AR L (TF)

2,4,6-R)AY a7 2= VUF U L% H\ /= Barbier
B SCEB TV — NV -B-C-T VT R ERIEDBE R L

Ry fLr B DEERKR

VR 27 AR
BEIE AR PR A G T2 TR

Kb 1%



B et e ettt et ettt st et se et e e s ereneee 1
F—E AEBNEEDEEL TOT UL =C-T VIR e, 2
R TV = C- T VAU RDBTRIE oo 4
oA B RBIMEERIEERFOT Y= -C-Z VAV RO ETRIE oo, 8
FIUE RoimwA iy B OHEELL Y LY ) — L= 0T ARIZ N T, 10
B LYV BT N AR T DI E D BRI oo, 13
FNHT NI ATY B OGTEEEIE oo 15

i OO OO ORRRRRRRRROS 16
B SRERAICEFRSMEEREEZ AT LT —V-B-C-TYa R
DFTFLEFRIEDBHIFE <o, 17
F—H s AR BRRFEDRRTT oo 17

W NV NARET VR J-8-F 0 b DR IS 331 B BB i S D
FBET <o 23

B ZE NIATF NS UNARET Vv a ) -5-T 7 b ~D RIS 31T D F
JEPEDDREET oo 26
FVUET 7V )-8-F 7 N ORI 1T DRI oo, 28
BHE 8T R ~O RPN I B SOGIRE DIRFET oo, 32
FINHET TI R IV DIRTT oo 38
FEE AF AT VTR AL T Z IV DIRTC oo 42

o NmvavA ATy BORAR: HERAY B AL s 48
G R I e 53 4 OO 48



B NAFAINARET N )-§-F 7 b AWK 1 7)o 7 RO D

FITHIIBET oo 50

FEE 3T AR NS T IR AN R TV T B e 55
BIET NI AT L B DR oo 61
FHHET 6-TE -SRIV AT Y B DB oo 70
' RTiavA ATy B OGN NHK 1y 7V 71—k 72
B B RIABIT oo 72

B 41N NHK Iy 7V VS A i mv v Ay B KN 6 - 8T

ST A T L B DA oo ettt et erer s 73
FHUE RovravwATy B OEAK 5P REM IS — . 77
B BT B T oo et 77

g O FNEREMINR S V—RMC LA R AT B R N6 -

A B DD A R oottt ettt erann 79

B PSR N O A I T DA IR oo 87

B T e i 89
B D oo 95
B B LT 0 D I oo 95

B BT LT 0 D I 0 oo 188

B BT LT 0 D I 0 oo e 280

B U T LT 0 D 2 0 oo 309

11



s =
Ac
APCI-MS
ATR-IR
Bn
CAN
COSY
CSA
DIAD
DMF
DMP
ESI-MS
HMBC
HSQC
HRMS
LRMS
MesLi
MOM
NHK coupling
NOESY
PMP
RCM
TBS
TFA
THF
TIPPBr
TIPPLi
T™MS

acetyl

atmospheric-pressure chemical ionization mass spectrometry
attenuated total reflection infrared spectroscopy
benzyl

ceric ammonium nitrate

correlated spectroscopy

camphorsulfonic acid

diisopropyl azodicarboxylate

N, N-dimethylformamide

Dess—Martin periodinane

electrospray ionization mass spectrometry
heteronuclear multiple bond correlation
heteronuclear single quantum coherence

high resolution mass spectrometry

low resolution mass spectrometry
mesityllithium

methoxymethyl

Nozaki—Hiyama—Kishi coupling

nuclear Overhauser effect spectroscopy
para-methoxyphenyl

ring closing metathesis

tert-butyldimethylsilyl

trifluoroacetic acid

tetrahydrofuran

2,4,6-triisopropylphenyl bromide (1-bromo-2,4,6-triisopropylbenzene)
2,4,6-triisopropylphenyllithium

trimethylsilyl
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B ABEEEELLCOTY—L-C-FVav R

TV—=V-C-7Vas Rid, RN OEASNLEERAGEWEE T, M x 2B Z R T
(Figure 1), —fFlEL T, ~UL7 =1 (bergenin)’ 1% 4-O-AF VI &FBED C-7 /L3 R THL
RIEVER LR E AR L., /2542 D (papulacandin D)? |34 /e AL 004
B A EERT 57 Vay R T, LEREERZ/RT, $2, <X 72U (mangiferin)* 1%
FHhrD C-T7NavRTHY, FLEEHSLHHERISIERZAL, Y7V sS4
(salmochelin S4)° 1% C-Z /LA MEENT- T TR F L OFER T, 3MOEA T %t
LCHERICEm OB EEZ R~ T,

Bergenin

Salmochelin S4

Figure 1 AEPEMLZ RTTY—L-C-ZVal R



SHIT, IR, TV = A7 Va s REFEERICHBEIRFEL L COFEMIEMEDN RSN, 1556
RRBIEEIFZEAM TN TS O, ZOIFET, TU—/b-0-7Va RE# L, RN OIIKSY
RSB IZ3L CTRE T R Z TN T Y —b-C-Z V2 RF RN G AL, BIFE ST
Ele, W F 27V 7my (canagliflozin) °F /37U 7w (dapagliflozin) 728, E DD
2T 2 BUBERIFTIAIERIEE LT BRICER RS S 31 T D (Figure 2),

Canagliflozin Dapagliflozin

Figure2 2 BUBEIRIFTEIREHE



W TV—N-C-ZVad ROERE

— IR AR BRI LD, TV— N -C-ZVas R ET 9 B4 ED TRy, Rl
TINFETELDERENFHBEEINTETWS T, ZNHDOHF TIHEN TWAEDEL TIELL
TOARIENRETHNA,

(1) AR FH N7 V2 VR F— DK E T O LD E Rk

(2) 7=/ —/L® Fries WEAA7 )& (O-C migration) (2855 AL

(3) ZVAVNRFT—(NTAR, TR GE) ~DT V=)V AZ VD REZ DS E D E K
(4) EB 4 REMELE AW eraRx o 7)o 7 RO K DA R

JA AR IO R E 1 BORIC LD A AT C-ZVav RORFRRERIETHY,
1940 FRPOBIEFE CRIZIAFUMIEN 2SN TND, 7V VR F— D B R L L C
IZNFAR(E, Cl, Br), 73 /L H(OAc, OCOCF;, OCO(CsHy)NO,), R Zua T £ hAI5 — Rk
(OC(=NH)CCls), EU /L FF H(S-(2-pyridyl)), 7/LaF I (OMe %), T aF% T E(OTMS
VR EPHWLNDD, RN a7 B I7 — MEREMZR S TRISHEITL TS
WHENTWD, VAAEELER % 726D (AICL;, BCl;, SnCly, BF-Et,0, TMSOT, AgOTf,
ZnCly, ZnO, Cp,HfCly, AgClOy, etc.) NHWHILTWD, 727121, Va7 re 74 —LL
TETNax v e JORB BB R EHREMNODULENHY | B KGO E I
MHDLEFIENEATL 272D VO RN DD, £, 7/~ — ML O NARERRYEITET /) — A
B (6 BB OLAIFIE &<, 2 MOBEMIEITITHEVEASHT | VBT LE
BT~ — MBI T D, — T 7T/ — A8 (5 BER) OBA BRI E <L 2 fLoE

\Z B A2 TR0 T 0, —BilEL T, Schmidt HiF =7 VbRV £ =T L= —T VAT
£ T, a-D-Z/Nat’Z )3 v 74 a7 v7—h 1 & 1,23-FIANETRUPL (2) DG
2L, 59%DINEETT YV —/L-B-C-Z /LR 3 %43 TW % (Scheme 1)%,
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OMe
OMe BF3-Et,0
0o ...OTFA
BnO N MeO OMe CH2C|2
N ., + _ >
BnO' ‘OBn
rt
OBn 59%
1 2 3

Scheme 1 /LA AREMREEA VN R E SO I L DB K

BAREDOKIEEEL ST Vai VT 7T Z—a VD56 W12 O-Z7 VA RV ERL
724 AVMIIZERNT 35 (Scheme 2), $5ARDIE, 7 oALHE 4 & 2-FT7h—/v (5) LD
(XD KB EDA NI C-TVai bz 6 2@ TR WD, BT EERITE
BRAIZLEISI L TERWS DD | ZOT7iEZ MWL ERE DB ANLE Z 52 TED,
KEEFEIZZ D% BREHDVIIMO B RERICEBR TES, Tz, SRR MEICEIL QI OE
DULSE WD LA AP (ORI B 2T D,

Promoter/CH,Cl,

Mes_O-_..F HO
BzO

OBz

4

—-78°Cto0°C

OBz
5 6

BF5-Et,0 70% o/B = 3.4/1
Cp,HfCl,-AgCIO, 98% a/p = <1/>99

Scheme 2 Fries AN St Z LA B K

TVAVNRF —=~DT V= VARV DRI Z DR TIE, 7 VA aRF—LL Tl
FAINTAR FIRREDPHNEIND, NTARZ WG A TR SLARRTRIEESIZH
FORWEERNBELN TR, o, KSHEE BT 5720 KO RERLL TT Lk
FEANTHUNERHHIELHY, BEIOSBRENNELRD, —T5, T/ &7V LR
F—E L THWA Rt (Scheme 3)' 13, AEU 72 KB AR TC(R = F LT =T bRy

FUTTNZ—TNEER, T IKFBAERTVFE TN L RT IV ZVRVE F)T D



TREZFT LM, BALARRINGICIE LT D& FIRE T, FERITH 72 75 Th D, Kraus ©
03 NSNS N )85 T LT ==~ T R AR ED KGN
B #i T B TEICRY, 7= b-B-C-Z Va3 R 8 I8, 88%DIR THLNDZ LA H
HFELTWD, 12120, TV— A2V OERFREL TI TV TF UL T 2T DED RS
DEWHDBHNSENLTD  ZHHERISL TUEY BRI A TE R0,

1) PhMgCl, THF

O O _78°
BnO 78°C
BnO™ “'0Bn )
2) Et;SiH, BF 5 EL,O

7 -78°Cto0°C 8
88%

Scheme 3 7 /L2 /-§-F 7 b ~DT V=)L AH VD RIGF N -7 A A LD B K

BB AR e ra Ay TV 7 ROSRICE D AR T ORERRBIELT, =L
itz N2 sp>-Z U3 WANTARET Y — VIl LA ED T TV T I e O U
— VIRE BT AT L ET V=L NTAR DT MMz A= 7V 7 R G-~ AR
Rl —ar KGO B 7~k LTz (Scheme 4),

Ni(COD), OMe
OMe (tBu-Terpy)
o_.B
AcO w B MeO CO;Me DMF AcO Coume
+ —_—
AcO™ "0Ac " s
OAc Znl-Licl 69% (1:11 C-a:B)
tBu
9 10 11 £
tBul\ NNy BU
=N N~
1) PhBr, PdCIy(PPhs), tBu-Terpy
9 aq Na,CO3, DME
o B~ reflux
o) o
$ | —_—
Bu 120" 2) BHg THF, THF
OTIPS then
30% aq H,0,
12 3N ag NaOH 13

57%

Scheme 4 ER 4R LA FHUN =702y 7)o T RO Z 8D 6 L



Gagné b "X, ZVai T uIR 9 b TU— VSR 10 A= URIEIEAE T RS S
AT VTSR 11 %2 69%DI R T /o, SAEEIGTEE W) | TIEA IV MELA~DE
PUTFFAE LR E | RRHIRIZSH 26 DD, EIREWVDIRFZREMFE T, C-ZVav a1 TR
THRDZENTENRN R SOGTHDHEZZ DD, — 7 "TVT MMbE Wy 7 )
I BOG—ARRRL = a FOSIZE DA RIET, 2 TREZZEST 2600, iR file g
10 MBI TV — VN 2 B CE D F7R 71k T D, SRS T 2 v — v R e g
TATV 12 ET RN B EDNTUY DMl T2 RS 7020y TV T BOR,
fe< AR R L — 2 a Bk, 57%DINERTT 2= /)L-B-C-7 VLR 13 BMEbnbZ
EEMEL TS, ZOARKIEIL. AFLLT WA 27— L7 aIREFUEIEL THWA S
EMTELR T, IEFITA MBS THD, MEERD REL T, 7V — AR fgr 27
VDA tert-7 FNVIF U LEAEHL TR REARDPELV A, F2, 2 TREDO A
FERL =g DIERNZLIUZE mLBRWVED DD,



B=f BT RGIMBREZR OTI—N-C-ZVa ROERIE

TU—=-C-Z VL ROAERIEICIE, ZIWVE TN TEZIDNIEZLOA R FERHLL
DO, FEE WIS, SRR, KEARA~OEISHARE IC—F— N0, mRe
FEHIA RIEIL, 572 BROONTND, FHIEEERIAIE TR MEEHRE LR Lo7%
TV—=-C-7 VAL ROGEITIX, BEABAEEE AN ra 2y 7V 7 OSSO B
H72 B BIEIF RSN TLED,

— 07 TV=NIFOLRLT V=N~ TR LFELT VR )T IR ~KREAMAIESE, £C
12T =NV ET AL, TV—L-B-C-ZVas REA T 55 EE, TORAERE N
SEREIRME, SOIZH 2T FNEIC LD REBG RIS AW TND T LR EN D AHEA L
LD FIZB O TESHAWLRTND %12 2L A BREO SUGTEN BN S5,
INBERIST HTAT NY T /I EOEBIL AT HIEI T LAl £TIEE
AETRL ZIVET, R SNTZT N a— U RRT B 2 — /R TS EAT O, iR, BRfb3
Dl 8 ORIBERR T IENRLNTE T B, 220, ZORBMNII-F A3 AL S k57
—V-C-Z VAV RE A, TAT ARV T e E OB A T AREIHEIS T AZEN
TEDIDNTARAUT, FERITH MR ERIEIZRDbDEEZ BN,

UTAE | K 2 7R B BRI~ 7 - RSOV AR R IR NI FE S L, FEAEShCnwg Y 2
NoEAWTELSEETI—VERET VR ) T7R O RUSHIEL T, BRE 4 orL—
TNE AT NIF T L EHNETV—V-B-C-7 av R 17 OEKEREL TS, 372b
B, NIAFAVIURGELT- T V2 )-§-F 7 14 & BRI tert-7 F /LT AT )L
EHTLHTV—LT7BIN 15 DAV TFNAYF T A (MesLi) Z W ol AR V2 i
JMZEVAECESH 2T V= NI F T LED KL T 7V 7 SO IO IR Z G714, A%
ANV AR ) — VALBRT B2 L2 X0 AF L7 Vav R 16 G pLTZ, D%, BT
ZONTTTY—/L-B-C-ZLas R 17 ~EFEEL7=(Scheme 5),



1)

cl Me ! Me
B I
TMSO O COBu _78°C
TMSO™ Y 0TMS 2) MeSO3H, MeOH
OTMs * Br ) S iort
14 15 87%

several steps
AcO

AcO™

OAc

Scheme 5 AL T NITF T L% W T=E R

F77., Pankiewicz & P DV N—TF 13 AV T OE NS R AR E N C-XIL A
YROBREREL TS, T7bbh | 3-8 —RXU Y =R b Am s - A LA HRIZ T
AUEET- Grignard 33 L ROV RS IIZUR /-T2 18 ERUSSHE, UK
FRIA TR ILICEVBREL 19 28570, 20%, HER EOVT 7 HEROTIRIE~DOZ
AR NVFEDOPRHEIZ LY C-XIL AR 20 ~LE = (Scheme 6),

o 1) iPrMgCl H 1) MeSiOK H
- A(_/v/o 3-iodobenzonitrile e\ 85% N
n \_/ I LS ocN . "o CONH,

BnO OBn 2) Et,SiH, BF 5 Et,0 BnO OBn 2) BBrs HO OH

70% 94%
18 19 20

Scheme 6 17 0t /L~ R LaYR %A R

ZDOIDNTRLNT-HERNLH D DD | ARZRNE T FEDOHEI TN E TSI TR,
Al FZFL ZAT YT R E OE A RO B A B ERIAACHE T 5T — L
INTARDD BREFRINA 72 a7 AV A A W CTALSE T — L& R &
TR IZ 7N EOREEA B i T A X AL EDH TV — v -B-C-7Vav K&
RER BRFE <R AR LT,



FIOET NRio~AT BOHBELL Y VY )—)~IaTFARIZDOVWT

LYV U BRT VR BE(RALS) EVER R VT 2= LEEEET VN SE (DALs) 13X, RU7TF
REMBERICIVELEINDG I/ TARO—FETHY, LY VY ) — )V FRRNB~ 70T AR
BRI EE A T2V vy ) — b~ raT/REMEN, CNETli#E &bt
T 60 LA EDOFRIRM DA ST D(Figure 3), LY Ly ) — b~ aT A R BIRIZE i
FHL, o, PURIMERASC, PLEIER. Pl VTR L SR EBE M2 7R 9772 | T4,
FTETHEBZEDTEY., ZLOEI B, BRALEOZEN RS T0D 1
KA EHOFIEL T, B\ ay sz %7 90 (HSP90) FLEEHEZH 577 1> 2—b
(radicicol)'” 2, 2y ZUEE R F-IEMEL 22 732 E % F— ¥ (mitogen-activated protein kinases)
AR E T H AR~ A2 (hypothemycin)'®, HiRIEMEMEH T 57 L 7TV
> (curvularin)® R E NHRITFTHND, FF 422 —/UF 1953 FEIZHIO TR RSNV L
fE7 b Thdd,

OH O Me OH

)Jn=1,3,5
HO T HO (@)
O
Resorcylic acid lactones Dihydroxyphenylacetic acid lactones
(RALs) (DALs)
OH O OH O
(0} X
<2 Dij:;l
Y MeO 7z B (0] HO
© o oHl
o~ o
Radicicol Hypothemycin Curvularin

Figure 3 LY LI URT /N EVv RO T 2= V] ERRT V-
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ZDOIH7e EDOBE, 2010412 Chen & Weild, Paecilomyces sp. SC0924 Bk D5 EY)
O L7887 RALs %, /S~ A3 A-F (paecilomycins A—F, 21-26) % &L T
& L7z (Figure 4), £72, W T, 2012 2= m~v A2 G-I (paecilomycins G-I,
27-29)*' % 2013 T8 m= AT J-M (paecilomycins J-M, 30-33)% & HiffE, #L
77

MeO

Paecilomycin B, 22 Paecilomycin C, 23 (R' = H, R? = OH)
Paecilomycin D, 24 (R' = OH, R? = H)

OH O
0]
MeO HO N MeO
(0]
-
Paecilomycin E, 25 (R, R? = OH, R® = H) Paecilomycin H, 28 Paecilomycin I, 29

Paecilomycin F, 26 (R!, R®= OH, R = H)
Paecilomycin G, 27 (R', R2=H, R®= OH)

MeO MeO

Paecilomycin J, 30 (R, R® = OH, R? = H) Paecilomycin K, 31 Paecilomycin M, 33
Paecilomycin L, 32 (R', R® = H, R? = OH)

Figure 4 /"~ A-M, 21-33
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NRxiuvATy A-F O~ TV IR RERS I, FRENDEWII~ I T TEEL R
FTZENHBNERST=(Table 1), $72bb, 7onk J&ZMERE 3D7 ICH L, Nmim< A
> E (25) 1%.20.0 nM &, LAY THSH 2 re 2 (chloroquine) 0T — 7 I3 =2
(artemisinin) EFRICEI 72 @i EE RL, /Sy ma~AT 2 A (21), B (22). F Q6)THREED
EME R LT, — 07, 7aaf UitElE DA2 Ik Tid, S=>a~wA2> E (25). F (26)
MR DIEMEL R T IZ I EoTe,

Table 1 21-26 OHi~FV 7 iEM:

Compound I1Cso (UM) ICs (MM)
Plasmodium falciparum lines 3D7  Plasmodium falciparum lines Dd2
21 0.78 > 50
22 3.8 > 50
23 > 50 >50
24 > 50 > 50
25 0.020 8.8
26 1.1 1.7
Chloroquine 0.0235 0.1126
Artemisinin 0.0125 0.0135

bR av AV VEO T T, Ny aw Ay B (22) 1% 14 BRI OHICT R
FERBRY IV BRER T D, TRbLT)— /L -C-ZVav FiE&EEL D, 20X e R 7%
EEFFOLOIT RALs OF ThH/Rmim~v A B2 THY, FrlCBER 2 Re7-b, 20T
FERBRE T VBRI, R~ ATy A DTRFURE 5 KEEIEED 537N SN2 SUGIZEY
RSN DEE 2 HNE 2 ZOXI 7SR BIEL | ABE IS D/ Sy m~ Y
VRIS B BB R OIE L7 TD, 12720, ZiETolmyvr~A vy E (25) KO
REu~AYUF (26) DEAR? NRESNZLOD, RTiun<v AL B (22) DEAK
DOWEBNTRN, FEF IR n~v AV BREAT IV E/ T HT)—L-B-C-7 Va Rk
AR TLHIEND FHEBIEATE R TELRWVERL G THHEE X | TOE A%
Bth DL eI,
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BEE VN UERT VAT DR EDE A

LY N T I NAZBT D6 AR IA<AT DL THRY, v /e {tbd FiEEL T
I AEIEEFIZ L D~ 7u T 7 MAURIE, PABRAZ 2 ARG, 47 PN B IR L — )+
TV T FOGIRE S HEDL DD | ZDOSLARERIED BRI RO BRI ENDLH i
& Grubbs filtit55% W2 PABR AX B ARENZ ST D, —fil& LT Srihari & 2* |2

Ko/ om=w AU F (26) DRE RO % 79 (Scheme 7).

HO

It A l

, nBuLi, BF5-Et,0 ,

L-(+)-diethyl tartarate —  BnO 0O ——» BnO 0
O$ 82% 0\$

34 35
OH
OH 1) Grubbs-Il catalyst
CO,H DIAD, PPh3 85%
+36 ——— —_—
MeO | 71% © : 2) 2N HCl
’, o
o 87%
37 o#
38 Paecilomycin F, 26

Scheme 7 Srihari HZL2/ 3T~ A0 F (26) DA R

Srihari HIFEARLY =F L LVFFEE LIRS £ F LK 34 LAEN e me LA
FLRED IR EDRE S BT L a—L 385 LL7-1% . TsA% I\ - TSR 7T
ALK IS S 2R THL T 10k 36 21572, 36 D 2 #T Va— i b iRk 37 &
DIFESUEN L, KAV 7 12 % ZofTHEAT VA 38 LLIH, % AL Grubbs

fil iz FHNZPHER AZ B U ARSI ED = 7 m B L 2T MR TERAL R Z 572, &R I

MAREEITV, R a~ AT F (26) D& EEMR LT,
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%72, Danishefsky & "X IAE ICH FREAME T L) 2=—I72 HIEICED, 74X 71
~ AT D DREREERL TV 5 (Scheme 8),

0 o
= O 1) €ox(CO)s 50y co-
= 94% :
X (OC)sCo

CAN
_—
TBSO 2 (0] 2) Grubbs-II catalyst )
0 TBSO (e} o
O# OTBS
39 2'-(R)-40, 38% 2'-(R)-41, 94%
2'-(S)-40, 42% 2'-(S)-41, 95%
TMSO
OH O
43 OTMS 0
neat - s
—_—
— » HO N
OH
< OH
2'-(R)-42, 74% Aigialomycin D

2'-(S)-42, 84%

Scheme 8 Danishefsky HIZEDT AFTEV AT D DA ALK

T H, 39 OTNAF AN Z, VANV IAF Y LRV EEREL T AT LT, 5
T AR Grubbs A FHZPAEBR AY B U AROGICE D~ 7 a B b ATV, BRAGIK 40 % Y
RO, S VMERE L | T S T2 ARYY AIVE AN TT EF LU~ ERL
41 ZAGIth, ViV Ty 43 LOTA—NAT VLS —[GE T T2, AV T T O
BEA RO AD RS ITEI T, LY VUi~ raT AR 42 BERRLUZ, KB ICik, O
IKBBIEDBRHEEAT, TAXTa~v A2 D ORGHREEKL TN,
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FBAE oAy B DA RRERK

LY N A ET N AAZBET D1 E DA BAFE A Z o T LTSk R, v/ m T I R BR DA EE
(IEPABRAZ L AROGE TR D2 LM BRI @V E L 72, F7l2, ThTeRae
TUBRESITHEEL TR, BORESIEHELCT L, KORIGHEIEE EDL DB 2 T2, £
ZTC, C-TVAVREMEEAER LT WIRFONITID Y T 44 ZHEEL | PHEEAZ B AR
I CERALEATO N — N — B el U, B2 BAA L 7= (Scheme 9),

—Ji . BAMOMWEZ LT D720 Fo, GRIEDSHRIEZ IR | 4% O SR G I
DIRF DX MO/ — M REILTZ, Thbb 7V TEeREEZ A28 =/19—UR 45 O
NHK FSICE0~=27a bz 7oL —he, I0F¥L o0 7 Tldd s, 7U—La—IR
46 [ ZxFL . B REFLIEINIY 7 - APV Sk e D TT ) — VA V2 B LS 47
FRNDT I ERERNCROGESE | v/ iR 25T 5 5 EO WTREMEL BB I AL, F50%
HEDT=,

B: Intramolecular
A: Ring-Closing Metathesis route Nozaki-Hiyama-Kishi Reaction route

A0 OH

O OH e~
Grubbs-II catalyst A JA CrCly, NiCl, 7 0 OR
X o) 7'(}'1'/ o) o)
RO O oMe o -~ OHC. L0 OMe
“ ., HO 5 1517 OMe R ,
RO ‘OR C RO OR
44 o " OH 45

Paecilomycin B, 22

|

C: Intramolecular : O OMe
Nucleophilic Addition route ~

chemoselective
metalating reagent

OMe

Scheme 9 /YT~ AT B DA RLHEE
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B—E FERWBNMICETFRSIEEREEZETHTI—N-B-C-FY
L ROFHE RIED B %

B ~af AN RBERAEORD

BRDIT, Bk A 72 & BALREEE O, NTALIT tert-7 F VAT VI A FFOT U —/La—
R 47a OO RV S E kR R LT=(Table 2), SRS Ci THE 1, =78 C
(2T 47a LB ARTE L2 | RFFSOSSE T2, BAY ) — VO F LIz, n-7 FAVFY
LR tert-7 F NN F U LTI AT VLS SRIEH B, 22T 720 B LT TV — A F o A
DN 4Ta DT AT )VENLE SR TELTZ 3BT /va— Uik 50 NEIZELTZ0T 5708 D35 IR &
720 AR TULOEAKFLIR 48 21552 L3 TEAR o7 (entries 1 and 2), — 5, ¥7 %
LT — MR (nBusMgLi)** =° Grignard #EE(PrMgCI-LIC1)> J ONAY F /LU F 17 2
(MesLi)*® Z W2 B B3 Z I 92%, 92% K TN 76%E BAF/RINER T 48 15D LN TX
7-(entries 3-5),

WIZ, 2o - ANV S CTHECSE TV — V&R fEs NV RiET Lo
J-8-F7 b T EDRIGERE LT (entries 1-5), ECT=T7 7 b— WIS LR 2 ETR C-B
K 49 OHThoT-, M, EAKRFELOPEREFEELFE R BELNTZHDD nBusMgLi &
O iPrMgCl-LiCl ZHW2ia13, AU @ RN TV — V) F U MR TEOREZ D
FIUNZ8OD, FLEA R OIREE DS L BT | ZOIERIZZAVE I 49%, 55%E 008V E D Th
~7=(entries 3 and 4), ZAULHIE O Grignard B O S SAHICHI L, B RERFIZTY—1 =
—UR 47a EXRVUNMRET VT -8-F 78 T EAIA, in situ [TV — V& B RS
W7y 7S LHF 1 (Barbier RO BIGGAF) TRIGZRATZEZA, 10%0°5 20%F2EE DL
DI EY RS- (entries 1, 4 and 5),

b ROWINENRGLE MesLi Z W UGS TORIVERMZREELIZEZA, D ED
MesLi £8-77hy 7 EOFIE 51 OAEMDPHERINIZT20D | AT AR LRI
LT, J0EEW 2,4,6-RAY 7t /L7 ==L YF 7 A(TIPPLI)*® Off i %% % /=, TIPPLI

IEHIREN TS 1-7 2E2,4,6-R) A7 BE LB A(TIPPB)E STV Y ED n-7F )L

17



Table2 FERIIVEEBIELATDTV—LI—TR 47Ta O BT AV EHRIE
KON NARHET N )-§-F I T EDIT VT R

CO,tBu CO,Bu

1) Metalating reagent
(1.2 equiv)
THF,-78°C, 1h

2a) CD;0D

I
47a or 48
(1.0 equiv)

2b) O
.OB
BnO
n = "0OBn
OBn

7 BnO
(1.0 equiv)

THF, =78 °C, 1 h

OH
HO
O 00BN
| BnO . 0Bn
OBn
50 51
48 49 (yield, %)*
Entry  Reagent . a i - ier-
(vield, %) Grignard-type Barbier-type
addition addition
1 nBuLi 26 28 38
2 fBuli 16 12 N.T.
3 nBusMgLi 92 49¢ N.T.
4 iPrMgCl-LiCl* 92 55 71
5 MesLi 76 [71]" 68 76
6 TIPPLi ¢ 70 [87]" 62 90
? Isolated yield.
® Not tested.

© The reaction was performed at —78 °C, then allowed to warm to 0 °C.
¢ Performed at —60 °C.

¢ Prepared from mesityl bromide and nBuLi at =78 °C for 1 h.
"Performed at —78 °C for 10 min.

€ Prepared from 2,4,6-triisopropyl bromide and nBuLi at —78 °C for 1 h.
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UF T LZTHFH, =78 CICTRIESEAZEIZIVEGITRE T HLnT&s, EAFEL
SGET 78 D Grignard B O FUS DO UL ER [EMesLikZ AU E RE7EN TR o725 D D,
Barbier ! S i G TR EULE DA L 90%D @I TH > 7Y 7 &R ThH T 7 h—
v 49 E1GHTLITE (entry 6),

TIPPLiZI BT AV AZHGRIK L L TRy WA B2 R 3 28I L7272 Fli 4 D
BT == VYT LRI O, B RS IEERIEEZ G357V — 13— 47a O e
P AE N RO D NARGE T N ) §-F T8 T DIy TV T G R
L7z(Table 3),

Table 3 E¥LT7 ==L UF 7 LE N0l A% )L AR

49 (yield, %)"

Entry Reagent 48 (yield, %) Grignard-type  Barbier-type
addition addition
1 @ 16 N.T.’ N.T.
Li
2 :@i 86 76 83
Li
OMe
3 /@\ 90 76 91
Li
NMe,
4 73 N.T. N.T

Li

5 MSOQOMe 0 N.T. N.T.

Li

? Isolated yield.
® Not tested.

= BN 2,4,6-N tert-7 F LT == VU F T NI - R VAT HRERIR L LTI, S
BRI IE L L T 48D ILRIT16% RN B DIZIEF 7= (entry 1), 2,3,4,5,6- 2 X AT
NI 2= V)F T NIB WG ZRLUTZE DO | MesLid [AAEICTHE., —78 COSMHT
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2,3,4,5,6- U HAF N T 2= )V UF T LGS LTHT L TUED 72O IR I IR EE A
RV BEFHLITNWZED Do T (entry 2), MLIZE R EMEOBEHILAFFOZ LTI, K
ey AV RBREN @ DL IFFL | 4-ARF T 2,6- VAT N T == VU F T LD
AEAT o7 (entry 3), TOFER, BIFHEV4-ARNF T 2,6-V AT VT == /LUF T AT, MesLik
DL EWESEZRL, TIPPLi& [RIEE 2 SOSMEZ R LT, 4-F AT VTR 2,6-F AT LT ==
NF T DNEIRRAMEIMEL, 2,6-V AN LT 2= VY F T AFo a7 AR VA AR AR

7277z (entries 4 and 5),

EilkdEH1ZMesLi, TIPPLi M ON4-ARFT-2,6-F AT )V T == VT L3N0 lF A A )L
REYPAILLL TRWAIMEZ RLIZT2 ZOEHW, B ReIMEEREEZ AT 57—
NTEIR 4Tb DT ARG KON D NAR#ET VA )-§-F 7 T LD
Y IV T RIS E G LT (Table 4), 7235, ™l A2 Vs RIS =ML
7=

BRMCT YV — a3 — R e LG A Ll L CERKFELE & Ot Barbierf TO %
o7V 7 RO DU R IR T L7z (entries 1-4), MesLilZfho> 7V — LU Fo7 LGAER L iz L C
Ry TV T AR DI R MK > T (entry 1), TIPPLUZ AR TH Y 7V 7 1K%60%E
HREDINETHZIIZLOD, 77 DafiOT7 LR —EEITL, v /) /-8-F 7
52a M 10%URTHEOIL-(entry 2), 4-ARF1-2,6-V AF LT ==L UF 7 AL, TIPPLiE[A]
BICED THY TV TR S9%DINE T H-Z 7208, T2 N ORI SOSHS—E0E T
L. B ED 53 BENOCR B2 IR 53 H320%I R TEL V= (entry 3), — 7, 7U—
NA—Y RO G T RV RS Z 52 72iPrMgCl-LiCI CéH 573, THF 1 CIE7 U —/L 7 Ik
DINAT == TR DA G E L 2T ZEIZ N Th D52 L0357 o7 (entry 4),
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Table 4 & 1 RE|MEBHILEFTATY—/L7BIR 47 OO AR VAR G Y
RUIANRHE T N ) §-F T T EDT T T R

CO,tB CO,tB
25U 1) Metalating reagent 25U
(1.5 equiv)
THF,-78°C, 1h
B 2a) CD3;0D 5
r
47b or 48
(1.0 equiv)
2b) O
.OB
BnO
n >~ "OBn
OBn
7 BnO
(1.0 equiv)

THF, 78 °C, 1 h

OMe
(0]
oo " "OBn HO .OBn
OBn 0 '
52a BnO ~"N0Bn
OBn
53
49 (yield, %)"
Entry Reagent 48 (yield, %)" " Grignard-type  Barbier-type
addition addition
1 MesLi 22 [49]° N.T.C 53
2 TIPPLi 57 [72]° N.T. 60
OMe
3 37 [52]° N.T. 59
Li
4 iPrMgCI-LiCl 54 N.T. N.T.
? Isolated yield.
® The metalation was conducted at —78 °C for 10 min.
¢ Not tested.

