), —0.18 (s, 3H), —0.39 (s, 3H).

3C NMR (125 MHz, CDCl;) & 178.1, 154.3, 149.8, 148.1, 147.6, 144.4, 137.0, 136.3, 135.62, 135.57, 135.5,
134.3, 134.2, 133.2, 133.1, 130.9, 129.84, 129.81, 128.5, 128.2, 127.9, 127.81, 127.78, 127.7, 127.2, 127.0,
125.4, 118.2, 113.9, 113.6, 113.2, 111.7, 110.1, 108.8, 88.1, 73.8, 72.2, 71.1, 70.6, 68.1, 66.0, 56.0, 55.9, 53.4,
50.4,43.0, 26.8, 25.7, 19.3,17.9, 4.4, -5.1.

HRMS (ESI) Calcd for CgsH73BrOy,Si,Na [(M+Na)*] 1171.3818, found 1171.3791.
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(((2R,3S)-5-((1S,3aR,4S,6aR)-4-(4-(Benzyloxy)-3-bromophenyl)tetrahydro-1H,3H-furo[3,4-c]furan-1-yl)
-2-(4-(benzyloxy)-3-methoxyphenyl)-7-methoxy-2,3-dihydrobenzofuran-3-yl)methoxy)
(tert-butyl)diphenylsilane (116a)

Br HCl Br
o
CH,Cl,
77%
OTBDPS (2steps)  ap OTBDPS
112a 116a

CaCl, (13.3 mg, 120 umol) and NaBH, (9.10 mg, 240 pumol) were added to EtOH (0.200 mL) at room
temperature. After 15 minutes, 114a (27.5 mg, 23.9 umol) in EtOH (0.600 mL) was added at 0 °C. The resulting
mixture was stirred at room temperature for 10 hours. Then the reaction mixture was quenched with saturated
aqueous NH,CI and extracted with EtOAc. The organic layer was washed with brine, dried over anhydrous
Na,SO,4, and concentrated under reduced pressure. The crude material including 112a was applied to the
following reaction without further purification.

To a stirred solution of the crude material including 112a in CH,CI, (0.800 mL) was added HCI (60.0
pL, ca. 4 mol/L in 1,4-dioxane) at 0 °C. The resulting mixture was stirred at room temperature for 16 hours. The
reaction mixture was quenched with saturated aqueous NaHCO; and extracted with EtOAc. The organic layer
was washed with brine, dried over anhydrous Na,SO,, and concentrated under reduced pressure. The resulting
residue was purified by column chromatography (silica gel, n-hexane : EtOAc = 7 : 3) to afford 116a (18.4 mg,

77%, 2 steps) as a colorless solid.

[a]p?* +1.5 (c 1.00, CHCI)

IR (film, cm™) 2931, 2856, 1498, 1261, 1112.

'H NMR (500 MHz, CDCl;) & 7.62-7.58 (m, 4H), 7.55 (d, J = 2.27 Hz, 1H), 7.47-7.29 (m, 16H), 7.18 (dd, J =
8.50, 2.27 Hz, 1H), 6.91-6.89 (m, 2H), 6.82-6.79 (m, 3H), 6.75 (brs, 1H), 5.62 (d, J = 6.24 Hz, 1H), 5.16 (s, 2H),
5.14 (s, 2H), 4.72 (d, J = 3.97 Hz, 1H), 4.68 (d, J = 4.53 Hz, 1H), 4.23 (dd, J = 9.07, 6.80 Hz, 1H), 4.16 (dd, J =
9.07, 6.80 Hz, 1H), 3.94 (dd, J = 10.2, 6.24 Hz, 1H), 3.90 (s, 3H), 3.81 (s, 3H), 3.90-3.81 (m, 3H), 3.63 (dd, J =
13.0, 6.24 Hz, 1H), 3.04-3.00 (m, 2H), 1.03 (s, 9H).

3C NMR (125 MHz, CDCl;) & 154.5, 149.7, 147.9, 147.8, 144.3, 137.1, 136.4, 135.51, 135.48, 135.1, 134.5,
134.1, 133.3, 133.0, 131.0, 130.0, 128.6, 128.5, 127.9, 127.8, 127.7, 127.2, 126.9, 126.1, 118.3, 114.8, 113.9,
113.7, 112.7, 110.1, 109.7, 87.9, 86.1, 84.8, 71.72, 71.69, 71.0, 70.9, 65.9, 56.1, 56.0, 54.12, 54.08, 53.8, 26.8,
19.2.

HRMS (ESI) Calcd for CsoHsoBrOgSiNa [(M+Na)*] 1025.3055, found 1025.3037.
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((2R,3S)-2-(4-(Benzyloxy)-3-methoxyphenyl)-5-((1S,3aR,4S,6aR)-4-(4-(benzyloxy)-3-methoxyphenyl)
tetrahydro-1H,3H-furo[3,4-c]furan-1-yl)-7-methoxy-2,3-dihydrobenzofuran-3-yl)methanol (117a)

OBn
o LI @@
) i OMe
MeO H"E—E"H Br CuBr, EtOAc  MeO H H

o

0 NaOMe
o) (5 mollLin MeOH) @
A THF
A OTBDPS 92% Ar OH
116a 117a

To a stirred solution of 116a (28.4 mg, 28.3 umol) in THF (0.200 mL) were added NaOMe (366 pL,
ca. 5 mol/L in MeOH), CuBr (1.20 mg, 8.50 umol) and EtOAc (17.0 pL, 17.0 umol) at room temperature. The
resulting mixture was stirred at 70 °C for 10 hours. Then the reaction mixture was quenched with 2 M HCI and
extracted with EtOAc. The organic layer was washed with brine, dried over anhydrous Na,SO,, and concentrated
under reduced pressure. The resulting residue was purified by column chromatography (silica gel, n-hexane :
EtOAc =1:1) to afford 117a (18.6 mg, 92%) as a colorless solid.

[a]p?* +6.02 (c 1.00, CHCIy)

IR (film, cm™) 3443, 2927, 2856, 1508, 1263, 1139.

'H NMR (500 MHz, CDCls) & 7.44-7.27 (m, 10H), 6.95 (d, J = 2.27 Hz, 1H), 6.93 (d, J = 2.27 Hz, 1H),
6.88-6.79 (m, 6H), 5.58 (d, J = 6.80 Hz, 1H), 5.15 (s, 2H), 5.14 (s, 2H), 4.76 (d, J = 4.53 Hz, 1H), 4.73 (d, J =
5.10 Hz, 1H), 4.28 (dd, J = 9.07, 6.80 Hz, 1H), 4.24 (dd, J = 9.07, 6.80 Hz, 1H), 3.99-3.86 (m, 4H), 3.91 (s, 3H),
3.90 (s, 3H), 3.86 (s, 3H), 3.62 (dd, J = 11.9, 6.80 Hz, 1H), 3.16-3.07 (m, 2H).

3C NMR (125 MHz, CDCl3) & 149.9, 149.8, 148.1, 148.0, 147.8, 144.4, 137.1, 137.0, 134.5, 134.13, 134.08,
128.5,128.1, 127.8, 127.2, 118.5, 118.2, 114.1, 114.0, 113.9, 110.5, 109.94, 109.85, 87.9, 86.2, 85.6, 71.9, 71.6,
71.1,71.0, 64.0, 56.13, 56.08, 54.3, 54.1, 53.6.

HRMS (ESI) Calcd for CqsH40sNa [(M+Na)*] 739.2878, found 739.2912.
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(7"R,8”S)-Hedyotol A (30a)

OBn OH
O . o .
H..H..H OMe MeO. H..H..H

MeO OMe
o Hy, Pd/C o

0 0
A EtOAc A

[

MeO\Q OH 96% Me0\© OH
BnO HO
117a (7"R,8"S)-Hedyotol A (30a)

To a stirred solution of 117a (15.8 mg, 22.1 umol) in EtOAc (2.20 mL) was added 5% Pd/C (7.90 mg)
at room temperature. The resulting mixture was stirred at room temperature for 2 hours under H, atmosphere
(balloon). The reaction mixture was filtered through a pad of Celite and concentrated under reduced pressure to
afford (7”R,8”S)-hedyotol A (30a) (11.4 mg, 96%) as a colorless solid.

[a]p?® +19.6 (c 0.72, CHCIy)

IR (film, cm™) 3348, 3012, 2937, 2875, 1604, 1498, 1273, 1213, 1149.

'H NMR (500 MHz, CDCl;) & 6.92-6.81 (m, 8H), 5.66 (s, 1H), 5.64 (s, 1H), 5.57 (d, J = 7.37 Hz, 1H), 4.76 (d, J
= 453 Hz, 1H), 4.74 (d, J = 5.10 Hz, 1H), 4.29 (dd, J = 9.07, 6.24 Hz, 1H), 4.24 (dd, J = 9.07, 6.24 Hz, 1H),
3.96 (dd, J = 10.8, 5.67 Hz, 1H), 3.91 (s, 6H), 3.91-3.87 (m, 3H), 3.86 (s, 3H), 3.62 (dd, J = 12.5, 5.67 Hz, 1H),
3.16-3.08 (m, 2H).