4 The metalation was conducted at —10 °C for 3 h.
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UL EORKEHEREY, TIPPLI & 4-ARF1-2,6-P AT VT 2= VYT LIS FHBRENLIC
ARG IMEERIL (tert-7 F N T AT VL) HFF DTV — W NTAR DTG LA VA
Bty RO NARGET VA ) 8-F v T EDT TV T RIGIZERBWT, TAT VHE
BRDTEVIER TR Z/LENTE BOA AR T ZERHLNER- T, e,
T 7V 7 ROGIZE8U T Barbier B0 UG S4:73, Grignard B D SR SFELDS VY
Fh bz 5 & R Uz, 23U, Grignard B COSESRMTiX, o - AX L2 #1 X
L7 V=NV F T LA T V= AV TF UL B OT Y — W NFGARDHEHER LD
TATVENRIEL, REEHB L TLEIVEOICERNE T L0 B bs, —J7,
Barbier BUD SGMF T, AL T V=N IF T LR T ITS-T7 M ST D721, 7
HARETHIL BAFRINEE B2 b DEZLELT,

L. TIPPLI & 4-ARF322.6-F AF )L T == )LYF 7 LDl J5 & FIREIZ B\ VA S A =
L7223, TIPPLI DIE5D @ @< 77 b EDOREFIEHNEZITINZ L, F2, ko 1-7 1%
2,4,6-NAY T RE N B O ANFEGIEOBLENG | DLk D% TIPPLI TEDT,
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B NCUNRET VR8T ORI 5 E B
PHEDORRET

TIPPLi Z /07 - ASV A ik 3 E L TRV Y, Barbier BIOD SRS TOT Y —/LoN
TAR 47 HDHNE 54 EXVVNMMRHET N ) ST T DTy TV T KR ERRETL
72(Table 5), V7= TIPPLi 1L PR MRFHI W T, MWl & HWD LN &L E T h L35
ZEMGyiotzlah 1.5 MEAWTREILZ, BER EICm ATV VT VR =L
FpOT7V—Na—IRE §-T70 T LTy T VT FOMIHEITETL, XS d 2577
— JUR% 5% 7~ (entries 1,3,5, and 7-9), BT _REZLIT, TAT UKL L TITBEE tert-7
FIb 4-F—R_XyT—h @72)21 T TR ATV 4-3—F_y m—h (542) TH S
ZFPVRICHEATL . B G T 2287e<xHET 277 h— LK 49 K1Y 55a Z @R TH 2
7-(entries 1 and 3), A/VNEHLD AT )L 2-T—R X =—h (54e) LTSS HEITL,
Aea B —v 57 % 69%DINHFETT /~—IEWMEL THA72(C-a:f = 7:1, entry 7), —J5
T, AT 2-9—R-34,5-FIANF X T—h (54h) [T ESUSDHEITLZR0 > 7 (entry
10), SARBITIATR A > TOBIEEITH L TiE, SUSHEDS T 3D 28 B Tz,

WIZ, tert-7 T/ 4-F—R ) m—h (47a) EFEA DT VR IZ TN D10 TV T
IS AR BT (entries 11-14), XUV NARH#E~L ) )-8-F7 0 52a KOHFIR)-§-F 7
52b LTy TV T RONIHIEIZHEITL £ 90%. 89%D IR TX T 577 h—
JARZ C-BIEIRAIC S % 7= (entries 11 and 12), —J7, XUV AREVR /-T2 56a
WT o8/ /y-F278 86b EDTy 7V 7SI, ZHEIL 63%, 64%EHFFREE DI T,
KET DT M=K ET J~—IREMEL TH 27 (entries 13 and 14, ZIEI C-a:p =
1:2.7, C-o:p = 1:1), TNHDORIETIE, BELT 7 Dafii 7 ubhr D5 &HE | Frv T
onX TV EORBENEZ >Tcb DOEEZ HNLD, RO 60 T Ei 21%, 22%D
WFETH X,

MMz T, 7V—= VT aIREHW Ay TV 7 RS ERRL ., FREE D EIR T H L
T 2H o7V T AR R % 52 = (entries 2, 4, and 6), ZDRF K 10%FRE DD LA~
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Table 5 X2 WAR#S-F 7 LD Barbier B K G SAETO I 7V 7 K is

iPr
iPr iPr
Br (1.5 equiv)
nBuLi (1.5 equiv)
= o THF, -78°C, 1 h
N -OBn
| A \)Oi‘j‘\ TIPPLI
= + BnO BnO
T OBn o qyE 78, 1h
X OBn
47 or 54 7
(1.0 equiv) (1.0 equiv)
(e}
OBn BnQ
o) O _o
BnO
i oBn BnO OB
OBn n n
52a: 2-up, 4-down (manno) 56a: 2-down (ribo)
52b: 2-down, 4-up (galacto) 56b: 2-up (arabino)
CO,tBu

BnO
L\T;?;T;O
BnO B —
BnO OBn OBn
OBn
58a: 2-up, 4-down (manno) 59a: 2-down (ribo, anomeric mixture) 60
58b: 2-down, 4-up (galacto) 59b: 2-up (arabino, anomeric mixture)
Entry R X Product Yield (%)*
1 p-CO,Bu (47a) 1 49 93
2 p-CO,fBu (47b) Br 49 60 [72]b [82]°
3 p-CO,Me (54a) | 55a 81
4 p-CO,Me (54b) Br 55a 19 [0]°
5 p-CN (54¢) I 55b 80¢
6 p-CN (54d) Br 55b 75¢
7 0-CO,Me (54e) I 57 69°
8 p-C(=0)Ph (54f) I 55¢ 52
OBn
BnO CO,Me
9 55d 79

! (54g)
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OMe

MeO
10 55e 0
MeO CO,Me

| (54h)

11 p-CO,Bu (47a) I 58a 90*

12 p-CO,1Bu (47a) I 58b 89¢

13 p-CO,1Bu (47a) I 59a 63"

14 p-CO,Bu (47a) I 59b 64'
*Isolated yield.
® 1.5 equiv of aryl bromide and 1.5 equiv of TIPPLi was used (Barbier-type
addition).

1.5 equiv of aryl bromide and 2.25 equiv of TIPPLi was used (Grignard-type
addition, metalation time was 10 min).

1.2 equiv of TIPPLi was used.

¢ An anomeric mixture of spiroketal 57 (C-a.:3 = 7:1).

f Tetra-O-benzyl-p-mannono-1,5-lactone (52a) was used instead of 7. The
product was C-3 only.

¢ Tetra-O-benzyl-p-galactono-1,5-lactone (52b) was used instead of 7. The
product was C-3 only.

h Tri-O-benzyl-p-ribono-1,4-lactone (56a) was used and an anomeric mixture
(C-ou:p = 1:2.7) was obtained.

i Tri-O-benzyl-p-arabinono-1,4-lactone (56b) was used and an anomeric mixture
(C-o: = 1:1) was obtained.

) /-8-F78 52a DEIEDRFRDOLIIZ, iUk, BELTGIM Dafii 7 ahr D5 EHE
MBEEZ S TNDHDOEE D (entry 2), 2T, WROM EZ B, tert-7 F /L 4-70%E
Ny m—h (47b) OfFEHEL 1.5 Y EITHOU TAHIED, IERIT 72%IZ1EE 57 (entry 2),
[FARIZ 47b % 1.5 4 & AT Grignard RO G IETHRETLIZEZ A, 82%EIE DA |
MBI (entry 2), 72720, AT VT AT ARIZBEIL TR 2> 7 (entry 4),

LI F. TIPPLi Z V>, Barbier BUSSS:1E T COE SR IVEEHIEL FHR LICAE T2
TV=NA—=TRHHNNEIT Y= VT aIRERDNARGET VR )T IR DT TV T ROG
(32 <DOEE THIBITHEITL ., 2DF A RS,
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B NAFNVIIARES VT )-§-FG T ~DREM IR BT 55
B R

RIEIZIRBWT, 7V =7 aIRZEEEL CHWESGAIL, TV — a3 —UReHW5E
(AR TS - ARV OE DR N DT, TIVR )7 Dafii 7aher OF [ EHFED
EERT L MEME TFLTLEIZENHALNEpoTz, I TIEEWVEBIL THHI A
FNLVIVTKBIEEARHE LT V) -§- TR 14% BBy TV T S D
IREEAT o7 (Table 6), 1> 7V TGk . AZ L ANVIRABE- AL ) — )VALBRL | RUAF LY
ULVIEREL, RERAF LIV 61 LU THEEL,

LD HREY  SOGIERBFICETL, 7 —Aa—UREEREELTHWESEA
(entry 1) DALY TV— LT aIREHELL THWESAE T, @mIEETHYESES
ZENTET(entries 2-8), tert-7 FI/VEAT MARIT, AZ L A)VIR FRALERIFR|IZ = A7 /L AZHL
NET-OE G TRETLEIZDIC, AV F e LT AT IR R T RNLLE T LI
(entries 2 and 3), 7 JEHAAKIIAZ L ZIVIRU AL ) — VALBRIT S/ LS00 22 7R T2
M, XUV NARET VA )-8 T WG (entry 6, Table 5) &Eb#EL TR MN
& F L7z (entry 9),

RS REZLIZ, XUUNARGET Vv )-5-T 78 T EDGETIE 19%E KU R (entry 4,
Table 5)THoIZATF /L 4-T T T—] (54b) EDSGH FIBICHEITL ., 81%0D Y
RCTHMETDHAT VLTI RIK 6le Zf57-(entry 4), SHIZ, ATV 2-T HEN Y T—
k (54)) EDGIE, AT Z—)L 62 & I %DINRTT /~—IRAWEL TH 2 7=(C-a:p
=9:1, entry 5), 20 C-a L ARZBRIRMEI T~ D NARET N2 )-8-TF 78 T EDOETHEH
S TND(C-0:B = 7:1, entry 7, Table 5), —J7 T, 73THDWIAXEID TV — ) NTAR%
WA, BRI RE R C-BALIEINAIIZ B A EL T,
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Table 6 N AF L VARFET V2 )-5-F 7 o ED Barbier B S St OBy 7V o 7 K is
iPr
0 iPr iPr

R .
| b \/C\)é;OTMS - (1 i eQUiV)
+
= TMSO OTMS

R THF, -78 °C, 1 h

X OTMS then
47 or 54 14 MeSO3H, MeOH, rt, 64 h
(1.0 equiv) (1.0 equiv)
Entry R X Product Yield (%)*
1 p-CO,Bu (47a) 1 6la 78
2 p-CO,Bu (47b) Br 6la 72
3 p-CO,iPr (54i) Br 61b 76
4 p-CO,Me (54b) Br 6lc 81
5 0-CO,Me (54j) Br 62 91°
6 p-Cl, m-CO,iPr (54k) Br 61d 76
7 p-Me, m-CO,iPr (541) Br 6le 74°
8 p-OMe, m-CO,iPr (54m) Br 61f 69
9 p-CN (54d) Br 61g 34
? Isolated yield.

® Treated with 2M HCl-MeOH for 30 min to afford an anomeric mixture of
spiroketal 62 (C-a: = 9:1).
2.0 equiv of TIPPLi was used.
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BUE N3 /-8-F 7N ~ORBEATINBOS T I1T DR TUE

AF ) 2-T BN T—h (54)) LK ARESNT V= /-8-F & TIPPLI
Z WK o 7V T ROGIZED , A8 e Z—)L 57 (C-a:p = 7:1, entry 7, Table 5).
HHNT 62 (C-a:B = 9:1, entry 5, Table 6)7° C-atBESLHIIZAEBIV (Figure 5), ZOZEED,
B PE R SCRIC SR TIZR W TR, KN RSN VA ) 8-TF 7 o ~DT V=N UF
U LMEE OB, 0D OBEPMES T DI Rz B,

major isomer of 57

Figure 5 At'm4%—)L 57 KN 62 @ NOE HIE

major isomer of 62

BnO

H H Nu~
-0 o) ,
BnO —O0 BnO /
BnO - 4 BnO ¥
Hooen Bno \
‘_ ¢}
| l
BnO BnO
BnO 9 BnO 9
n n
BnO OH BnO Nu
BnO BnO
Nu OH
Nu -
@ H @ H
» OBn N\ OBn
o-attack | B-attack
favored ' disfavored
Nu~

Figure 6 2 /V=1/-8-F 7 8 ~ORIZBUEIZI1T DA PUAE



ZOBIERSNT- C-oaTARBEIRMEIZ DU T, Felkin D 3L ALTE Zx(torsional strain)H g 27>,
KON, S ranF W ) O REAING O RAL SRS TN SN TBE R LT, §72
b Felkin 5 20 1%, FEBRIRT R ~DOREEBBE OB AT UNE IR ENLARAZE 2O 5 73
B/MESNDBEBIRIEZ VIS0, SLRINZHIKI DB D Ia~F T ) o ~OREZEH B D

BRIRRRIZ I 5 U NAE B ENLARRYTE A ORI A 72 37 5- L CTHVR =)V R FE~D
SREZBUBE O HR IR R ESND LR TEY | FBRFEOAH/25T | Houk HIZL D FH AL
TS ZO M Z AT T0D, SEOEE T 7t Tldels-F 7 ThH,
[FARRIZ A VAR =)V R SR 1T Burgi-Dunitz %6 > CREAINE-SEBIREZ S % 7 (Figure
6)s REZHINT XL ¥ /VIEE (TR DalflinbDKE | Figure 6 /£) 35546 sREAIL
C-3, SNEDEHILL DNARRIEN 2D, 4 BIDORE ThoKEEENRHESNIZT LT )-8
FURTIL, C-3, 5 T VA ML OERIE N LSRN NS 72K FETHY, ZOS AR E

RTINS EBBREEDO QU N EANIVERELRS, ZORUNELEZ2DHE, K
EANCL DI TR 7 VIR (T 7 b DBRNHD B | Figure 6 47) DEBIRREDO AL
NEHRIDEG THR A NVBER DR CNEHDIT NIV D72 TDIZ KIEFN DT v
W (TN Dol bOBUEE) MBS L TRV S, C-onT R IRME SR UT- SR LT,
Mz T, BRI REAIL €70 B L OmE R OIS E T 5T & O FE R 722 55
(Figure 6 £7) . SREEHID o0 BENME AN ZDZEIZH L THG L TWD AREME N HDH E
Bz,

ZDIH o ENTBOONARIERZ2BIL, AU T 7= DR T DR T ISR
ENDIIRGEMETHD, UL FOSLERICE W THBIRISN TS 2N, 3725 Schweizer b
1TV F T LAFH AT LT URIZEY THE H, —78 CIZTAELIET tert-7 F )V T aET
7D )= RV NARET NV )-5-T 7 T EORISIZED C-aD =AY
Y7 TRFVR 63 & 81%DILRTIFTVD, %72, Dondoni BIFVFAF TV —/1E8-F71
v 7 EERISSETR . EUTET N E T BT AL T HIEICED C-a:f = 7:1 OFERMET
T TV T ERAEIR 64 45T D (Scheme 10),
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ref) Schweizer, F.; Inazu, T. Org. Lett. 2001, 3, 4115.

(0]

Br\)J\OtBu (4.1 equiv)

LHMDS (4.0 equiv)
THF, -78 °C tBuO,C, H

0 0
OB enolate OB
BnO g OBn —78°C,1h BnO S OBn
R o R
OBn 81% OBn
7 63
(1.0 equiv)
C-a

ref) Dondoni, A.; Scherrmann, M.-C. J. Org. Chem. 1994, 59, 6404.

/\ /\

N._ .S N _S
o] h OAg 5
\/OK)S:OBn Li (1.2 equiv) o ~Bn
B
BnO g OBn no OBn

Et,O-THF, —-78 °C, 45 min R

OBn then OBn
7 Ac,0 (10 equiv), —65 °C 64
(1.0 equiv) then —65 °C, 1 h

87%
Ca:p =71

Scheme 10 7 /=1 /-3-F 7 b ~DoBLEE D LR

— BTV AELTETZIZ— T IR T 2L TERN RIHDLNTIAZ T AT /L EH]
DT V—=NNTARZ NG AT C-BILRIERIRAYIZ B 2035511 TC % (entry 1, Table
5)e ZAUTFEMEDZIALIRSAT N T AIATH LT 7 h— L S B b2 Z L, V7RI
LER C-BERNELNT-T20 THHEE Z TS, EBRIC, Dondoni HEFEIZ, tert-7F /v
4-3—R_ T—h (47a) EXVUNARET )V -8-F 7 T L& TIPPLI fAEAGIZES
¥, BOKFEE CECIZT 7= VAR T 5281280 C-aDZ V=R 65 i35 LN
T&72(Scheme 11), ZHHDOZEND | I EGHPY SBL FOSRMIZB WX, Zva /-8-F 7k
SO REAN OB X ol H OB EEDME ST o0 D% 2T,
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iPr CO,tBu

CO,tBu iPr iPr OAc
Li (1.5 equiv) .OBn
+ BnoO BnO + 9
T OB rhR _78°C, 15 min ogn * 4%
| OBn then
47a 7 Ac,0 (10 equiv), -78 °C 65 (80%)
(1.0 equiv) (1.0 equiv) then -30 °C, 0.5 h

Scheme 11 7 /L2 /-§-F 7 by ~D oS 8 - K FEERIZ LD C-ofRDHHE
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BHE 5-FIP ~ORBEMIME BT DR IEE OB

ZHNETIHRARTEZLIIZ, TIPPLiZ AV =Barbier ™ &4 T CTOT VR /-3-F 7 RN LT
REIMEERIEZH DT V= NNTAROREN D7V 7 g%, =78 CORIE T TH
FVEICHEITL ., ST 577 b— UK % BRI T H 2 7o, RENTANRT A%V AT i
DD @ NWT V=3 —= RO HR5T | TV —/L 7 aIRIZB N THEE I L > TG
FMHEEZHZERL, AGETRINEITADEWVI SUCIEFIZE IS THDHESZ 2T
Do 1212 AT — T T % 2 T B lE . BURIROS T om0 —HE R | AR
~ AT ALV LHTZD | OSREZE DFREE T RIF2FN TELOMNIT OV THRETLIZ,

FOGIREE % BT BREICFEEE 72D DIL, TIPPLiZ SR J B ICRIE T Dtert-7 T V70
RT& 5, TIPPLIOFHENR A T2 ETIPPLikn-7 F /L7 BIR NG L TLEW, TIPPLI
PIHBESITLE), TAXANTARTRIES TRV G IELL TR, tert-7 FAITF DL
22U EH W Clert-7 F )V 7T IR & GRS L T IEDRNOIVTNDN, AT — /LT v 7R
IBEPED L FERDIERRIED B Mert-7 T VI T 0 DEA T 52 3RS D, FEEE
IZIE1-7 2E-2,4,6-NAY T a N _UB UL tert-T F VYT L AV CTIPPLIZ 77 # 4
HZLTIMRIED & @S bW Tho7, o, VFU LG EE AW 5 E T R R
DD ID FEREL ~LTIXEAMICRITTLED, ZZTHERIRWE S 72n-7 F NIV F
LE2M EH -7 TNV T aIRE RS DI LN TELNE I ERRFTLT2(Scheme 12),

)QB" + Li _— )J\ + )<'| + LiBr

tBuBr tBuLi Isobutene Isobutane

/\/\Br + /\/\LI —_— M + /\/\H + LiBr

727
nBuBr nBuLi \ 1-Butene Butane

NN + LiBr
Octane

Scheme 12 7L /L NTAR D4

32



FT 4T EETTAREY (66) ZHWT, 1 AT AXATEIRD p-7 FILITFTLE
L DR OWRE TGS DO % RDT20DDE T )L EBEA4T7=(Table 7). FRHE . 43K
vxF Lo —T Vi WA (30 °C, 150 mmHg) L, NMR (TR 5281280,
2% NMR ORI ENSR U, TOFER, 3ATARD tert-7 F /L7 IR &I
720 BLBEROS Tl BB E N EITH I > TNODIEN D oTz, =18 ClZBWThdDd
FREE ORI BERFISITE D, F7F LB (67) & 22%DILRTH 2 = (entry A),
—40 CLLEORE TIIFEIO 7 BN 66 IHTIEHE SN, BHE 67, HDOVITBLEEA
68 &L A7(entries B and C), F7o, BB -VTF UV LLZETHLIZT VX NAVITF T LEFEO
7uIR 66 NIGLIELDEEZEZBND, 8-T ==L AT F N E(69) bELILE,

Table7 4-7 0T F NP ln-TFILUF T LED G

(A) =78°C,2h
(B) -40°C,2h
(C) 0°C,2h
B+ /\/\LI or @\/\/_,_ N
r =
Oct
(1 equiv) (1 equiv)
4-Bromobutylbenzene nBuLi Octylbenzene But-3-enylbenzene  Butane
66 67 68

Products(yield)

Entry ©\/\/\ ©\ @\/\/
Conditions Oct 8-Phenyloctylbenzene
69

total
(W-T8°C  68% 22% 8% 98%
total
@) -d0°c 4% 62% 25% % oz
total
(C) 0°C 3% 57% 27% 4% vy
2h 87%
SM (66) (@)
RM (A) (@) 0
RM (B) 0o O
RM (C) (o) O
Octylbenzene (67) O
But-3-enylbenzene (68) O

SiO,TLC hexane only, UV
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ZNHDRFHEFRD, n-7 FNVF T L% 2 B ERH n-7F /L7 a3k 7Y —@ TIPPLI % i
UL, BTV T OGSO FONREZ BT 52N TELDTIHRVIDNEE 2 72,

ZZTRIT, 1-7 BE-2,4,6-R AV 7 LB (TIPPBr) & n-7 FAIVF I LEDK
B ETLT-(Table 8), n-7 FNIF L% | BEOIKERHLZEE, A L= TIPPLI 1L,
78 CTIE n-7F N7 uaIRERIGLZNE DD (entry 1), =40 CLL ET—EBULHEZD
(entry 2), 0 CTIXIFEALEEAKF(LIL 70 13BN > T (entry 3), 7 T /AR 72
DRI D720 b OO | 7 aE i (H 1K) 71 OERNBEEICBES L, Zhu
TIPPLi D& mSDIZOIT F AR R T DRV, n-T7 F T BIRINLDKFED
SlEHEMEIL TREZ-T-H D EHEER L 7= (Scheme 13), — 7. n-7 FILIF U L% 2 Y&
WHZET, TIPPLI BHESNTLEIDEH AR ZENTETZ (entries 5 and 6),
—40 CTHEHAKFILIER 70 % 2%IVRICETEDHIEN TE 2 (entry 5), 0 ‘CTITHEAKFE(L
K 70 DIEED 5%70°5 65%F Tlh) LT 5T EMFEFE TE7-(entry 6),

Table8 1-71E-246-F) A7/ EBoin-TFNIF T LED G

) nBuLi (1 or 2 equiv)

THF X°C,2h iPr ier
+ +
2) D,O (10 equiv) iPr iPr iPr iPr iPr iPr
D H

X°Ctort1h
TIPPBr 70 71 72
Entry Conditiqns . Products (yield, %)

(X °C, nBuLi equiv) 70 71 72

1 —78 °C, 1 equiv 97 0 0

2 —40 °C, 1 equiv 68 12 17

3 0 °C, 1 equiv 5 38 54

4 —78 °C, 2 equiv 87 0 0

5 —40 °C, 2 equiv 7 5

6 0 °C, 2 equiv 65 18 5
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+ LiBr
iPr iPr
iPr nBu
/ 72
+ gy
iPr iPr iPr
Li
TIPPLI nBuBr + N + LiBr
iPr iPr
H
71

Scheme 13 TIPPLi & n-7 F /L7 IR LD

PLEOMEHEELY. 40 CLLET n-7FNAVF I LE 2 BEHWAZLIZED FIFE n-7
F LT aINT7U—@ TIPPLI ZHE CXAZ LN o7, EBIC Lo FiE TR~
TIPPLi % V>, Barbier BLD G SAETOTY— /LI —R 47a &AL #T LT )-§-

TN T EDH T VT R LT (Table 9),

Table 9 77V 7 RGIZI U DSOS L DBt

iPr

iPr iPr
Br (1.5 equiv)

nBuLi (3.0 equiv)
CO,tBu o THF,Y °C,2h
-OBn
o7y TIPPLi
+ Bno\)é\ OB BnO
: n THF, Y °C, 1 h
X OBn
47a,b 7
(1.0 equiv) (1.0 equiv)
Entry X Temperature Y (°C) Yield (%)*
1 I —40 81[92]°
2 I -20 N.T. [83]°
3 I 0 55 [64]° [61]°°
4 Br —40 5¢
* Isolated yield.

® TIPPLi was prepared by adding TIPPBr to a THF solution of #nBulLi.
¢ Using 2.0 equiv of TIPPBr and 4.0 equiv of nBuLi.
4 Using 1.2 equiv of TIPPBr and 2.4 equiv of nBulLi.
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40 CIZHBWTIEHIFIEY 81%D @I T H i E 155 LA CT& - (entry 1), TIPPLi D
PR 28 B n- T F YT LI TIPPBr &4 F 5 HIE~EFL-E25, S5
O EAFBDOHIL, N%DIERTHIIET DO TV T EARIK 49 215028 TET,
AR OFARLET20 CIC TGS HTZEZA 83%INETH MW a7 (entry 2), L)L,
0 CIZEBWTTIEENDRVIE T L TLEN, 55%DILETH -7 (entry 3), £ C, TIPPBr
En-TFNITF LA ELZNEIL, 2 G EL P4 Y ®mITHELT &, 64%F TIERE M E
SHDHIENTE=(entry 3), ZOHE, 2 B &ED n-7F NIF 7 LF|Z TIPPBr 24 K925 51
THRLIZN, WA\ ESHLZ T TEe) o7 (entry 3), £z, TUV—/La—TK 47a I
iz, TV—L7uR 47b EFRELTHWESE AL, —40 CTH ST FE T T,
5% DK R 72> T (entry 4),

FFD entry 4 TTU—A T BINZFRR LI A 3R IER TR F L=, Zhud ns
VARV NZDIZ FIRDoffL T B DB ERENMEIEL TRI>TLESD

EWRKEE 2 T2, 22T, TIVR 7 b OKEERZ D im @ ORI AT L UL BB DU TR
VF NNV EE IR LT IEE 2 W CThy 7V 7 RO &R L= (Table 10),

Table 10 7V —/L7 uINE B LLIZA 7V 7 OSSR D PO R E D1

nBuLi (4.0 equiv)
iPr
THF
—40°C,2h
iPr iPr

.OR Br
O * TIPPLi (2.0 equiv)
* RO OR

THF, 40°C,1h

Br (T)R then
54i 14,73 MeSO3zH, MeOH, rt, 36 h
(1.0 equiv) (1.0 equiv)
Entry R Yield (%)
1 TMS (14) 37
2 TES (73) 58

? Isolated yield.
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ZORER . NIAF AL INARE T V2 )-8-F 78 14 ZHREELTEGA1T 37%DINET
HET DMK 61b 21552 LN TET=(entry 1), —J7. LV EEWR#ERLEFFORN) = F
W INARGET N )-8 T 7N BB E LT 61T 5S8% DI THANA 61b #1552
TX7=(entry 2),

PLE e REFEODE TV — 13—V RERE LTS A 1L, 20 CREOREE
TIE 2 YED n-7 FNVTF T LN IEIE n-7 F 7 rIRT7Y—O TIPPLI 2452
LIZED R By TV T RIS EATSEHIENTELZEL LML, —FH, TV —
LT aIREFEE LTS AL, 40 CIZB W T, dmm U MEEREZ VWS 2 THREOIL
RCHy TV T AR EATHI LN TEDLZEE LN LT,
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BAE F7h— N DR

RIZH TV 7 RIS TR TF 7 =L DR TR S et Lz, T8 ticBnT
(FAECTAF Y TN =0 AHRRA SLIRE TR R HDWITHRE R T/~ —h RIAZLKD
I NHDERYR DK EMNE NI 52 LN MBI TS (Figure 7)'%%, B OIIHEO=a 7 4
A= arZEEL, 7/~ =BT A28 X0, EEICE W SLRERI M TB-C-7 ) =
UREGETEDIEEZ WAL TNDPE, Fiz| EllsworthHld s 7038 T3 1T D AR
I3 T DB EEDBIEFITREINEEL T T 22 WEL 1D,

(R3SiH)
disfavored ! BnO é\

Ar ZANFN BnO o
O OBn ~"Bnho Ar
BnO™ 3
 favored BnO (%)
(R3SiH) (R5SiH)

Figure 7 > 718 UIZB T DILAIER M

FT. TN tert-7 FIVEAT UNEBRUIELE 49 ZHWT, VTR ILO LR
%1 Fo7(Table 11), BILAIEL TN =T LS To a2 AWEA1E. BICK 74a 13C-Bia
DELERDKI2 - 1TTHEDIV, mWNLARRIRMEIGS /2D o 7 (entries 1-3), —20 ‘COIKIRSS
T, —ibtert-7 F VT AT )V REEMESAFIZ LI T D T ED RS AL72 287 D (entry
) ARIR TR ICHE, BIRA~FIRL, tert-7 F LT 2T L OARH#EETITV 74b 21572, 21
(ZEVIL R A E L7z (entry 3), NI TF LT % W CIEEIRMED 7] B L7 2 e300
727280 EOSEREIR M B S L, EllsworthD' 285 L CD, K& E W N Y 7 oe L
2T EOBETLEM ML T (entries 4-6), —40 COMKIRSM TRIGEITHIE, 7T4%D
W Tlert-7 F VT AT IVARD | @ ONEARIEI AR > TR D Z L3537 o T (entry 4),
ZORE, NAYTRE N T e =T AR RV T L — T VEERIX3 Y &R H L e
WESSIEFERE Lo Tz, Tz, —Ebtert-7 F )V AT VO R#ELE 72720 {KIE T
Gt BIRETHIRLIZAE R, DERO M _ LR LIV (entry 5), 5B DORFHIZDOSRME
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TITHOZ LT, SHIT, NAY Tt T % W TR AINGE R CIE L e T o725
Bb IRITEHETHRTLIZSDO D mOALREHRYE T B DO BIRD Z27% 5- 2 7 (entry 6),

Table 11 T2 ~—/L D% 7LD SN F

CO,Bu

R3SiH (3 equiv)
BF3-Et,0O (3 equiv)
CH,CI,—CH3CN

B — .

BnO BnO
éBn
74a: R'={Bu
74b: R'=H
Entry R Conditions R’ Yield (%)*
o 65°
1 Et ~20°C, 6h /Bu (74a) (CBant:06)
. 92%¢
2 Et 0°Ctort, 15h H (74b) (CPiom1 : 0.45)
3 Et ~40°C, 1 hthenrt, 2 h H (74b) ( C_B,gujnlt, 04)
4 iPr —40°C,2h {Bu (74a) 74 (C-B only)
5 iPr ~40°C, 1 hthentt, 1 h H (74b) 81 (C-B only)
6 iPr rt,1h H (74b) 72 (C-B only)
* Isolated yield.
b CH,Cl, was used.

¢ 2 equiv of Et;SiH and 2 equiv of BF;-Et,O was used.
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ZDOINTRE LR TR R FEN 2T I h— T L SEARERIICC-BIA S D
DINEIMERRFTLT(Table 12), Z DR R | SRR INAIZCBIRNFOLNDLZ LN DT
(entries 1-6), 7272, 77 BID IR ITCIRN3 207 /~—IREWEL THFH AT (entry 7).

iPrySiH, BF3-Et,0
CH,Cl,—CH4,CN

BnO —40°C,1h BnO
z thenrt, 1 h
OBn
49, 55b,d
R, R'

BnO
OBn
58a: 2-up, 4-down (manno, R = CO,tBu, R" = OH) 59a: 2-down (ribo, anomeric mixture, R = CO,fBu, R" = OH)
76a: 2-up, 4-down (manno, R'= CO,H, R" = H) 77a: 2-down (ribo, C-B only, R' = CO,H, R" = H)
58b: 2-down, 4-up (galacto, R = CO,tBu, R" = OH) 59b: 2-up (arabino, anomeric mixture, R = CO,tBu, R" = OH)
76b: 2-down, 4-up (galacto, R' = CO,H, R" = H) 77b: 2-up (arabino, 3:2 anomeric mixture, R' = CO,H, R" = H)
Entry R R’ (Product) Sugar part Yield (%)*
1 p-CO,fBu (49) p-CO,H (74b) gluco 81
2 p-CN (55b) p-CN (75a) gluco 63
Bno. 2°"Co,Me Bro. 2°"co,Me
3 \©/ \©/ gluco 83
(55d) (75b)
4 p-CO,Bu (58a) p-CO,H (76a) manno 90
5 p-CO,Bu (58b) p-CO,H (76b) galacto 71
6 p-CO,Bu (59a) p-CO,H (77a) ribo 67
7 p-CO,1Bu (59b) p-CO,H (77b) arabino 80°
*Isolated yield.

® An anomeric mixture (3 :2) was obtained.
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P

— T, Av R Z— v 57 ORITTEISITEITE S, C-BIK 78 ~D RMAbD B A HEAT
L7-(Scheme 14), =7 AbARYES =T Lo —F LEERIZINZ , N7 LA aFEE 2RIl
FOFRVETCRIFICL CHEE /v~ 77 40— B R EEL LD A THRET L& LIRIT
/BoNhoTe, Flo, STOC-PIK 18 ~DBMAVITEEME RN (AL L ANV R E—AS ) — L),
RS OKFAL T NI T DA S )= YD EBBIZBWTHETLIZ,

O

iPrySiH, BF3-Et,0

0o CH,Cl,-CHACN

+OBn
_—
BnO —-40°C,1h
T OBn thentt, 15h =
OBn OBn
57 (C-a:p=7:1) 78 (C-p)

Scheme 14 At't/r¥%—/L 57 O EMAL

2B, EROBITCISTHEONTIZA D NVARG#EC-Z VL R 74b (entry 1, Table 12)D
Pefit K FRIB I LD MAREE LU IR R <HEITL, 90% DR TC-7Vai R 719 215528

M TE72(Scheme 15),

H, (1 atm)
Pd(OH),/C
MeOH

rt,9h

BnO
90%

Scheme 15 74b D~ LAl
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BEE AFNLTVaLRER R 2 —)LOIBIT

FEWNT, B8 —Hi (Table 6) THELNIZAY TV T HAEIR THHAT VTV IR
DT )LD T AR A ERT LTz, £ T R ORAZEBRO L EZREL T,
AF NIV RE 61b DT AFAbZMET LT, £ OfE R, A CHRETL7I VIR
KDOZ b= DT HFIALIUE (Table 12) (ZHA, FUSIEEE DL, 008 8 D i
EARMEELTEL OO, ROGEMMICHEIT Uz, SEARIRIRPEIZBEI L TE, dE AW Sio Y
TF N T B E L THWDZE T SEEEIRIIZ UG FEETTL . 7T1%DIERT C-Bik
80 %5-%7=(Scheme 16)7, Biffi CHMFTLIZARIC, SBIRMEZ [0 LSBT0 108 Em WA
TN T A DB TR o7,

Bonlz C-ZVav kR 80 DAY Tt )L AT VO NKA RS EITL, L
N G2 7, 12720 206 D32 m < HEERS N Th o727 7V —RITTHE
IKEEREALERZ L, 7T LIRGER 81 ELCHIEEL 7=,

COziPr CO2IPr
EtsSiH, BF3-Et,0 aq NaOH, EtOH
CH2C|2-CH3CN reﬂUX, 1h
.OH
—20°C, 1h o  then Ac,0, iPrNEt AcO g
1% : DMAP, CHCI3, rt, 2 h :
° OH 3% OAc
80 81

Scheme 16 AF /L7 VK 61b OFT A1k

WIZ, ANVMEBIROIEE2REL T, A2 —/UiK 62 OF A FIAbERETLTZ, 62
DT FF AT L o7, Thbb, XUV REDAE Ry Z—)L 57 OIRETT
(Scheme 14) L[RIEEIZ, 62 DEBENZ2Y T8 TTITHEITH T, C-BIA 82 ~DEMEALNAELD
HDFIHTIH-7(Scheme 17), 7=, IEMELAIEL T=T7 MRV R Y =F L= —T LEERIC
Mz NIZNAF a2 | BSOS RO ZRL THIETTIRITHELI T 0N LS
NODHTIhole, ZOIINT, TAFIALBEITLRVDIX, XY =0 LI TFFFTAELD
HOO FILFITHBEL TECDHAR BB HLHT2OIZ, TICHERELAE R 2 — LK
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~RHOTLEIN D EE T2, £Z T, Scheme 18 (T3 XA, —EEEMESRM: T (A& 21
IRV AB )= W) IZATF T VaV RR 83 ~EFFETHILITLY, VR B O SERT
(ZEDFFY =T LTI TFH L DTy TP DT T )~ — (DT FF AT T HHD
EEZ T2, 83 DEIENRT T RITIX, $2ili(Scheme 19) 51512, —fk/KEEEEDE XA
FINFLZ DT L2 o T3, 83 DKEEIEZ T BT NI CIREL T 84 [THV @D T/
VLD T A X AL HEITL , 88%INE TELDB-C-7 VTR 85 527, BILHEMD
FREHRE F(Table 13)12teak 35, ik (ZT BT VAT HMESAE T ICHifRGET DI EIZLD,
SN IDBR-C-7 VAT R 86 H1GHZENTETZ,

Et,SiH, BF5-Et,0
CH,Cl,—CH3CN

+OH
_—
-20°C,1h
T o then rt, 15 h -
OH 95% OH
62 (C-au:p =9:1) 82 (C-p)

Scheme 17 A7 —/L 62 D EIEAl

AC20, IPr2NEt

MeSO3H, MeOH DMAP, CHCI;
B — e B —
rt, 24 h r,2h
0,
: 57% 94%
OH
62 (C-a:p = 9:1)

EtsSiH, BF5-Et,0

TFA, CH,CI, NaOMe, MeOH
_— _—
0°Ctort, 3h AcO I’t,8(;0§ h
88 % °
85 86

Scheme 18 At/ Z—)L 62 OFT 4 F Ak
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B, Lo doic, ZVav Nk 83 DEENRY T ECITEITE T, AL AFY
=LA TF A DR IEDOEBZALRPEIDTOIZ, 1,6-7 Rk 87 #5250
> To>7-(Scheme 19), ZZ T, 83 DOHEfM/KFREITLINIED, 7/ ~—WFEDT A ¥
bk iz, BOSITH#EITLIZb 00, BINET 28 TR (C-BE)NIALN T IBITIR(C-alk)
88 M OHERIK 89 157, 70d3. 88 D NAAHEIEIINOESY M#ATIZ LR E L= (Figure 8).

EtsSiH, BF3'Et,0
TFA, CH,Cl,

_—
-40°C,1h
then 20 °C, 1 h
29 %

H, (1 atm), Pd(OH),/C
solvent

83

OH OH

88 89
(A)AcOH, rt,5h  y.43% y.14%
(B)MeOH, 1t, 4h  y.15% y.45%

Schemel9 AF /L7 Uz R 83 DIBITLOME]

88

Figure 8 o-C-7U=t/K 88 ¢ NOE &
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BIRIZ, T BT NWARGEAT VTV IR 84 OF A% 1ALO SRR itE &% 7~ 3 (Table
13),

VIVBILOEMHEEELIRER, 7 AbRY R T L — T LR (entries 1-2)
HDHNINI T VAl DA (entry 3) TIEEAVEWD, flABFDETHWZSA
(entries 4—6) (JIZSULDINESNDZ LDy oT-, 70k, BEflUKFEIR TTOKBR L RT3
—fkFE, Wi, |I)WNZELDHT A X AT aEIT L) o7,

Table 13 AF /L7 VUL R 84 DL T8 T DSAEME

Et3SiH(10 equiv) o o
reagents
solvents O oYy (o}
E— 0 HO g
rt e OAc
OAc
84 85 90 B 91 92
. . Yield (%)*
Entry Reagents (equiv) Solvents Conditions (Ratio 84:85:90)"
1 BF;-Et,0 (10) CH,Cl, rt, 24 h 81 (1.0:0.82:0.18)
. CH2C127 b,c
2 BF;-Et,0 (3 + 3) CH,CN rt, 3 hthenrt, 21 h
3 TFA (excess) none rt, 24 h 73 (1.0:0.44:0.48)
4 TFA (10) + BF;-E,0 (10) none rt, 1 h 0@
5 then TFA (10) CH,Cl, rt, I+1 h 75
BF;-Et,0 (3+3+3) b,c
+2+ b
6 TFA (3+3+3) CH,Cl, rt, 2+2+2 h
* Isolated yield.

® Detected by LC-MS.
° Not isolated.
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T AT L UF Z 7o bRy RV =T L= — T UEER(BF - ELbO)E W A =
824 BRI CHLRUMHIFEAEHEITLR ) o7 (entry 1), SUGEIELS TR OHLT &
=RV EDIREGTRPBECHAZ T2E2A .3 Y EDO =T MRV HE Y =T Lo —T ViK% H
WK C— 7 AR AU EITL . HAU) 85, KON 3-FT A2 7V — /LK 90 34 AL
720 90 I XFRVESIE T 84 DAY ) —MAZIN VI — AR AERL LT 18, DT VAL (3 1)
DT B EDBWEET HZ LI TINATF AU BAEL, TN =F /T A2 L0R T
SR UTZH O EHEE UT- (B %55 —ffi Scheme 24 MDD L),

EOIE3 B EO =T MR RV T NN — T EE R B IIL T2 A, JFEHTE R L 720
(ZHEDLT BT BT VAR 91, 92 238 %2 T 7= (entry 2), — . N7 /LA afEEE(TFA)D
BTIIIGSEEL, TV — AR 90 DAERRN =7 oAby H# Y =F /Lo —T VSR L g
LTI 7z (entry 3), NUZ/VAmfEEE (10 M &) ITNZ, =7 VbR FE Y =F Lo —7 )b
BEAR (10 M) IR 72LZA, ROSIIIES VR 1 R CRBHITE R LT, 72720, BRY
ET% 85 12Nz, ZUH— ik 90 © <A Liz(entry 4), [FARIZ, HfLATFL T, =7
bRV R T N —T7 /L EEAR (10 M &) 2004, =i 1 RFFIRERCILRURFAS 2 BIFREE L)
HRLIRI Ty 2N VA a2 N 12624, =il 1 R CRUSHE T Lz
(entry 5),

ZZToentry 5 D&M TRIEEZBWOE IO OMFIEITo72(entry 6), =7 LRV HEY
TF N T—T)VEER LN VA aliga e Y EMEHL THRE D LD, 9 Y &
BINCIREHIIER LT, LinL., entry 5 LHHRL TT U — UK 90 2N ARRLTZZED D,
R OFRIEE W TRISZERE TR TS RWne, XV =0 LD T A IS TEIZZITH
TuaRNALPEEDLZEIZIVEIAET D7V — AR 90 388 2 T DA 2 BTz,

ZDIDNT NITZ VA alilikl =7 AR F# Y = F V= —T VR IR AT HIE TG
AINHENDHZEN DT 0, ZHUE, MARRRE T L AT Y REERNR A ENHZ LT,
FOFR | T ERBEVEIC 72> T Db D LB D, BT, AL AT L 2R EEE LT
W KIIZ TR = F e T =7 o bRy R F Lo —T VBRI O 7 v A a iR
UL, RIS HIRL 3 REREIFER 228 T, IR 88% T iik 85 255 L N T/
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(Scheme 18),

Pl b, B —2TlE, 2,4,6-M A7 a7 2= )L )F 7 A(TIPPL) & V2, AT /L0
TR D E AR MWL A H T AT V= A NTARET VR )5 7R LD Barbier B
TVT I #5i T A X AL DTV —IV-B-C-Z V> R OF IR A A5 B FE O 3
[ZDNWTIR ATz, IRE T, REIEZIGHALZ, TV—/V-B-C-7 VAL RER T2 KW

ThB S EravALY B OAHERTHERIC OV TR,
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Hw—E NoiuvfLy B DS BAZ L AL —)F
B WA EENT

— 5 CHENLL7-TIPPLi%Z H\ /= Barbier® S T COHM TV — /L -B-C-7 VTR
DA, B OHBRAY 2 AR S R RGE LTz S~ A BOWA T 2 LT
(Z7~R9°(Scheme 20),

OMe OMe OMe

Paecilomycin B, 22

X
OMe o (0] NMe,
I
C—> BnO © '—\\ OMe
8o o N0 W Nucleophilic
BnO "OTBS aqdition
96 97
K
NM82

— BnO/\Cjo Me026:©\
BnO™" “oTBS

U U

Oo. ,O OMe
RO R
HO™ “OH OMe
Br OMe

OH
100

Scheme 20 /X a~A > B DOifi Eiﬁﬂﬁ PHER A A)L—]

PELIPAPABRAS B AR S OHIERMA 93 (L. VAR 94 TR YEFIEM T va—
L 95 LOWIET AT ALK G LVA KR TEALDEE 2T, HVRUTE 94 13T 7R
96 LV, E= NV EOHIRKISEBEL THRLNDLDEE 2T, At arZ—)L 97 OFRMES
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HETICBITIDAFNT VAL RA~DRMAL, $5e<T /)~ — (LD T FF AL TU—L
B-C-Z7 VLR 96 [TENNLEDEZEZ T, AL —)L 97 [£8-F7h 98 LTV —/L
7k 99 [ TOHKGE/2HTIPPLIZ HV = Barbier® 547 F COREEM NS IZ L0
HCXDHHLDEE 2T, 8-F7b 98 LTV — /L7 uIR 99 [ TZnZEh., HilRD /ST AR
TZx=) B-D-Z/NAat’Z /R (100) K 1-7 BE-3,5-DARE TR (101) KDARL
THIEELT,
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BIE NIAFASYNARET VT )-§-FI W= R TV T K
DRI EARRET

F—EOFELHI TR LI~V =M C-7Val REIEICESE ETIIATES
IRRIAF NV INARGET VA )-§-F 70 14 ETV—LTaIR 104 OBy T VTSR
FHIEF U, TV T RIS KR OATF T VAL R~O B IZEY C-7Vas R 103 %
BHZENTENIT, TV BERICKVEFRATHD 102 2/H(LHZENTELEB X T
(Scheme 21),

Et;SiH
BF4-Et,0, TFA

OMe OMe

iPr

] ' OMe
A0 iPr I iPr TMSO o. _O . MeO,C
= — T™MSO ™" Y “OTMS Br OMe
then OTMS
MeSO3H-MeOH 14 104

Scheme 21 75 /VIEE TOMEFIL—R

JFELE 2D T Y=L T IR 104 DA FRITRD LT >7-(Scheme 22)*,

NaCI02, N8H2PO4

2-methyl-2-butene Me,S0O, ,Cs,CO3

OMe POCI3, DMF OMe dioxane-H,0 OMe DMF
OHC HO,C
104
Br OMe 90 °C, 6 h Br OMe 0 OC, 20 min Br OMe 80 OC, 0.5h
93% 98% 91%
101 105 106

Scheme 22 7U—/L7 3R 104 DA
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Jebb, HiRD 1-7 0E-3,5-D ARF B2 (101) % Vilsmeier G ZL0D AL
{EL 105 %4577, Kraus—Pinnick BRI L0 VRV EE 106 Z157-, RIS T, OAF
IR ICEVAF LT AT ALL, TV—/L 7 BIR 104 % T9%DRINE T,

ZOINZTV =7 uIR 104 BAFTEIZDOT, NIAF L VULVRHES-T 7 14 £D
T 7V T i E 7 P72 (Scheme 23),

iPr
OMe
OMe iPr ! iPr
i
Mso” N O~ P , Mo (1.5 equiv)
T™SO™ “'0TMS Br OMe THF, =78 °C, 20 min
OTMS then
; ; MeSO3H (5+5 equiv), MeOH L _
(1 equiv) (1 equiv) 3 o
14 104 rt, 21 h then 60 °C, 35 h 107
OMe
108 were detected by LC-MS analysis.
iPr
. ) MeSO3H
iPr iPr .
L (10 equiv)
i
; MeOH
14, 104 (1.5 equiv) 109 + 107 + 108
(1 equiv) (1 equiv) (10:3:4)
THF, =78 °C, 20 min rt, 4 days Y
MeSO.H (;hen iv), MeOH 50t?§n6 h Detected by
eS0;3 equiv), Me , : .
278 °C to rt, 30 min 100 LC-MS analysis.
79%

(2:1 anomeric mixture)

Scheme 23 7VU—/L7 3R 104 ZHW=0 07V 7 B e ONEMAY SO

W a~ T T7 44— 3T TIPPLE Z AW ey 7 D 7 BOSIS FIEICH#E T L7228
EHERLTZ, Ft &, RUSE AL ANVIRAE-AS ) — VT F L, NIAF AN A RS
LoD, AFAZVaTR 107 ~ORMbER AT, B LOKISHE L, F—-EOFH L
HiCHMFIL7= 7 BB 3,4,5,6-MEE K 62 LR Tl o778, IR T 21 RefiHR%.

51



60 CIZT 35 BRI FRLIZ, HEOIT(LC-MS) OFEHE, HHNIZbDIIAT L7 Yas Rk
107 TII72<7 VA —/ViK 108 ThoHEHEESNZ, T2 T Iy TV T RISDE 7/V—F
TEMLETITOOTIT R, —EARERTZ— /LK 109 ZHEELIZZIC, AZ L AVIRC TR
(ZRDEMAC IS ZAT 2T, TV T ROSIERIFIZHEITL | AZ U ZVIRA— AL ) — )V
TUINVEEBLREL , AR —/L 109 % 2:1 O7 /~—iBEMELT 79%D @I T
5.2 7o BAMEALIS OHEITHEE TS 7L — R TORBREFERRIZT VI — LK 108 D4
RN b (SR 24 W CREUEE 109 OBIA: HAY# 107 =10:2, D% 50 C. 6
[F1T 109:107:108=10:3:4) , F/=, 7 U —/LIK 108 1T, AF /L7 VAR 107 2BAETED
FAL 110 OPL T AGICEV IV —L 111 DAL, SHITERVESIE T KL TED
7T UNVHFAY N2 AZAZ =)V TAERR L6 O EHEE LT (Scheme 24),

OMe OMe OMe

+H*

OH
111 112

Scheme 24 7'V —/L{K 108 DOHEE L Rk

Wiz, Ry~ Ay B OARICEIITWIEELL TP —/v 7 uR 99 %W ClRER
W TV T R sy OBV G258 7% 72 (Scheme  26), VW=7V —/L7 3R 99 X,
104 DOAF NI = RALRY A IR SIS CRIRRICHRE T D287 =/ — 1
13 #5721 HIEVESAE TV ANEA AT DT LI KVICR R<AFH T M3 TET-(Scheme

25).
1
OMe OH Me,NCOCI 0" 'NMe,
Me020:©\ BBry, CH,Cl, Me020:©\ Cs,C05 DMF MeO,C
—_— [
78 80°C, 0.5 h
Br ome 78S 00N Br oMe o Br OMe
104 113 99

Scheme 25 7VU—/ /L7 B3R 99 OA AL
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Tz /) — VKR DO RGERLE L TIE, SREEBCRIZ LR 5RL , 22 DR FES 5 5 72 N,N-
DAFNANSTAN R GIRUTIZ, T TV 7 SOSIE RAHCHEITL  IR-AY ) — TV
UV EZAREL A a2 —)L 114 & 1:1 OT J~—iEEWEL T 80%D EINE T,

iPr
PG = N,N-dimethylcarbamoyl

OPG iPr ! iPr
i
0.__0 MeO,C ;
TMSO + 2 (1.5 equiv) OMe
™SO “oTMS Br OMe THF, =78 °C, 20 min
then
OTMS
_ _ 2M HCI-MeOH
(1 equiv) (1 equiv) —78 °C to 0 °C, 30 min 114
14 99 80% (1:1 anomeric mixture)
OMe OMe OMe
MeSO3H
(10 equiv)
MeOH +
rt, 48 h :
then OMe OMe
50°C,33h

115 (32%) 116 (6%) 117 (5%)
Scheme 26 7V —/ /L7 13N 99 Z W= by 7V 7 K e OVEAMEAV RO

f5e AF L ANVIRVBR-AS ) — IVEAE T CO RIS DO ROSEE L, AN UK 109
ERIBRISED S Teb DD | FREY 7 U1 — /1R (116 K O 117) DA RS XL, HRJE S
DAFNTVALRIK 115 % 32% DR THHZEN TET (LC-MS 7347 : 51 2 FFE TR
B 114 B 115 = 10:2, AR IAREZFUIEE(LRL, 50 °C, 33 FFEIIEAT 114:
115:116:117 = 2:10:3:3) , BI/EL7= 116 & O 117 O PC-NMR & O NOESY fi##fric
FORELI,

UL ED XS, MO TRRIZEWTX, VAN IR 109 D51, 7 ahAkic ks
UIT—/ARD AR EZRL TV, — 7 — DDA T EEN NN-DAF VI SEANALSHL
72 114 DGEIE, o7 VI — RO LRI OGN LN 30T, ZhUE, J7E B Lo
BEEMEFLIEZEZED AFATVav R 115 OV TV BICH: Y =0 A h T4 L3
ARLIZLLARD | BIBUG A LI X I 7o T Teb &B R T,
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WRNT, BJFENIZAF LTV RR 115 27 v FVR#ER 18 LUk, VTV igis
{To72(Scheme 27), BT HIHID-<OIHEFTL . HHUD C-Z7 V=R 119 % 43%DIR
ThHZT, LinL, ANV ASEANAGLTZZ VA=K 120 5 19% DGR CTRIA LT, 119 &
120 DR PC-NMR & (X NOESY AT I L0 EL 7=,

OMe

ACZO, IPerEt EtsSlH, BF3Et20

DMAP, CHCl3 TFA, CH,CI,
115
rt, overnight 0°Ctort,53h
91%
OMe OMe
AcO +

AcO™

OAc
119 (43%) 120 (19%)

Scheme 27 > TV iETICLD C-Z7Va R 119 DAL
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BEE 3-TAFVTNal)S- TG RN TERER TV T R

WIZ, EBOEE THD 3-TAX-INa/8-F78 121 ZRWEZHY TV T K%
LT (Scheme 28), AiTHi CRRETLIZRERLD NN-DAF LAV BA L TRBEILD RS
N7V — 7 a3l 99 AW TN, 7V — RO LD Z N R HT-0
99 LD BTV T EITHZEE LT,

iPr
PG = N,N-dimethylcarbamoyl
OPG iPr ! iPr
i
Bno/\r\ojo . MeOzC;@\ (1.5 equiv) OMe
BnO™ “0Bn Br OMe THF, -78 °C, 20 min
45%
(1 equiv) (1 equiv) 122
121 99 (C-B only)

H,, Pd(OH),/C
MeOH

MeSO3H (10 equiv)
MeOH (0.13 M)
OMe

rt, 1.5 h
97%

rt, 14 h
then 50 °C, 36 h

OMe OMe OMe

124 (41%) 125 (20%) 126 (12%)
Scheme 28 3-T A% -7 /-83-F78 121 ZHAWT= 7V 7 WO e OV AV s

TIPPLi ZH W=7 VR /-8-F78 121 £7V—/v 73R 99 LDy 7V 7 ROiE,
45%EFFEEE DR THITL , AL R Z—/LIK 122 % C-BEIRMICH- R o, XUV
Pk IR TCICROBREEL N A — LR 123 2157215 A ARV TE-AS ) — )V DR
PERME TS AF AT YavR 124 ~ORMAL A AT, FOSIFRIE TIHITEA L HETE
TLMBNRMIETHo7203, BHID 124 % A1 %DIETHLIENTEZ, 12720, 1,6-7 >k
Neff 125 K OZ V=R 126 32 NE i, 20%. 12%DILRTRIELZ, £Z T, 1,6-

55



T RO AR AMNZ DT BMALD SUSFHZIL 6 M KEEDRESLETHDHE
HIWTL, 2 ALk ERRL%E TBS K CRIEL, 6 MK AE DNV TREL 3-T 4% -7
Na)S-Z7hr 98 ZHWTHy TV T OGS o OBMAL RS DR F 24T - 72(Scheme
29),

iPr
PG = N,N-dimethylcarbamoyl

r . O OPG
OPG Pr f iPr
|

BnO/\(OjO . Me020:©\ (1.5 equiv) BnO oM

50" O TES Br OMe THF, ~78 °C, 20 min BnO" " "0TBS

0,
98 99 89% .
(1 equiv) (1 equiv) (B only)
OMe
MeSO3H (3 equiv)
MeOH (0.25 M)
OMe
50 °C, 64 h
67%

(recovery of 128 20%) 127 128

129 130

Scheme 29 3-F 4% -7 )L /)-3-TF7k 98 W=7V 7 RO OB EAL RO

TIPPLi Z W= T AR 2-8-F 78 98LTV— /L7 aIR 99 DAy 7V T IGIE, Bt
ETHBAZ ) —NTr L FUBENMSRME T CHRAFET522128D, 89%LmUETHRE
THAERTZ—)VIK 97 % C-BBRINIICH-2 72, 2 (M OLRFEFLEL TEmv TBS A Hn
HZEIZEY, 2 WU (Scheme 28) ZILE L THWEHALIVL., BINGTH
L7278 Dafii 7 a by OF[ERENRIMZ O DITPEEN W LI DEBE X Bid, —
Ui OHALT =T DKEIRIC L DM S COBRMBL T, A X — Lk 97
EPFRET, C-BDOATF VT AT LR 129 k% 72 TH- 272 3-20:1 (97/129), 7235, At 0/
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H—JUR 97 L AT VERAT AR 129 ONLAAEEIL NOE HIE 2LV E L7z (Figure 9),

BnO H BnO
BnO BnO

TBSO TBSO
NMez OH COzMe NMe2

Figure 9 At'u/rZ—)LiK 97 K UAF /LT X7 )LIK 129 O NOE #IE

— B NEH TORP T, Z N3 /-8-F b ~DOREKE TofmnbitE 5<, A /vbx
AT VEHARO IR TE, AU KB LS &S EO=AT VBRI, B Ll C-aD
FTINAREAENINC G- 2 HZ AL LTZDS, S RIOSAIT I > Tnd, ZOFREIE
FEER EOTAT VO RKIGHEITERL TWDHEEZTND, T77bh, 7R ~DOREE S
T NHEETNDEHD D, #5727 b ALD BOGE FE S LY ELS | SUS R T DT
LB AT H— VD C-BIRA~D BAAL K T T NACDNEZ D720 | fERELTC-BDOA
vusr s —nk 97 #5270 DEF 27, SRIOLE ENE AF LT AT VIR 129
NHEESILTEY, ZOZEL AT VO SUSMEDIRSZ /R L TS, F72, FEBRIZ Figure 10
IZRT 104 X° 131 OISR B RBEBAT VAT VO IKGFREGN L, TAT VDT,
FNMLZHLBRRF DEFILERICEL2HDEB X LNLN, BIRTIIIENITEAL
HEATHT, BT D728 DD IRDFRNSAE RN THY | ZORBEBUEI 59D B0
2RV D TH -T2,

OMe OMOM
MeO,C MeO,C

Br OMe Br OMe
104 131

Figure 10 L/ /L R A7 )L

FEUNT, 9T DARLZIVIR AR ) — )L DS T TO  AF ATV R 127 ~D
HBMAV AR T, BUOSIZITINBDRSLIETHY 50 COSMT, FLEOM TBS /& 128 DA
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I (20%) ZfEODR136E, 67T% IR THIIETD 127 215028 TEo, ZORF, AF A
VRO B 2SI 72D FONKRDIREZ 025 M &, ZRVETHRFL TE/2REX
DL LEDIZLTE, £z, ZU—UK 130 OERKIT, #Erua~hr 77— A TFRR050
NIZRRETH Tz, —J7, 60 CTIIREE ITHL 0, B 127 A 60%ILE THL
T=bOD BIERM THL7 VI —AK 130 B 20% 1ZEERKLI,

7285, Scheme 28 THW=RUONAREZ-T A K -7V /-5-F7 7 121 DERITLLT

DEAZAT>7= (Scheme 30),

o_ .OM idi 0. ..OM i O._ .OM
o wOMe  TsCl, pyridine o ~OMe LiAlH4, THF OA(J\\ e
_ =
Ph)\O"\ “OH 80°C,60h Ph)\O"\ "0Ts reflux, 40 h Ph)\O"\ ""OH
OH 91% OTs 36%
132 133 134
BnBr, NaH AcOH/1N HCI
MeSOzH, MeOH |, O .OMe DMF Bno«Cj«OMe (4/1:viv)
_ = _ =
ft, 2 h HO™ "OH t, overnight BnO™ “OBn  80°C,3hthen
quant 1 96% 1 90°C,2h
35 36 750,
0__0O
BnO O OH DMP, CH,Cl, Bno/U
Bno™' ""OBn i, 1h BnO™ " "0Bn
137 93% 121

Scheme 30 XU IUAR#ES-T AR TV )§-T TR 121 DERL

Fbb, SCER 3 ITHEW TR DATF IV 4,6-0-_0 PV F L -a-D-Z /LaAt™T )R (132) D
TV —OKREEEZ I AGL 133 Z1572%  VF VLT A= LERURZHWT 3 \ixeT
AFIALL. 2 T 33%LARICR NS BRI L EW 134 24572, fii&, AX/—/L i A
HUZNVIRARIZEO R DT A REL NIA— VR 135 LT, KERE 2 Ty
UNVEETHRIEL, 136 Z157-1% . BBMESIE R CAF AT YA REHL, 3-T A% - Lar’
) —A 137 &7, U T /~—LDKEEFEA Dess—Martin fg{l 5221250, 2,4,6
MEDKEEIENETRUDNAR#ES N 3-TAF -7 va/-8-F 7 121 %157,
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512, Scheme 29 THW= 2 fr/KEg kL% TBS R THR#ELT- 3-T A F -7 va /-5-F 7k

> 98 OERITLL T DEHTIT-7= (Scheme 31),

PMP = p-methoxyphenyl

PhCH(OMe), S0,Cl,, pyridine

HO O._,OPMP TsOH-H,0, CH;CN o O.__OPMP CH,Cl, o O.__,OPMP
HO™ “OH reflux, 1.5 h Ph)\o”‘ “OH —78°C,05h Ph)\o"\ "0S0,Cl
OH 91% OH 98% 0S0,ClI
100 138 139
(1) nBusNBr,CH,Cl, H,, Pd(OH),/C TBSCI, imidazole
rt, 2 h o O _OPMP  KHCO,, MeOH-THF O._,OPMP DMF
_ > _ = )\
(2) satNaHCO; Ph™ 'O° " "OH r,7h OH 60 °C, 2 h
rt, 1h Br quant 78%
99% 140 141
, Pd(OH),/C BnBr, NaH
/\O/OPMP MeOH THF  HO O~pOPMP 1Al DMF Bno/\r\oj/OPMP
)\ OTBS t,1h HO™ “oTBS t,1h BnO™ “oTBS
142 98% 143 85% 144
known compound
CAN, toluene—
: O ,OH
CHsCN-H,0  BnO DMP, CH,Cl, BnO/\|/\O/V|/O
rt, 0.5 h BnO™ “oTBS i, 2h BnO™ "'0TBS
69% 145 90% 98

Scheme 31 2V TBS{#E3-TAX> TV /)-5-F7~ 98 DERL

%9, Bundle 5 O EIEVEBEIUL AW THD 3-TA XL/ LarT I vR 142 & F
TOEFTEDEEEZATORNOE K LT, 7725, TTRO/NNFANE T x2=/L B-D-7
LAt Z IR (100) D 407, N6 NAKEEFRIZ R DU T VA E AL VA — VIR 138 %
BT, 138 D 2 fir, KON 3 M DKEEE A 2L 7Y L7 a R L0 7 aa 2L R= AL TRk
B o a iR = AT VAR 139 218728, 2T R -n-T FALT o E=T LT B
REERSE, SREBEBRLSIZEY 3 (fiz7 v'{bliz, ZV—ROEEefEE KA EHS
. 2 MK EDOM 7 aa 2V R= AL Z{THIZEIZED 3-T ElR 140 2157, fix, Hk

ST AR FIRTICE DT m B AL ZAT VY 3-7T A 1K 141 Z457-1% ., 2 (O /KEE
ek tert-7 TN AF N a T (TBSCHZEY tert-7 T IV AF L UN(TBSHE T 52
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CICEVBEAUE A 142 1372, ZOIIICLTHELNZ 142 O DT iR ilk &
BICICEVBREL, U — UK 143 2457, EUToKBEEA 2TV NV HETIREL 144 %
Bt WERT B = ARV ABRAL T ICEDRTANE Y T 2= VIR R EL, 3-T A% -
INAET ) — 145 2T/~ —IEEWMEL TRz, ZORE, ML MA T 2 FRICLZR
WA 2 LD TBS RENIINVTLUEWIENE T L, &Z 2, EUTKEEE
Dess—Martin fg{b 5281280, BET D 3-TA K- a/-§8-F70 98 Z1F7z,
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FEUE Rosu<wA(Ty B DEEE

A TR =292 SRR LA 7V T RS 55 AL ROS SIR B <HEFTL .
AF VTV RR 127 BEBHTEMTEDLINTIR>Te DT, IROBE )G THDHPABRAS £
ARG OHIEEMAY = 93 DA I AT THiat A BR#A L 7= (Scheme 32),

PG = N,N-dimethylcarbamoyl

OMe OMe OMe
Et;SiH, BF3-Et,0 Ac,0, BF3-Et,0
TFA, CH,Cl, n,05h
OPG BnO OPG———HO OPG
-30°C,2h then . ,
89% NaOMe, MeOH BnO' (0] (@]
rt, 1h
96 ’ 146
89%
OMe OMe OMe
DMP, CH,Cl, Vinyl iodide
rt, 1h CrCl,, NiCl,, DMF
: OHC 2 W2
OPG
then R . rt,2 h
MS 4 A, toluene BnO™ ‘0" o
reflux, 0.5 h 147 148 (44%) 149 (45%)
83% f |
DMP, CH,Cly, rt, 2 h
95% 150
then Zn(BH4)2, CH20|2, 0 OC, 1h
55% 148 (recovery of 149, 11%)
OMe

MOMCI, iProNEt

TBAI, CHyCN aq NaOH, EtOH
148 - . - .
60 °C, 1 h reflux, 0.5 h OMe
quant 96%

TBSCI, imidazole, DMF
80°C,0.5h

/\/LOH

95

then aq NaOH, MeOH OMe

rt, 0.5 h
73%

DIAD, PPhg, THF OMe
i, 0.5h

70%

Scheme 32 [ABRAZ T AFIEMAY = 93 OE K
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FT. B EHEE TR LERMFICESE AT AT YVasvR 127 23T (M T
TN T =T ARV B T L T— TV EER- N 7 VA o) ICE0 7 A% bl | g
FIARTHD C-Z VTR 96 & 89%DINHE TGz, ZDKE, N7/ A aFEfRZ Nz 712K
WINLEIR CRISEITOET VI — LD EITL TLEW, BEELZLILTE R o7,
RREIR (-10 C) IZT2EHIIMIIELNLDY, SUSHES, 7V — K 130 HRIZEL
Tz, N7 VA a2 i3 52T, VKR (30 C) CEILKISZHEITIELZE
NCEIT-, BIRGE ThAM 7T v A2 ST, BINETHRIOIEILE 96 21552
EMTELDOEHELE LT, 7ok, C-Z7Vav R 96 ONL{EHEEIX NOE HIEIZLVRELZ
(Figure 11),

NOE
OMe

BnO
BnO O
; OCONMe,
H o
H O

\_/H 0
96

Figure 11 C-7U=3/K 96 ¢ NOE &

WIZ, C-Z VAR 96 DDV —F L ATRIREPNINEEER 5 R L, HifR = 2T
NELTEH . TR AARNE S RIZEOI T B F L b L, — kT L a— Uk 146 % 89%DIL R
T3z, ZEUTT v 3— /L% Dess—Martin F2{LL, 7V 7R 147 Z457-, ZORF, BR{b#%IZ
SN B OKIC LA BB ETTHE TATEREZ DK DREHEL TR, ML
TUAABIRBEL X 2T ——7 4 A ZINZMER, DK T DL I0RiFe 7 LT R (K%
B2 P, TV TER 147 = a3— U RECHIRG A L7y 7Y KR (NHK
coupling)” (T L7225, BAHDNAREEEH T D00 TV T ERO TV T )La—)L
148 73 44%ULET, 2D CO-TE~— 149 8 45%ILETHLIL-, TULT/La—/L 148
D CONDNRELEZ R E T DD, Thar T A—rar Bl bS5 o7
tA—/L 154 ~ZEHL . NOE HIE%Z1T-72(Scheme 33), T 725, #Efil/kFiETIZID~
YUNEEEINL 153 EAGT L BRI EAL N DU T AL 154 21572, 154 D C5'& C6’
MOy 7V 7 E$1E 9.3 Hz THY, F72 NOE JIEDFE R DS | LRELE S CO'R SIkE
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| By