B3C NMR (125 MHz, CDCl;) & 148.0, 146.71, 146.66, 145.7, 145.2, 144.4, 1345, 132.9, 132.8, 128.1, 119.4,
118.9, 114.32, 114.28, 110.5, 108.7, 108.6, 88.1, 86.2, 85.7, 71.8, 71.6, 56.1, 55.98, 55.95, 54.3, 54.1, 53.7.
HRMS (ESI) Calcd for C5oH3,0sNa [(M+Na)*] 559.1939, found 559.1915.
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(7°R,87S)-Hedyotol A triacetate (118a)

OH OAc
O . O ..
MeO H”H“H OMe H“H“H

MeO OMe
' O ACzo o 0]
(0] O
A pyridine \
MeO\Q OH 94% MeO\Q OAc
HO AcO
(7"R,8"S)-Hedyotol A (30a) 118a

To a stirred solution of (7”’R,8”S)-hedyotol A (30a) (13.2 mg, 24.6 umol) in pyridine (0.750 mL) was
added Ac,0 (0.150 mL) and the reaction mixture was stirred for 16 hours at room temperature. The reaction
mixture was concentrated under reduced pressure. The resulting residue was purified by preparative TLC
(n-hexane : EtOAc = 3 : 2) to afford 118a (15.3 mg, 94%) as a colorless solid.

[a]p?® +14.4 (c 0.77, CHCIy)

IR (film, cm™) 3014, 2939, 2850, 1762, 1741, 1606, 1508, 1369, 1217, 1153, 1035.

'H NMR (500 MHz, CDCls) & 7.02 (d, J = 2.83 Hz, 1H), 7.00-6.70 (m, 3H), 6.94 (dd, J = 7.94, 1.70 Hz, 1H),
6.90 (dd, J = 8.50, 1.70 Hz, 1H), 6.84 (brs, 1H), 6.81 (brs, 1H), 5.55 (d, J = 6.80 Hz, 1H), 4.82 (d, J = 5.10 Hz,
1H), 4.74 (d, J = 5.10 Hz, 1H), 4.47 (dd, J = 10.8, 5.10 Hz, 1H), 4.32-4.25 (m, 3H), 3.94-3.90 (m, 2H), 3.92 (s,
3H), 3.85 (s, 3H), 3.81 (s, 3H), 3.81-3.76 (m, 1H), 3.16-3.04 (m, 2H), 2.31 (s, 3H), 2.30 (s, 3H), 2.04 (s, 3H).

3C NMR (125 MHz, CDCls) & 170.7, 169.1, 168.9, 151.3, 147.6, 144.5, 140.2, 139.64, 139.55, 139.1, 134.9,
127.1,122.9, 122.8, 118.2, 117.9, 114.4, 110.5, 110.0, 109.9, 88.0, 86.0, 85.4, 72.0, 71.8, 65.5, 56.2, 55.9, 54.4,
54.3,50.7, 20.8, 20.6.

HRMS (ESI) Calcd for CagH350:,Na [(M+Na)*] 685.2255, found 685.2222.
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IIL. Comparison of the *H NMR spectra between hedyotol A triacetate (118b) and isomer 118a

(77S,8”R)-Hedyotol A triacetate (118b, natural form)

L | {111 P Y 0 P R

s N 110 Y O P
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IV. Synthetic Study on Xestoproxamine A (31)

Diethyl malate (194)

0 o)
IiOg_}OH H2S04 |;|Og_>—0Et
EtOH
HO
o) reflux EtO
193 92% O 104

To a stirred solution of L-malic acid (193) (50.0 g, 0.370 mol) in EtOH (400 mL) was added 99.8%
sulfuric acid (10.0 mL) at room temperature, then the mixture was refluxed for 10 hours. After stirring, the
mixture was cooled to room temperature, then the solvent was removed under reduced pressure. The residue was
quenched with saturated aqueous NaHCO; and extracted with EtOAc. The organic layer was dried over
anhydrous MgSQO,, and concentrated under reduced pressure. The resulting residue was purified by column

chromatography (silica gel, n-hexane : EtOAc = 4 : 1) to afford 194 (64.8 g, 92%) as a colorless oil.

[a]p? —6.31 (c 1.02, CHCI,)

IR (film, cm™) 3481, 2983, 1738, 1732, 1373, 1271, 1182, 1105, 1026, 860.

'H NMR (500 MHz, CDCls) & 4.50-4.47 (m, 1H), 4.31-4.24 (m, 2H), 4.18 (q, J = 7.2 Hz, 2H), 3.28 (d, J = 5.5
Hz, 1H), 2.88-2.77 (m, 2H), 1.31 (t, J = 7.2 Hz, 3H), 1.28 (t, J = 7.2 Hz, 3H).

3C NMR (125 MHz, CDCl,) 6 173.4, 170.6, 67.3, 62.1, 61.0, 38.7, 14.1.

HRMS (FAB) Calcd for CgH1505 [(M+H)*] 191.0919, found 191.0949.
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(2R,3S)-Diethyl 2-allyl-3-hydroxysuccinate (195)

LDA
o THF o
HO OEt —781020°C; HO OFEt
EtO Brao EtO
© 78 °Ctort © <\
71%
194 o 195

To a stirred solution of diisopropylamine (33.4 mL, 240 mmol) in THF (220 mL) was added 2.6 M
n-butyllithium in hexane (100 mL, 260 mmol) at 0 °C. The mixture was stirred at 0 °C for 30 minutes and then
cooled to —78 °C. To the stirring mixture was added a solution of 194 (20.5 g, 110 mmol) in THF (50.0 mL) at —
78 °C and the resulting solution was warmed to —20 °C within 30 minutes, then cooled to —78 °C again. To the
mixture was added allyl bromide (18.4 mL, 220 mmol) at —78 °C. The mixture was stirred at —78 °C for 1 hour
and warmed slowly to 0 °C within 13 hours. After stirring, the mixture was quenched with saturated agqueous
NH,4CI, and extracted with Et,O. The organic layer was washed with brine and dried over anhydrous MgSO,, and
concentrated under reduced pressure. The resulting residue was purified by column chromatography (silica gel,
n-hexane : EtOAc = 7 : 3) to afford the inseparable mixture (17.6 g, 71%) of 195 and its C2-diastereomer (13:1
determined by 'H NMR) as a pale yellow oil.

[e]p?* +9.71 (c 1.00, CHCIy)

IR (film, cm™) 3502, 2981, 2936, 1732, 1217, 1186, 1099, 1031, 920.

'H NMR (500 MHz, CDCl;) & 5.87-5.79 (m, 1H), 5.18 (dd, J = 17.2, 1.7 Hz, 2H), 4.30-4.23 (m, 3H), 4.18-4.11
(m, 2H), 3.18 (d, J = 6.9 Hz, 1H), 2.98-2.94 (m, 1H), 2.66-2.60 (m, 1H), 2.48-2.41 (m, 1H), 1.31 (t, J = 7.2 Hz,
3H), 1.24 (t, J = 7.2 Hz, 3H).

3C NMR (125 MHz, CDCl,) § 173.6, 172.4, 134.9, 117.9, 70.2, 61.9, 61.0, 48.1, 32.2, 14.1.

HRMS (FAB) Calcd for C1;H140s [(M+H)*] 231.1232, found 231.1223.

83



tert-Butyl(((S)-2-((S)-2,2-dimethyl-1,3-dioxolan-4-yl)pent-4-en-1-yl)oxy)diphenylsilane (197)

MeO OMe

Q PN
HO OEt  LiAH, HO OH g o) OH TBDPSCI o OTBDPS
/ . 4)_/7 \7—/7 imidazole \)—/7
EtO 7 THF, reflux  HO 7 acetons o 7 oME o 7
o]
<\ <\ <\ 57% (3 steps) <\
195 $1 196 197

To a stirred solution of 195 (22.4 g, 97.3 mmol) in THF (234 mL) was added lithium aluminum
hydride (14.8 g, 389 mmol) at 0 °C. The resulting mixture was refluxed for 12 hours, sufficient amount of Et,0,
H,O (22.4 mL), 15% aqueous NaOH (22.4 mL) and H,O (67.2 mL) were added at 0 °C successively. After
stirring for 3 hours, the mixture was filtered through a pad of Celite and the filtrate was concentrated under
reduced pressure to afford the crude product, which was applied to the following reaction without further
purification.