M
Ha(1atm) PMe PhCH(OMe), H,\ "
Pd(OH),/C TsOH-H,0
MeOH CH3CN Ph/‘V
148
rt, 1h reflux 0.5h OCONMe,
74% 90%

Scheme 33 7U/L 7 /La—/L 148 O C6'A D STARELE IR E

— . TIVTER 147 L=V~ R L7 aIRED Grignard KOG FRINE TH -T2,
o BARNRLARFIH R 155 % V= NHK Kb O AR 54 4 pk 30 o F k1L, 12
RELEIUTLE A BT D3 DRIER LRV AR INC#E 30572 (Scheme 34),

CrCl,, ligand 155
proton sponge
CH3CN, rt, 1h

|

Vinyl iodide, LiCI, Mn
NiCl,-DMP, Zr(Cp),Cl,
147 CH4CN, 1t, 4 h 148 (10%) 149 (17%)

OMe OMe OMe

OMe

I/ \\

0]
ligand = </ HN
—

155
>99.8%ee

Scheme 34 A4 7T NHK it

ZI T, 6-TE~— 149 O/KEEF%A Dess—Martin B&{LL Co,B-REAF1r b 150 L7
% AREBIRAISE TTEA TV EADNARRLEA AT 57 UL T va—/b 148 ~CFiE
HZELEUT, MRt ORE R, HALAT Lo KELARYFEHE * 2O TEAREE T,
55%DINETHROT Va—AK 148 Z1G0ZENTEZ, ZORF6'-TE'~— 149 25 11%
[ER S, Fo 1, 480K S 17%EIAELTC, ZOSLAGEIRPET, dgh ORI F~DF L
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—FIRICEVFTHASINDD (Figure 12), 37006, FL—MILVa B-HEF17 MR 150
DAL T F A= g PEESHL, JOSARAINIZZEN TS afinbDOERYR DB R Z~7
HLOLEEZ HND, MORETHIDOKFTHIT 7228, Luche 32 5C(NaBH4—CeCly) X2 F20 6'-
TE~— 149 DFH% 5 %, Corey-Bakshi-Shibata = TL(RT7L T hoeRu 77 KT 1
A X PR AR ISR NEHEC 2D BRI D 148 % 5 2780 o7, 728, 6'-=
B~ 149 O/KFEILD IEHE RS i I T2 MU R HE o T2,

BnO

Figure 12 /K3 {bARD 6 HHENIE TTIZ I 1T D ILARERME

BHENT, TULT La— L 148 & AR AF L(MOM)=—7 /L ELTR#EL 151 2157
% AKERAL T R DKEEHRIZ LD NN-CAF IV TN REA NN Z Rl DD, T7R Ak
OIRL . VR 152 % 148 /5B T 96% DR T, A U7 2 MO /KER R A (R
T 5722 TBSCl CULBRL 722 A, VR U igE7 = /— v TBS {LEi7= k) TBS (K235
Oz, ZOUDIIARNLE ThoT- O KT D LIOKEEE TRBET 5281280 2 i
IKEEIED HMEESITZE/ TBS K 94 % T3%DILE THLHZEN TET, 2WKEEFED IR
A TDETT B F /UL MOM bbiAA TN, 2O X722 RaERE Tl 2 MEDKER R L
IRE DD ST EFER LOANRBREDH TT IR ALDEETLEN, BRI E/HRLTE
(TTERD 0T, Fo, 2 NOKRIEIA R T HZ LR VR ARET La—)L 95 LD
B GEIESO G . KRFEALT NI A NN-DAFLFLLTIR) 3k 7=23, B a5 413
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TEppolz, ZNETORFITIEFIZTINALLRLT WERE THHIEN 3D >T-D T,
BASHNZIT iR D JOIZ, BRILLICKWEDIZ @ sy TBS EECIRETHZEE LT, Hi  ThH
BRAZ B AR S DRIETHLY T 93 % VARV 94 RO IEFHEET L=a—
V95 LOIFLIERITEY 70%DIEE TIET=,

ZOIINTHIBERDOY = 93 NELNT-DT, 2 FH OHLIG LR DB AZ B ALK
L~ ruB bR E | 5 A Grubbs itz W TIT 728 2A E=F L7 12 156 % 81%
DL THE—DBRAVIR L L TIHDHZEMN TET=(Scheme 35), Fel VT, AX L AV FRIZED
TBS & MOM FZ [FFZBREL R DL —T LK 157 % 98%INER TS, £t Ik
{bFZZAFASE LI LTI, R m~v A B DR A EMRLI,

Grubbs-II catalyst

CH,ClI, (5 mM) MeSO3zH, MeOH
OMe reflux, 16 h OMe 60°C,1.5h
81% 98%
1
TiCly, CH,Cl,

OMe rt,2h

98%

Paecilomycin B, 22

Scheme 35 /S o~A2> B DAL

B LTz A a3 B O4HTT —4% (MS, 'H-NMR, “C-NMR) IZ#HESNT5
F—% 20 L—F_J=(Table 14, Table 15), 7272L. HIEL-HIEEDFT —#1T [a]3 +85.5
(c 0.32, AZ =) ThoTeDIZXL, AL [a]y +40.4 (¢ 0.27, AZ/—)Thb, =
DOFIE, MESN TV 'H-NMR & PC-NMR O Hr 7 — &S Hlr4 512, KIRD /S~
avATY B IZHENLTOWDDEORHMMIZIE SO TIT RO EHEZE L TV D (Figure

13-16),
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Table 14 'H-NMR (400MHz, pyridine-ds) Data (8)D b

position | natural paecilomycin B* synthetic paecilomycin B

3 6.67d (J=2.3 Hz) 6.66d (J=2.6 Hz)

5 6.68 d (J=2.3 Hz) 6.71d (J=2.1 Hz)

ik 4.44 d (J=9.0 Hz) 4.47d (J=8.7 Hz)

2! 5.11ddd (J=11.2,9.0,4.4 Hz) 5.10-523 m

3 3.03dt (J=11.5, 4.4 Hz) 3.06 dt (J=11.8, 4.6 Hz)
224dt(J=11.5,11.2 Hz) 224 q(J=11.3 Hz)

4' 4.16ddd (J=11.2,10.8,44Hz) | 4.16-427m

5 4.08 brd (J=10.8 Hz) 4.13d (J=9.7 Hz)

6’ 550brd (J=4.4 Hz) 5.54brd (J=3.6 Hz)

7 6.28 dd (J = 16.0, 4.4 Hz) 6.33 dd (J=15.4, 5.6 Hz)

8’ 6.14ddd (J=15.4,7.1,46 Hz) | 6.17ddd (J=15.9, 7.2, 4.6 Hz)

9 2.38m 2.37-245m
2.36m 2.28-2.35m

10 5.77Tm 5.73-5.88m

11 1.42d (J=6.1 Hz) 1.45d (J=6.1 Hz)

4-OMe 3.56s 3.57s

2-OH - 11.87 s

2'4'6'-OH | - 6.79 brs, 6.87 brs, 6.97 brd (J=5.6 Hz)
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Table 15 "C-NMR (100MHz, pyridine-ds) Data (8)7 L

position natural paecilomycin B* | synthetic paecilomycin B
1 116.5 116.6
2 157.9 157.9
3 101.6 101.7
4 160.3 160.3
5 107.6 107.6
6 141.5 141.6
7 169.6 169.5
Iy 87.1 87.2
2 68.9 68.9
3 44.7 44.7
4' 66.6 66.7
5’ 89.2 89.2
6 71.3 71.3
7 134.8 134.8
8’ 123.5 123.4
9 37.8 37.8
10 70.0 69.9
11’ 21.0 21.0
4-OMe 55.1 55.1
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Figure 15 "C-NMR spectrum of synthetic paecilomycin B (400MHz, pyridine-ds)
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Figure 16 BC-NMR spectrum of natural paecilomycin B (400MHz, pyridine-ds)

Data from Supporting Information of ref 20

@D @ O (] - -0 - o (=3 o
o Na ~— 00 © ['-] mgwﬂn %mg w u’) © ~Oo DI~ @ < ~ o
2 85 8%% T 8883 ggg ¢ 5 35 i B a s = =
- - - - - - - - - - - @ © rxww% v ‘vr o o~
|1 5 | = N | | | 7l SN | |
]
I
‘ ‘ | ‘ | It | . 1
! 1
. B l | | H J ‘ |
]
I i | ] ol Lkl |
. y '
T T T T T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
1 (ppm)

69



BRE 6 -t NTiu<wA L B DERR

N3

GIIEEL

N, 6-TE~— 149 ZJFEHZ 6-=t- "o n< AT B DR AE R

MOMCI, NaH
TBAI, DMF

OMe

149

rt, 0.5 h
91%

TBSCI, imidazole, DMF
60 °C,2h

then ag NaOH, MeOH
rt, 0.5 h then 60 °C, 0.5 h
85%

Grubbs-Il catalyst

toluene (5 mM)
—_—

80°C,2h
73%
(recovery of 161 23%) BnO

TFA-CH,Cl,

_—

“0TBS
162
(E:Z = 1:2 mixture)

BBr3, CH20|2
163a
0°C,05h HO OMe
HO" “OH
6'-epi-Paecilomycin B, 164
(59%)
BBF3, CH20|2
163b +
0°C,0.5h
then rt, 1.5 h OMe
166 (21%)
Scheme 36

70

O

OMe 1t, 10 min HO

aq NaOH, EtOH
NMe, reflux, 0.5 h
quant

/\/LOH

95

DIAD, PPhz, THF MOMO
rt,1h

59%

BnO" “0oTBS

163a (21%)

OMe
"oTBS
165 (26%)

OMe

“0TBS
167 (16%)

6-Tr’ T~ AT B DERK

Hi(Scheme 32)IZ351F% NHK i C 2 FEEAD BAEAROT VAT La— Lp3fGhinizZ &

L 72(Scheme 36),

OMe

OMe

OMe

163b (42%)



BRUERTHEIC BT o/ o m~w AU BORKERRIAT ST, T7205, TULT La—
/v 149 ZMOM =—7 /LU TIRGEL 158 Z457-1% . /KIERILTFID LOKESHRIZEYD NN-2 A
FNHINNEANEEREL DD TINAANKGIRL, VAR B 159 %457-, MOM £
DB NFDUIRBIL KFETFT MY LT T 20 B DT, A UT 2 fLD/KEE A TBS
FETIREL 160 2157, Fi VT 161 &, VARV EE 160 Eifi kOIS FHIEMET V=
—/L 95 EDIIERGIZED 59%DINHE Tz, ZOIINTHIBMAD T = 161 H35H7-
DT, FBRAZ B AL D~ B LG % 5 AR Grubbs iz FIVWTIT 072825,
R ALy B OARDEEEITERRY, E, Z-4A V740 DIREY) (E/Z e 1:2) EL TR
1BAR 162 %157, FUSIEBZIEIZL CEARD AR A B IoLE 2 KA 80 “CITTHH#:
L CHIEN RITESEDLT | WEREME T T2DH Thole, fitl T, N7 VA o ez
IZED MOM BEEBRELTCEZA VINTNATEIa~ T T7 4— Tl TREE 720 | B
L7142 163a % 21%IE T, Z-4 1712 163b % D2%DWETHHLZENTET, fHHh
7o E=AV 742 163a (= RALRY R ZEH S, TBS HL_ VNV DM R 2 [FIRFZ
1TV - Ry~ A B, 164 A LT=, 2O, B2 L IX 3 & St R 03 5< 78>
TEIZT2D | RISz IO BRALEL | TBS V&> T D 165 % 26%IUR TR LTz, [FIERIC
Z-FVL 742 163b [ = BALRY B EEHIE | TBS DN BR#EA RIREIZAT
W 21%DIRILRIRND Z-A LT 4 166 Z437-, [RIRFIZ 2 212 TBS 23&-> T\ D 167 &
16%[=1IX L7z,
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FB=F NRziavAVrBOEER: S FHNNHK BV 7N —
K

B—E WS

OBV R LT B ETERELI-C-ZUas R 146 e RIAE L THW-,
ST B L—h 7V 7 KOG (NHK D~ 7V 7 R E) P B i e L= Ry a~
A BOWE T2 LL T IR 97 (Scheme 37),

5 |
NRK ;\ O OH A0 oMoM
coupling
N
e ':> OHC
HO™ 5 . OMe OMe OMe
HO™ "'OH BnO™

|\/\/'\ OMs
=4 OH OH

OMe

Scheme 37 /STl mr~AT > B OfiEENT : 431N NHK J1 7Y 7 L—h

L7255 FANHK Y 7V 7 OFIBME 168 1L, 7= /—/L 169 DA AF LT —
Tl O — AR T v a— L OB U AL, i T — L ORB{EIZ DD
NObDEE R, TAT /L 169 [THVR R 170 LFIEET La—L 171 LG
TAT AUISIZED B TEDbDEE R Tz, VAR EE 170 (T8 AR THHC-7Y =
R 146 DT I RAMLOMK G K OAELTZT va— O UV ELILLH D &
BT,
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%:gﬁ %%W NHK 7:7‘779‘/&\‘&}7‘[;&:&6/\"3::‘/{174:‘/‘/ B &U 6'-3:110-
NRryavAYr B DEARR

% T #(Scheme 32) CTHUFL7Z C-ZVal kN 146 NHHIEL ., UGS THDSr N NHK
Ay TV T FOSDRIERET /LT ER 168 OERAZ AT THRET2BR AL 72 (Scheme 38),

OMe

TBSCI, imidazole, DMF
aq NaOH, EtOH 80°C,0.5h

B

NMe reflux, 0.5 h then aq NaOH, MeOH
71% rt, 0.5 h
0,
146 84%
|\/\/L MOMCI, iPr,NEt
= OH 2
171 TBAI, CH3;CN
OMe
DIAD, PPh3, THF 80°C,2h
rt, 0.5h 93%
72%
170
N0 OMOM
CSA, MeOH
B
OMe
0°C,1h

96%

Scheme 38 %> 7N NHK 717V ZHIERMAT LT ER 168 DAL

BERRIERDOT I 146 ZKEE(LTND LZIKEEIRIZT N N-VAF VTNV SEA LI BR
ELOODTIREMKSEL , NIA— LV IVR R 172 % T1%DUEE CE=, A U7 27,
F O 6 NLDOKIEFEE R T HT-9DIZ TBSCl TUIRLT "IV UKL LT= % ILR iR
M OT = /=N DI =T )V Z K ERE T R DK HRICEVEREL, BIET 20
VRV 170 ZUUE 84% T, VRV IR 170 1300 KL E ThoTz, it T, LR
Y 170 LEEEET La— L 171 EOIGIERIRIZEY | TAT VIR 169 & 72%DILER
T1372, 169 D7 = /—/L% MOM =—7 /L ELUTHRFEL , 173 % 93%DIE T4, 1
T —ANRBE FINT, — DTV —F LRI EL Y — T Lo — Lk
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174 %IV 96% C157=, /EUT=7 /L 2— L% Dess—Martin FE{V 128D 90%IVRTT /LT ER
168 L. NHK 7> 7V 7 RS ORIBMAZATFTZ, 7256, B #1169 D7 =/ — /L a4
2D 7= 723 Dess—Martin (L TR VOB = 5728 TRBIMAEBHZ LN
TR T2120 MOM = — 7 /)L E L TUBR OiEt 2D 7z, 72 169 O MOM ——7 /L1,
1%, 3 FKEFES DOT=D DD TITELS, MRV ETH T,

F7- SIERU S THW GG T v a—v 171 1ZBEEEA Y 178V Dt U kic X
D& RLL7z(Scheme 39), 7205 HiROIGFTEMET L=a—/b 95 Z TBS{LLY U= —T
VAR 175 % 85%INETH-, AL 74> 175 EHIROE =LV Ra fRTAT IV 176 LDV
RAAZ L ARONIED 177 & 55% DR TIRIZ, fFoNice =V ARn e 27 /L 177 IZ
WIAFE T, VR EHIELZ8CED, B =13 —UR 178 % EFEIRIZ 76% DI R T
T P BT AR 2OV A VT TBS EZBREL, SERiE T va—L 171 %

94% DI = T1F7,

TBSCI, imidazole Grubbs-Il catalyst
/\/L DMAP, DMF /\/L Q\o CH,Cl, 9\/\/[\
| —— B
= OH ~ 7 oes 1757 B~ 07NF OTBS

60 °C, 2 h o~ reflux, 18 h
95 85% 175 176 55% 177
I,, ag NaOH
THF \/\/L MeSO3H, MeOH \/\/L
[
— I~ otTBS — ~ = OH
1, 0.5 h rt, 18 h
76% 178 94% 171

known compound

Scheme 39 YeFHIEMET La—L 171 DAL

ZOIHNTL T NHK By 7V 7 ROSOHRIEEAET VT ER 168 356720 T, Hifkrm
LD EfpiE SO = 7 V(D)2 Ty 7V 7 RO %1T -7 (Scheme 40), KOS IEH
THEITL, BRONLRELEZ A T 28 LIEDOTILT va—v 179 % 42% DI TS
ZLINTEIZ, Fo, FAIFFIZ 6-TE'~— 180 & 37%IRTHLI, ZhbiTT U ra~<
NS5 74— THBERTRE Th o7, 6-TE v — 180 DKL A YEIE K I LV K EE S,
179 ~FFELIDEB X TN, N vnd U EROBBERE N RE B ERLZLILTERD
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STz, Flo, TUAT Na—) )V &R{E LT, Luche EILOKFART R MR8 2 H iz T
FOSERATZD, Wb BRIELZ2U 180 DA MBSO NDAE R LT, 5 5
DERHZIFA N THoTKFBOARY BRI TH LD, SEIFERIR T T A—Tar B HfE
FEEESITEY, 7va— LTV BIROER Lt OF L — I E E T2, B
RENZZENTWD TP BERY R OB BN R E T /R 5, £o, REFVIT R 155 %
WAl R 72 A% NHK BUSH A0 SEARIEPEIZOR0m EL2b 0D | INERR K
& AR T LA BN o572 (Scheme 41),

ZOINTLUTHELIZERIBIR 179 O TBS H& MOM M4 A 2V A FIVCER
B RPNV —T VIR 157 &5, ZHUEE EENE OB AZ EL AL —R T

NN T —T )UK 157 £ MS K OXNMR 5 —# 03— L7,

OMOM
CrCly, NiCl,
DMF
+
rt, 20 h HO OMe
BnO "oTBS
179 (42%) 180 (37%)
MeSO3H, MeOH TiCly, CH,Cl,
179 -
60 °C, 1.5 h OMe n,2h OMe
89% 98%
MeSO3H, MeOH TiCly, CH,Cl,
180 S
60 °C, 1.5 h OMe n,2h OMe

83%

181

84%

6'-epi-Paecilomycin B, 164

Scheme 40 N o~ AT BOKNE - - Nia~v AL BDOEAK:
43 FW NHK 1> 7V 7 —h
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. CrCly, ligand 155 . .
z proton sponge = =
OMOM CH3CN, 1t, 1h OMOM OMOM

|

OMe  LiCl, Mn, NiCl,-DMP OMe HO OMe
Zr(Cp),Cly,CH3CN .
( p)ﬁ an BnO OTBS
179 (21%) 180 (8%)

{’ OMe
= N HN_ O
ligand B sZ

cl Cl
155

>99.8%ee

Scheme 41 il R 7 NHK i

IHIT, 6-E~— 180 DAX L Z)LIRURIZESD TBS HiE MOM EDOFREIZEID R
LT —F R 181 %45, % AL TF 2N LA DIV EOBREICID, /-1
<ALV B, 164 457~ ZHULE “FE LEIOMARAY v AL — N THET-H DL MS K OY

NMR 7 —# RN —E 7=,
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BNE Roiav Ly B DA 5 FRREMIR L —
B WA EENT

F=DERL—hEL T, B — R CHENLL 7=, TIPPLi%Z FH\ V7= Barbier ™ 514 T CO R
TUV—=N-B-C-7Vav ROEKELE, v 7B LRSCEA T2 825U, 5 & T
MRETLIZ AR AZ B ANV —NZE /R mva~v AV BOARIZBW TR, AU T va—
NWEFFER EOATF VAT VNG LT 7 N BE TR T A (Scheme 29)723, 2D H{AD
BT AR ACZREETHY, —EAF NV NE~LFET DB E R DT, AL
—MZEDEBICB W, SRR SN AZ LIV T IR BRE TN ZEN T
HEN, BEICT AR ACEITOIZENTE, FRPORAA K THHLD TIORMRE
FAELTRD D TIIIRNNEE 2Tz, LTI TSR IS 2 S & LT i vm~< A

T BDOWE RN A 73 (Scheme 42),

"OH Nucleophilic

Addition

Paecilomycin B, 22 182

: O OMe OMe
_ = OH

| OMe | OMe
' 183 171 185
— .

OHCUOPMP O/\CJ,OPMP
BnO" "oTBS Ph/J\o"‘ "0TBS

184 142

PMP = p-methoxyphenyl

Scheme 42 /XL u~ AL B O RRAENT : 751 PRI GV —b
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FEL72 D00 T RIS ORITBRAELTS-Z 7 182 &% ELT, 8-77h 182
FE=/La—UR 183 K ONT /LT ER 184 O NHK o7V 7 KNI E0ELNLHDEE
R T, B =038 —UR 183 1355 — 5 fi(Scheme 39) THAB LI FIHEMET L2 —L
171 CREENVAR TR P 185 OIIET AT AL SIZ IV B TEDLDEE R -, — 7. T
JVTER 184 1355 " FE = #fi(Scheme 31) THMKLIZ 3-TAF -7 ar’ T /vR 142 O
NV T O ERIRAE IS IV IREREORIT X 21T AU — kKR %

Dess—Martin it A2 LIV AR TEALDEE X 77,
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BTEH SFAREBEMIEGV—MNZEAZ R zvavA B B 6--
TuvAYY B DERR

F9°. NHK By 7V T RISORIBMED—>THHE =/La—TR 183 DEREIT-7-
(Scheme 43), 37205, TIRD 3,5-F AT 7=V (186) @ Sandmeyer S intZ D 1-5—
R-3,5-D AN B (187) & 42%DUNHE THFT=, 187 % Vilsmeier SZED AL KL
188 % 90%DULZR T/, Kraus—Pinnick BRI ZVBEAA VAR BE © 185 % 99%ILZE T
372, BV VT, 85 = B Hii(Scheme 39) TH AR LI FAEMET La—L 171 LELATZ

VIR 185 LD YIE = AT ALK SIZ LD 95%DIN R T = /L3 — R 183 2457~

OMe 1) NaNO,, aq H,SO, OMe OMe
~5°C, 10 min POCI;, DMF OHC
H,N OMe 2) KI, Et,0 | OMe 90 °C, 5h | OMe
0°C,3h 90%

186 42% 187 188
NaClO,, NaH,PO, I\/\/L | :
2-methyl-2-butene OMe = OH NS0 OMe

dioxane-H,O 171
2 HO,C 5
rt, 20 min | OMe DIAD, PPh3, THF | OMe
99% 185 h1h 183

known compound 95%

Scheme 43 ' =/L3—R 183 DAk

PRI, NHK A 7V 7 RIGEDED — DD RIFME THLT /L TER 184 DERKEITT
(Scheme 44), 3726 B _FH ZH CTHKLI3-TAFT -7 NLatT ) —R 142 O
DUF RO BRI A . 7T (LIAIH-AICK) Y4 FHWTITU N, 57%D IR T ik
DRV E—T VIR 189 %157, ZOFE, — kDO —T ARG EIAE LT3, B
HIE AR THLNFERFZ2LOTBSEB ML, A — /K 190 LU T39%INHE THOLIL,
AU 72189 D — il /K2 KA Dess—Martinf2 b 352812 KD, BET27 V7R 184 %
85% DI THF=, ZDORE, 5 " F Ui (Scheme 32) TH7-T /LT ER 147 L[REERIC, B2
bt BaFnEE KICKDBRIERE T o722 A, TV T EREZ DK OIRE M EL THDS
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Nizleh | MV ELX 2T —3—74 AZINZINE, Bk 352 L2 K0k

OPMP

— < A=) ,,38
TIVT ERREST2,
o, .OPMP LiAlH,4, AICI, o oPup o
o/\(j/ CH,Cl~Et,0 HOA()/ Bn ow
- +
Ph)\O" "“OTBS it 15h BnO" “OTBS HO" “OH
142 189 (57%) 190 (39%)
DMP, CH,Cl,
. 1h OHC. _O. LOPMP
189 - 5 U
then MS 4 A, toluene BnO OTBS
80°C,0.5h
85% 184

Scheme 44 7 /L7 ER 184 DAL

ZOIHT. B= a3 —UR 183 ET7LTER 184 MEHIL-DOT NHK 7V 7 K

%#1T>7=(Scheme 45),

CrCly, NiCly, DMF

0°Ctort,1.5h
183 + 184
CrCly, ligand 155
proton sponge
CHiCN, rt, 1 h
183 + 184

LiCl, Mn, NiCl,-DMP
Zr(Cp),Cly, CH3CN
m,2h

191 (16%)

! |

192 (40%)

DMP, CH,Cly, 1t, 1 h
93% 193
then Zn(BH,),, CH,Cl,, 0 °C, 0.5 h
85% 191 (recovery of 192, 9%)

191 192
(33%) (38%)
<O/, OMe
ligand = N HN\S’/\O
— Q
Cl Cl
155
>99.8%ee

Scheme 45 NHK o7V 72X ATILT /va— 0 191 OAGL
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NHK S GEDORER BADNARFLEZ RO T UL T a— UK 191 23 16%IL=E T, D
6-TE~— 192 2% 40%IRTROI, EUTET /Va— VRO SRR E (C6') T A f& 1Y
(R AL BETHEL TRIE LI, SR LIS LAIEIRPE LT E OV <H DT
TR TN ZHUEEE R VO (Figure 12) Tim Uiz a,B-REaFir by 150 OKFEA bRy
FHINZLDE L LFIERIZ, T — L BTV BIRDIEF L0 LEDOF L — I3 E, SR
HINZZEVNTUND Re DD KR DD DR EBNLI T E TG R TIFRUWMNEBLRL TS, £
ZCNLRERIRME O R B B FRL, AREER) R NHK UG 7 A 7o & 2 A A O NLREL [ %R
DTUNLT a— UK 191 73 33%ULERT, 20D 6'-TE~— 192 7 38%IUE THELI,
IR SEARERIRPEIL I E L7 D0 | RIEZRSLAERPED [ EIZFE O bR o7z
(Scheme 45),

F7- GBI 6-TE~— 192 OT L — /L OSNAKKEAIL, 5§ EEIE TS LT
R DR TTIZEVIT o7, T BT UL T L—/L 192 % Dess—Martin F2{LIZ XD a,B- A3
by 193 LTt KRB bARY R igha O CILRRIREIZE Tl EHOTULT L
T—/LIK 191 % 85%DILER T, 6'-Tt~— 192 % %K THZ, — ), 4—=brZEBF&K
M N GIE SCHRIZ R D T b — )V DSLARCERIE 7YV T v — L D i (B &I
TOHEE) B AL, R 31%E IR I DT,

W, HONTTYLT L a—L 191 % TBS fR#L, S UL=—T7 UK 194 % 95%D
PWERTHIL BT o T=0 LBV ABLICED RTAN S T 2= VAR EL  3-T 4
X -INAT ) —AFHEIR 195 & N2%DNERTT /~—EAEMEL TR, il T, AT
127 )~ —hLDKIEHZ Dess-Martin B2 9228280 70 FPSKIZAT NS RTBRAS-Z
Jh 182 Z 91%DINERTHFHI LD TETZ(Scheme 46),
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TBSCI, imidazole CAN, toluene-

DMF OMe  CH3CN-H,0
191 -
80°C,3h 0°C,05h
95% 72%
DMP, CH,Cl, OMe
tt,1.5h

91%

Scheme 46 77 PNREATINBOSHTBRRS-Z 7R 182 DERL

ZDOIDNTHIBRIADS-Z 7 182 FHNT=D T, $E L7205 TIPPLI & =05+
REAITINEZEAT -7 (Scheme 47),

iPr iPr
Li
(3 equiv)

TBSO" OMe

THF,-78 °C, 0.5 h

BnO™ “oTBS
196 (29%)
iPr n
iPr iPr
Li
(3 equiv)
196 (16%) + 197 (8%)
THF, -78°C,0.5h
198

Scheme 47 75PN REZ AN

3 4 ED TIPPLi #-78 CICTEHASH-LZA YW PREL CW=Iolz, U7 /ra—
IWEBFR EOT AT IVNKIGLT 7 N BEEKRT 587K, BRIET 8L INED
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C-BIK 196 7329%. C-affk 197 D3 1%DINRTHROLNT, KISTF =y ZRHZIT C-aflk D Z 23
g ra~<h 77 40— ETRODLIVTWEN, JIRZIZIE C-BIR~NFEAENEMLL TR
0. VBTNATLI0< T TT7 4 — RIS EMALEITL TOD LD Th o7 (Figure 17),
728, BRABIK 196 KON 197 ONAAKEEIL NOE HIlE 2Lk E L7z (Figure 18),

t |
o |

197
C-a

RM1: (RISF T v 27B%)

SiO,TLC hexane/EtOAc=6:1, UV, P-Mo-H,SO,4 RM2: (59727%)

Figure 17 73 FWREZSSRFOE 70~ 7T 74— 4317

NOE NOE

OMe

196 197

Figure 18 ZR{LIK 196 K O* 197 @ NOE H|E

F2. TV— 3 —URK 182 OTV— /L7 aIR7 s 198 % [EE 7S SO AT — A HE
STERL., TIPPLI Z W0 +NREAMAIB )G ETT282A, T —3a—U K 182 O
A L L TORPERITIR FLIZH DD C-BIK 196 73 16%., C-aff 197 73 8%DULFHE

THF54172(Scheme 47),
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oW T SFOLNTBRILIK 196 OT A% AbE N=F LT Toa AW T8Itz k)
17572 (Scheme 48), FGIFNAREINAITHETL , AHOTY—/L-B-C-Z7 Va2 K 199 %
84% DR TH 272, ZOK;-20 CTRIGZEATST208, —#B TBS AN THDEITH-
72T, TBS HAFZRITHTI2DIT, BEITITER ETHIE L, 199 DR IX
NOE JIEIZEVRE LT, HEIT C-7 VAL RIR 199 IC=RALRVFEELEHIE, ATV
{LERDNARHE R DR EE [FIRFIZITU, TIPPLI 2 W 220 F NSRBI S & 8 R
Lizmm= Ay BOREREER LT, ZIUTH BN OFRAZ L ZL—FT
ez rm~vA vy B EEEGH T M ONMR 7 —# 08 —H LT,

Et3SiH, BF3Et2O

CH20|2 BBr3, CH2C|2
196 ——— B — OMe
-20°C,1h 0°C,0.5h
thenrt, 1 h 54%
0,
84% 199 Paecilomycin B, 22

NOE

Scheme 48 /X~ A2 B DA 5N RTINSV —b
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51&RHVTNHK By 7'V 7 i (Scheme 45) TELILIZTUAT La—/L 192 ZJFE

12, 6'-TE- T rv Ay B OB E BT 72(Scheme 49),

OMe
TBSCI, imidazole
OMe DMF
OPMP -
80°C,3h
92%
‘OTBS
192 200
CAN, toluene-
CH3CN-H,0 DMP, CH,Cl,
_—— _—
0°C,0.5h rt, 16 h
68% 96%
201 202
iPr C-a
Pr” i ~iPr Et3SiH, BF5-Et,O
Li CH,Cl,
(3 equiv) 0 —20°C, 4 h

M
THF, -78°C,05h 1550 OMe  ihen MeSO4H, MeOH OMe
76% BnO" "0TBS rt,2h
39%
203 204
BBI’3, CH2C|2
HO OMe
0°C,0.5h L
61% HO" “OH

6'-epi-Paecilomycin B, 164

Scheme 49 6'-T—bt' - XT <A B DAL : 2 FNRER NS b —b

BRI ST rv A B OFREFRIRIZATT0, 7205 TULT va—r 192 %
TBS L., S UL T—T /UK 200 % 92%DU R THE-# . iR T - E=U LUy AL
IZEONTANR L T 2=V HETREL, 3-T A F -7 at’T ) —ZFEK 201 % 68%DIL
RCTT )< —REMEL TET-, i\ T, EUT2/KEEFE% Dess—Martin gt 95281250, 75
T-WREAINES ORIBA THDS-F 78 202 % 96%DIL R THLIENTET:,
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RIBRIRDS-Z 7 202 HFHNT-D T, $EEE72D TIPPLL Z 25y F P REZATN
FOsZEAT>72. 3 48D TIPPLI Z2-78 CIZTIEHESE2L2A, HETSBRALAT IR D
C-aff 203 7% 76%DmHILE T, N ONRRIRINITGL NI, i\ TERDILZERLE 203
DT AX A% NNZF AT E AW T BTl VT, A ENEEIRE THIEL
Th TBS FEEALEN2hofolod ARBIC T TV na FEhth . — iR B L 7-1%
IN—RIZTRAL L VIR AL ) — VDT TBS Bz frEL IR 39% THIET D
C-Z7VavR 204 %157, SOSMISRINANTETL C-pIRD I 5% 7=, BRIEIK 203 K
W 204 ONLAHEE X NOE HIE 12 L0k E L= (Figure 19),

NOE

OMe

203 204

Figure 19 203 & T 204 ® NOE JIE

KZIZ C-7Vav R 204 (IZ=RALRURBEEHSHE ., AT ULER DN ARFERL DR
FHEFRFIZITUVO, 61%DIRT 6'-T-Rmya~<A v B (164 AT 52808 T&EIZ, &
UL —EE AR OABRAZY B A —FTH T - Rmvn~v Ay B PEEGIT R

YNMR 7 —Z ™ —# L7,
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B=E o FPRREAMRISIZEIT DI AER M

ZIZTH TR INSUGRFIZ 3 1 DRI MEIC DWW TEB LR35, H— BE T
U7z, R KB ORI T T, Z v/ 8-F0 e ~DT V= NI F T LEDK
BARIOB BT, BEREOOT HNL D727 DI00, F7MAARDaifin b OB D E
Jellz, AERIOSFRICTIN BER T 57 —/La—UR 182 @ TIPPLI & a3 1N
KEATIMBSIZBN TS, RAAERTIIBT 2R E TR C-BIR 196 ~DEMALI -
ZbDD BANEIT V= NIF T DT BESDoHNO DBENMESEL . C-afj{bIK 197
WAL TS, 72720, TOIERIZN—2/L 30% CTHIZIUTE @I o7, —J5, TV
—Ea—UK 182 © 6 -TE~—ThHoH7U—/La—K 202 O TIPPLi & V7= 1K