To a stirred solution of the crude product in acetone (324 mL) were added 2,2-dimethoxypropane
(11.9 mL, 97.3 mmol) and CSA (6.80 g, 29.2 mmol) at room temperature. The resulting mixture was stirred at
room temperature for 3 hours. Then the reaction was quenched with triethylamine (4.00 mL, 29.2 mmol) and
concentrated under reduced pressure. The resulting residue was diluted with CH,CI, and washed with water and
brine, then dried over anhydrous Na,SO,, and evaporated under reduced pressure to afford the crude product,
which was applied to the following reaction without further purification.

To a stirred solution of the crude product in DMF (100 mL) were added imidazole (9.90 g, 146 mmol)
and TBDPSCI (27.7 mL, 117 mmol) at 0 °C. The resulting mixture was stirred at room temperature for 1 hour.
Then the reaction mixture was quenched with saturated aqueous NH,CI and extracted with EtOAc. The organic
layer was washed with brine, dried over anhydrous Na,SO,, and concentrated under reduced pressure. The
resulting residue was purified by column chromatography (silica gel, n-hexane : EtOAc = 19 : 1) to afford 197

(23.7 g, 57%, 3 steps) as a colorless oil.

[a]p?* +4.57 (¢ 1.00, CHCIy)

IR (film, cm™) 2931, 1428, 1245, 1216, 1113, 1065.

'H NMR (500 MHz, CDCls) & 7.69-7.66 (m, 4H), 7.43-7.36 (m, 6H), 5.77-5.68 (m, 1H), 5.04 (d, J = 17.0 Hz,
1H), 4.99 (d, J = 10.2 Hz, 1H), 4.22 (dd, J = 13.6, 7.94 Hz, 1H), 4.03 (dd, J = 7.94, 5.67 Hz, 1H), 3.79 (dd, J =
10.2, 4.53 Hz, 1H), 3.70 (dd, J = 10.2, 3.97 Hz, 1H), 3.66 (t, J = 7.94 Hz, 1H), 2.31-2.25 (m, 1H), 2.17-2.10 (m,
1H), 1.79-1.73 (m, 1H), 1.36 (s, 6H), 1.05 (s, 9H).

3C NMR (125 MHz, CDCl;) & 136.4, 135.64, 135.62, 133.63, 133.59, 129.6, 129.5, 127.6, 127.5, 116.5, 108.2,
76.2,67.8, 62.4, 44.0, 31.3, 26.8, 26.7, 25.6, 19.3.

HRMS (ESI) Calcd for CygH3505SiNa [(M+Na)*] 447.2326, found 447.2316.
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(S)-5-((tert-Butyldiphenylsilyl)oxy)-4-((S)-2,2-dimethyl-1,3-dioxolan-4-yl)pentan-1-ol (241)

(Sia),BH;

/\\/}fOTBDPS H,0,, NaOH A(yOTBDPs
o 7 THF o 7
<\ 91%
HO
197 241

To a stirred solution of BH; *+ SMe, (106 mL, 2.0 M in THF, 212 mmol) in THF (106 mL) was added
2-methyl-2-butene (52.4 mL, 495 mmol) at 0 °C. After 1 hour, the solution was warmed to room temperature and
stirred for another 2 hours which resulted in the formation of a cloudy white suspension. This suspension was
re-cooled to 0 °C and to a stirred solution of 197 (30.0 g, 70.7 mmol) in THF (235 mL) was added this
suspension using dropping funnel at 0 °C. The resulting mixture was stirred at room temperature for 6 hours.
Then the reaction mixture was cooled to 0 °C, before aqueous NaOH (3 M, 540 mL) and H,0O, (30%, 69.0 mL)
were added slowly and the mixture was allowed to stir at room temperature overnight. The reaction was
quenched with saturated aqueous Na,S,05 and stirring for 3 hours, and then extracted with EtOAc. The organic
layer was washed with brine, dried over anhydrous Na,SO,, and concentrated under reduced pressure. The
resulting residue was purified by column chromatography (silica gel, n-hexane : EtOAc = 7 : 3) to afford 241

(28.5 g, 91%) as a colorless oil.

[a]p? +12.7 (c 1.00, CHCIy)

IR (film, cm™) 3421, 2932, 1428, 1245, 1216, 1112.

'H NMR (500 MHz, CDCl;) & 7.68-7.66 (m, 4H), 7.44-7.36 (m, 6H), 4.24 (dd, J = 14.2, 6.24 Hz, 1H), 4.03 (dd,
J=7.94,6.24 Hz, 1H), 3.82 (dd, J = 10.2, 3.40 Hz, 1H), 3.70-3.65 (m, 2H), 3.60 (t, J = 6.24 Hz, 2H), 1.73-1.67
(m, 1H), 1.59-1.48 (m, 4H), 1.37 (s, 3H), 1.36 (s, 3H), 1.05 (s, 9H).

BC NMR (125 MHz, CDCls) & 135.62, 135.61, 129.64, 129.59, 127.64, 127.57, 108.2, 76.6, 67.6, 62.9, 62.5,
43.4,30.2, 26.8, 26.6, 25.5, 22.4, 19.3.

HRMS (ESI) Calcd for CpgH350,SiNa [(M+Na)*] 465.2431, found 465.2435.
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(S)-5-((tert-Butyldiphenylsilyl)oxy)-4-((S)-2,2-dimethyl-1,3-dioxolan-4-yl)pentanal (S2)

/\\/\o)_/*OTBDPS SO,-Py A(\o>_/*OTBDPS
o DMSO, EtN ¢
g 78% ng

HO o
241 s2

To a stirred solution of 241 (16.2 g, 36.6 mmol) in CH,Cl, (180 mL) were added SO5' Py (17.5 g, 110
mmol), DMSO (18.0 mL, 256 mmol) and triethylamine (25.5 mL, 183 mmol) at 0 °C. The resulting mixture was
stirred at room temperature for 2 hours. Then the reaction mixture was quenched with saturated aqueous NH,CI
and extracted with EtOAc. The organic layer was washed with brine, dried over anhydrous Na,SO,, and
concentrated under reduced pressure. The resulting residue was purified by column chromatography (silica gel,

n-hexane : EtOAc =4 : 1) to afford S2 (12.6 g, 78%) as a colorless oil.

[a]p?” +13.0 (¢ 1.00, CHCIy)

IR (film, cm™) 2931, 1726, 1246, 1215, 1112.

'H NMR (500 MHz, CDCls) & 9.70 (t, J = 1.42 Hz, 1H), 7.67-7.64 (m, 4H), 7.45-7.36 (m, 6H), 4.21 (dd, J =
14.2, 6.24 Hz, 1H), 4.04 (dd, J = 7.94, 6.24 Hz, 1H), 3.81 (dd, J = 10.8, 3.97 Hz, 1H), 3.69 (t, J = 7.94 Hz, 1H),
3.65 (dd, J = 10.8, 3.40 Hz, 1H), 2.41-2.37 (m, 2H), 1.77-1.58 (m, 3H), 1.36 (s, 3H), 1.35 (s, 3H), 1.05 (s, 9H).
BC NMR (125 MHz, CDCls) & 202.0, 135.6, 133.3, 129.8, 129.7, 127.7, 127.6, 108.4, 76.3, 67.5, 62.3, 43.1,
415, 26.9, 26.6, 25.5, 19.3, 19.0.

HRMS (ESI) Calcd for CygH350,SiNa [(M+Na)*] 463.2275, found 463.2263.
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tert-Butyl(((S)-2-((S)-2,2-dimethyl-1,3-dioxolan-4-yl)hex-5-yn-1-yl)oxy)diphenylsilane (242)

K,COj

A(o oteDPs (MO, % A/ OTBDPS
0\7_[ 162 ﬂ
& MeOH

H 85% \

O
S2

To a suspension of potassium carbonate (5.90 g, 42.9 mmol) in MeOH (93.0 mL) was added Ohira—
Bestman reagent 162 (8.20 g, 42.9 mmol) at 0 °C. The resulting mixture was stirred for 10 minutes at the same
temperature, and then the solution of S2 (12.6 g, 28.6 mmol) in MeOH (50.0 mL) was added at 0 °C. The
resulting mixture was stirred at room temperature for 12 hours. Then the reaction mixture was diluted with Et,O
and filtered. The filtrate was washed with saturated aqueous NH,CI and brine, dried over anhydrous Na,SO,, and
concentrated under reduced pressure. The resulting residue was purified by column chromatography (silica gel,

n-hexane : EtOAc =4 : 1) to afford 242 (10.6 g, 85%) as a colorless oil.

[a]p?® +15.7 (¢ 1.00, CHCIy)

IR (film, cm™) 2931, 1726, 1246, 1215, 1112.