BEAT NS Z IR ICHETT L, 76% D EINEHE T C-ab{bi& 203 % 5 % 72(Scheme 50),

iPr C'B C-a

TBSO™ OMe

THF, -78 °C, 0.5 h

BnO™" “oTBS BnO™" "oTBS

182 196 (29%) 197 (1%)

6'-epimer ir C-a

iPr iPr

Li
(3 equiv)

TBSO OMe

THF,-78 °C, 0.5 h
76% Bno"

“oTBS
202 203

Scheme 50 TIPPLi Z [\ =41 RSN s
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HNREAN Db DOBENEZY | C-aBf (AP BFLNTNDHIEED, F—ETHS
VTG S & FIER IR STARSRIRME DS LGOI T2 8, EONRITIIREREN DT, 2k, 7Y
—NA—UR 182 ZHEBELLIEGAE . T7h e ~OT V= V) F T AO BN ZHERIC
4-0OBn 4L 6'-OTBS SDNLARFEIZ I 0 BN L EHE ST OILRPME T L7=D TIE72
VINEE R Tz, — D 6T —THDHTV—/LIa—TK 202 ZRE L5513 4'-0Bn K
& 6'-0TBS ED ARSI NRNZ &I T7 b ~DT V=N VF T SO o B 873 I
1L BIEE CBRALATINRE 5 2 7-b D L& 42U T (Figure 20) ,

OBn OBn
o \ 7@? o \ _
Li o GR — 196 Li o 6s ~ 203
a-attack a-attack

(o] 30% vyield o 76% yield
R (196 + 197) R

MeO OMe MeO OMe

182' 202'

Figure 20 77 PSREZAINBOSKRFIC 1T 2 o- BUEERF O ORGE S AT K IR FE [ O SR R
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4h2A
N A

ARG TER L. 2,4.6-N AV 70 LT == )LYF 7 A(TIPPL)Z U o, =AT L
VT I EEOB ARG MEBEBBRIEEZ G THTIV—NVNTARET VR )Z b LD Barbier %!
Ho TV T G 55 T A A ED T V=L -B-C-Z V2 RO F A FIE D B Eh
LTz, Fio, RABIEZIGHL, TV —/V-B-C-7VaL REFTH R Tho/ " mrm~v A
> B DB AL,

F—ETIET Y= -B-C-7VaL ROFHEBIEL N T~ 7, BREARINAY
BT ARV EERIR DR F TV, &V TIPPLI 3G 2 ThHZ % AL, F7-,
N AR NIRRT T TV — VARV ET VR I Z TN eD T 7V 7 RO Tl 163k
@ Grignard IO FIEFIELDE, TV—INTARET VR )Z IR i a s - AR VA 1
AL D, Wi D Barbier BLD S SfF8 R 2] S 52 8% W LTz, TIPPLI %
Tz, KA 7V T OGO IEEEISEZ R T LT2E2A, ZAT ALV T ) VIR =)L
Fip b % B EBR LT T 57 )— N a—URICK LRI AR Thote, AT VIRIZLT
X, B EWZ SIS BT A SR LIS tert-T FIVTZ AT VD RILHT | AT
IVERAT NEA T HIE THOIE Ry TV Tl R E 5 2 72, i<, 77—V DT 4%
I NAY T ae e T =T ARy R F N =TV RE WD R R |
C-BAREIRINTHEIT LT, — . TV— T aIR XD NARHES-F I N DI TV T
BIL Tl WERDIR RO, 2T, BIRGEREILICW, K& & RERTH
HRIAF NNV NARHES-T I N e N1 TV 7 SO ERRFT LT RE S IR B <1y 7Y
T ARG D LN TE T, Wy TV TSR A RNV = AZ ) — VAR S
NIAF VLYV T LRIRFICATF VTV Ay RALBHL T, (DI ATF LTI RO
TAFALL N ZF NI T =T AR R = F L —T VR EZ WD &2 LD,
C-BLABIR B THEAT LT, AV MBI 2T LA A+ 5B OB, RTINS
FOACTKIEEL L 22T )V OG L, 7B (R a2 —)V) BT 2280353
oo ZOAE R Z— )V DEHEILT AR ACSISEATI LR EET, — K 2 fDKERLE
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TUNBREBIFEIE LB IEZ R ISE | AF VTV MRIZELIZOBIZT 4%
N DRE R DT, Fo AMFTEORFE T, HE R BRI T IZBW T, Zva /8-
TGN SDT V= NIF T LEO R OB B L o-HND DB EPME T HZ e I LT,
ZONLARBRPREIT | SREELEBERFOBERRIED O B a1 H OB D 73/ hS2
BECTebDEBLR LT, Flo, TV B EOMERIT - OINLE F-x & TV — /e | L DOFRFEN
RFES —IRNARTIR I 5L QDb DEE R T,

TETIE, ZOEII U THESL LT TIPPLI 2 A =7 U —L-B-C-Z VL RO H A X
IEEPABRAS B A SRR E L THWAZEIZEY, Ry r~v Ay BOLA A E
TAEE 22, #RINER 2.4% CEER L7z (NHK BUGTE D 6'-T b~ —Z R b, SLAREIRIC
L= TRAEEDHE TR 24, #8IXER 3.7%) (Scheme 51),

(0] OPMP 5 st (0] OPMP 4 steps (6] O
HO steps p Bno/\(/vl/
-
W /, —> ’, —_— W ’,
HO ‘OH )\ ‘oTBS BnO ‘OTBS

52%

69%

OH
100 142 (known compound)
OMe OH
/@\ 4 steps Me020:©\
Br OMe 72% Br OMe
101 113 (known compound)
iPr (o)
o (@) NMe2
iPr iPr

OMe OMe

98 + 99 _ >

Grubbs-II catalyst 2 steps

_ =
_

OMe 96%

_ =

81% OMe

total 22 steps Paecilomycin B, 22
2.4%

(24 steps, 3.7%)

Scheme 51 R AX B AL —RNIBITAHRIL R
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Tpbb, filRD/RTANE T T 2=/ B-D-Z LT R (100) 735 5 TR 69%IX %
TRREERND 3-T A X2 -7 at’T /o R 142 ~EFEL, 0% 4 TR 2% IR T 3-7
FxR-TNA)S-TIN 98 ~EEMALT, —T7 RO -7 0E-3,5-D AN B
(101) 1V 4 THE 2%IRTHHWE THDH 7= /—v 113 ~EFEL, DTS
HZEIZIDTY— T uIR 99 2157, ZOIILTHRLNIZT /R 98 ET7V—/L 7 IR
99 O TIPPLi & H\ /= Barbier %77 7"V o 7 ROGSE VB ICHEFTL | ATk EE & =27 v
MEALLIZAE R r 22—V 97 % 89%DEINERTH R o, TD%, 7 /~—h DT FF AL,
O'NEDIIREUG72E 9 TFE (9.5%) Z#k T, PABRAZ BV ARG DOHIBMA THLY = 93
13T, 2 & B OFERUG 72D Grubbs—I1 i - PHER A2 B AL D~ 7 m R UG
IZICHEETTL, 81%DINERT E-F L7 156 ZME—DBRLIKEL TIHAZEN T,
BB, KERIEOBLR#ES 2 TR 96%INERTIT, /Smim~ AT B OYIOEE %
L7z,

T, ARG ISR DM S B 2 ARAZ B AL — TR D
7MW NHK Bt v—hORFE1T>7-(Scheme 52), & DFE 5, fiefe TR 22, HRIE
21% TR mv ATy BEEKRTHIENTET,

T, HBRAZ Y AL —MITELNTTY—/L-B-C-ZVa R 146 L0, E# K
Bt FRLERICdD 6 TRE35%INE T, 7T R A/ T8 =13 —UK 168 #1537, 1
fbra s Etffb=>7 ()& AW TH TN NHK GEFT-72825, ~ 7B bk g
(ZHETTL HINE T D R E 2 328 bIE 179 % 22%DILET, 6'-=E~v—{K 180 %
37% DR THFHZEMM TET, SUSDNLARIEIEA 7] ESE 5 AR5 NHK X
JNERRIRTZNN, RN H I 250 Z 81X CERRD o Tz, iI2, 2 TR 87%IE
TKERIEDPRHELATV AT mv AT B DEREE T LIz,
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O._OPMP 13 steps
HO -,
OMe
HO™ "OH 17%
OH
100
OMOM
Crclz, N|C|2

OMe

"'0TBS
180 (37%)

2 steps

179 —>,

87% OMe

total 22 steps
2.1%

Paecilomycin B, 22

Scheme 52 %3N NHK /L — NI BT AR

BIUETIL, IV F ¥V 7RG v — MRt L (Scheme 53), 37205 BhEH
BRI a7 ALK TS TIPPLI TAELSHTV—VIFTLE ST NIZH
58-T7 7 b EDORBEMN MBI LD ~ 70T 7\ BRERGET 551 ThD, 7, 3,5-U AR
X7 =2 (186) £V 4 THE 36% CARLIZE=/La—UK 183 &, HiIRD/RT AR~
=)L B-D-Z/LIET VR (100) 75 7 THE 33%INURTERK L7 /LT ER 184 ¢ NHK
BT XY BADSARELE S H T D9 7V T RGEIROT IV T va— 191 % 16%MY
KT, LD 6'-TE~— 192 & 40% DR THL, =~ —192 [T /La—1D
Dess-Martin &1L, #< /KB LAy E MR 2 2 LRI AR T SO IS KON IR A RS
L2 LR T9%IERT 191 ~EEHLT-, fit T "T AT 7= ZUav R 191 % 3
T 62%T8-TF7bhy 182 ~EEMLT-, ZDOIHTL THEDLIIZ 5y R EEAH MBS D
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OMe NS0 ome

4 steps
- . o
H2N OMe 36% | OMe

186 183
7 steps
. OHC. _O. LOPMP
—_—
BnO' ‘0TBS
184
H O OMe H O OMe
CrClz, N|C|2 I OMe | OMe
— . PMP PMP
183 + 184 HO (0] + HO (0]
BnO' "oTBS BnO™" "oTBS
191 (16%) 192 (40%)
4 |
DMP, 93%

then Zn(BHy),, 85% 191

iPr iPr

OMe

8s0™" OMe

"oTBS
196 (29%)

BnO'"

2 steps

B ——
—_—

45% OMe

total 14 steps
0.44%
(16 steps, 1.3%)

Paecilomycin B, 22

Scheme 53 73 RSN —NMZ BT DRI R
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ABER 182 12 TIPPLI Z{KiE FIC/EHS W72 2A, ~7aB LB ETTL, A TH
2778V 196 % 29%DILR TR D LTI LT, ik IChitRigz 2 TR 45% TITU ),
REyavAr BOEERE R TR 14, ISR 0.44% T2k L7z (NHK SR % D 6'-
T~ —ERR b, ARRIRAIGE T L TREZ S OLE TRE 16, BINE 1.3%)

TU— 4 B EE 2 TSR IR IC LD~ 7 r 7 7 N BROMEHNLZNET
ZEAERL BMDZERIEEN) T, A AL FRNIEF MR HLE DL Bbing, b
oL INETHEILIZ 3 — el 3708, PHBRAZ B A — bR bR m < A
H7en—R Tz,

Ll k| T 2,4,6-N) A7 0 )V 7 = =)L YT 7 A(TIPPLi)% HV V7= Barbier B> 7Y
7RG $5i T AF AL DH 2T ) — )b -B-C- 7 V> R OF A RIEDO BRI KT L
Teo £lo, REMUELRBUGEL THW, R THL /ST m~ A2 B DD RE A 1E
L ARG BAFR B REEEFFA A RL . R B HA~DIEHG AR THLZEaRT
ZENTER, 5% KTV —V-C-7 VAL NERIED A S IALT- 08 Bl L0 B C
DIHPEIRE SN,
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General Information

The melting points were determined on a BUCHI model B-565 and were uncorrected.
Optical rotations were measured on a JASCO P-1020 polarimeter. IR spectra were recorded on
a PerkinElmer Spectrum One (ATR-IR: Attenuated total reflection infrared spectroscopy). 1H
and °C NMR spectra were recorded on a Bruker AVANCE 400M. Chemical shifts of 'H and
3C NMR spectra were expressed in ppm relative to tetramethylsilane = 0.00 in CDCls, CD;0D,
or pyridine-d5 unless noted. Low-resolution mass spectra were recorded on a Thermo Fisher
LXQ eluting with 10mM AcONH4/MeOH (APCI-MS: Atmospheric pressure chemical
ionization mass spectrometry, or ESI-MS: Electrospray ionization mass spectrometry).
High-resolution mass spectra were recorded on a Thermo Fisher LTQ Orbitrap Velos Pro
eluting with 10mM HCOONH,4/CH3;CN (APCI-MS). Analytical thin layer chromatography
(TLC) was performed using Merck TLC 60F-254 plates (0.25 mm), and visualization was
accomplished with UV light or ethanolic phosphomolybdic acid. All reagents and solvents
were purchased from commercial suppliers and used without further purification unless
otherwise noted. Experiments requiring anhydrous conditions were performed under nitrogen

atmosphere.

Structure Determination

COSY, NOESY, HSQC, and HMBC of all new compounds were measured in addition to "H
and °C NMR spectra. The a- or B-configuration of the products was determined by NOE
measurement in '"H NMR experiments. For example, in the case of 49, the C-p configuration

was confirmed by NOE measurement as shown below.

NOE

/_H

BnO H
BnO o) CO,tBu
BnO
BnO
OH

H
49
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General Procedures for Halogen—Metal Exchange Reactions and Coupling Reactions of

Resulting Functionalized Arylmetals
Preparation of zert-butyl 4-deuteriobenzoate 48 and lactol 49.

Under nitrogen atmosphere, to a stirred solution of fert-butyl 4-iodobenzoate (47a) (508 mg,
1.67 mmol) in THF (8 mL, dehydrated, stabilizer free, Wako) was added metalating reagent
(2.0 mmol) at =78 °C dropwise over a period of 2 min and then stirred at the same temperature
for 1 h. To the mixture was added (A) methanol-d4 (0.7 mL, 17.2 mmol) in one portion and
stirred for 10 min or (B) tetra-O-benzyl-D-glucono-1,5-lactone (7) (900 mg, 1.67 mmol) in
THF (4 mL) over a period of 10 min and stirred at —78 °C for 1 h. The reaction mixture was
quenched with saturated aqueous NH4Cl (20 mL) and extracted with Et;O (20 mL x 2). The
extracts were washed with saturated aqueous NaCl (20 mL), dried over Na,SO,, filtered and
concentrated in vacuo. The residue was purified by column chromatography on silica gel to

afford (A) fert-butyl 4-deuteriobenzoate (48) or (B) lactol 49.

tert-Butyl 4-deuteriobenzoate (48)
CO,tBu

D
48

Colorless oil; Rf = 0.74 (6:1 hexane—EtOAc); 'H NMR (400 MHz, CDCl3) & 1.60 (9 H, s),
741 (2H,d,J=8.2Hz),7.99 (2H,d,J=8.2 Hz).

General Procedures for Barbier-type Reactions with Perbenzylated Lactone 7

Preparation of lactols 49, 55a, 55b, 55¢, 55d, 55e, 57, 58a, 58b, 59a, and 59b.

In a flame-dried 50 mL round-bottom flask equipped with a nitrogen balloon,
1-bromo-2,4,6-triisopropylbenzene (710 mg, 2.51 mmol, Wako) was placed and the flask was
evacuated and backfilled with nitrogen twice. 10.0 mL of THF was charged into the flask and
cooled to —78 °C. To the solution was added 1.67 M nBuLi (1.50 mL, 2.51 mmol, Kanto) and
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the mixture was stirred at the same temperature for 1 h. To the mixture was added dropwise
over a period of 10 min a solution of aromatic halide 47 or 54 (1.67 mmol) and
tetra-O-benzyl-D-glucono-1,5-lactone (7) (900 mg, 1.67 mmol), which were beforehand
combined and dried azeotropically with toluene, in THF (4 mL) at =78 °C. After being stirred
at the same temperature for 1 h, the reaction mixture was quenched with saturated aqueous
NH4CI (20 mL) and extracted with Et,O (20 mL x 2). The extracts were washed with saturated
aqueous NaCl (20 mL), dried over Na,SOy, filtered and concentrated in vacuo. The residue was
purified by column chromatography on silica gel to afford lactols 49, 55a, 55b, 55¢, 55d, 55e,
57, 58a, 58b, 59a, and 59b.

1-C-(4-tert-Butoxycarbonylphenyl)-2,3,4,6-tetra-O-benzyl-o-D-glucopyranose (49)
CO,tBu

~OBn

BnO
OBn

OBn
49

49 was prepared from tert-butyl 4-iodobenzoate (47a) in 93% yield: colorless syrup; Rf =
0.22 (4:1 hexane-EtOAc); IR (ATR, cm ') 3410, 2929, 2866, 1710, 1291, 1161, 1089, 1060,
1020, 733, 695; '"H NMR (400 MHz, CDCls) & 1.62 (9 H, s), 3.11 (1 H, d, J= 1.0 Hz), 3.55 (1
H,d,J=9.2 Hz), 3.7,3.81-3.91 (3 H, m), 4.07 (1 H, t, /= 9.2 Hz), 4.14-4.23 (1 H, m), 4.42 (1
H, d,/=10.2 Hz),4.55 (1 H, d, J=11.3 Hz), 4.61-4.72 (2 H, m), 4.82-4.95 (3 H, m), 6.97 (2
H, dd, J=17.7, 2.1 Hz), 7.12-7.42 (18 H, m), 7.66 (2 H, d, J=8.7 Hz), 797 2 H, d, J = 8.7
Hz); °C NMR (100 MHz, CDCl5) & 28.2, 68.9, 72.3, 73.4, 75.1, 75.5, 75.8, 78.3, 81.2, 83.5,
84.7, 97.8, 126.2, 127.5, 127.58, 127.62, 127.7, 127.8, 128.0, 128.2, 128.3, 128.37, 128.43,
129.3, 132.2, 137.2, 138.2, 138.5, 138.6, 146.5, 165.5; LRMS (APCI, m/z) 734 [M+NH,]";
HRMS (APCIL, m/z) caled for C4sHasOg [M+NH4]" 734.3687, found 734.3688; [a]% —0.21 (¢
0.5, CHCl3).

1-C-(4-Methoxycarbonylphenyl)-2,3,4,6-tetra-O-benzyl-a-D-glucopyranose (55a)
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COzMe

~OBn

BnO
OBn

OBn
55a

55a was prepared from methyl 4-iodobenzoate (54a) in 81% yield: colorless solid; Rf' = 0.26
(3:1 hexane—EtOAc); mp 131-132.5 °C (not recrystallized); IR (ATR, cm™') 3364, 2871, 1697,
1294, 1138, 1088, 1065, 1037, 1015, 731, 694; 'H NMR (400 MHz, CDCl;) & 3.15 (1 H, s),
355(1 H,d,J=9.2 Hz),3.73 (1 H, dd, /= 11.0, 1.3 Hz), 3.81-3.88 (3 H, m), 3.94 (3 H, s),
4.07(1H,t,J=92Hz),4.17 (1 H,dd, J=10.0, 2.3 Hz), 4.43 (1 H, d, J= 10.2 Hz), 4.55 (1 H,
d, J = 12.3 Hz), 4.60-4.69 (2 H, m), 4.83-4.95 (3 H, m), 6.94 (2 H, dd, J = 7.4, 1.3 Hz),
7.09-7.40 (18 H, m), 7.69 (2 H, d, J= 8.2 Hz), 8.03 (2 H, d, J = 8.2 Hz); >°C NMR (100 MHz,
CDCl) 6 52.2, 68.9, 72.3, 73.3, 75.1, 75.5, 75.7, 78.2, 83.5, 84.6, 97.8, 126.4, 127.59, 127.62,
127.7, 127.78, 127.81, 128.0, 128.25, 128.33, 128.37, 128.43, 129.5, 130.3, 137.1, 138.2, 138.4,
138.6, 147.1, 166.9; LRMS (APCI, m/z) 692 [M+NH,]"; Anal. Calcd for C4,H4,05: C, 74.76; H,
6.27; Found: C, 74.58; H, 6.41; [a]5 +3.41 (c 0.5, CHCI5).

1-C-(4-Cyanophenyl)-2,3,4,6-tetra-O-benzyl-o-D-glucopyranose (55b)

~OBn
BnO

OBn

(:)Bn
55b

55b was prepared from 4-iodobenzonitrile (54¢) using 1.2 equiv of TIPPLi in 80% yield:
colorless syrup; Rf'= 0.28 (3:1 hexane—-EtOAc); IR (ATR, cm ') 3400, 3030, 2929, 2865, 2228
(CN), 1453, 1361, 1135, 1058, 733, 695; '"H NMR (400 MHz, CDCl3) & 3.15 (1 H, s), 3.50 (1
H, d,J=9.3 Hz),3.70 (1 H, dd, J=11.1, 1.8 Hz), 3.79-3.88 (2 H, m), 3.93 (1 H, d, J=10.8
Hz),4.07 (1 H,t,J=9.3 Hz),4.15 (1 H, ddd, /= 10.3, 4.1, 2.1 Hz), 4.53 (2 H, d, /= 11.8 Hz),
4.60 (1 H,d,J=123 Hz),4.65 (1 H, d, J=10.8 Hz), 4.81-4.96 (3 H, m), 6.87-6.95 (2 H, m),
7.12-7.39 (18 H, m), 7.59 (2 H, d, J= 8.2 Hz), 7.66 (2 H, d, J = 8.2 Hz); >°C NMR (100 MHz,
CDCl) 6 68.9, 72.4, 73.4, 75.1, 75.5, 75.8, 78.2, 83.6, 84.1, 97.6, 112.5, 118.6, 127.2, 127.6,
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127.65, 127.68, 127.70, 127.8, 127.9, 128.28, 128.32, 128.4, 128.5, 131.9, 136.9, 138.1, 138.3,
138.5, 147.2; LRMS (APCI, m/z) 659 [M+NH4]"; HRMS (APCI, m/z) caled for C41H3oNOg
[M+NH,]" 659.3116, found 659.3125; [a]5 —7.01 (¢ 0.5, CHCL,).

1-C-(4-Benzoylphenyl)-2,3,4,6-tetra-O-benzyl-a-D-glucopyranose (55¢)

BnO

< OBn
OBn
55¢

55¢ was prepared from 4’-iodobenzophenone (54f) in 52% yield: colorless syrup; Rf = 0.22
(3:1 hexane-EtOAc); IR (ATR, cm™') 2864, 1658, 1453, 1276, 1135, 1088, 1060, 1027, 732,
695; 'H NMR (400 MHz, CDCl3) & 3.19 (1 H, s), 3.59 (1 H, d, /= 8.7 Hz), 3.75 (1 H, dd, J =
10.8, 2.1 Hz), 3.81-3.89 (2 H, m), 3.92 (1 H, d, J = 10.3 Hz), 4.10 (1 H, t, J = 8.7 Hz),
4.17-4.24 (1 H, m), 4.49 (1 H, d, J=10.3 Hz), 4.56 (1 H, d, J = 10.3 Hz), 4.61-4.70 (2 H, m),
4.88 (1 H,d,J=10.8 Hz), 492 (2 H, s), 6.97 (2 H, m, J = 7.4, 2.3 Hz), 7.14-7.38 (18 H, m),
7.49 (2 H,t,J=282Hz),7.60 (1 H,t,J=7.2Hz), 7.74 2 H, d, J = 8.7 Hz), 7.77-7.84 (4 H,
m); *C NMR (100 MHz, CDCl;) & 69.0, 72.4, 73.4, 75.1, 75.6, 75.7, 78.3, 83.6, 84.7, 97.8,
126.3, 127.58, 127.61, 127.7, 127.77, 127.83, 127.9, 128.27, 128.33, 128.38, 128.43, 129.9,
130.1, 132.5, 137.2, 137.6, 137.7, 138.3, 138.5, 138.6, 146.6, 196.3; LRMS (APCI, m/z) 738
[M+NH,4]"; HRMS (APCI, m/z) calcd for C47;H407 [M+NH,]" 738.3425, found 738.3431; [a]h
~14.1 (¢ 0.5, CHCl5).

1-C-[2,3-Bis(benzyloxy)-5-methoxycarbonylphenyl]-2,3,4,6-tetra-O-benzyl-a-D-
glucopyranose (55d)

OBn

BnO
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55d was prepared from methyl 2,3-bis(benzyloxy)-5-iodobenzoate''® (54g) in 79% yield:
colorless syrup; Rf=0.31 (3:1 hexane—EtOAc); IR (ATR, cmﬁl) 2867, 1728, 1453, 1340, 1264,
1217, 1048, 1027, 733, 695; "H NMR (400 MHz, CDCl3) 8 3.00 (1 H, s), 3.49 (1 H, d, J= 8.7
Hz),3.73 (1 H,dd, J=11.1, 1.8 Hz), 3.79-3.91 (3 H, m), 3.83 (3H, s), 4.07 (1 H, t, /= 9.3 Hz),
4.13-4.19 (1 H), 4.50 (1 H, d, J=10.8 Hz), 4.56 (1 H, d, J = 12.3 Hz), 4.62-4.70 (2 H, m),
4.82-5.00 (5 H, m), 5.11 (2 H, s), 6.90-7.02 (2 H, m), 7.11-7.49 (29 H, m), 7.65 (1 H, d, J =
2.6 Hz); >C NMR (100 MHz, CDCl3) & 52.1, 68.9, 71.1, 72.4, 73.4, 75.1, 75.6, 78.3, 83.5,
84.7,97.6, 115.9, 120.7, 126.3, 127.5, 127.56, 127.60, 127.64, 127.76, 127.82, 127.97, 127.99,
128.1, 128.2, 128.3, 128.38, 128.43, 128.5, 128.7, 136.4, 137.2, 137.3, 138.2, 138.3, 138.5,
138.7, 148.3, 152.4, 166.4; LRMS (APCI, m/z) 904 [M+NH4]"; HRMS (APCI, m/z) caled for
Cs6Hs4010 [M+NH,]" 904.4055, found 904.4063; [a]; +3.64 (¢ 0.5, CHCI).

Methyl 2-iodo-3,4,5-trimethoxybenzoate (54h) (known)™®
OMe

MeO
MeO CO,Me
I
54h

To a solution of methyl 3,4,5-trimethoxybenzoate (3.00 g, 13.3 mmol) in CHCI; (30 mL,
stabilized with amylene) were added AgOCOCF; (3.08 g, 13.9 mmol) and iodine (3.53 g, 13.9
mmol) at rt. The mixture was stirred at rt for 2 h (purple suspension). Then the mixture was
sonicated for 2 min and stirred for another 1 h (purple color disappeared, but small amount of
starting material remained). To the mixture were added additional AgOCOCF; (0.15 g, 0.66
mmol) and iodine (0.17 g, 0.66 mmol). The mixture was sonicated for 2 min and stirred at rt
for 1 h (yellow suspension). The reaction mixture was poured into saturated aqueous Na,S,03
(100 mL), filtered through a pad of Celite and washed with CHCl; (100 mL). The filtrate was
separated and the aqueous layer was extracted with CHCl; (30 mL x 3). The extracts were
washed with saturated aqueous NaCl (100 mL), dried over Na,SOy, filtered and evaporated in
vacuo. The residue was purified by column chromatography on silica gel to afford methyl
2-iodo-3,4,5-trimethoxybenzoate (54h) (3.92 g, 84%) as a colorless oil: Rf = 0.19 (9:1
hexane-EtOAc); IR (ATR, cm ') 2939, 2846, 1727 (CO), 1577, 1558, 1478, 1424, 1374, 1329,
1253, 1213, 1170, 1100, 1030, 999, 931, 899, 776, 731, 560; 'H NMR (400 MHz, CDCls)
§3.87 3 H, s), 3.89 3 H, s), 3.92 3 H, s), 3.93 3 H, s), 7.18 (1 H, s); *C NMR (100 MHz,
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CDCls) 6 52.5, 56.3, 60.9, 61.1, 83.9, 110.5, 131.1, 144.9, 153.4, 153.9, 167.0; LRMS (APCI,
m/z) 352 [M+H]"; Anal. Calcd for C;;H310s: C, 37.52; H, 3.72; 1, 36.04; Found: C, 37.66; H,
3.76; 1, 35.80. The Barbier-type coupling reaction using TIPPLi between methyl
2-i0do-3,4,5-trimethoxybenzoate (54h) and tetra-O-benzyl-D-glucono-1,5-lactone (7) did not
afford the desired product 55e.

(3'R4°S,5'R,6'R)-3",4°,5"-Tris(benzyloxy)-6"-(benzyloxymethyl)spiro[isobenzofuran-3,2"-
tetrahydropyran]-1-one (57)

57 was prepared from metyl 2-iodobenzoate (54e) in 69% yield as an anomeric mixture
(C-o:p = 7:1): colorless syrup; Rf = 0.17 (4:1 hexane-EtOAc); IR (ATR, cm™) 2866, 1776,
1453, 1362, 1283, 1209, 1157, 1071, 1027, 988, 909, 734, 695; 'H NMR (400 MHz, CDCl;,
major diastereomer C-a) 6 3.66 (1 H, dd, J=10.8, 1.5 Hz), 3.77 (1 H, dd, J = 10.8, 3.6 Hz),
4.01 (1 H, d, J=6.9 Hz), 4.07-4.16 (3 H, m), 4.46-4.67 (5 H, m), 4.78 (1 H, d, J = 11.3 Hz),
4.82 (1 H,d,J=11.3 Hz), 4.87 (1 H, d, J=10.8 Hz), 6.99-7.43 (20 H, m), 7.60 (1 H, td, J =
7.2,1.0Hz),7.66 (1 H,td, J=7.2,1.0Hz),7.70 (1 H,d, J=7.2 Hz), 7.93 (1 H, d, J= 7.7 Hz);
C NMR (100 MHz, CDCl;, major diastereomer C-at) & 68.9, 73.6, 74.6, 74.7,74.9, 75.1, 77.2,
82.0, 83.0, 106.8, 124.5, 126.0, 127.6, 127.7, 127.76, 127.82, 127.84, 127.88, 127.91, 128.1,
128.3, 128.36, 128.44, 128.5, 130.7, 134.0, 137.2, 137.9, 138.0, 138.1, 145.8, 167.6; LRMS
(APCI, m/z) 660 [M+NH,]"; HRMS (APCI, m/z) caled for C4H330; [M+NH4]™ 660.2956,
found 660.2960. The C-a. configuration of the major isomer of 57 was confirmed by NOE

measurement between H-3, H-5 and the aromatic proton.

NOE

major isomer of 57
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1-C-(4-tert-Butoxycarbonylphenyl)-2,3,4,6-tetra-O-benzyl-o-D-mannopyranose (58a)
COztBU

OBn

BnO
OBn

&Bn

58a
58a was prepared from fert-butyl 4-iodobenzoate (47a) using tetra-O-benzyl-
D-mannono-1,5-lactone (52a)*® instead of tetra-O-benzyl-D-glucono-1,5-lactone (7) in 90%
yield: colorless syrup; Rf=0.43 (3:1 hexane—EtOAc); IR (ATR, cm ') 3260, 2881, 1704, 1453,
1367, 1291, 1164, 1101, 1066, 1017, 847, 736, 714, 695; "H NMR (400 MHz, CDCl3) & 1.62 (9
H, s), 2.54 (1 H, s), 3.77-3.87 (2 H, m), 3.88 (1 H, d, /= 2.6 Hz), 3.94 (1 H, d, J = 11.3 Hz),
3.98(1H, t, 9.8Hz), 4.15 (1 H, ddd, J=9.8, 5.1, 2.6 Hz), 4.26 (1 H, dd, /= 9.5, 2.8 Hz), 4.38 (1
H,d,J=113Hz),4.59 2 H, d, J=12.3 Hz), 4.66-4.77 (3 H, m), 4.90 (1 H, d, /= 10.8 Hz),
6.77-6.85 (2 H, m), 7.05-7.40 (18 H, m), 7.62 (2 H, d, /= 8.7 Hz), 7.92 (2 H, d, J = 9.8 Hz);
*C NMR (100 MHz, CDCls) & 28.3, 70.0, 72.6, 73.3, 73.5, 74.6, 74.9, 75.1, 78.9, 81.1, 81.5,
98.5, 126.5, 127.2, 127.5, 127.56, 127.60, 127.7, 127.9, 128.0, 128.1, 128.33, 128.38, 129.0,
132.0, 138.0, 138.5, 138.6, 146.6, 165.6; LRMS (APCI, m/z) 734 [M+NH,4]"; HRMS (APCI,

m/z) caled for C45HysO0g [M+NH,]" 734.3687, found 734.3693; [a]5 +18.4 (¢ 0.5, CHCl3).

1-C-(4-tert-Butoxycarbonylphenyl)-2,3,4,6-tetra-O-benzyl-a-D-galactopyranose (58b)
CO,Bu

~OBn

BnO

OBn

OBn
58b

58b was prepared from tert-butyl 4-iodobenzoate (47a) using
tetra-O-benzyl-D-galactono-1,5-lactone (52b) instead of tetra-O-benzyl-D-glucono-1,5-lactone
(7) in 89% vyield: colorless syrup; Rf = 0.32 (3:1 hexane—EtOAc); 'H NMR (400 MHz, CDCl3)
6 1.60 (9 H, s),3.26 (1 H, s), 3.60 (1 H, dd, J=9.2, 5.7 Hz), 3.70 (1 H, dd, /= 9.2, 8.2 Hz),
393 (1 H,d,J=10.8 Hz), 3.98 (1 H, dd, /=10.3, 3.1 Hz), 4.04 (1 H, d, J=9.8 Hz), 4.10 (1 H,
d, J =15 Hz), 428 (1 H, t, J = 6.7 Hz), 440-4.52 (3 H, m), 4.65 (1 H, d, J = 11.3 Hz),
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4.70-4.81 (2 H, m), 5.02 (1 H, d, J=11.8 Hz), 6.97 (2 H, dd, J = 7.4, 1.8 Hz), 7.09-7.42 (18 H,
m), 7.65 (1 H, d, J= 8.2 Hz), 7.94 (1 H, d, J = 8.2 Hz); C NMR (100 MHz, CDCls) & 28.2,
68.8, 71.0, 72.7, 73.5, 74.5, 74.8, 75.6, 80.9, 80.99, 81.03, 98.3, 126.2, 127.43, 127.49, 127.6,
127.65, 127.73, 127.9, 128.2, 128.3, 128.39, 128.43, 129.2, 132.0, 137.5, 138.0, 138.5, 139.1,
147.0, 165.6; LRMS (ESL, m/z) 762 [M+HCO,H]", 699 [M—OH]".

1-C-(4-tert-Butoxycarbonylphenyl)-2,3,5-tri-O-benzyl-D-ribose (59a)
COztBU

BnO

\ / OH
BnO ‘0Bn

59a

59a was prepared from tert-butyl 4-iodobenzoate using tri-O-benzyl-D-ribono-1,4-lactone
(56a) instead of tetra-O-benzyl-D-glucono-1,5-lactone (7) in 63% yield as an anomeric mixture
(C-a: = 1:2.7): colorless syrup; Rf = 0.40 (3:1 hexane—EtOAc); IR (ATR, cm-1) 2930, 1709,
1454, 1367, 1289, 1253, 1162, 1115, 1041, 1018, 734, 696, 462; "H NMR (400 MHz, CDCl;,
major diastereomer C-B) 6 1.60 (9 H, s), 3.61 (1 H, dd, /= 10.3, 3.1 Hz), 3.67 (1 H, dd, J =
10.3, 4.1 Hz), 3.97 (1 H,d, J=4.6 Hz), 4.07 (1 H, dd, J= 5.1, 2.6 Hz), 436 (1 H,d, J=11.8
Hz),4.42 (1 H,d, J=11.8 Hz), 4.44-4.49 (1 H, m), 451 (1 H,d, J=11.8 Hz),4.57 (1 H,d, J
=11.8 Hz), 4.61 (1 H,d, J=11.8 Hz), 4.68 (1 H, d, /= 11.8 Hz), 4.92 (1 H, s), 6.90-7.43 (15
H, m), 7.69 2 H, d, J = 8.2 Hz), 7.91 (2 H, d, J = 8.2 Hz); >C NMR (100 MHz, CDCl;, major
diastereomer C-B) 6 28.2, 70.2, 72.8, 72.9, 73.6, 77.2, 78.1, 80.93, 80.94, 83.1, 103.0, 126.2,
127.7,127.79, 127.81, 127.9, 127.98, 128.02, 128.4, 128.48, 128.50, 129.1, 131.8, 137.2, 137.3,
137.8, 145.6, 165.7; LRMS (APCI, m/z) 614 [M+NH,]"; HRMS (APCI, m/z) calcd for
C37H4007 [MJrH—HzO]+ 579.2741, found 579.2752; found 579.2743 (2 peaks). The C-B
configuration of the major isomer of 59a was confirmed by NOE measurement between H-2

and the aromatic protons.

CO,tBu
NOE |§|
BnO o
H

H OH
OBn OBn

major isomer of 59a
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1-C-(4-tert-Butoxycarbonylphenyl)-2,3,5-tri-O-benzyl-D-arabinose (59b)

CO,tBu

BnO

BnO  'OBn
59b

59b was prepared from tert-butyl 4-iodobenzoate using
tri-O-benzyl-D-arabinono-1,4-lactone (56b) instead of tetra-O-benzyl-D-glucono-1,5-lactone
(7) in 64% yield as an anomeric mixture (C-o: = 1:1): colorless syrup; Rf = 0.25 (4:1
hexane—EtOAc); 'H NMR (400 MHz, CDCls) & 1.57-1.61 (9 H, m), 3.45-4.75 (12 H, m),
6.77-7.44 (15 H, m), 7.65-7.70 (2 H, m), 7.90-8.00 (2 H, m); LRMS (APCI, m/z) 311 [M+H]".

General Procedures for Barbier-type Reactions with Persilylated d-Lactone 14

Preparation of methyl glycosides 61a, 61b, 61c, 61d, 61e, 61f, 61g, and spiroketal 62.

In a flame-dried 50 mL round-bottom flask equipped with a nitrogen balloon,
1-bromo-2,4,6-triisopropylbenzene (688 mg, 2.43 mmol, Wako) was placed and the flask was
evacuated and backfilled with nitrogen twice. 10.0 mL of THF (dehydrated, stabilizer free,
Wako) was charged into the flask and cooled to =78 °C. 1.62 M nBuLi (1.50 mL, 2.43 mmol,
Kanto) was added and the mixture was stirred at the same temperature for 1 h. To the mixture
was added dropwise over a period of 10 min a solution of aryl bromide 47 or 54 (1.62 mmol)
and tetra-O-trimethylsilyl-D-glucono-1,5-lactone (14) (756 mg, 1.62 mmol), which were
beforehand combined and dried azeotropically with toluene, in THF (4.0 mL) at —78 °C. After
being stirred at =78 °C for 1 h, the mixture was treated with a solution of methanesulfonic acid
(0.53 mL, 8.10 mmol) in MeOH (10.0 mL). After addition, the dry ice—acetone bath was
removed and the mixture was stirred at ambient temperature for 64 h. The mixture was
quenched with saturated aqueous NaHCO; (4 mL) and the volatile was evaporated under
reduced pressure. The residue was dissolved in EtOAc (100 mL), dried over MgSO,4 and
filtered. The filtrate was concentrated in vacuo and purified by column chromatography on
silica gel (CHCI; only to 9:1 CHCI;-MeOH) to afford methyl glycosides 61a, 61b, 61c, 61d,
61le, 61f, 61g, and spiroketal 62.
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tert-Butyl 4-(1-methoxy-p-D-glucopyranosyl)benzoate (61a)
COztBU

61a

61a was prepared from fert-butyl 4-bromobenzoate (47b) in 72% yield: colorless amorphous
powder; Rf = 0.28 (6:1 CHCl;-MeOH); IR (ATR, cm ') 3359, 2976, 2934, 1711, 1290, 1161,
1110, 1067, 1018, 954; "H NMR (400 MHz, CD;0D) & 1.59 (9 H, s), 3.04-3.15 (4 H, m), 3.45
(1 H, t, J= 8.7 Hz), 3.58-3.65 (1 H, m), 3.79 (1 H, t, /= 9.0 Hz), 3.84 (1 H, dd, J=11.8, 5.7
Hz), 3.95 (1 H, dd, J=12.3, 2.6 Hz), 7.70 (2 H, d, J= 8.7 Hz), 7.94 (2 H, d, J = 8.2 Hz); °C
NMR (100 MHz, CDs;0D) 6 28.5, 49.7, 62.9, 71.8, 75.2, 76.1, 78.6, 82.4, 102.6, 128.9, 129.8,
132.9, 144.9, 167.4; LRMS (APCI, m/z) 388 [M+NH4]"; HRMS (APCI, m/z) caled for
CisHy0s [M+H-H,0]" 339.1438, found 339.1444; [a]}; +37.0 (¢ 0.5, MeOH). The C-B
configurations of the compounds 6la were confirmed by NOE measurement between the
protons of H-2 and the aromatic protons.

NOE

-

Hgo Ho CO,tBu
HO
OH
OMe~y

61a

Isopropyl 4-(1-methoxy-B-D-glucopyranosyl)benzoate (61b)
COziPr

61b

61b was prepared from isopropyl 4-bromobenzoate (54i) in 76% yield: colorless amorphous
powder; Rf = 0.19 (6:1 CHCl;-MeOH); IR (ATR, cm™") 3347, 2980, 2936, 1713, 1275, 1099,
1068, 1018, 955, 736, 723; "H NMR (400 MHz, CD;0D) & 1.37 (6 H, d, J= 6.2 Hz), 3.10 (3H,
s), 3.12 (1H, d, 9.3Hz), 3.45 (1 H, dd, J=10.8, 9.2 Hz), 3.62 (1 H, m, J= 5.4, 2.3 Hz), 3.79 (1
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H,t,J=9.2Hz),3.84 (1 H,dd, J= 11.3, 5.7 Hz), 3.95 (1 H, dd, J = 12.3, 2.1 Hz), 5.21 (1 H,
spt, J= 6.3 Hz), 7.73 (2 H, d, J= 9.2 Hz), 7.99 (2 H, d, J = 10.3 Hz); '*C NMR (100 MHz,
CD;0OD) §22.1, 49.7, 62.8, 69.8, 71.8, 75.2, 76.0, 78.5, 102.6, 129.0, 129.8, 131.7, 145.2,
167.6; LRMS (APCL, m/) 374 [M+NHi]"; HRMS (APCL m/) caled for C7H4Os
[M+H-H,0]" 325.1282, found 325.1288; [a]% +38.4 (c 0.5, MeOH).

Methyl 4-(1-methoxy-B-D-glucopyranosyl)benzoate (61c)
COzMe

61c

61c was prepared from methyl 4-bromobenzoate (54b) in 81% yield: colorless amorphous
solid; Rf = 0.19 (6:1 CHCl3-MeOH); IR (ATR, cm ') 3447, 3381, 1701, 1290, 1111, 1068,
1034, 1016, 992, 952, 734; '"H NMR (400 MHz, CD;0D) & 3.10 (3H, s), 3.11 (1H, d, J =
9.0Hz), 3.45 (1 H, dd, J=10.3, 8.7 Hz), 3.62 (1 H, ddd, /=9.9, 5.5, 2.1 Hz), 3.79 (1 H, t, J =
9.2 Hz), 3.84 (1 H,dd, /=12.3,5.7 Hz), 3.90 (3 H, s), 3.95 (1 H, dd, J=12.3, 3.1 Hz), 7.73 (2
H, d, J = 8.7 Hz), 8.01 (2 H, d, J = 8.7 Hz); >*C NMR (100 MHz, CD;0D) & 49.7, 52.6, 62.8,
71.8, 75.2, 76.0, 78.5, 102.6, 129.1, 129.9, 131.0, 145.4, 168.5; LRMS (APCI, m/z) 346
[M+NH,]"; HRMS (APCI, m/z) calcd for CisHyOs [M+H-H,0]" 297.0969, found 297.0975;
[a]h +41.1 (c 0.5, MeOH).

Isopropyl 2-chloro-5-(1-methoxy-B-D-glucopyranosyl)benzoate (61d)

61d

61d was prepared from isopropyl 5-bromo-2-chlorobenzoate (54k) in 76% yield: colorless
amorphous powder; Rf = 0.24 (6:1 CHCl;—MeOH); IR (ATR, Cm_l) 3357, 2981, 1935, 1708,
1298, 1255, 1225, 1103, 1072, 1028, 976; "H NMR (400 MHz, CD;0D) & 1.37, 1.38 (each 3 H,
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d,J=6.2 Hz), 3.09 (3H, s), 3.09 (1 H, d, /= 9.2 Hz), 3.43 (1 H, dd, J = 10.0, 9.0 Hz), 3.61 (1
H, ddd, J=9.8, 5.1, 2.1 Hz), 3.77 (1 H, t, J= 9.2 Hz), 3.83 (1 H, dd, J = 11.8, 5.7 Hz), 3.95 (1
H, dd, J=12.3, 2.6 Hz), 5.23 (1 H, quin, J= 6.2 Hz), 7.48 (1 H, d, J= 8.7 Hz), 7.73 (1 H, dd, J
=8.2,2.1 Hz), 7.96 (1 H, d, J= 2.6 Hz); >C NMR (100 MHz, CD;0D) & 22.1, 49.6, 62.7, 70.9,
71.7,75.3,75.9, 78.4, 102.1, 131.2, 132.2, 133.0, 133.5, 139.4, 167.4; LRMS (APCL, m/z) 408
[M+NH,]"; HRMS (APCI, m/z) caled for C17Hy3ClOg [M+NH,]" 408.1420, found 408.1428;
[a]% +41.0 (¢ 0.5, MeOH).

Isopropyl 5-(1-methoxy-B-D-glucopyranosyl)-2-methylbenzoate (61e)

61e

61e was prepared from isopropyl 5-bromo-2-methylbenzoate (541) using 2.0 equiv of TIPPLi
in 74% yield: colorless amorphous powder; Rf = 0.24 (6:1 CHCl;—MeOH); IR (ATR, cm )
3358, 2979, 1933, 1708, 1264, 1221, 1106, 1071, 1026, 974, 917; 'H NMR (400 MHz,
CDsOD)6 136 3H,d, J=6.2Hz), 1.37(3Hd, J=6.2 Hz),2.54 3 H, s),3.10 3 H, s), 3.10
(1H,d,J=9.2Hz),3.42 (1 H,dd, J=10.3,9.2 Hz), 3.61 (1 H, m, J=6.2, 4.1 Hz), 3.77 (1 H,
t,J=9.2 Hz), 3.82 (1 H, dd, J=12.1, 5.9 Hz), 3.95 (1 H, dd, J = 12.3, 2.6 Hz), 4.88 (3H, s),
521 (1 H,m), 727 (1 H,d, J=8.2 Hz), 7.66 (1 H, dd, J= 8.0, 1.8 Hz), 8.05 (1 H, d, J = 2.1
Hz); *C NMR (100 MHz, CD;0D) & 21.5, 22.2, 49.5, 62.9, 69.8, 71.9, 75.2, 76.0, 78.6, 102.4,
130.6, 131.3, 132.2, 132.3, 137.9, 140.2, 169.3; LRMS (APCI, m/z) 388 [M+NH,]"; HRMS
(APCI, m/z) caled for CigHyOg [M+NH4]" 388.1966, found 388.1973; [a]h +41.2 (c 0.5,
MeOH).
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Isopropyl 5-(1-methoxy-B-D-glucopyranosyl)-2-methoxybenzoate (61f)
OMe

61f

61f was prepared from isopropyl 5-bromo-2-methoxybenzoate (54m) in 69% yield: colorless
amorphous powder; Rf = 0.25 (6:1 CHCli-MeOH); 'H NMR (400 MHz, CD;0D) & 1.34 (3 H,
d,J=6.4Hz),1.35(3H,d,J=6.4Hz),3.09 (3H,s),3.10 (1 H,d,/=9.0 Hz), 3.41 (1 H, t, J=
9.2 Hz), 3.60 (1 H, m), 3.76 (1 H, t, J= 9.0 Hz), 3.82 (1 H, dd, /= 11.8, 5.7 Hz), 3.87 (3 H, s),
3.95(1 H,dd,J=12.3,2.6 Hz), 5.18 (1 H, spt, J= 6.3 Hz), 7.09 (1 H, d, J=8.7 Hz), 7.75 (1 H,
dd, J=8.7,2.1 Hz), 7.92 (1 H, d, J = 2.6 Hz); °C NMR (100 MHz, CD;0D) & 22.1, 49.4, 56.5,
62.9,69.8,71.9,75.1,76.0, 78.7, 102.2, 112.6, 121.4, 131.4, 132.1, 134.0, 160.1, 168.2; LRMS
(ESI, m/z) 355 [M—OMe]".

4-(1-Methoxy-B-D-glucopyranosyl)-benzonitrile (61g)

619

61g was prepared from isopropyl 4-bromobenzonitrile (54d) in 34% yield: colorless
amorphous powder; Rf = 0.14 (9:1 CHCl;-MeOH); 'H NMR (400 MHz, CD;0D) & 3.08 (1 H,
d,J=9.3Hz),3.09 3 H, s),3.45(1 H,dd, J=9.8, 8.7 Hz), 3.61 (1 H, m, J=3.1 Hz), 3.78 (1 H,
t,J=9.8 Hz),3.84 (1 H,dd, J=12.3,5.7Hz),3.94 (1 H,dd, J=12.3,3.1 Hz), 7.73 2 H, d, J
=9.2 Hz), 7.80 (2 H, d, J = 9.2 Hz); C NMR (100 MHz, CD;0D) & 49.8, 62.7, 71.6, 75.3,
75.9, 78.4,102.3, 113.0, 119.8, 130.0, 132.7, 145.6; LRMS (ESI, m/z) 264 [M—OMe]".
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3'R,4°S,5'S,6'R)-37,4",5"-Trihydroxy-6"-(hydroxymethyl)spiro[isobenzofuran-3,2"-
tetrahydropyran]-1-one (62)

OH
62

62 was prepared from methyl 2-bromobenzoate (54j) in 91% yield as a 9:1 anomeric
mixture (the desilylation reaction was conducted with 2M HCI-MeOH at —78 °C to rt for 30
min): colorless amorphous powder; Rf'= 0.28 (5:1 CHCI;—MeOH); IR (ATR, cm’l) 3285, 2935,
2493, 1761, 1288, 1100, 1060, 985, 925, 906; 'H NMR (400 MHz, CD;OD, major
diastereomer C-a) 6 3.59 (1 H, t, J=9.8 Hz), 3.71 (1 H, dd, J=11.8, 5.7 Hz), 3.81 (1 H, dd, J
= 11.8, 2.1 Hz), 3.86 (1 H, d, J = 9.8 Hz), 3.88-3.95 (1 H, m), 3.99 (1 H, t, J = 9.2 Hz),
7.65-7.71 (1 H, m), 7.78 (1 H, td, J=7.4, 1.0 Hz), 7.84 (1 H,d, /= 7.7 Hz), 7.89 (1 H, d, J =
7.2 Hz); >C NMR (100 MHz, CD;0D, major diastereomer C-a) & 62.9, 71.4, 75.5, 76.2, 77.8,
108.9, 125.8, 126.8, 129.3, 131.9, 135.4, 147.0, 169.9; LRMS (APCI, m/z) 300 [M+NH4]";
HRMS (APCI, m/z) calecd for C;3H 1407 [M+NH4]+ 300.1078, found 300.1083. The C-o
configuration of the major isomer of 62 was confirmed by NOE measurement between H-3 and

the aromatic proton.

major isomer of 62

tert-Butyl 4-(1-acetoxy-2,3,4,6-tetra-O-benzyl-a-D-glucopyranosyl)benzoate (65)
COztBU

OAc
~OBn

BnO
OBn

OBn
65

In a flame-dried 50 mL round-bottom flask equipped with a nitrogen balloon,
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1-bromo-2,4,6-triisopropylbenzene (710 mg, 2.51 mmol, Wako) was placed and the flask was
evacuated and backfilled with nitrogen twice. 10.0 mL of THF was charged into the flask and
cooled to —78 °C. To the solution was added 1.67 M nBuLi (1.50 mL, 2.51 mmol, Kanto) and
the mixture was stirred at the same temperature for 1 h. To the mixture was added dropwise
over a period of 10 min a solution of fert-butyl 4-iodobenzoate (47a) (508 mg, 1.67 mmol) and
tetra-O-benzyl-D-glucono-1,5-lactone (7) (900 mg, 1.67 mmol), which were beforehand
combined and dried azeotropically with toluene, in THF (4 mL) at =78 °C. After being stirred
at the same temperature for 5 min, to the reaction mixture was added acetic anhydride (1.54
mL, 16.3 mmol), and the mixture was allowed to warm to —30 °C. After being stirred at the
same temperature for 0.5 h, the mixture was allowed to warm to 0 °C and quenched with
saturated aqueous NaHCOs3 (30 mL), and the mixture was extracted with EtOAc (20 mL X 2).
The extracts were washed with saturated aqueous NaCl (20 mL), dried over Na,SO,, filtered
and concentrated in vacuo. The residue was purified by column chromatography on silica gel
(20:1 to 6:1 to 4:1 hexane—EtOAc) to afford 65 (990 mg, 80%) as a colorless syrup; Rf = 0.28
(6:1 hexan—EtOAc); IR (ATR, cm™) 2867, 1757, 1710, 1454, 1367, 1290, 1213, 1165, 1089,
1074, 1016, 951, 747, 735, 696, 601; '"H NMR (400 MHz, CDCl3) 8 1.60 (9 H, s), 1.81 (3 H, s),
3.82 (1 H,dd,J=10.8, 1.5 Hz), 3.84-3.91 (2H, m),3.98 (1 H,d,/J=1.5Hz),4.06 (1 H,d, J=
11.3 Hz), 4.11 (1 H, dt, J=10.8, 2.3 Hz), 4.16 (1 H, d, J = 11.8 Hz), 4.36 (1 H, dd, J = 11.0,
6.9 Hz), 4.51 (1 H,d,J=11.8 Hz), 4.55 (1 H,d, J=10.8 Hz), 4.60 (1 H, d, /= 11.8 Hz), 4.64
(1H,d,J=11.8 Hz),4.69 (1 H, d, J=10.8 Hz), 4.81 (1 H, d, /= 10.8 Hz), 6.82—6.91 (2 H, m),
7.11-7.39 (18 H, m), 7.59 (2 H, d, J= 8.7 Hz), 7.94 (2 H, d, J= 8.7 Hz); *C NMR (100 MHz,
CDCl) 6 22.3, 28.2, 68.8, 72.0, 72.6, 73.5, 74.3, 74.4, 76.8, 80.9, 81.0, 83.7, 102.3, 126.2,
127.5, 127.6, 127.7, 127.8, 127.88, 127.93, 128.0, 128.2, 128.3, 128.38, 128.41, 129.2, 131.5,
136.9, 138.25, 138.28, 138.5, 144.1, 165.6, 167.6; LRMS (APCI, m/z) 699 [M+OAc]"; [a]5
—16.4 (¢ 1.01, CHCI;3). The C-a configuration of 65 was confirmed by NOE measurement

between H-3, 5 and the aromatic proton.
NOE
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General Procedures for Reduction of Lactols

Preparation of C-glycosides 74b, 75a, 75b, 76a, 76b, 77a, and 77b.

To a cooled solution of lactol 49, 55b, 55d, 58a, 58b, 59a, or 59b (1.00 mmol) and iPr;SiH
(0.61 mL, 3.00 mmol) in 3:1 CH3;CN-CH,Cl, (12.0 mL) was added BF;-Et,O (0.38 mL, 3.00
mmol) at —40 °C. After being stirred for 1 h at the same temperature, the reaction was allowed
to warm to rt and stirred for 1 h. The mixture was treated with water (30 mL) and extracted
with EtOAc (30 mL X 2). The extracts were washed with saturated aqueous NaCl (30 mL),
dried over Na,SO,, filtered and concentrated in vacuo. The residue was purified by column
chromatography on silica gel to afford aryl-B-C-glycosides 74b, 75a, 75b, 76a, 76b, 77a, and
77b.

4-(2,3,4,6-Tetra-O-benzyl-B-D-glucopyranosyl)benzoic acid (74b)
CO,H

~OBn

BnO
n OBn

OBn
74b

74b was prepared from 49 in 81% yield: colorless amorphous solid (triturated with
Et,0O-hexane); Rf = 0.43 (1:2 hexane—EtOAc); IR (ATR, cmﬁl) 2865, 1680, 1453, 1426, 1360,
1283, 1089, 1063, 1023, 734, 695; '"H NMR (400 MHz, CDCl3) § 3.48 (1 H, t, J = 9.2 Hz),
3.63 (1 H,td, J=9.2,3.6 Hz), 3.73-3.87 (5 H, m), 431 (1 H,d,J=9.2 Hz),443 (1 H,d, J =
10.8 Hz), 4.55-4.68 (3 H, m), 4.85-4.95 (3 H, m), 6.86—6.96 (2 H, m), 7.07-7.40 (18 H, m),
7.54 (2 H, d, J= 8.7 Hz), 8.06 (2 H, d, J= 9.2 Hz); °C NMR (100 MHz, CDCl3) & 69.2, 73.5,
75.0,75.1,75.7, 78.4, 79.3, 81.1, 84.0, 86.9, 127.6, 127.68, 127.73, 127.8, 128.0, 128.2, 128.3,
128.4, 128.5, 129.0, 130.1, 137.4, 138.2, 138.3, 138.6, 145.3, 170.6; LRMS (APCI, m/z) 662
[M+NH,]"; Anal. Calcd for C4;H4007: C, 76.38; H, 6.25; Found: C, 76.15; H, 6.21; [a]s —7.05
(¢ 0.5, CHCls). The C-p configuration of the compound 74b was confirmed by the 'H-'H
coupling constant between H-1 and H-2 (J, >, = 9.2 Hz).
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4-(2,3,4,6-Tetra-O-benzyl-B-D-glucopyranosyl)benzonitrile (75a)

~OBn
BnO

OBn

OBn
75a

75a was prepared from 55b in 63% yield: colorless amorphous solid; Rf = 0.33 (4:1
hexane—EtOAc); IR (ATR, cm ') 2864, 2229 (CN), 1453, 1359, 1153, 1088, 1061, 840, 748,
732, 699, 578; 'H NMR (400 MHz, CDCl3) & 3.41 (1 H, t, J=9.0 Hz), 3.60 (1 H, ddd, J=9.5,
3.3, 3.1 Hz), 3.69-3.89 (5 H, m), 427 (1 H, d, J = 9.2 Hz), 450 (1 H, d, J = 10.8 Hz),
4.53-4.65 (3 H, m), 4.86 (1 H, d, J=10.8 Hz), 4.93 (2 H, s), 6.90 (2 H, dd, J = 7.7, 1.5 Hz),
7.13-7.39 (18 H, m), 7.51 (2 H, d, J=8.7 Hz), 7.61 (2 H, d, J = 8.2 Hz); >*C NMR (100 MHz,
CDCl3) 6 69.1, 73.5,75.1, 75.2, 75.7, 78.3, 79.4, 80.7, 83.7, 86.9, 111.9, 118.8, 127.68, 127.70,
127.9, 128.0, 128.1, 128.28, 128.34, 128.4, 128.5, 131.9, 137.3, 138.1, 138.2, 138.5, 144.6;
LRMS (APCI, m/z) 643 [M+NH4]"; Anal. Calcd for C4H3NOs: C, 78.70; H, 6.28; N, 2.24;
Found: C, 78.58; H, 6.25; N, 2.22; [a]5 —18.1 (c 0.5, CHCI;).

Methyl 2,3-bis(benzyloxy)-5-(2,3,4,6-tetra-O-benzyl-B-D-glucopyranosyl)benzoate (75b)

(known)''®

BnO

BnO

75b was prepared from 55d in 83% yield: colorless amorphous solid; Rf = 0.45 (4:1
hexane-EtOAc); IR (ATR, cm ') 2867, 1731, 1453, 1343, 1268, 1254, 1198, 1151, 1090, 1052,
733, 694; 'H NMR (400 MHz, CDCl3) & 3.42 (1 H, t, J = 9.0 Hz), 3.55-3.63 (1 H, m),
3.73-3.83 (5H, m), 3.84 3H,s),420 (1 H,d, J=9.3 Hz), 444 (1 H,d, J=10.3 Hz), 4.57 (1
H,d, J=12.3 Hz), 4.61-4.67 (2 H, m), 4.87 (1 H, d, /= 10.8 Hz), 4.89-5.01 (4 H, m), 5.11 (2
H, m,J=1.5 Hz), 6.88-6.97 (2 H, m), 7.13-7.23 (6 H, m), 7.25-7.45 (23 H, m), 7.49 (1 H, d, J
=2.1 Hz); ®C NMR (100 MHz, CDCl3) & 52.1, 69.1, 71.2, 73.5, 75.0, 75.1, 75.6, 75.7, 78.3,
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79.4,80.9, 84.1, 86.7, 116.9, 122.0, 126.5, 127.6, 127.66, 127.68, 127.8, 127.9, 127.98, 128.01,
128.1, 128.27 128.30, 128.4, 128.6, 128.7, 135.2, 136.5, 137.4, 137.5, 138.2, 138.4, 138.7,
148.1, 152.6, 166.4; LRMS (APCI, m/z) 888 [M+NH,]"; Anal. Calcd for CssHs:Oo: C, 77.22; H,
6.25; Found: C, 77.18; H, 6.29; [a]* —1.87 (¢ 0.5, CHCLs).

4-(2,3,4,6-Tetra-O-benzyl-B-D-mannopyranosyl)benzoic acid (76a)
CO,H

OBn

BnO
n OBn

OBn
76a

76a was prepared from 58a in 90% yield: colorless amorphous solid (triturated with
Et,0O-hexane); Rf = 0.43 (1:2 hexane—EtOAc); IR (ATR, cmﬁl) 3064, 3029, 2872, 1714, 1453,
1374, 1209, 1112, 1072, 1039, 1028, 1000, 748, 732, 694; '"H NMR (400 MHz, CDCl;) & 3.65
(1 H,dt,J=9.8,3.9 Hz), 3.78-3.88 (3 H, m), 3.96 (1 H, d, /= 1.5 Hz), 4.02 (1 H, dd, J = 10.8,
9.3 Hz),4.18 (1 H,d,J=11.8 Hz), 4.51 (1 H, d, J=10.3 Hz), 4.52(1H, s), 4.61-4.64 (2 H, m),
4.68-4.79 (3 H, m), 4.93 (1 H, d, J = 10.8 Hz), 6.82-6.92 (2 H, m), 7.05-7.39 (18 H, m), 7.44
(2 H, d,J=8.2Hz), 8.01 (2 H, d, J=8.2 Hz); >*C NMR (100 MHz, CDCl3) & 69.7, 72.4, 73.5,
74.4, 75.0, 75.3, 77.1, 79.5, 79.9, 84.9, 126.6, 127.4, 127.6, 127.71, 127.74, 127.9, 128.00,
128.03, 128.1, 128.2, 128.3, 128.4, 128.5, 129.9, 137.9, 138.26, 138.29, 138.4, 145.1, 171.2;
LRMS (APCI, m/z) 662 [M+NH4]"; Anal. Calcd for C4;H4O7: C, 76.38; H, 6.25; Found: C,
76.38; H, 6.23; [a], +16.4 (¢ 0.5, CHCl3).

4-(2,3,4,6-Tetra-O-benzyl-p-D-galactopyranosyl)benzoic acid (76b)
COH

~OBn

BnO
OBn

OBn
76b

76b was prepared from 58b in 71% yield: colorless syrup; Rf = 0.42 (1:2 hexane—EtOAc);
'H NMR (400 MHz, CDCl3) & 3.59-3.68 (2 H, m), 3.70-3.77 (2 H, m), 3.86-3.94 (2 H, m),
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4.07 (1 H,d,J=2.1 Hz), 428 (1 H, d, J= 9.3 Hz), 4.39-4.54 (3 H, m), 4.66 (1 H, d, /= 11.3
Hz),4.75 (1 H,d,J=11.3Hz), 479 (1 H,d,J= 11.8 Hz), 5.02 (1 H, d, J= 11.8 Hz), 6.93 2 H,
dd, J=17.2,2.6 Hz), 7.13-7.21 (3 H, m), 7.23-7.43 (15 H, m), 7.55 (2 H, d, J = 8.2 Hz), 8.06 (2
H, d, J= 8.2 Hz); >*C NMR (100 MHz, CDCly) & 68.9, 72.6, 73.5, 74.3, 74.6, 75.2, 77.3, 80.3,
81.5, 84.3, 127.5, 127.6, 127.8, 127.97, 128.02, 128.2, 128.3, 128.41, 128.44, 128.9, 130.0,
137.7, 137.9, 138.4, 139.0, 145.7, 171.3; LRMS (ESL m/z) 645 [M+H]".

4-(2,3,5-Tri-O-benzyl--D-ribosyl)benzoic acid (77a)

BnO CO,H
H

O._:

BnO “oBn

77a

77a was prepared from 59a in 67% yield: colorless amorphous solid (triturated with
Et,0-hexane); Rf = 0.43 (1:2 hexane-EtOAc); IR (ATR, cm') 2873, 1693, 1660, 1453, 1390,
1362, 1240, 1210, 1151, 1081, 1056, 1022, 750, 728, 695; 'H NMR (400 MHz, CDCl3) & 3.63
(1 H,dd, J=10.3, 4.1 Hz), 3.69 (1 H, dd, J = 10.3, 4.6 Hz), 3.79 (1 H, dd, /= 6.7, 5.1 Hz),
4.02(1H,dd,J=4.9,39Hz),437(1H,q,J=4.1 Hz),4.43 (1 H,d, J=12.3 Hz), 4.51 (1 H,
d, J=11.8 Hz), 4.55-4.65 (4 H, m), 5.07 (1 H, d, J= 6.7 Hz), 7.11-7.40 (15 H, m), 7.50 (2 H,
d, J=8.2 Hz), 8.03 (2 H, d, J= 8.7 Hz); >C NMR (100 MHz, CDCl;) & 70.3, 72.0, 72.4, 73.5,
77.3, 82.0, 82.1, 83.9, 126.2, 127.7, 127.75, 127.84, 127.9, 128.1, 128.36, 128.42, 128.44,
128.5, 130.2, 137.5, 137.8, 138.0, 146.8, 171.3; LRMS (APCI, m/z) 542 [M+NH,]"; Anal.
Calcd for C33H3,06: C, 75.55; H, 6.15; Found: C, 75.28; H, 6.24; [a]; —37.2 (c 0.5, CHCl5).
The C-B configuration of the compound 77a was confirmed by NOE measurement between

H-2 and the aromatic protons.

NOE CO,H
)
BnO o
H
H H
OBn OBn

77a
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4-(2,3,5-Tri-O-benzyl-B-D- arabinosyl)benzoic acid (77b)

BnO CO.H
o}

BnO  ©OBn

77b

77b was prepared from 59b in 80% yield as an anomeric mixture (3:2): colorless syrup; Rf =
0.42 (1:2 hexane—EtOAc); 'H NMR (400 MHz, CDCl3) & 3.05-4.15 (12 H, m), 7.65-7.85 (4H
m); LRMS (ESI, m/z) 525 [M+H]".