'H NMR (500 MHz, CDCl;) & 7.69-7.65 (m, 4H), 7.44-7.36 (m, 6H), 4.24 (dd, J = 13.6, 7.37 Hz, 1H), 4.04 (dd,
J =7.94, 5.67 Hz, 1H), 3.83 (dd, J = 10.2, 3.97 Hz, 1H), 3.70-3.66 (m, 2H), 2.27-2.21 (m, 1H), 2.18-2.11 (m,
1H), 1.92 (t, J = 2.83 Hz, 1H), 1.86-1.81 (m, 1H), 1.79-1.72 (m, 1H), 1.55-1.48 (m, 1H), 1.37 (s, 3H), 1.36 (s,
3H), 1.06 (s, 9H).

3C NMR (125 MHz, CDCls) & 135.61, 135.58, 133.5, 133.4, 129.7, 129.6, 127.7, 127.6, 108.3, 84.1, 76.2, 68.7,
67.7,62.1,42.7, 26.8, 26.6, 25.6, 19.3, 16.2.

HRMS (ESI) Calcd for Cy;H3505SiNa [(M+Na)*] 459.2326, found 459.2342.
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tert-Butyl(((S)-2-((S)-2,2-dimethyl-1,3-dioxolan-4-yl)-12-(4-methoxyphenoxy)dodec-5-yn-1-yl)oxy)
diphenylsilane (244)

n-BulLi;
HMPA,;
OTBDPS Br/\(\/)/\OPMP

OTBDPS
243 \7_/7

TBAI
THF, 78 °C to 1t
A 73% AN
(\Jz0PMP
244

To a stirred solution of 242 (13.0 g, 29.8 mmol) in THF (25.0 mL) were added dropwise
n-butyllithium (2.3 M in hexane, 15.5 mL, 35.8 mmol) over 1 hour and distilled HMPA (5.90 mL, 35.8 mmol)
for 20 minutes at —78 °C. To the resulting mixture were added a solution of bromide 243 (12.8 g, 44.7 mmol) in
THF (25 mL) and TBAI (1.10 g, 2.98 mmol). The reaction mixture was warmed to room temperature over 1.5
hours and stirred for overnight. Then the reaction mixture was quenched with saturated aqueous NH,CI and
extracted with EtOAc. The organic layer was washed with brine, dried over anhydrous Na,SO,, and concentrated
under reduced pressure. The resulting residue was purified by column chromatography (silica gel, n-hexane :

EtOAc =9 : 1) to afford 244 (14.9 g, 73%) as a colorless oil.

[a]p?® +10.3 (¢ 1.00, CHCIy)

IR (film, cm™) 2933, 1508, 1232, 1212, 1043.

'H NMR (500 MHz, CDCls) & 7.69-7.63 (m, 4H), 7.43-7.36 (m, 6H), 6.81 (s, 4H), 4.24 (dd, J = 13.6, 7.37 Hz,
1H), 4.04 (dd, J = 7.94, 5.67 Hz, 1H), 3.88 (t, J = 6.80 Hz, 2H), 3.83 (dd, J = 10.2, 3.97 Hz, 1H), 3.76 (s, 3H),
3.69 (dd, J = 6.80, 3.97 Hz, 1H), 3.66 (d, J = 7.94 Hz, 1H), 2.24-2.18 (m, 1H), 2.14-2.10 (m, 3H), 1.83-1.79 (m,
1H), 1.77-1.70 (m, 3H), 1.51-1.40 (m, 7H), 1.363 (s, 3H), 1.359 (s, 3H), 1.05 (s, 9H).

BC NMR (125 MHz, CDCl;) & 153.7, 153.3, 135.62, 135.59, 133.64, 133.56, 129.62, 129.56, 127.64, 127.58,
115.4, 114.6, 108.3, 80.6, 79.7, 76.2, 68.5, 67.9, 62.2, 55.7, 42.9, 29.3, 29.0, 28.6, 26.8, 26.7, 26.2, 25.6, 19.3,
18.7,16.5.

HRMS (ESI) Calcd for C4oHs,05SiNa [(M+Na)*] 665.3669, found 665.3633.
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(2S,35)-3-(((tert-Butyldiphenylsilyl)oxy) methyl)-2-hydroxy-13-(4-methoxyphenoxy)tridec-6-yn-1-yl
4-methylbenzenesulfonate (245)

/\\/o OTBDPS HO OTBDPS TsCl HO OTBDPS
\7—/7 Zn(NO3),*6H,0 )—/7 Bu,SnO, EtsN )—/7
o~ 7 Ho— 7 10—

MeCN, 50 °C CH,Cl,
79 % (2 steps
\\ \\ o ( ps) \\

(MgOPMP (MzOPMP (\MzOPMP

244 S3 245

To a stirred solution of 244 (14.9 g, 23.2 mmol) in MeCN (116 mL) was added Zn(NOs3),* 6H,0 (34.5
0, 116 mmol) at 0 °C. The resulting mixture was stirred at 50 °C for 6 hours. Then the reaction mixture was
diluted with water at 0 °C and extracted with EtOAc. The organic layer was washed with brine, dried over
anhydrous Na,SQO,4, and concentrated under reduced pressure. The crude product was applied to the following
reaction without further purification.

To a stirred solution of the crude product in CH,CI, (116 mL) were added triethylamine (3.60 mL,
25.5 mmol), dibutyltin oxide (116 mg, 0.450 mmol) and p-toluenesulfonyl chloride (4.86 g, 25.5 mmol) at 0 °C.
The resulting mixture was stirred at room temperature for overnight. Then the reaction mixture was quenched
with saturated aqueous NH,CI and extracted with EtOAc. The organic layer was washed with brine, dried over
anhydrous Na,SO,, and concentrated under reduced pressure. The resulting residue was purified by column

chromatography (silica gel, n-hexane : EtOAc = 4 : 1) to afford 245 (13.9 g, 79%, 2 steps) as a pall yellow oil.

[a]p? +16.5 (¢ 1.00, CHCIy)

IR (film, cm™) 2931, 1508, 1361, 1232, 1176, 960.

'H NMR (500 MHz, CDCl;) §7.78 (d, J = 7.94 Hz, 2H), 7.61-7.59 (m, 4H), 7.46-7.36 (m, 6H), 7.29 (d, J = 7.94
Hz, 2H), 6.82 (s, 4H), 4.19-4.15 (m, 2H), 3.97-3.94 (m, 1H), 3.89 (t, J = 6.80 Hz, 2H), 3.76 (s, 3H), 3.75 (dd, J =
10.8, 3.40 Hz, 1H), 3.65 (dd, J = 10.8, 5.67 Hz, 1H), 2.41 (s, 3H), 2.37 (brs, 2H), 2.11-1.93 (m, 4H), 1.83-1.71
(m, 3H), 1.61-1.38 (m, 7H), 1.00 (s, 9H).

BC NMR (125 MHz, CDCl;) & 153.7, 153.3, 144.8, 135.53, 135.49, 132.84, 132.58, 129.94, 129.85, 128.0,
127.8, 115.4, 114.6, 81.0, 79.0, 72.9, 71.3, 68.5, 63.2, 55.7, 40.7, 29.3, 29.0, 28.6, 27.2, 26.8, 25.6, 21.6, 19.0,
18.6, 16.4.

HRMS (ESI) Calcd for C4sHss0-SSiNa [(M+Na)*] 779.3408, found 779.3386.
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(S)-12-(4-Methoxyphenoxy)-2-((S)-oxiran-2-yl)dodec-5-yn-1-ol (240)

T}JOTBDPS OTBDPS o) o
07— 7

K,CO 2

TsO 2 2003 TBAF

_—
MeOH THE
\\ \\ 83% (2 steps) \\
(MsOPMP (MgOPMP (MgOPMP
245 S4 240

To a stirred solution of 245 (13.5 g, 17.8 mmol) in MeOH (89.0 mL) was added potassium carbonate
(3.70 g, 26.7 mmol) at 0 °C. The resulting mixture was stirred at room temperature for 1 hour. Then the reaction
mixture was filtered and concentrated under reduced pressure. Then the crude product was added saturated
aqueous NH,CI and extracted with EtOAc. The organic layer was washed with brine, dried over anhydrous
Na,SO,4, and concentrated under reduced pressure to afford the crude product, which was applied to the
following reaction without further purification.

To a stirred solution of the crude product in THF (36.0 mL) was added tetrabutylammonium fluoride
(26.7 mL, 26.7 mmol) at 0 °C. The resulting mixture was stirred at room temperature for 3 hours. Then the
reaction mixture was quenched with saturated aqueous NH,CI and extracted with EtOAc. The organic layer was
washed with brine, dried over anhydrous Na,SO,, and concentrated under reduced pressure. The resulting
residue was purified by column chromatography (silica gel, n-hexane : EtOAc = 7 : 3) to afford 240 (5.1 g, 83%,

2 steps) as a colorless oil.

[a]p?® —10.3 (c 1.00, CHCI3)

IR (film, cm™) 2935, 1508, 1232, 1037.