Isomerization of 57

iPr3SiH, BF3-Et,0
CH,Cl,~CH5CN

—-40°C,1h
thenrt, 15 h

57 78

anomeric mixture C-B
C-a:p=7:1

The reduction of spiroketal 57 did not yield the desired deoxgenated product; it caused only
an isomerization at the anomeric position to afford (3R,3'R,4°S,5'R,6'R)-37,4",5"-
tris(benzyloxy)-6"-(benzyloxymethyl)spiro[isobenzofuran-3,2"-tetrahydropyran]-1-one (78)
(96 %) as a colorless syrup; Rf = 0.17 (4:1 hexane-EtOAc); IR (ATR, cm™') 2865, 1775, 1453,
1349, 1209, 1155, 1110, 1069, 922, 735, 695; '"H NMR (400 MHz, CDCl3) & 3.65 (1 H, dd, J =
11.1, 1.8 Hz), 3.82 (1 H, dd, J=11.3, 3.1 Hz), 3.90 (1 H, d, J=9.8 Hz), 3.96 (1 H, d, J=11.3
Hz), 3.97 (1 H, t, J = 9.3 Hz), 4.17 (1 H, m), 4.19 (1 H, J = 9.3 Hz), 4.43-4.51 (2 H, m),
4.54-4.59 (1 H, m), 4.66 (1 H, d, J = 10.8 Hz), 4.84-4.95 (3 H, m), 6.65-6.74 (2 H, m),
7.04-7.35 (18 H, m), 7.41 (1 H, dd, J=5.1, 1.5 Hz), 7.52-7.62 (2 H, m), 7.87 (1 H, dd, J= 5.7,
2.1 Hz); >C NMR (100 MHz, CDCL3) & 68.2, 73.4, 75.0, 75.2, 75.82, 75.84, 80.9, 83.5, 106.4,
122.2, 125.4, 127.6, 127.65, 127.71, 127.78, 127.84, 128.2, 128.36, 128.40, 128.42, 130.7,
134.3, 137.0, 138.1, 138.2, 138.4, 146.0, 167.9; LRMS (APCI, m/z) 660 [M+NH,]"; HRMS
(APCI, m/z) caled for C4H3307; [M+NH4]" 660.2956, found 660.2958; [a]h +31.6 (¢ 0.5,
CHCIl;). The C-B configuration of the compound 78 was confirmed by NOE measurement

between H-2 and the aromatic proton.
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/" H
BnO H
BnO 0
BnO
BnO
O

78

4-(B-D-Glucopyranosyl)benzoic acid (79)

HO

Under hydrogen atomosphere, a mixture of 74b (412 mg, 0.639 mmol), Pd(OH),/C (90 mg,
0.128 mmol, Aldrich), and MeOH (10 mL) was shaken at rt for 9 h. After removal of the
catalyst by filtration, the filtrate was evaporated in vacuo. The obtained solid was triturated
with EtOAc (5 mL) and filtered to afford 79 (164 mg, 90%) as a colorless amorphous solid: Rf
=0.36 (1:1 CHCl;-MeOH); '"H NMR (400 MHz, CD;0D) & 3.32-3.36 (1 H, m), 3.38-3.57 (3
H, m), 3.72 (1 H, dd, J=13.4, 5.7 Hz), 3.90 (1 H, dd, /= 11.8, 2.6 Hz), 4.22 (1 H,d, /= 9.3
Hz), 7.54 2 H, d, J=8.2 Hz), 7.99 (2 H, d, J = 8.2 Hz); *C NMR (100 MHz, CD;0D) & 63.1,
71.9,76.5,79.8, 82.2, 83.0, 128.9, 130.4, 131.4, 146.2, 169.9; LRMS (ESI, m/z) 283 [M—H] .

Isopropyl 4-(B-D-glucopyranosyl)benzoate (80)
COziPr

To a cooled solution of 61b (357 mg, 1.00 mmol) and 0.480 mL (3.00 mmol) of Et;SiH in
3:1 CH3CN-CH,Cl, (12 mL) was added BF;-Et,O (0.380 mL, 3.00 mmol) at —20 °C. After
being stirred for 1 h at the same temperature, the mixture was quenched with saturated aqueous
NaHCOs (10 mL) and extracted with EtOAc (20 mL X 4). The extracts were dried over MgSOQOy,

filtered and concentrated in vacuo. The residue was purified by column chromatography on
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silica gel (CHCl; only to 9:1 CHCl;-MeOH) to afford 80 (232 mg, 71%) as a colorless
amorphous solid: Rf=0.19 (9:1 CHCl;-MeOH); IR (ATR, cm ') 3441, 3211, 1698, 1282, 1266,
1087, 1061, 1015, 774, 710; "H NMR (400 MHz, CD;0D) & 1.36 (6 H, d, J= 6.1 Hz), 3.31 (1
H, t,J=9.2Hz), 3.37-3.53 3 H, m), 3.72 (1 H, dd, /= 12.8, 5.6 Hz), 3.89 (1 H, dd, J = 12.0,
1.8 Hz),4.21 (1 H, d, J=9.7 Hz), 5.20 (1 H, spt, J= 6.2 Hz), 7.54 (2 H, d, /= 8.7 Hz), 7.97 (2
H, d, J=9.2 Hz); >C NMR (100 MHz, CD;0D) & 22.2, 63.1, 69.8, 71.9, 76.6, 79.8, 82.3, 83.0,
129.0, 130.1, 131.4, 146.4, 167.6; LRMS (APCI, m/z) 327 [M+H]"; HRMS (APCI, m/z) calcd
for C1sHy0O7 [M+H]™ 327.1438, found 327.1448; [a]; +23.0 (¢ 0.5, MeOH). The C-B
configuration of the compound 80 was confirmed by the '"H-"H coupling constant between H-1

and H-2 (J12 =9.7 Hz).

4-(2,3,4,6-Tetra-0-acetyl-B-D-glucopyranosyl)benzoic acid (81)
COH

+~OAc

AcO
OAc

OAc
81

To a solution of 80 (164 mg, 0.503 mmol) in EtOH (5 mL) was added 2 M aqueous NaOH

(2.51 mL, 5.03 mmol), and the mixture was refluxed for 1 h. After cooling, the mixture was
neutralization with 2 M aqueous HCI (2.5 mL), concentrated in vacuo, and dried azeotropically
with EtOH. The residue was dissolved in pyridine (10 mL), and then treated with Ac,O (0.379
mL, 4.02 mmol), iPr,NEt (0.700 mL, 4.02 mmol), and DMAP (12.0 mg, 0.0982mmol). After
being stirred at rt for 2 h, the mixture was concentrated in vacuo. To the residue was added 1 M
aqueous HCI (20 mL) and extracted with EtOAc (30 mL x 2). The combined extracts were
washed with saturated aqueous NaCl (20 mL), dried over Na,SOy, filtered, and concentrated in
vacuo. The residue was purified by column chromatography on silica gel (4:1 hexane—EtOAc
to EtOAc only) to afford 81 (121 mg, 53%) as a colorless solid: Rf = 0.26 (EtOAc only); 'H
NMR (400 MHz, CDCls) 6 1.84, 2.01, 2.07, 2.10 (each 3H, s), 3.87 (1 H, ddd, J = 10.2, 4.6,
2.1 Hz),4.19 (1 H,dd, J=12.3,2.1 Hz),4.31 (1 H,dd, J=14.3,5.1 Hz), 449 (1 H,d, J=9.7
Hz), 5.11 (1 H, t,J=9.7 Hz), 5.25 (1 H, t,J=9.7 Hz), 536 (1 H, t, J=10.8 Hz), 7.46 (2 H, d,
J=282Hz), 8.09 (2 H, d, J=28.7 Hz); °C NMR (100 MHz, CDCl3) & 20.4, 20.7, 20.8, 62.3,
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68.5,72.6, 74.1,76.3, 79.6, 127.2, 129.8, 130.3, 142.1, 168.8, 169.5, 170.4, 170.8; LRMS (ESI,
m/z) 451 [M—H]".

(BR,3’R,4°S,5"5,6'R)-3°,4",5"-Trihydroxy-6"-(hydroxymethyl)spiro[isobenzofuran-3,2"-
tetrahydropyran]-1-one (82)

To a cooled solution of 62 (100 mg, 0.354 mmol) and 0.170 mL (1.06 mmol) of Et;SiH in
3:1 CH3CN—CH,Cl, (2.00 mL) was added BF;-Et,O (0.135 mL, 1.06 mmol) at —20 °C. After
being stirred for 1 h at the same temperature, the mixture was allowed to warm to rt and stirred
at rt 15 h. The mixture was directly purified by column chromatography on silica gel (9:1 to
4:1 CHCl3—MeOH) to afford 82 (95.0 mg, 95%) as a colorless amorphous powder: Rf = 0.28
(5:1 CHCl;-MeOH); '"H NMR (400 MHz, CD;0D) & 3.62 (1 H, dd, J = 10.0, 9.0 Hz), 3.76 (1
H,dd,J=12.3,5.1 Hz),3.80 (1 H,d, J=9.8 Hz), 3.84 (1 H, dd, J=11.8, 2.1 Hz), 3,86 (1 H, d,
J=9.3 Hz), 3.71-3.93 (1 H, m), 7.64 (1 H, td, /= 7.2, 1.0 Hz), 7.68 (1 H, d, /= 7.7 Hz), 7.78
(1H,td,J=7.2, 1.0 Hz), 7.83 (1 H, d, J=7.7 Hz); *C NMR (100 MHz, CD;0D) & 62.3, 71.0,
74.4,76.0, 79.2, 109.0, 123.9, 125.9, 128.7, 131.9, 135.8, 148.1, 170.2; LRMS (ESI, m/z) 283
[M+H]". The C-B configuration of the compound 82 was confirmed by NOE measurement

between H-2 and the aromatic proton.

/" TH
HO—\ H
HO 0
HO
o)
0

82

(2R,35,45,4aR,10bS)-3,4-Dihydroxy-2-(hydroxymethyl)-10b-methoxy-2,3,4,4a-
tetrahydropyrano|3,2-c]isochromen-6-one (83)
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To a solution of 62 (300 mg, 1.06 mmol) in MeOH (4.3 mL, 0.25 M) was added
methanesulfonic acid (0.21 mL, 3.18 mmol) at rt and stirred at the same temperature for 24 h.
To the mixture was added Et;N (0.59 mL, 4.24 mmol) and concentrated in vacuo. The residue
was purified by column chromatography on silica gel (20:1 to 9:1 CHCI;-MeOH) to afford
(83) (178 mg, 57%) as a colorless amorphous powder: Rf = 0.32 (9:1 CHCI;-MeOH); IR (ATR,
cm ') 2938, 1713, 1264, 1088, 1030, 9589, 755, 727, 706; 'H NMR (400 MHz, CD;0D) & 3.00
(3 H,s),3.44 (1 H, ddd, J=10.1, 6.6, 1.8 Hz), 3.68-3.76 (1 H, m), 3.80 (1 H, dd, J=11.8, 6.2
Hz),3.99 (1 H, dd, J = 11.8, 2.1 Hz), 4.064.18 (2 H, m), 7.60 (1 H, td, /= 7.6, 1.3 Hz), 7.73
(1H, td, J=7.6, 1.3 Hz), 7.85 (1 H, d, J= 7.7 Hz), 8.03 (1 H, d, J = 7.7 Hz); >C NMR (100
MHz, CD;0D) 6 49.1, 62.7, 71.8, 72.1, 76.3, 82.7, 94.9, 125.9, 126.0, 130.9, 131.4, 134.3,
139.5, 166.2; LRMS (APCI, m/z) 297 [M+H]; HRMS (APCI, m/z) caled for Ci4H;607
[M+H]" 297.0969, found 297.0974; [a.]5 +41.7 (¢ 0.5, MeOH).

[(2R,3R,45,4aR,10bS)-3,4-Diacetoxy-10b-methoxy-6-0x0-2,3,4,4a-
tetrahydropyrano|3,2-c]isochromen-2-yljmethyl acetate (84)

OAc

é)Ac
84

To a stirred solution of 83 (170 mg, 0.574 mmol) in CH,Cl, (3.4 mL) were added Ac,O
(0.25 mL, 2.6 mmol), iPr,NEt (0.45 mL, 2.6 mmol) and DMAP (7.0 mg, 0.057 mmol) at rt.
After being stirred at rt for 2 h, the mixture was diluted with EtOAc (30 mL) then washed with
saturated aqueous NaHCO; (20 mL) and saturated aqueous NaCl (20 mL), dried over Na;SOy,
filtered and concentrated in vacuo. The residue was purified by column chromatography on
silica gel (2:1 to 3:2 hexane-EtOAc) to afford 84 (227 mg, 94%) as a colorless amorphous
powder: Rf = 0.29 (3:2 hexane-EtOAc); IR (ATR, cm_l) 1739, 1368, 1213, 1180, 1100, 1034,
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962, 751, 706, 602; 'H NMR (400 MHz, CDCl3) § 2.07, 2.09, 2.11 (each 3 H, s), 3.02 (3 H, s),
4.15 (1 H, ddd, J=10.3, 4.1, 3.1 Hz), 431 (1 H, dd, J = 12.3, 2.6 Hz), 4.35 (1 H, dd, J = 12.3,
4.6 Hz),4.41 (1 H,d,J=10.3 Hz), 5.15 (1 H, dd, J=10.3, 9.3 Hz), 5.82 (1 H, dd, J= 10.0, 9.0
Hz), 7.59 (1 H, td, J = 7.2, 1.5 Hz), 7.64 (1 H, dd, J = 7.7, 1.0 Hz), 7.69 (1 H, td, J = 7.2, 1.0
Hz), 8.12 (1 H, dd, J= 7.7, 1.0 Hz); '*C NMR (100 MHz, CDCl;) § 20.6, 20.7, 20.8, 49.2, 62.0,
68.9, 69.7, 69.8, 78.2, 93.7, 124.3, 124.7, 130.2, 131.1, 133.2, 136.6, 163.1, 169.7, 170.0,
170.6; LRMS (APCI, m/z) 440 [M+NH4]"; HRMS (APCI, m/z) calcd for CooHxyO19 [M+NH,]"
440.1551, found 440.1551; [a]> +47.8 (¢ 0.5, CHCL5).

[(2R,3R,4R,425,10bS)-3,4-Diacetoxy-6-0x0-3,4,4a,10b-tetrahydro-2H-
pyrano[3,2-clisochromen-2-yl|methyl acetate (85)

AcO

To a cooled solution of 84 (200 mg, 0.474 mmol) in CH,Cl, (4.0 mL) were added Et;SiH
(0.76 mL, 4.7 mmol), BF5-Et,O (0.60 mL, 4.7 mmol) and trifluoroacetic acid (0.35 mL, 4.7
mmol) at 0 °C. After being stirred for 20 min, the ice bath was removed and the reaction was
stirred at rt for another 3 h. The mixture was quenched with saturated aqueous NaHCO3 (20
mL) and extracted with EtOAc (20 mL x 2). The extracts were washed with saturated aqueous
NaCl (20 mL), dried over Na,SOy, filtered and concentrated in vacuo. The residue was purified
by column chromatography on silica gel (2:1 to 3:2 hexane—EtOAc) to afford 85 (164 mg,
88%) as a colorless solid: mp 136-138 °C (triturated with Et,O-hexane, not recrystallized); Rf
= 0.38 (3:2 hexane-EtOAc); IR (ATR, cm ') 1737, 1373, 1217, 1096, 1060, 1032, 751, 697,
535, 452; "TH NMR (400 MHz, CDCl3) § 2.07 (3 H, s), 2.11 (6 H, s), 3.99 (1 H, ddd, J = 10.3,
4.6, 3.1 Hz), 4.25-4.32 (2 H, m), 4.36 (1 H, dd, J = 12.8, 5.1 Hz), 4.73 (1 H, d, J = 10.8 Hz),
5141 H, t,J=95Hz), 554 (1 H,t,J=9.5Hz), 7.50 (1 H, t, J=7.7 Hz), 7.60 (1 H, d, J =
7.7 Hz), 7.69 (1 H, t, J = 7.7 Hz), 8.08 (1 H, d, J = 7.7 Hz); *C NMR (100 MHz, CDCl5) &
20.6, 20.77, 20.79, 62.0, 68.7, 72.2, 72.6, 76.5, 77.2, 122.8, 123.5, 129.0, 130.7, 134.5, 138.4,
163.0, 170.0, 170.1, 170.6; LRMS (APCI, m/z) 410 [M+NH,4]"; Anal. Calcd for Ci9H»Oy: C,
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58.16; H, 5.14; Found: C, 58.18; H, 5.36; [a]; —27.0 (¢ 0.5, CHCl5).

(2R,3S,45,4aR,10bS)-3,4-Dihydroxy-2-(hydroxymethyl)-3,4,4a,10b-tetrahydro-2H-

pyrano|3,2-clisochromen-6-one (86)

To a solution of 85 (58.0 mg, 0.148 mmol) in MeOH (1.2 mL) was added NaOMe (4.0 mg,
0.074 mmol) at rt and stirred for 30 min. To the mixture was added AcOH (0.010 mL) and
evaporated under reduced pressure. The residue was purified by column chromatography on
silica gel (9:1 to 4:1 CHCl;-MeOH) to afford 86 (32.0 mg, 81%) as a colorless solid: mp
203-204 °C (not recrystallized); Rf = 0.28 (6:1 CHCI;-MeOH); IR (ATR, cm ') 3336, 1722,
1604, 1202, 1089, 1032, 1009, 980, 880, 743, 696, 617, 539, 447; 'H NMR (400 MHz,
CD;0D) 6 3.43 (1 H,dd,J=9.8, 8.7 Hz), 3.60 (1 H, ddd, /=9.9, 6.0, 2.1 Hz), 3.77 (1 H, dd, J
=11.8, 6.2 Hz), 3.85 (1 H, t, J = 9.0 Hz), 3.98 (1H, J = 10.3, 9.3 Hz), 4.01 (dd, J = 12.3, 2.1
Hz),4.72 (1 H,d, J=10.8 Hz), 7.49 (1 H, td, /= 7.7, 1.0 Hz), 7.70 (1 H, td, J = 7.7, 1.5 Hz),
7.76 (1 H,d, J=7.7 Hz), 7.99 (1 H, d, J = 7.2 Hz); >C NMR (100 MHz, CD;0D) § 63.0, 71.8,
72.7,76.2,82.2, 82.6,124.3, 124.9, 129.4, 131.0, 135.4, 141.8, 166.1; LRMS (APCI, m/z) 267
[M+H]"; HRMS (APCI, m/z) caled for C;3H 40 [M+H]™ 267.0863, found 267.0868; [a]h
—23.6 (¢ 0.5, MeOH).

The C-B configurations of the compounds 83 and 84 were confirmed by NOE measurement

between the protons of the 1-methoxy group and H-5.

NOE NOE
HO AcO
HO o] AcO 0
HO - AcO :
H o) H O
] o) | (0]
OMe OMe
83 84

The C-B configurations of the compounds 85 and 86 were confirmed by NOE measurement
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between H-1 and H-3, 5.

NOE NOE
HO
A?(go Q HO C
AcO-\ 1 HO
Mo o7 i ©]
o)
‘\\/.H 0o >H
85 86

(6aR,7S,8R,9R,11aS5)-9,11a-Anhydro-7,8-dihydroxy-6a,7,8,9,10,11a-hexahydro-6,11-dioxa-
cycloheptaja]naphthalen-5-one (87)

To a cooled solution of 83 (200 mg, 0.675 mmol) and Et;SiH (0.32 mL, 2.0 mmol) in 3:1
CH;3;CN-CH,Cl, (12 mL) was added BF3-Et;,0 (0.26 mL, 2.0 mmol) at —40 °C and stirred for 1
h (no reaction was observed to occur). The reaction mixture was allowed to warm to —20 °C
and stirred for another 2 h. The mixture was quenched with saturated aqueous NaHCO; (30
mL) and extracted with 9:1 EtOAc—-MeOH (30 mL x 3). The extracts were dried over MgSQy,
filtered and concentrated in vacuo. The residue was purified by column chromatography on
silica gel (20:1 to 9:1 CHCl3-MeOH) to afford 87 (51.7 mg, 29%) as a colorless amorphous
solid: Rf = 0.46 (9:1 CHCl;-MeOH); IR (ATR, cm ') 3398, 1709, 1606, 1337, 1275, 1254,
1104, 1053, 994, 980, 758, 732, 695; '"H NMR (400 MHz, CDsOD) & 3.68-3.72 (1 H, m),
4.02-4.05 (1 H, m), 4.10 (1 H, dd, J= 7.7, 6.7 Hz), 431 (1 H, s),4.42 (1 H,dd, J=7.2, 1.0
Hz),4.73 (1 H,d, J=6.1 Hz), 7.63 (1 H, ddd, J=8.7, 7.7, 2.1 Hz), 7.76 (1 H, td, J= 7.7, 1.5
Hz), 7.80 (1 H, dd, J= 7.7, 2.1 Hz), 8.05 (1 H, d, J = 7.2 Hz); *C NMR (100 MHz, CD;0D) &
67.8, 71.3, 73.0, 79.6, 79.9, 100.8, 125.6, 126.6, 130.8, 131.6, 135.6, 138.5, 165.5; LRMS
(APCI, m/z) 265 [M+H]"; HRMS (APCI, m/z) caled for C;3H20¢ [M+H]" 265.0707, found
265.0709; [a]5 —102.1 (¢ 0.5, MeOH). The C-o. configuration of the compound 87 was
confirmed by the 'H-'H coupling constants among H-2, H-3, and H4 (~ 1 Hz

equatorial—-equatorial).
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'H NMR spectrum of 48 (400 MHz, CDCls)
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"H NMR spectrum of 49 (400 MHz, CDCl5)
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'H-"H COSY spectrum of 49 (400 MHz, CDCl5)
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HSQC spectrum of 49 (400 MHz, CDCl5)
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"H NMR spectrum of 55a (400 MHz, CDCl;)
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"H NMR spectrum of 55¢ (400 MHz, CDCl5)
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"H NMR spectrum of 55d (400 MHz, CDCls)
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"H NMR spectrum of 57 (400 MHz, CDCl5)
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'H-"H COSY spectrum of 57 (400 MHz, CDCl5)
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HSQC NMR spectrum of 57 (400 MHz, CDCls)
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"H NMR spectrum of 58a (400 MHz, CDCl;)

CO,tBu
2
o
HO. |
2 OBn
(@)
BnO
e OBn
OBn
58a
o I B e e LI H A B B o e B B B o LA B A A IO S IO S R
18 16 14 12 10
Chemical Shift (ppm)
]
=]
s
|
b 2
2 b
-0 o ’i
23s3eieds ‘ ¢
R EREEE R nn
HF TP g o
L J
T Iil =
T T T T T e e
100 95 9.0 8.5 8.0 7. 7.0 45 1

Chemical Shift (ppm)

BC NMR spectrum of 58a (100 MHz, CDCl5)

CO,tBu
NN
Bad
BER
[N
[
°
HO., 5
. OBn @
0 &
BnO
e OBn
: ~
OBn b
58a 5
b
’
@
8
&
©
o~
™
|
~
&
S B
B S
bl B
o/
\
]
Soamy
c3gag
L EEE
(R

28.2713

180 170 160 150 140 130 120 110 100 90 80 70 60
Chemical Shift (ppm)

134

40



00000—

06811~

0407 b— 07
¢ ghe
LG L~

0509t —

(o]
c
m

"H NMR spectrum of 58b (400 MHz, CDCl5)

10

18

Chemical Shift (ppm)

POl
085Y'y£992 wh&

=916

90k ]

Ze9'v-400E 1/
L €]
66£9y===01]
6ovL b —==/61]
655.' %/
1£00°6 526 0]
£€£0'G/
19569
81969
65/6'9, |
29 A Lais1]
1081 2},
sroe 258 ‘(.N‘WI Umm‘mm—_
ERITES
98582 2,697/
L1892 8611

6626 /— =t 007]

=
§096°2-

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5
Chemical Shift (ppm)

10.0

BC NMR spectrum of 58b (100 MHz, CDCl5)

02000~
A VkA-1%
olez e
62.L°89
YZEO'LL
c5eLeL
SEBY'EL
50029/ 2509 6L
G0 2L celLe08
29¢€° 2L 18z0’le
£00€'86
o0g6gLzL 806¥ LTk oveT 9Tt
zserecl 251 62)

TBLEIEL

Liiv'Lel
£0e0'8El

[24:3 4"

96zl 6€l

TL00°LYL

§LT999k

(o]
c
m

120

Chemical Shift (ppm)

20

30

100

110

170 160 150 140 130

180

135



"H NMR spectrum of 59a (400 MHz, CDCl;)
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"H-"H COSY spectrum of 59a (400 MHz, CDCl;)
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HSQC spectrum of 59a (400 MHz, CDCls)
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"H NMR spectrum of 59b (400 MHz, CDCl5)
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"H NMR spectrum of 61a (400 MHz, CD;0D)
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"H-"H COSY spectrum of 61a (400 MHz, CD;0D)
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HSQC spectrum of 61a (400 MHz, CD;0D)
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'"H NMR spectrum of 61b (400 MHz, CD;0D)
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"H NMR spectrum of 61¢ (400 MHz, CD;0D)

I~
b
8
= @
7 S
©
L o o e L e e o
Chemical Shift (ppm)
3
©
¥ ¥
g8 Ua
e~ 14
@ | r~ @
il w 2
y 5 &
Y
w 0
28 B 8
8 s 38
P g S
P — r
—e g A 3 g J
[T ] S
T T A T T T e e

75 70 6.5 6.0 55 5.0 45 40 35 3.0 25 20 15 1.0 0.5 0
Chemical Shift (ppm)

o

10.0 95 90 85 8

C NMR spectrum of 61¢ (100 MHz, CD;0D)

rgege
8823
FEEET
o
- 2
g =
e b
T8 ¥
2
)
Bo_o
[=2] o
# T
- o | FEE 2 @
g 2 = g =g g
7] & 2 f I
2 2 2
T \ !
‘ ‘ L
A
180 170 160 150 140 130 120 110 100 90 80 70 G0 50 40 30 20 10 0 -10

Chemical Shift (ppm)

144



'"H NMR spectrum of 61d (400 MHz, CD;0D)
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"H NMR spectrum of 61e (400 MHz, CD;0D)
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'"H NMR spectrum of 61f (400 MHz, CD;0D)
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"H NMR spectrum of 61g (400 MHz, CD;0D)
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'"HNMR spectrum of 62 (400 MHz, CD;0D)
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"H-"H COSY spectrum of 62 (400 MHz, CD;0D)
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HSQC spectrum of 62 (400 MHz, CD;0D)
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"H NMR spectrum of 65 (400 MHz, CDCl5)
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'H-"H COSY spectrum of 65 (400 MHz, CDCl5)
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HSQC spectrum of 65 (400 MHz, CDCls)
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'H-"H COSY spectrum of 74b (400 MHz, CDCl5)
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HSQC spectrum of 74b (400 MHz, CDCl,)
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"H NMR spectrum of 75a (400 MHz, CDCl;)
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'H NMR spectrum of 75b (400 MHz, CDCls)
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"H NMR spectrum of 76b (400 MHz, CDCl5)
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'H NMR spectrum of 77a (400 MHz, CDCl5)
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"H-"H COSY spectrum of 77a (400 MHz, CDCl;)
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HSQC spectrum of 77a (400 MHz, CDCls)
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'H NMR spectrum of 78 (400 MHz, CDCl5)
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'H-"H COSY spectrum of 78 (400 MHz, CDCl5)
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HSQC NMR spectrum of 78 (400 MHz, CDCls)

HSQC_A-Y1645124B.015.001 2RRIESP

eh ' )i

F2 Chemical Shift (ppm)

HMBC NMR spectrum of 78 (400 MHz, CDCl5)

HMBC_A-Y1645124B.016.001 2RT ESP

et T

)

§ =y .

= 20
30
10
= 50
60
=70
= 80
= 90
=100
=110
= 120
130
= 140
=150
= 160
770
=180
- 190
=200

T T
4 3

5
F2 Chemical Shift (ppm)

168

F1 Chemical Shift (ppm)

F1 Chemical Shift (ppm)



"H NMR spectrum of 79 (400 MHz, CD;0D)
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'H NMR spectrum of 80 (400 MHz, CD;0D)
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"H-"H COSY spectrum of 80 (400 MHz, CD;0D)
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HSQC spectrum of 80 (400 MHz, CD;0D)
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'H NMR spectrum of 81 (400 MHz, CDCl5)

CO,H

829
G
AcO 5
81
18 16 14 12 10
Chemical Shift (ppm)
N o
gg 3¢ g
A 5S¢z g
e ~~ @ 3 _
2. [t 2 =&
~ 8 _2¢ =3
( SB28  B5geos
@ g I3 o3 ocoadg
31918 wL8ARTLoe]
Sl e Y =85
2l ~ T¥oe
[l -
\ I _)l.‘u._,ﬁL m‘ul . -
8 3 58 ¢ 8 8z & 35 3
[l [ | o | g o
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)

BC NMR spectrum of 81 (100 MHz, CDCls)

2c9
DO
NS
Mo~
N
NN
AcO
~ <
@ w0
g2 3
@ o
a9 S
= oo
a Qo
8 T SSro 23
88 <« 8l2853 Sla
=3 .3 w0 e S Sie
omyN 14 o ©llogw® N
38 e R oPRas 3
S o N ~ ~o &
‘7%‘— hy o o ©
L I © o
g 8
3
<
” Loaut
Lt e M b

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 Chemical Shift (ppm)

173



'"HNMR spectrum of 82 (400 MHz, CD;0D)
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'H-"H COSY spectrum of 82 (400 MHz, CD;0D)

COSY_A-AA21602-003.021.001 2 esp

ik A

bl

T T T T T T T
F2 Chemical Shift (ppm) 6 5

NOESY spectrum of 82 (400 MHz, CDs;0OD)

NOESY_A-AA21602-003.022 001 2rr esp

ik A

T
F2 Chemical Shift (ppm) 6 5

175

ole



HSQC spectrum of 82 (400 MHz, CD;0D)

HSQC_A-AA21602-003.025.001 2rr esp

"

—
F‘Z Cher‘ni:a\ S‘hlft (m‘)m) é .‘L JI (IJ
HMBC spectrum of 82 (400 MHz, CD;0D)
HMBC_A-AA21602-003.026.001 2rr esp
M J J‘.Ml
E L]
—
- 8
— My
— - ‘
] » r' '
— A
] L L .
4 LI
F‘Z Cher‘ni:a\ S‘hlft (m‘)m) é .‘L JI (IJ

176

24

32

40

48

56

72

80

88

96

104

112

120

128

136

152

20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190

200



'H NMR spectrum of 83 (400 MHz, CD;0D)
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"H-"H COSY spectrum of 83 (400 MHz, CD;0D)

COSY_A-Y1645118B.021.001 2RR ESP

N

W

T T T T T T
55

T
5.0

T
4.0 3.5 30

8.0 75 7.0 6.5 6.0 .|

F2 Chemical Shift (ppm)
NOESY spectrum of 83 (400 MHz, CD;0D)
NOESY_A-Y1645118B.022.001.2RR ESP
S W )
83 }]

B‘.U 7[5 7.‘0 G‘.S S‘O 5‘.5 5.‘0 ‘ ' 4‘0 3‘.5 3[0

F2 Chemical Shift (ppm)

178

F1 Chemical Shift (ppm)

F1 Chemical Shift (ppm)



HSQC spectrum of 83 (400 MHz, CD;0D)
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'H NMR spectrum of 84 (400 MHz, CDCls)
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'H NMR spectrum of 85 (400 MHz, CDCls)
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'H-"H COSY spectrum of 85 (400 MHz, CDCl5)
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HSQC spectrum of 85 (400 MHz, CDCls)
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'"H NMR spectrum of 86 (400 MHz, CD;0OD)
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'H NMR spectrum of 87 (400 MHz, CD;0D)
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"H-"H COSY spectrum of 87 (400 MHz, CD;0D)
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HSQC spectrum of 87 (400 MHz, CD;0D)
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2-Bromo-4,6-dimethoxybenzaldehyde (105) (known)™

OMe
OHC:©\
Br OMe
105

POCl;s (32.2 mL, 366 mmol) was added dropwise at 0 °C to a stirred solution of
1-bromo-3,5-dimethoxybenzene (101) (26.5 g, 122 mmol) in DMF (56.7 mL, 733 mmol). The
reaction mixture was stirred at 0 °C for 10 min, and then the reaction mixture was allowed to
warm to rt. After being stirred at rt for 0.5 h, the mixture was heated at 90 °C for 6 h. The
reaction mixture was cooled to room temperature, poured into ice-cold water (500 mL) and
basified with 12 M aqueous NaOH and kept overnight at rt. A solid precipitated was filtered off,
washed with water and then dissolved with AcOEt (400 mL), treated with MgSO,4 and
activated charcoal. The mixture was filtered through a pad of Celite. The filtrate was
evaporated in vacuo and dried under vacuum to afford 105 (27.9 g, 93%) as a pale yellow solid.
Rf'=0.39 (4:1 hexane—-EtOAc); 'H NMR (400 MHz, CDCls) & 3.87, 3.89 (each 3 H, s), 6.44 (1
H, d, J=2.1 Hz), 6.79 (1 H, d, J = 2.1 Hz), 10.31 (1 H, s); LRMS (ESI, m/z) 245.04/247.0
[M+H]".

2-Bromo-4,6-dimethoxybenzoic acid (106) (known)**?

OMe
HO,C

Br OMe
106

To a solution of 105 (17.6 g, 71.7 mmol) in dioxane (175 mL)-H,O (35 mL) were added
2-methyl-2-butene (11.4 mL, 108 mmol), 4 M aqueous NaH,PO4 (17.9 mL, 71.7 mmol), and
NaClO; (9.73 g, 86.1 mmol, purity ca.80 wt %) portionwise at 0 °C. Then the mixture was
stirred at the same temperature for 20 min. The reaction mixture was concentrated to
one-quarter volume under vacuum, and the mixture was treated with diluted aqueous Na,SO3
(100 mL). The mixture was acidified with conc. H,SO4 and extracted with EtOAc (100 x 2
mL). The combined organic layer was washed with saturated aqueous NaCl (50 mL), dried

over MgSQy, filtered, and concentrted in vacuo to afford 106 (18.7 g, 98%) as a pale yellow
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solid; Rf= 0.36 (EtOAc only); 'H NMR (400 MHz, CDCls) & 3.83, 3.86 (each 3 H, s), 6.44 (1
H,d,J=2.1Hz),6.74 (1 H, d,J=2.1 Hz); LRMS (ESL m/2) 261.1/263.1 [M+H]".

Methyl 2-bromo-4,6-dimethoxybenzoate (104) (known)*>

OMe
MeO,C

Br OMe
104

To a solution of 106 (11.0 g, 42.1 mmol) in DMF (44.0 mL) were added Cs,CO; 16.5 g
(50.6 mmol) and Me,SO4 (4.78 mL, 50.6 mmol) at rt. The mixture was heated at 80 °C for 0.5
h. After cooling to rt, to the mixture was added EtOAc (100 mL) and washed with H,O (100
mL x 2) and with saturated aqueous NaCl (50 mL). The extract was dried over Na,SOy, filtered,
and concentrated in vacuo. The residue was purified by column chromatography on silica gel
(20:1 to 9:1 hexane—EtOAc) to afford 104 (10.5 g, 91%) as a colorless solid; Rf = 0.18 (9:1
hexane—EtOAc); '"H NMR (400 MHz, CDCl5) & 3.80, 3.80, 3.91 (each 3 H, s), 6.41 (1 H, d, J=
2.1 Hz), 6.68 (1 H, d, J=2.1 Hz); LRMS (ESI, m/z) 275.1/277.1 [M+H]".