'H NMR (500 MHz, CDCl;) & 6.83 (s, 4H), 3.90 (t, J = 6.80 Hz, 2H), 3.77 (s, 3H), 3.75 (d, J = 4.53 Hz, 2H),
2.91-2.88 (m, 1H), 2.82 (dd, J = 5.10, 3.97 Hz, 1H), 2.65 (dd, J = 5.10, 2.83 Hz, 1H), 2.29-2.24 (m, 2H),
2.16-2.13 (m, 2H), 1.77-1.66 (m, 3H), 1.64-1.42 (m, 8H).

BC NMR (125 MHz, CDCl;) 6 153.7, 153.2, 115.4, 114.6, 81.1, 79.1, 68.5, 64.0, 55.7, 54.1, 46.3, 42.3, 29.2,
28.9, 28.6, 27.6, 25.6, 18.6, 16.5.

HRMS (ESI) Calcd for Cy;H300,Na [(M+Na)*] 369.2036, found 369.2022.
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(R)-12-(4-Methoxyphenoxy)-2-((S)-oxiran-2-yl)dodec-5-ynal (S5)

o)
OH H
S DMP 07—,
CH2C|2
\ 86% \
(H5OPMP (MgOPMP
240 S5

To a stirred solution of 240 (2.28 g, 6.60 mmol) in CH,Cl, (22.0 mL) was added Dess—Martin
periodinane (4.20 g, 9.90 mmol) at 0 °C. The resulting mixture was stirred at room temperature for 1 hour. Then
the reaction mixture was diluted with Et,O and filtered. Then the filtrate was added saturated aqueous NaHCO;
and extracted with EtOAc. The organic layer was washed with brine, dried over anhydrous Na,SO,, and
concentrated under reduced pressure. The resulting residue was purified by column chromatography (silica gel,

n-hexane : EtOAc =4 : 1) to afford S5 (1.96 g, 86%) as a colorless oil.

[a]p?® —36.5 (c 1.00, CHCI,)

IR (film, cm™) 2934, 2857, 1728, 1506, 1230, 1036.

'H NMR (500 MHz, CDCl;) § 9.82 (d, J = 1.70 Hz, 1H), 6.82 (s, 4H), 3.90 (t, J = 6.24 Hz, 2H), 3.76 (s, 3H),
3.07-3.04 (m, 1H), 2.85 (t, J = 4.25 Hz, 1H), 2.64 (dd, J = 5.10, 2.27 Hz, 1H), 2.65-2.63 (m, 1H), 2.31-2.26 (m,
2H), 2.16-2.12 (m, 2H), 1.99 (dt, J = 14.2, 6.80 Hz, 1H), 1.79-1.66 (m, 3H), 1.52-1.40 (m, 6H).

BC NMR (125 MHz, CDCl;) & 201.8, 153.7, 153.2, 115.4, 114.6, 82.1, 78.2, 68.5, 55.7, 53.0, 50.3, 45.6, 29.2,
28.8,28.6, 25.6, 25.3, 18.5, 16.5.

HRMS (ESI) Calcd for Cy;H,50,Na [(M+Na)*] 367.1880, found 367.1884.
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Methyl (S,2)-14-(4-methoxyphenoxy)-4-((S)-oxiran-2-yl)tetradec-2-en-7-ynoate (246)

g )
o} P(0-0-Tol),
H MeO 200 MeO \
07— NaH VAR
THF, 78 °C
AN 82% AN
(MgOPMP (\MsOPMP
S5 246

To a stirred solution of 200 (2.85 g, 8.50 mmol) in THF (10.0 mL) was added NaH (340 mg, 8.50
mmol) at =78 °C. The resulting mixture was stirred at the same temperature for 30 minutes, and then S5 (1.96 g,
5.70 mmol) in THF (9.00 mL) was added at —78 °C. The mixture was stirred at —78 °C for 30 minutes and
warmed slowly to 0 °C within 1 hour. Then the reaction mixture was quenched with water and extracted with
EtOAc. The organic layer was washed with brine, dried over anhydrous Na,SO,, and concentrated under reduced
pressure. The resulting residue was purified by column chromatography (silica gel, n-hexane : EtOAc =9: 1) to
afford 246 (1.88 g, 82%) as a colorless oil.

[a]p?® —10.9 (c 1.00, CHCI,)

IR (film, cm™) 2934, 2860, 1718, 1502, 1219, 1037.

'H NMR (500 MHz, CDCls) & 6.83 (s, 4H), 5.99 (dd, J = 11.9, 10.2 Hz, 1H), 5.91 (d, J = 11.9 Hz, 1H), 3.90 (t, J
= 6.52 Hz, 2H), 3.77 (s, 3H), 3.77-3.70 (m, 1H), 3.70 (s, 3H), 2.99-2.97 (m, 1H), 2.74 (dd, J = 5.10, 3.97 Hz,
1H), 2.54 (dd, J = 5.10, 2.83 Hz, 1H), 2.23-2.19 (m, 2H), 2.17-2.13 (m, 2H), 1.86-1.73 (m, 3H), 1.70-1.62 (m,
1H), 1.52-1.43 (m, 6H).

3C NMR (125 MHz, CDCl,) 6 166.2, 153.7, 153.3, 147.6, 121.9, 115.4, 114.6, 80.8, 79.2, 68.5, 55.7, 54.2, 51.1,
45.6,38.7,31.5, 29.3, 28.9, 28.6, 25.6, 18.7, 16.7.

HRMS (ESI) Calcd for Cy,H3,0sNa [(M+Na)*] 423.2142, found 423.2140.
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(5S,6R)-6-(((tert-Butyldiphenylsilyl)oxy)methyl)-5-(10-(4-methoxyphenoxy)dec-3-yn-1-yl)-5,6-dihydro-2H-pyr
an-2-one (248)

0 0

o? \> TBDPSCI o? \>
\_/ i-PrNEt

0, N % :‘ ”,

30% HCIO, Ho— DMAP TBDPSO—" %
MeCN CHCl,

AN AN 80% (2 steps) A\
(MzOPMP (MgOPMP (MzOPMP
246 247 248

To a stirred solution of 246 (1.83 g, 4.57 mmol) in MeCN (23.0 mL) was added ca. 30% HCIO, (128
ML, 0.910 mmol) at 0 °C. The resulting mixture was stirred at room temperature for 30 minutes. Then the
reaction mixture was quenched with saturated aqueous NaHCO; and extracted with EtOAc. The organic layer
was washed with brine, dried over anhydrous Na,SO,, and concentrated under reduced pressure to afford the
crude product, which was applied to the following reaction without further purification.

To a stirred solution of the crude product in CH,Cl, (9.00 mL) were added N,N-diisopropylethylamine
(1.2 mL, 6.86 mmol), TBDPSCI (1.40 mL, 5.48 mmol) and DMAP (56.0 mg, 0.460 mmol) at 0 °C. The resulting
mixture was stirred at room temperature for 3 hours. Then the reaction mixture was quenched with saturated
aqueous NH,CI and extracted with CH,Cl,. The organic layer was washed with brine, dried over anhydrous
Na,SO,, and concentrated under reduced pressure. The resulting residue was purified by column

chromatography (silica gel, n-hexane : EtOAc = 9 : 1) to afford 148 (2.28 g, 80%, 2 steps) as a colorless oil.

[a]p? +68.1 (¢ 1.00, CHCIy)

IR (film, cm™) 2931, 2858, 1734, 1508, 1471, 1427, 1232, 1112, 1062.

'H NMR (500 MHz, CDCls) & 7.67-7.64 (m, 4H), 7.46-7.37 (m, 6H), 7.10 (dd, J = 9.64, 5.67 Hz, 1H), 6.82 (s,
4H), 6.01 (d, J = 9.64 Hz, 1H), 4.59-4.55 (m, 1H), 3.91-3.87 (m, 3H), 3.78 (dd, J = 10.2, 7.94 Hz, 1H), 3.76 (s,
3H), 2.88-2.83 (m, 1H), 2.31-2.25 (m, 1H), 2.18-2.11 (m, 3H), 1.18-1.72 (m, 3H), 1.57-1.41 (m, 7H), 1.07 (s,
9H).

B3C NMR (125 MHz, CDCl;) & 163.7, 153.7, 153.2, 150.1, 135.53, 135.50, 132.8, 132.7, 129.9, 127.8, 121.1,
115.4, 114.6, 81.8, 79.3, 78.1, 68.5, 68.5, 61.8, 55.7, 33.4, 29.3, 28.9, 28.7, 26.8, 26.3, 25.6, 19.2, 18.7, 16.0.
HRMS (ESI) Calcd for CagH4505SiNa [(M+Na)*] 647.3163, found 647.3158.
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(5S,6R)-6-(((tert-Butyldiphenylsilyl)oxy)methyl)-5-(10-hydroxydec-3-yn-1-yl)-5,6-dihydro-2H-pyran-2-one

(S6)
o O
02\ ) CAN o; Y
NaHCO5 -
N -, > ‘%
S —————— " TBDPSO— 7
TBDPSO MeCN/H,0
91% \
(MOH
(\sOPMP s6 5

248

To a stirred solution of 248 (2.23 g, 3.57 mmol) in MeCN (14.6 mL) and H,O (3.20 mL) were added
NaHCO; (1.50 g, 17.9 mmol) and CAN (5.87 g, 10.7 mmol) at 0 °C. The resulting mixture was stirred at same
temperature for 10 minutes. Then the reaction mixture was diluted with H,O and extracted with EtOAc. The
organic layer was washed with brine, dried over anhydrous Na,SO,, and concentrated under reduced pressure.
The resulting residue was purified by column chromatography (silica gel, n-hexane : EtOAc = 4 : 1) to afford S6
(1.69 g, 91%) as a pale red oil.

[a]p? +73.2 (¢ 1.00, CHCIy)

IR (film, cm™) 2931, 2858, 1714, 1427, 1253, 1112, 1060.

'H NMR (500 MHz, CDCl;) & 7.67-7.64 (m, 4H), 7.47-7.38 (m, 6H), 7.11 (dd, J = 9.64, 6.24 Hz, 1H), 6.02 (d, J
= 9.64 Hz, 1H), 4.59-4.56 (m, 1H), 3.89 (dd, J = 10.8, 5.67 Hz, 1H), 3.78 (dd, J = 10.8, 7.94 Hz, 1H), 3.78 (t, J =
7.09 Hz, 2H), 2.87-2.83 (m, 1H), 2.32-2.26 (m, 1H), 2.19-2.12 (m, 3H), 1.85-1.78 (m, 1H), 1.59-1.52 (m, 3H),
1.50-1.46 (m, 2H), 1.43-1.32 (m, 4H), 1.07 (s, 9H).

C NMR (125 MHz, CDCls) & 163.7, 150.1, 135.53, 135.50, 132.8, 132.7, 129.9, 127.8, 121.0, 81.8, 79.3, 78.1,
62.9, 61.8, 33.4, 32.6, 28.9, 28.7, 26.8, 26.4, 25.2, 19.2, 18.6, 16.0.

HRMS (ESI) Calcd for C3,H4,0,SiNa [(M+Na)*] 541.2745, found 541.2744.
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(5S,6R)-5-(10-(Benzyloxy)dec-3-yn-1-y1)-6-(((tert-butyldiphenylsilyl)oxy) methyl)-5,6-dihydro-2H-pyran-2-one

(238)
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@,
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o D MgO o
TBDPSO— foluene, 80°C  TBDPSO— 7
85%
(M-OH (\=0Bn
S6 6 238 6

To a stirred solution of S6 (1.67 g, 3.20 mmol) in toluene (6.40 mL) were added Dudley reagent 249
(5.59 g, 16.0 mmol) and MgO (645 mg, 16.0 mmol) at room temperature. The resulting mixture was stirred at
80 °C for 16 hours. Then the reaction mixture was quenched with saturated aqueous NH,CI and extracted with
EtOAc. The organic layer was washed with brine, dried over anhydrous Na,SO,, and concentrated under reduced
pressure. The resulting residue was purified by column chromatography (silica gel, n-hexane : EtOAc =9: 1) to
afford 238 (1.65 g, 85%) as a pale yellow oil.

[a]p? +88.2 (¢ 1.00, CHCIy)

IR (film, cm™) 2931, 2856, 1735, 1112, 1062.

'H NMR (500 MHz, CDCls) & 7.67-7.63 (m, 4H), 7.46-7.38 (m, 6H), 7.33-7.32 (m, 4H), 7.29-7.26 (m, 1H), 7.10
(dd, J = 9.64, 5.67 Hz, 1H), 6.01 (d, J = 9.64 Hz, 1H), 4.58-4.55 (m, 1H), 4.49 (s, 2H), 3.89 (dd, J = 10.2, 5.67
Hz, 1H), 3.78 (dd, J = 10.2, 8.50 Hz, 1H), 3.46 (t, J = 6.24 Hz, 2H), 2.86-2.82 (m, 1H), 2.31-2.25 (m, 1H),
2.18-2.11 (m, 3H), 1.84-1.77 (m, 1H), 1.64-1.45 (m, 5H), 1.39-1.36 (M, 4H), 1.07 (s, 9H).

BC NMR (125 MHz, CDCl) & 163.7, 150.1, 138.6, 135.53, 135.50, 132.8, 132.7, 129.9, 128.3, 127.8, 127.6,
127.5,121.1, 81.9, 79.3, 78.1, 72.9, 70.4, 61.9, 33.4, 29.9, 29.0, 28.8, 26.8, 26.3, 25.8, 19.2, 18.7, 16.0.

HRMS (ESI) Calcd for C3Ha0,SiNa [(M+Na)*] 631.3214, found 631.3196.
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(S)-2-((S)-12-(Benzyloxy)-1-(trityloxy)dodec-5-yn-2-yl)oxirane (250)

PMPQ PMPQ
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240 250

To a stirred solution of 240 (700 mg, 2.02 mmol) in CH,CI, (4.00 mL) were added TrCI (1.70 g, 6.07
mmol), triethylamine (846 pL, 82.0 mmol) and DMAP (49.0 mg, 0.404 mmol) at room temperature. The
resulting mixture was stirred at same temperature for 3 days. Then the reaction mixture was quenched with
saturated aqueous NH,CI and extracted with EtOAc. The organic layer was washed with brine, dried over
anhydrous Na,SO,4, and concentrated under reduced pressure. The resulting residue was purified by column

chromatography (silica gel, n-hexane : EtOAc = 19 : 1) to afford 250 (1.05 g, 89%) as a colorless oil.

[a]p? +0.143 (c 1.00, CHCI5)

IR (film, cm™) 2933, 2860, 1508, 1448, 1232, 1076, 1037.

'H NMR (500 MHz, CDCly) & 7.46-7.44 (m, 6H), 7.31-7.28 (m, 6H), 7.24-7.20 (m, 3H), 6.81 (s, 4H), 3.88 (t, J =
6.52 Hz, 2H), 3.75 (s, 3H), 3.28 (dd, J = 9.07, 4.53 Hz, 1H), 3.11 (dd, J = 9.07, 3.97 Hz, 1H), 3.04-3.01 (m, 1H),
2.80 (dd, J = 5.10, 3.47 Hz, 1H), 2.58 (dd, J = 5.10, 2.83 Hz, 1H), 2.13-2.10 (m, 4H), 1.76-1.54 (m, 5H),
1.49-1.40 (m, 6H).

BC NMR (125 MHz, CDCl,) 6 153.7, 153.3, 144.1, 128.7, 127.7, 126.9, 115.4, 114.6, 86.4, 80.8, 79.5, 68.5,
63.5, 53.3, 46.8, 41.3, 29.3, 29.0, 28.6, 28.0, 25.6, 18.6, 16.6.

HRMS (ESI) Calcd for C4oH440,Na [(M+Na)*] 611.3132, found 611.3132.
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(3R,4S)-14-(Benzyloxy)-3-hydroxy-4-((trityloxy)methyl)tetradec-7-ynenitrile (251)

PMPO PMPO
(/g (/s
KCN
7 LiCIO, Vi
MeCN, 70 °C HO
o 97%
OTr OTr
CN
250 251

To a stirred solution of 250 (3.28 g, 5.58 mmol) in MeCN (18.6 mL) were added KCN (729 mg, 11.2
mmol) and LiClO, (8.24 g, 54.7 mmol) at room temperature. The resulting mixture was stirred at 70 °C for 16
hours. Then the reaction mixture was quenched with saturated aqueous NH,CI and extracted with EtOAc. The
organic layer was washed with brine, dried over anhydrous Na,SO,, and concentrated under reduced pressure.
The resulting residue was purified by column chromatography (silica gel, n-hexane : EtOAc = 7 : 3) to afford

251 (3.33 g, 97%) as a pale yellow oil.

[a]p? +8.61 (c 1.00, CHCIy)

IR (film, cm™) 2935, 2860, 1508, 1448, 1232, 1058, 1035.

'H NMR (500 MHz, CDCl;) 87.43-7.41 (m, 6H), 7.34-7.31 (m, 6H), 7.28-7.25 (m, 3H), 6.82 (s, 4H), 3.99-3.94
(m, 1H), 3.89 (t, J = 6.80 Hz, 2H), 3.76 (s, 3H), 3.38-3.30 (m, 3H), 2.38 (dd, J = 17.0, 7.37 Hz, 1H), 2.28 (dd, J
= 17.0, 5.67 Hz, 1H), 2.24-2.12 (m, 4H), 1.99-1.93 (m, 1H), 1.80-1.64 (m, 4H), 1.52-1.40 (m, 6H).

3C NMR (125 MHz, CDCly) 8 153.7, 153.2, 143.1, 128.4, 128.1, 127.4, 117.7, 115.4, 114.6, 87.6, 81.5, 78.7,
70.0, 68.5, 62.7, 55.7, 41.4, 29.2, 28.9, 28.6, 27.9, 25.6, 23.9, 18.6, 16.5.

HRMS (ESI) Calcd for C4;H4sNOsNa [(M+Na)*] 638.3241, found 638.3226.
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(S)-14-(4-Methoxyphenoxy)-3-oxo-4-((trityloxy)methyl)tetradec-7-ynenitrile (239)

PMPO PMPO
e - D)
Vi NaHCOs, Vi
—_ >
HO 81% o
oTr oTr
CN CN
251 239

To a stirred solution of 251 (3.33 g, 5.41 mmol) in CH,CI, (18.0 mL) were added NaHCO; (907 mg,
10.8 mmol) and Dess—Martin periodinane (3.44 g, 8.12 mmol) at 0 °C. The resulting mixture was stirred at room
temperature for 2 hours. Then the reaction mixture was diluted with Et,O and filtered. Then the filtrate was
added to saturated aqueous NaHCO; and extracted with EtOAc. The organic layer was washed with brine, dried
over anhydrous Na,SO,, and concentrated under reduced pressure. The resulting residue was purified by column

chromatography (silica gel, n-hexane : EtOAc =4 : 1) to afford 239 (2.29 g, 81%) as a colorless oil.

[a]p? +23.8 (¢ 1.00, CHCIy)

IR (film, cm™) 2935, 1730, 1508, 1448, 1232, 1074, 1037.

'H NMR (500 MHz, CDCl3) & 7.37-7.30 (m, 12H), 7.27-7.24 (m, 3H), 6.82 (s, 4H), 3.89 (t, J = 6.24 Hz, 2H),
3.76 (s, 3H), 3.57 (d, J = 19.8 Hz, 1H), 3.49 (t, J = 19.8 Hz, 1H), 3.37-3.29 (m, 2H), 3.03-2.98 (m, 1H),
2.14-2.12 (m, 4H), 1.91-1.84 (m, 1H), 1.78-1.72 (m, 2H), 1.54-1.41 (m, 7H).

BC NMR (125 MHz, CDCls) § 199.7, 153.7, 153.2, 143.1, 128.5, 128.0, 127.4, 115.4, 114.6, 113.7, 87.3, 82.3,
78.3,68.5, 64.5, 55.7, 50.7, 32.7, 29.2, 28.8, 28.6, 27.0, 25.6, 18.6, 16.6.

HRMS (ESI) Calcd for C4;H43NOsNa [(M+Na)*] 636.3084, found 636.3082.
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(4S)-2-((2R,3S,4R)-3-(10-(Benzyloxy)dec-3-yn-1-yl)-2-(((tert-butyldiphenylsilyl)oxy)methyl)-6-oxotetrahydro-2
H-pyran-4-yl)-14-(4-methoxyphenoxy)-3-oxo-4-((trityloxy)methyl)tetradec-7-ynenitrile (252)

OTr
t-BuOK
PMPO oTr
THF, 0 °C —
—V 71% TBDPSO— 5 OBn
TBDPSO— wom dr >10:1 w

To a stirred solution of 239 (2.69 g, 4.39 mmol) in THF (5.00 mL) was added t-BuOK (493 mg, 4.39
mmol) at room temperature. The resulting mixture was stirred at same temperature for 30 minutes, and then
added a solution of 238 (1.33 g, 2.19 mmol) in THF (2.30 mL) was added at 0 °C. The resulting mixture was
stirred at the same temperature for 2 weeks. Then the reaction mixture was quenched with saturated aqueous
NH,4CI and extracted with EtOAc. The organic layer was washed with brine, dried over anhydrous Na,SO,, and
concentrated under reduced pressure. The resulting residue was purified by column chromatography (silica gel,
n-hexane : EtOAc =4 : 1) to afford 252 (1.90 g, 71%, dr >10:1) as a pale yellow amorphous solid.

HRMS (ESI) Calcd for CgoHgsN,0gSi [(M+NH,)*] 1239.6852, found 1239.6869.
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(4'R,5S,5'S,6'R)-5'-(10-(Benzyloxy)dec-3-yn-1-yl)-6'-(((tert-butyldiphenylsilyl)oxy)methyl)-5-(10-(4-methoxyph
enoxy)dec-3-yn-1-yl)hexahydro-2H,2'H-[3,4'-bipyran]-2,2',4(3H)-trione (254)

H OH
FN
Me 253
PMPO oTr Parkins cat. 213 PMPO oOTr CSA
:: 3 toluene :: - NH2 tquene, 80 °C
TBDPSO— Wogn 80 °C TBDPSO— WOBn 56% (2 steps)
252 s7

PMPO

TBDPSO—" wosn

254

To a stirred solution of 252 (452 mg, 0.370 mmol) in toluene (1.20 mL) were added acetaldoxime
(253) (223 pL, 3.70 mmol) and Parkins catalyst 213 (16.0 mg, 37.0 umol) at room temperature. The resulting
mixture was stirred at 80 °C for 2 hours. Then the reaction mixture was quenched with water at 0 °C and
extracted with EtOAc. The organic layer was washed with brine, dried over anhydrous Na,SO,, and concentrated
under reduced pressure. The crude product was applied to the following reaction without further purification.

To a stirred solution of the crude product in toluene (1.20 mL) was added CSA (95.0 mg, 0.403 mmol)
at room temperature. The resulting mixture was stirred at 80 °C for 20 minutes. Then the reaction mixture was
quenched with water and extracted with EtOAc. The organic layer was washed with brine, dried over anhydrous
Na,SO,, and concentrated under reduced pressure. The resulting residue was purified by column

chromatography (silica gel, n-hexane : EtOAc = 7 : 3) to afford 254 (204 mg, 56%, 2 steps) as a colorless oil.

HRMS (ESI) Calcd for Co,HaoNOsSi [(M+NH,)*] 998.5597, found 998.5611.
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(S)-5-((2R,3S,4R)-3-(10-(Benzyloxy)dec-3-yn-1-yl)-2-(((tert-butyldiphenylsilyl)oxy) methyl)-6-oxotetrahydro-2
H-pyran-4-yl)-3-(10-(4-methoxyphenoxy)dec-3-yn-1-yl)-6-0xo-3,6-dihydro-2H-pyran-4-yl

trifluoromethanesulfonate (255)

PMPO THO,Et,N  PMPO

—_—

TBDPSO—" wosn OHqCl 78 °C TBDPSO—" wosn
0

254 255

To a stirred solution of 254 (204 mg, 0.208 mmol) in CH,CI, (1.05 mL) were added triethylamine
(590 L, 0.416 mmol) and trifluoromethanesulfonic anhydride (52.0 pL, 0.312 mmol) at —78 °C. The resulting
mixture was stirred at the same temperature for 30 minutes. Then the reaction mixture was quenched with
saturated aqueous NH,CI and extracted with EtOAc. The organic layer was washed with brine, dried over
anhydrous Na,SO,4, and concentrated under reduced pressure. The resulting residue was purified by column

chromatography (silica gel, n-hexane : EtOAc =4 : 1) to afford 255 (190 mg, 81%) as a colorless oil.

[a]p?® —18.7 (c 1.00, CHCI;)

IR (film, cm™) 2935, 2858, 1732, 1508, 1423, 1230, 1114, 1080, 1049.

'H NMR (500 MHz, CDCl) & 7.71-7.67 (m, 4H), 7.45-7.38 (m, 6H), 7.33-7.32 (m, 4H), 7.29-7.24 (m, 1H), 6.82
(s, 4H), 4.80-4.77 (m, 1H), 4.49 (s, 2H), 4.47 (d, J = 2.83 Hz, 1H), 4.42 (d, J = 11.3 Hz, 1H), 3.91 (t, J = 6.24 Hz,
2H), 3.85 (dd, J = 10.8, 5.67 Hz, 1H), 3.78 (dd, J = 10.8, 6.24 Hz, 1H), 3.76 (s, 3H), 3.45 (t, J = 6.80 Hz, 2H),
3.10-2.96 (m, 3H), 2.75-2.69 (m, 1H), 2.49 (dd, J = 14.7, 5.10 Hz, 1H), 2.43-2.37 (m, 1H), 2.34-2.24 (m, 2H),
2.17-2.13 (m, 2H), 2.08-2.03 (m, 3H), 1.94-1.73 (m, 4H), 1.68-1.56 (M, 4H), 1.53-1.30 (m, 12H), 1.05 (s, 9H).
3C NMR (125 MHz, CDCl;) 6 170.9, 162.6, 159.6, 153.7, 153.2, 138.6, 135.7, 135.6, 132.8, 132.6, 129.9, 129.8,
128.3, 127.8, 127.6, 127.4, 125.5, 115.4, 114.6, 83.0, 82.2, 79.4, 77.8, 76.6, 72.8, 70.3, 68.4, 65.8, 62.2, 55.7,
36.9, 35.1, 34.1, 33.4, 29.6, 29.2, 28.84, 28.79, 28.7, 28.6, 28.1, 27.1, 26.7, 25.7, 25.6, 19.1, 18.6, 18.5, 16.3,
15.7.

HRMS (ESI) Calcd for Cg,H79FsNO;SSi [(M+NH,)*] 1130.5090, found 1130.5090.
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(R)-3-((2R,3S,4R)-3-(10-(Benzyloxy)dec-3-yn-1-yl)-2-(hydroxymethyl)-6-oxotetrahydro-2H-pyran-4-yl)-5-(10-(
4-methoxyphenoxy)dec-3-yn-1-yl)-5,6-dihydro-2H-pyran-2-one (256)

Zn
PMPO Lil PMPO AgOAc
MeCN, 80 °C AcOH, 50 °C
TBDPSO— wosn TBDPSO— wan
255 S8
PMPO HF-Py
o THF
TBDPSO— Wosn 74% (3 steps)
237 256

To a stirred solution of 255 (43.8 mg, 39.4 umol) in MeCN (0.200 mL) was added lithium iodide
(52.0 mg, 394 umol) at room temperature. The resulting mixture was stirred at 80 °C for overnight. Then the
reaction mixture was quenched with H,O and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO,4, and concentrated under reduced pressure to afford the crude product, which was applied to the
following reaction without further purification.

To a stirred solution of the crude product in acetic acid (0.200 mL) were added activated zinc (25.8
mg, 394 umol) and silver (1) acetate (6.60 mg, 39.4 umol) at room temperature. The resulting mixture was
stirred at 50 °C for 3 hours. Then the reaction mixture was quenched with saturated aqueous NaHCO; and
extracted with EtOAc. The organic layer was washed with brine, dried over anhydrous Na,SO,, and concentrated
under reduced pressure to afford the crude product, which was applied to the following reaction without further
purification.

To a stirred solution of the crude product in THF (0.150 mL) was added hydrogen fluoride pyridine
(50.0 pL) at 0 °C. The resulting mixture was stirred at room temperature for 2 hours. Then the reaction mixture
was quenched with saturated aqueous NaHCO; and extracted with EtOAc. The organic layer was washed with
brine, dried over anhydrous Na,SO, and concentrated under reduced pressure. The resulting residue was
purified by column chromatography (silica gel, n-hexane : EtOAc =1 : 1) to afford 256 (21.3 mg, 74%, 3 steps)

as a colorless oil.

[a]p? —26.9 (c 1.00, CHCI5)

IR (film, cm™) 3435, 2933, 2857, 1717, 1509, 1454, 1232, 1107, 1038.

'H NMR (500 MHz, CDCls) & 7.34-7.33 (m, 4H), 7.30-7.27 (m, 1H), 6.83 (s, 4H), 6.71 (d, J = 4.53 Hz, 1H),
4.71-4.67 (m, 1H), 450 (s, 2H), 4.42 (dd, J = 11.3, 4.53 Hz, 1H), 4.15 (dd, J = 11.3, 5.65 Hz, 1H), 3.91-3.85 (m,
3H), 3.77 (s, 3H), 3.73-3.68 (m, 1H), 3.47 (t, J = 6.24 Hz, 2H), 2.96 (dd, J = 15.9, 10.2 Hz, 1H), 2.79-2.71 (m,
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2H), 2.54 (dd, J = 15.9, 6.24 Hz, 1H), 2.40-2.36 (m, 1H), 2.29-2.26 (m, 3H), 2.17-2.10 (m, 5H), 2.07-2.04 (m,
1H), 1.79-1.72 (m, 2H), 1.70-1.60 (m, 5H), 1.54-1.43 (m, 9H), 1.38-1.35 (m, 4H).

3C NMR (125 MHz, CDCl3) § 171.7, 163.5, 153.7, 153.2, 145.5, 138.6, 133.2, 128.3, 127.6, 127.5, 115.4, 114.6,
82.1, 81.8, 80.5, 78.3, 7.8, 72.9, 70.4, 69.7, 68.5, 62.2, 5.7, 39.5, 36.6, 33.8, 33.2, 29.64, 29.61, 29.25, 28.89,
28.8,28.7, 28.6, 28.3, 25.7, 25.7, 25.6, 18.6, 16.4, 16.3.

HRMS (ESI) Calcd for CasHeNOg [(M+NH,)*] 744.4470, found 744.4452.
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(R)-3-((2R,3S,4R)-3-(10-(Benzyloxy)dec-3-yn-1-yl)-2-(hydroxymethyl)-6-oxotetrahydro-2H-pyran-4-yl)-5-(10-(
4-methoxyphenoxy)dec-3-yn-1-yl)-5,6-dihydro-2H-pyran-2-one (257)

MeO OMe

To a stirred solution of 256 (18.2 mg, 25.1 umol) in CH,CI, (0.200 mL) were added
2,2-dimethoxypropane (31.0 pL, 251 pumol) and CSA (5.80 mg, 25.1 umol) at room temperature. The resulting
mixture was stirred at room temperature for 1 hour. Then the reaction mixture was diluted with H,O and
extracted with EtOAc. The organic layer was concentrated under reduced pressure. The resulting residue was

purified by preparative TLC (n-hexane : EtOAc =7 : 3) to afford 257 (14.8 mg, 74%) as a colorless oil.

[a]p?? —12.0 (c 1.00, CHCI,)

IR (film, cm™) 2934, 2858, 1736, 1723, 1509, 1455, 1232, 1107, 1039.

'H NMR (500 MHz, CDCls) & 7.34-7.33 (m, 4H), 7.30-7.25 (m, 1H), 6.82 (s, 4H), 6.58 (d, J = 3.97 Hz, 1H),
4.50 (s, 2H), 4.35 (dd, J = 10.8, 4.53 Hz, 1H), 4.09-3.99 (m, 3H), 3.90 (t, J = 6.24 Hz, 2H), 3.76 (s, 3H), 3.70 (1,
J = 7.94 Hz, 1H), 3.63 (s, 3H), 3.46 (t, J = 6.24 Hz, 2H), 3.32-3.29 (m, 1H), 2.76-2.66 (m, 3H), 2.30-2.24 (m,
4H), 2.17-2.11 (m, 4H), 1.91-1.86 (m, 1H), 1.79-1.73 (m, 2H), 169-1.43 (m, 14H), 1.38-1.36 (m, 7H), 1.29 (s,
3H).

BC NMR (125 MHz, CDCl;) & 172.5, 164.2, 153.7, 153.2, 145.5, 138.7, 132.1, 128.3, 127.6, 127.5, 115.4, 114.6,
108.8, 82.0, 80.8, 79.6, 78.0, 76.2, 72.8, 70.4, 69.5, 68.5, 67.8, 55.7, 51.6, 41.3, 38.2, 35.3, 33.2, 29.9, 29.7, 29.3,
29.0, 28.9, 28.8, 28.6, 26.7, 26.4, 25.8, 25.6, 25.0, 18.7, 18.6, 18.1, 16.3.

HRMS (ESI) Calcd for C4oHoNOg [(M+NH,)*] 816.5045, found 816.5041.
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Ko VIZDZER, FIGHRER D ZHEZH Y £ L# M IRSIRT 3P B E L= #
% 8 e ok 2O ONT BMIRSIRSE JEAE IR AR SRR BRI M SRR X
DIREHOEEZERLET,

A LB N2 & & Uz, §RRSIRT K ERR L= 2% Bl 4L ok 2o v
iU SRVANG S S Ei%ﬂé iz W0 BT ek SRR R AR ER TR R A
LR B IR IEWE SeEICiRE#E L £,

Flo, TN AERR LS, M2 W2 E & E Lo iKY ALERFHEINIT oA SR
W s desk, SRRRSIRS: P R ROE L P2 G REJE Bk Jo/k, #RiIRSZR%E 3K
FHD ER RS LR EE B RN L AR EH W LET,

AWTE a8 LA REBE, #Rn2TH< & &b, BARICIEZITY, Z2<OmAZIE L TH
Wi BRI B At EHH O EAN B m)l B Bt RE S Bt EHE BRI

D&V IEHR L BT ET,

FRICERL, ), TRtz THE £ LICi RIS G RS L E O R IRV 2 L
i‘j‘o

RIS, ZOWFZEIEIE 2 2R TR A TSR, W, Lo, RO NI E L2 W2V RO
B L ESRICEI DR TH Y, 22O I VEHOBELZERL, KX aHB T 7,

SRk 29 £ 1 A
W0 AT
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