Methyl 2-bromo-6-hydroxy-4-methoxybenzoate (113) (known)*’
OH

Me020:©\
Br OMe

113

To a cooled solution of 104 (10.5 g, 38.2 mmol) in CH,Cl, (210 mL) was added BBr; (38.2
mL, 38.2 mmol, 1 M in CH,Cl,) at =78 °C. After being stirred for 0.5 h, the reaction mixture
was quenched with MeOH (5 mL) and poured onto ice—water (200 mL). The organic layer was
separated and the aqueous layer was extracted with CH,Cl, (50 mL x 1). The extracts were
dried over MgSQy, filtered, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (20:1 to 9:1 hexane—EtOAc) to afford 113 (8.63 g, 87%) as a
colorless solid; Rf=0.72 (4:1 hexane-EtOAc); "H NMR (400 MHz, CDCls) & 3.81, 3.96 (each
3H,s),643(1H,d,J=2.6H),681 (1 H,d J=2.6Hz), 11.58 (1 H, s); °C NMR (100 MHz,
CDCl3) &52.1, 55.7, 100.7, 106.5, 115.0, 123.5, 163.8, 165.3, 170.0; LRMS (ESI, m/z)
261.1/263.1 [M+H]".
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Methyl 2-bromo-6-(dimethylcarbamoyloxy)-4-methoxybenzoate (99)

0]

(@) NM62
MeOzC

Br OMe
99

To a solution of 113 (8.62 g, 33.0 mmol) in DMF (86 mL) were added Cs,CO; (14.0 g, 42.9
mmol) and dimethylcarbamoyl chloride (3.94 mL, 42.9 mmol) at rt. The mixture was stirred at
80 °C for 30 min. The reaction mixture was treated with 10% aqueous citric acid (300 mL) and
extracted with EtOAc (150 mL x 2). The combined organic layers were washed with H,O (200
mL x 2), dried over Na,SOs, and evaporated under reduced pressure. The residue was purified
by column chromatography on silica gel (2:1 to 1:1 hexane-EtOAc) to afford 99 (11.0 g,
quant) as a colorless solid; Rf = 0.29 (3:2 hexane—EtOAc); IR (ATR, cm ') 2912, 1730, 1715,
1605, 1380, 1302, 1266, 1144, 1098, 1031, 1011, 848, 835, 613; 'H NMR (400 MHz, CDCl;) &
3.00(3H,s),3.04(3H,s),3.80(3H,s),3.88(3H,s),6.77 (1 H,d,J=2.6Hz),6.99 (1 H,d,J
= 2.6 Hz); *C NMR (100 MHz, CDCls) & 36.4, 36.8, 52.4, 55.8, 108.3, 116.1, 120.7, 121.4,
150.7, 153.5, 161.2, 165.6; LRMS (ESI, m/z) 332/334 [M+H]; mp 73-75 °C (not
recrystallized); Anal. Calcd for C;;H14sNBrOs: C, 43.39; H, 4.25; N, 4.22; Br, 24.06; Found: C,
43.43; H, 4.12; N, 4.20; Br, 24.05.

4-Methoxyphenyl 4,6-O-benzylidene-B-D-glucopyranoside (138)

O._LOPMP
o)
Ph)\o”‘ "'OH
OH
138

To a suspension 4-methoxyphenyl B-D-glucopyranoside (100) (51.2 g, 179 mmol) in CH3;CN
(1 L) were added benzaldehyde dimethyl acetal (40.2 mL, 268 mmol) and p-toluenesulfonic
acid monohydrate (1.74 g, 9.20 mmol) at rt, and the mixture was refluxed for 1.5 h. The
mixture was cooled to 0 °C and stirred for 0.5 h. The resulting precipitate was collected by
filtration, washed with CH3;CN (250 mL X 2), and dried under vaccum at 60 °C to afford 138
(60.8 g, 91%) as a colorless solid; Rf = 0.35 (1:1 hexane-EtOAc); '"H NMR (400 MHz,
CD;0OD) 6 3.46-3.61 (3 H, m), 3.68-3.83 (2 H, m), 3.75 (3H, s), 4.30 (1 H, dd, /= 10.2, 5.1
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Hz), 4.91 (1 H,d, J=8.2 Hz), 5.60 (1 H, s), 6.84 (2 H, d, J=9.2 Hz), 7.03 (2 H, d, J=9.7 Hz),
7.24-7.39 (3 H, m), 7.43-7.54 (2 H, m); >C NMR (100 MHz, CD;0D) & 56.1, 67.7, 69.7, 74.6,
75.8, 82.1, 103.0, 104.0, 115.5, 119.5, 127.5, 129.0, 129.9, 139.1, 152.9, 156.9; LRMS (ESI,
m/z) 375 [M+H]".

4-Methoxyphenyl 4,6-O-benzylidene-2,3-bis(chlorosulfonyloxy)-f-D-glucopyranoside
(139)
0._LOPMP

Ph” O™ "0S0,Cl
0S0,Cl
139

To a cooled solution of 138 (60.7 g, 162 mmol) in pyridine (300 mL)—-CH,Cl, (600 mL) was
addd sulfuryl chloride (33.4 mL, 357 mmol) over 5 min at —78 °C. After being stirred for 0.5 h,
to the mixture was added 2 M aqueous H,SO4 at —78 °C. (The internal temperature was raised
to ca.10 °C.) The organic layer was separated, washed with 2 M aqueous H,SO4 (600 mL) and
H,0 (600 mL), dried over MgSQO,, and filtered to afford 139 (91.1 g, 98%) as a colorless solid;
Rf'=0.31 (4:1 hexane-EtOAc); 'H NMR (400 MHz, CDCl;)  3.63 (1 H, td, J=9.7, 5.1 Hz),
379 3H,s),3.88 (1 H,t,J=10.5Hz),3.99 (1 H,t,J=9.5Hz),4.47 (1 H,dd, J=10.8, 5.1
Hz), 5.07-5.18 (2 H, m), 5.25 (1 H, t, J = 8.2 Hz), 5.63 (1 H, s), 6.86 (2 H, d, J = 10.8 Hz),
7.02 (2 H, d, J = 8.7 Hz), 7.33-7.41 (3 H, m), 7.48 (2 H, dd, J = 6.7, 3.1 Hz); >C NMR (100
MHz, CDCls) ¢ 55.7, 66.0, 68.1, 77.5, 82.6, 83.1, 99.8, 101.7, 114.8, 119.1, 125.9, 128.4, 129.4,
135.8, 149.9, 156.5; LRMS (ESI, m/z) 571/573 [M+H]".

4-Methoxyphenyl 4,6-O-benzylidene-3-bromo-3-deoxy-f-D-allopyranoside (140)

O _LOPMP
O/\Rj
Ph)\O"\ “OH

140

To a suspension of 139 (91.0 g, 159 mmol) in CH)Cl, (636 mL) was added
tetrabutylammonium bromide (103 g, 319 mmol) at rt, and the mixture was stirred at rt for 2 h.
To the mixture were added saturated aqueous NaHCO; (600 mL) and NaHCOs (30 g) at rt, and

the mixture was stirred vigorously at rt for 1 h. The organic layer was separated and evaporated
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in vacuo. To the residue were added EtOAc (400 mL), hexane (400 mL), and 1 M aqueous
NaOH (400 mL). The organic layer was separated, washed with 1 M aqueous NaOH (400 mL
x 2), and saturated aqueous NaCl (400 mL), dried over MgSQO,, and treated with activated
charcoal. The mixture was filtered through a pad of Celite. The filtrate was evaporated in vacuo.
The residue was dissolved with Et,O (500 mL) and evaporated to a half volume in vacuo. To
the resultant suspension was added hexane (200 mL), and the mixture was evaporated in vacuo
to afford 140 (69.5 g, 99%) as a colorless solid; Rf = 0.11 (4:1 hexane—EtOAc); 'H NMR (400
MHz, CDCls) 6 2.69 (1 H, d, J=6.7 Hz), 3.75-3.79 (1 H, m), 3.78 (3 H, s), 3.83-3.88 (2 H, m),
419 (1 H,td,J=9.7,5.1 Hz), 441 (1 H, dd, J=10.2, 5.1 Hz), 4.90 (1 H, t, J= 3.3 Hz), 5.23
(1 H,d,J=77Hz), 563 (1 H,s), 6.85 2 H, d, J = 6.1 Hz), 7.03 (2 H, d, J = 8.7 Hz),
7.33-7.44 (3 H, m), 7.46-7.56 (2 H, m); °*C NMR (100 MHz, CDCl3) & 55.7, 56.3, 65.2, 68.7,
69.5, 76.5, 101.0, 101.9, 114.7, 118.6, 126.4, 128.4, 129.4, 136.7, 150.8, 155.8; LRMS (ESI,
m/z) 437/439 [M+H]".

4-Methoxyphenyl 4,6-O-benzylidene-3-deoxy-B-D-glucopyranoside (141)

o 0._,OPMP
Ph)\mOH
141

Under hydrogen atmosphere, a mixture of 140 (69.0 g, 158 mmol), KHCOs, (47.4 g, 473
mmol) and Pd(OH),/C (11.1 g, 7.90 mmol, 10 wt%, Aldrich) in MeOH (690 mL)-THF (690
mL) was shaken at rt for 7 h (suspension). The reaction mixture was evacuated and backfilled
with nitrogen twice, and then diluted with hot CHCI; (500 mL). The mixture was filtered and
washed with hot CHCIl;. The filtrate was evaporated in vacuo. The residue was dissolved in
CHCIl; (500 mL) at 60 °C. To this almost solution were added H,O (100 mL) and the organic
layer was separated. The aqueous layer was extracted with CHCl; (100 mL). The combined
extract was dried over MgSQOy, filtered, and concentrated in vacuo to afford 141 (59.2 g, quant)
as a colorless solid; Rf=0.31 (2:1 hexane-EtOAc); 'H NMR (400 MHz, CDCl;) & 1.85 (1 H, q,
J=11.8 Hz), 2.43 (1 H, d, J = 2.6 Hz), 2.56 (1 H, dt, J = 12.0, 4.6 Hz), 3.50-3.59 (1 H, m),
3.69 (1 H, ddd, J=11.6, 9.0, 4.1 Hz), 3.75-3.97 (5§ H, m), 4.34 (1 H, dd, /= 10.5, 4.9 Hz), 4.85
(1H,d,J="72Hz), 555 (1 H, s), 6.85 (2 H, d, J=8.7 Hz), 7.01 (2 H, d, J = 10.3 Hz),
7.33-7.42 (3 H, m), 7.49 (2 H, dd, J = 7.5, 2.3 Hz); *C NMR (100 MHz, CDCl5) & 35.1, 55.7,
69.0, 70.8, 75.9, 101.9, 104.4, 114.7, 118.4, 126.2, 128.4, 129.2, 137.2, 150.9, 155.6; LRMS
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(APCI, m/z) 359 [M+H]".

4-Methoxyphenyl 2-O-tert-butyldimethylsilyl-3-deoxy-B-D-glucopyranoside (142)

o 0._,OPMP
Ph)\moms
142
To a suspension of 141 (54.9g, 153 mmol) in DMF (275 mL) were added imidazole (13.6 g,
199 mmol) and TBSCI (27.7 g, 184 mmol), and the mixture was stirred at 60 °C for 2 h. The
volatile was evaporated under reduced pressure and the residue was treated with EtOAc (250
mL) and H,O (100 mL). The organic layer was separated and washed with H,O (100 mL x 1)
and saturated aqueous NaCl (100 mL x 1), dried over MgSQy,, and treated activated charcoal.
The mixture was filtered through a pad of Celite. The filtrate was concentrated in vacuo and
the residue was triturated with hot MeOH (150 mL). The mixture was cooled and stirred at rt
for 2 h, and then filtered to afford 142 (56.7 g, 78%) as a colorless solid; Rf = 0.33 (9:1
hexane—EtOAc); "H NMR (400 MHz, CDCls) & 0.11, 0.15 (each 3 H, s), 0.89 (9 H, s), 1.86 (1
H, q,J=11.8 Hz), 2.45 (1 H, dt, J=12.2, 4.7 Hz), 3.52 (1 H, td, J = 10.8, 5.6 Hz), 3.65 (1 H,
ddd,J=11.8,8.7,4.1 Hz), 3.78 (1 H, t, J=9.8 Hz), 3.78 3 H, s), 3.87 (1 H, ddd, J=11.3, 7.2,
5.1 Hz),4.34 (1 H,dd,J=10.5,49 Hz),4.85 (1 H,d,J=7.2 Hz),5.53 (1 H, s), 6.84 2 H, d, J
=9.2 Hz), 6.98 (2 H, d, J = 9.8 Hz), 7.30-7.42 (3 H, m), 7.44-7.51 (2 H, m); >*C NMR (100
MHz, CDCls) 6 —4.9, —4.4, 18.1, 25.7, 37.7, 55.7, 69.2, 69.7, 70.4, 75.7, 101.7, 104.3, 114.5,
118.1, 126.2, 128.4, 129.1, 137.3, 151.4, 155.2; LRMS (APCI, m/z) 473 [M+H]".

4-Methoxyphenyl 2-O-tert-butyldimethylsilyl-3-deoxy-B-D-glucopyranoside (143)
0._LOPMP
HO/\U
HO" >""0TBS
143
Under hydrogen atmosphere (1 atm), a mixture of 4-methoxyphenyl 4,6-O-benzylidene-2-O-
tert-butyldimethylsilyl-3-deoxy-B-D-glucopyranoside (142) (58.0 g, 123 mmol) and
Pd(OH),/C (3.45 g, 2.50 mmol, 10 wt%, Aldrich) in 1:1 MeOH-THF (580 mL) was shaken at
rt for 1 h. After removal of the catalyst by filtration, the filtrate was evaporated under reduced

pressure. The residue was purified by column chromatography on silica gel (1:1

hexane—EtOAc to EtOAc only) to afford 143 (46.4 g, 98%) as a colorless syrup; Rf = 0.34 (2:3
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hexane-EtOAc); IR (ATR, cm ') 2930, 2857, 1506, 1222, 1108, 1072, 1036, 834, 776, 753; 'H
NMR (400 MHz, CDCl3) § 0.11, 0.14 (each 3 H, s), 0.89 (9 H, s), 1.71 (1 H, dt, J = 12.7, 10.3
Hz), 2.09 (1 H, t,J= 6.4 Hz), 2.36 (1 H, dt, J = 12.5, 4.8 Hz), 2.47 (1 H, d, J= 5.7 Hz), 3.49 (1
H, dt,J=8.7, 5.1 Hz), 3.72-3.90 (4 H, m), 3.77 3 H, s), 4.84 (1 H, d, J= 6.7 Hz), 6.83 (2 H, d,
J=8.7Hz), 6.95 (2 H, d, J=9.3 Hz); >C NMR (100 MHz, CDCl3) & —4.9, —4.5, 18.1, 25.7,
39.5, 55.7, 63.1, 65.9, 68.9, 79.2, 103.0, 114.6, 117.5, 151.2, 155.0; LRMS (APCI, m/z) 401.9
[M+NH,]"; HRMS (APCI, m/z) calcd for C19H3,06Si [M+H]" 385.2041, found 385.2042; [a]5
—73.4 (¢ 0.5, CHCL).

4-Methoxyphenyl 4,6-di-O-benzyl-2-O-tert-butyldimethylsilyl-3-deoxy-

O. _LOPMP
BnO/\U
BnO™" “oTBS

144

To a suspension of NaH (14.3 g, 358 mmol) in DMF (400 mL) were added a solution of 143

B-p-glucopyranoside (144)

(45.9 g, 119 mmol), benzyl bromide (42.6 mL, 358 mmol), and tetrabutylammonium iodide
(4.41 g, 11.9 mmol) in DMF (100 mL) at rt over a period of 30 min (~55 °C) and the mixture
was stirred for another 30 min. To the mixture was added MeOH (30 mL) and the new mixture
was stirred for 10 min, then the volatile was evaporated under reduced pressure. To the residue
was added H,O (250 mL) and this was extracted with 1:1 hexane-EtOAc (250 mL). The
organic layer was washed with H,O (100 mL) and saturated aqueous NaCl (100 mL). The
aqueous layers were extracted with 1:1 hexane—EtOAc (100 mL). The extracts were combined,
dried over MgSOy, and then treated with activated charcoal. The mixture was filtered through a
pad of Celite and the filtrate was evaporated under reduced pressure. The residue was purified
by column chromatography on silica gel (20:1 to 9:1 hexane—EtOAc) to afford 144 (57.2 g,
85%) as a colorless syrup; Rf = 0.26 (9:1 hexane—EtOAc); IR (ATR, cm’l) 2929, 2856, 1506,
1248, 1224, 1182, 1062, 835, 777, 753, 734, 696, 670; '"H NMR (400 MHz, CDCls) & 0.11,
0.14 (each 3 H, s), 0.89 (9 H, s), 1.61 (1 H, q, J = 11.8 Hz), 2.44 (1 H, dt, J = 12.6, 4.8 Hz),
3.55 (1 H, td, J=11.3, 4.6 Hz), 3.59-3.69 (2 H, m), 3.70-3.75 (1 H, m), 3.76 (3 H, s), 3.84 (1
H,d,J=93Hz),444 (1 H,d, J=11.3 Hz), 4.54 (1 H, d, J = 12.3 Hz), 4.57-4.63 (2 H, m),
472 (1 H,d,J=72Hz),6.78 (2H, d, J=8.7 Hz), 7.00 (2 H, d, /= 8.7 Hz), 7.26-7.38 (10 H,
m); °C NMR (100 MHz, CDCl;) & —4.8, —4.4, 18.1, 25.8, 37.9, 55.6, 69.1, 69.3, 71.4, 72.1,
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73.5,78.4,103.8, 114.4, 117.9, 127.5, 127.7, 127.76, 127.79, 128.3, 128.4, 138.0, 138.4, 151.7,
154.8; LRMS (APCIL, m/z) 582 [M+NH4]"; HRMS (APCIL m/z) caled for C33sHsOgSi
[M+NH,]" 582.3245, found 582.3252; [a]s —41.0 (¢ 0.5, CHCL3).

4,6-Di-0O-benzyl-2-O-tert-butyldimethylsilyl-3-deoxy-D-glucopyranose (145)

(0] OH
Bnow
BnO™ "'0TBS

145
To a solution of 144 (19.1 g, 33.8 mmol) in 1:1 toluene—H,O (382 mL) were added CAN
(40.8 g, 74.4 mmol) and CH3CN (191 mL) at rt. After being stirred for 30 min, the organic
layer was separated. The aqueous layer was extracted with EtOAc (100 mL). The extracts were
washed with 1:1 saturated aqueous NaHCOs—saturated aqueous Na,S,0; (400 mL), saturated
aqueous NaCl (200 mL), dried over Na,SO,, filtered, and evaporated under reduced pressure.
The residue was purified by column chromatography on silica gel (9:1 to 4:1 hexane—EtOAc)
to afford 145 (10.7 g, 69%) as a slightly yellow solid; Rf = 0.40 (4:1 hexane—EtOAc); IR (ATR,
cm ') 3372, 2953, 2928, 2857, 1471, 1454, 1366, 1290, 1250, 1220, 1164, 1098, 1075, 1033,
1019, 982, 871, 834, 774, 747, 699, 682, 665, 622; 'H NMR (400 MHz, CDCls 3:1 anomeric
mixture) 6 0.06-0.10 (6 H, m), 0.88 (9 H, s), 1.47-1.78 (1 H, m), 2.10-2.38 (1 H, m),
2.88-2.92 (1 H, m), 3.35-5.06 (10 H, m), 7.16-7.40 (10 H, m); *C NMR (100 MHz, CDCl;) &
—4.8, —4.7, —4.4, 18.0, 18.1, 25.76, 25.79, 32.9, 37.6, 68.3, 68.6, 69.2, 70.4, 70.8, 71.1, 71.3,
71.4,72.1,73.5, 73.6, 78.1, 92.2, 99.2, 127.60, 127.63, 127.68, 127.73, 127.9, 128.33, 128.36,
128.39, 138.0, 138.1, 138.22, 138.25; LRMS (APCI, m/z) 476 [M+NH,]"; HRMS (APCI, m/z)
caled for Cy6H3305Si [M+NH,]™ 476.2827, found 476.2822.

4,6-Di-O-benzyl-2-0O-tert-butyldimethylsilyl-3-deoxy-D-glucono-1,5-lactone (98)

0.__0
Bno/\q
BnO™" "oTBS

98

To a solution of 145 (20.5 g, 44.7 mmol) in CH,Cl, (410 mL) was added Dess—Martin
periodinane (22.8 g, 53.6 mmol) at rt and the mixture was stirred for 2 h. The reaction mixture
was washed with 3:1 saturated aqueous NaHCOs;—saturated aqueous Na,S;0s (400 mL),
saturated aqueous NaHCOj3 (400 mL), and then saturated aqueous NaCl (200 mL). The organic
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layer was dried over Na,SOy, filtered, and concentrated under reduced pressure. The residue
was purified by column chromatography on silica gel (hexane only to 6:1 hexane—EtOAc) to
afford 98 (18.3g, 90%) as a colorless syrup; Rf = 0.36 (6:1 hexane—EtOAc); IR (ATR, cm )
2929, 2856, 1756, 1455, 1362, 1252, 1070, 836, 779, 734, 696; 'H NMR (400 MHz, CDCl;) &
0.08, 0.14 (each 3 H, s), 0.89 (9 H, s), 2.00 (1 H, dt, J=13.1, 9.6 Hz), 2.40 (1 H, dt, J = 13.0,
5.6 Hz), 3.73 (2 H, d like), 4.01 (1 H, td, J = 8.7, 5.7 Hz), 4.21 (1 H, dd, J = 9.5, 5.4 Hz),
4.42-4.52 (3 H, m), 4.55-4.64 (2 H, m), 7.21-7.40 (10 H, m); *C NMR (100 MHz, CDCl5) &
—5.6, —4.7, 18.3, 25.7, 35.2, 67.0, 68.7, 70.1, 71.6, 73.6, 81.4, 127.83, 127.84, 128.0, 128.46,
128.49, 137.6, 137.7, 171.0; LRMS (APCI, m/z) 457 [M+H]"; HRMS (APCI, m/z) calcd for
C6H3605Si [M+H]" 457.2405, found 457.2409; [a]5 +62.5 (¢ 0.5, CHCI).

[(1R,3'R,5S,6"R)-5"-Benzyloxy-6"-(benzyloxymethyl)-3 -[fert-butyl(dimethyl)silyl]oxy-6-
methoxy-3-oxo-spiro[isobenzofuran-1,2"-tetrahydropyran]-4-yl] N,V-dimethylcarbamate
7

(0) NMez

BnO OMe

BnO™

97

In a flame-dried 50 mL three-necked round bottom flask equipped with a nitrogen balloon,
1-bromo-2,4,6-triisopropylbenzene (640 mg, 2.26 mmol, Wako) was placed and the flask was
evacuated and backfilled with nitrogen twice. 6.02 mL of THF was charged into the flask and
this was cooled to —78 °C, nBuLi (1.41 mL, 2.26 mmol, 1.60 M in hexane, Kanto) was added
dropwise over 1 min and the mixture was stirred at the same temperature for 30 min. To the
colorless solution was added dropwise over a period of 10 min a solution of aryl bromide 99
(500 mg, 1.51 mmol) and d-lactone 98 (684 mg, 1.51 mmol), which were beforehand
combined and dried azeotropically with toluene, in THF (2.51 mL) at —78 °C and then stirred
at the same temperature for 10 min. The reaction mixture was quenched with methanol (0.610
mL, 15.1 mmol) and to this was added saturated aqueous NaHCO; (30 mL), and then the
mixture was extracted with EtOAc (30 mL x 2). The extracts were washed with saturated

aqueous NaCl (30 mL), dried over Na,SQOy,, filtered, and concentrated in vacuo. The residue
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was purified by column chromatography on silica gel (9:1 to 3:1 hexane—EtOAc) to afford 97
(903 mg, 89%) as a colorless syrup; Rf = 0.49 (2:1 hexane—EtOAc); IR (ATR, cm ') 2929,
2857, 1771, 1734, 1611, 1454, 1387, 1361, 1321, 1250, 1200, 1145, 1091, 1027, 957, 936, 910,
863, 836, 777, 747, 697; "H NMR (400 MHz, CDCl;) & —0.43, —0.10 (each 3 H, s), 0.62 (9 H,
s),2.05(1 H, q,J=11.8 Hz), 2.30 (1 H, dt, J=11.8, 4.6 Hz), 3.02, 3.16 (each 3 H, s), 3.64 (1
H, dd, J = 11.0, 1.8 Hz), 3.78-3.89 (2 H, m), 3.86 (3 H, s), 3.95 (1 H, dd, J = 11.8, 4.6 Hz),
4.07 (1 H, ddd, J=17.7, 3.6, 2.1 Hz), 449 (1 H, d, J = 12.3 Hz), 4.53 (1 H, d, J = 11.8 Hz),
4.58-4.65 (2 H, m), 6.76 (1 H,d, J=2.1 Hz), 6.94 (1 H, d, J = 2.1 Hz), 7.24-7.35 (10 H, m);
3C NMR (100 MHz, CDCls) 8 —5.6, —4.4, 17.5, 25.3, 35.2, 36.8, 56.2, 68.4, 69.9, 70.8, 71.2,
73.4,76.2, 104.0, 105.0, 110.5, 112.5, 127.6, 127.7, 127.8, 128.3, 128.4, 138.2, 138.3, 150.0,
150.6, 153.4, 165.0, 165.8; LRMS (APCI, m/z) 678 [M+H]"; HRMS (APCI, m/z) calcd for
C3;HiNOsSi [M+H]™ 678.3093, found 678.3072; [a]h +27.3 (¢ 0.3, CHCl;). The C-B

configuration of 97 was confirmed by NOE measurement as shown below.

NOE
OMe
/" TH
BnO H
BnO -0
(0]
TBSO
NM62

Synthesis of 97 and methyl 2-[(25,3R,5S,6R)-5-benzyloxy-6-(benzyloxymethyl)-3-|zert-
butyl(dimethyl)silyl]oxy-2-hydroxy-tetrahydropyran-2-yl]-6-(dimethylcarbamoyloxy)-4-

methoxybenzoate (129) (acidic quenching conditions)

NMe, O NMe,

OMe OMe

In a flame-dried 50 mL three-necked round bottom flask equipped with a nitrogen balloon,
1-bromo-2,4,6-triisopropylbenzene (640 mg, 2.26 mmol, Wako) was placed and the flask was
evacuated and backfilled with nitrogen twice. 6.02 mL of THF was charged into the flask and
this was cooled to —78 °C nBuLi (1.41 mL, 2.26 mmol, 1.60 M in hexane, Kanto) was added
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dropwise over 1 min and the mixture was stirred at the same temperature for 30 min. To the
colorless solution was added dropwise over a period of 10 min a solution of aryl bromide 99
(500 mg, 1.51 mmol) and d-lactone 98 (684 mg, 1.51 mmol), which were beforehand
combined and dried azeotropically with toluene, in THF (2.51 mL) at =78 °C and then stirred
at the same temperature for 10 min. The reaction mixture was quenched with saturated aqueous
NH4CIl (30 mL) and extracted with EtOAc (30 mL x 2). The extracts were washed with
saturated aqueous NaCl (30 mL), dried over Na,SOs, filtered, and concentrated in vacuo. The
residue was purified by column chromatography on silica gel (9:1 to 3:1 to 2:1 hexane—EtOAc)
to afford 97 (860 mg, 84%) as a colorless syrup and 129 (53 mg, 5%) as a colorless syrup. 129:
Rf = 0.20 (2:1 hexane-EtOAc); IR (ATR, cm ') 3471, 2929, 2856, 1775, 1726, 1707, 1613,
1454, 1384, 1316, 1270, 1156, 1104, 1072, 1032, 866, 835, 776, 743, 696, 445; "H NMR (400
MHz, CDCl;) 6 —0.40, —0.17 (each 3 H, s), 0.00 (3 H, s), 0.79 (9 H, s), 1.77 (1 H, q, J=11.3
Hz),2.25 (1 H, dt, J=12.1, 4.8 Hz), 2.99, 3.02 (each 3 H, s), 3.50 (1 H, s), 3.57-3.68 (2 H, m),
3.66 (3 H,s),3.72 (1 H, dd, J=10.8, 3.1 Hz), 3.79 (3 H, s), 4.07 (1 H, ddd, J=10.3, 4.6, 2.6
Hz), 4.37 (1 H,dd, J=11.3, 5.1 Hz), 4.46-4.54 (2 H, m), 4.58 (1 H, d, J=11.3 Hz), 4.62 (1 H,
d, J=10.8 Hz), 6.77 (1 H, d, J= 2.6 Hz), 7.03 (1 H, d, J = 2.6 Hz), 7.22-7.35 (10 H, m); "°C
NMR (100 MHz, CDCls) 8 —5.6, 5.2, 17.8, 25.8, 35.4, 36.4, 36.7, 52.0, 55.6, 69.5, 71.0, 71.3,
71.5, 73.0, 73.4, 97.4, 108.3, 111.8, 118.3, 127.4, 127.66, 127.73, 128.3, 128.4, 138.4, 138.6,
142.0, 150.0, 153.8, 159.7, 168.1; LRMS (APCI, m/z) 727 [M+NH,]"; HRMS (APCI, m/z)
caled for C3gHs5NOoSi [M+NH4]" 727.3621, found 727.3599; [a]h +52.7 (¢ 0.33, CHCls).

The C-B configuration of 129 was confirmed by NOE measurement as shown below.

NOE

OMe
/" TH
BnO H
B”Ow
0
850 | oA

CO,Me NMe,
129

Synthesis of [(2R,3S,4aR,10bS)-3-benzyloxy-2-(benzyloxymethyl)-9,10b-dimethoxy-6-o0xo-
2,3,4,4a-tetrahydropyrano|[3,2-c]isochromen-7-yl] NV,/N-dimethylcarbamate (127)

and [(1R,3'R,5°S,6 R)-5"-benzyloxy-6 "-(benzyloxymethyl)-3 '-hydroxy-6-methoxy-3-oxo-
spiro[isobenzofuran-1,2"-tetrahydropyran|-4-yl] V,N-dimethylcarbamate (128)
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OMe

NMe2

OMe

127 128

To a solution of 97 (820 mg, 1.21 mmol) in MeOH (4.84 mL) was added methanesulfonic
acid (0.236 mL, 3.63 mmol) ar rt and the mixture was stirred at 50 °C for 64 h. After cooling,
the mixture was diluted with EtOAc (30 mL) and washed with saturated aqueous NaHCO; (30
mL) and saturated aqueous NaCl (30 mL). The aqueous layers were extracted with EtOAc (30
mL). The extracts were dried over Na,SQOy, filtered, and evaporated in vacuo. The residue was
purified by column chromatography on silica gel (2:1 to 1:1 hexane—EtOAc) to afford 127 (465
mg, 67%) as a colorless syrup and recovered 128 (137 mg, 20%, the desilylated product of 97)
as a colorless amorphous powder. 127: Rf = 0. 38 (1:1 hexane-EtOAc); IR (ATR, cm ') 2940,
1726, 1613, 1390, 1340, 1251, 1205, 1146, 1099, 1056, 739, 698; '"H NMR (400 MHz, CDCl;)
6226 (1 H,q,/J=12.8 Hz),2.45 (1 H, dt, J=11.2, 4.7 Hz), 3.00 (3 H, s), 3.06 (3 H, 5), 3.15 (3
H, s), 3.65 (1 H, ddd, J=10.8, 9.8, 4.6 Hz), 3.74-3.83 (2 H, m), 3.84-3.92 (1 H, m), 3.88 (3 H,
s),429 (1 H,dd,/J=12.3,4.6 Hz), 4.46 (1 H,d, J=11.3 Hz), 4.53-4.74 (3 H, m), 6.74 (1 H, d,
J=2.6Hz), 7.04 (1 H, d, J = 2.6 Hz), 7.20-7.41 (10 H, m); °C NMR (100 MHz, CDCls) &
29.0, 36.75, 36.81, 48.9, 55.8, 68.7, 71.2, 71.5, 73.3, 73.5, 75.8, 91.9, 108.3, 109.8, 110.4,
127.55, 127.62, 127.9, 128.4, 128.5, 137.7, 138.4, 141.0, 154.2, 154.6, 161.0, 163.4; LRMS
(APCI, m/z) 578 [M+H]+; HRMS (APCI, m/z) caled for C3;H35NOq [M+H]+ 578.2385, found
578.2372; [a]s +36.3 (c 0.5, CHCl3). 128: Rf = 0.16 (1:1 hexane-EtOAc); IR (ATR, cm )
2936, 1769, 1729, 1611, 1389, 1200, 1147, 1070, 1025, 954, 931, 734, 697; '"H NMR (400
MHz, CDCl3) 6 1.93 (1 H, q,J=11.8 Hz), 2.33 (1 H, d, /= 8.7 Hz), 2.54 (1 H, dt, J=11.8, 4.6
Hz), 3.00, 3.15 (each 3 H, s), 3.59 (1 H, dd, /= 11.3, 1.5 Hz), 3.76-3.85 (2 H, m), 3.86 (3 H, s),
3.86-3.94 (1 H, m), 4.01 (1 H, ddd, /=9.7, 3.1, 2.1 Hz), 4.45 (1 H, d, /= 12.8 Hz), 4.49 (1 H,
d,J=11.3Hz),4.56 (1 H,d,J=12.3 Hz),4.63 (1 H,d, J=11.3 Hz), 6.80 (1 H, d, /= 2.1 Hz),
6.91 (1 H, d, J = 1.5 Hz), 7.23-7.45 (10 H, m); °C NMR (100 MHz, CDCls) & 34.7, 36.77,
36.84, 56.2, 68.3, 68.9, 70.8, 71.1, 73.4, 76.3, 104.3, 105.2, 111.1, 111.7, 127.6, 127.7, 127.8,
128.35, 128.41, 138.0, 138.2, 149.7, 150.6, 153.5, 165.3, 166.3; LRMS (APCI, m/z) 564
[M+H]"; HRMS (APCI, m/z) calcd for C3;H33NOg [M+NH,]™ 581.2494, found 581.2483; [a]h
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+55.0 (¢ 0.5, CHCIl;). The C-B configuration of 127 was confirmed by NOE measurement as
shown below. The C-f configuration of 128 was confirmed by NOE measurement as shown

below.

N NOE

OE
M
5o OMe /‘\H OMe
n BnO H
BnO Q BnO Q
. OCONMe, o)
© | o) OH| O/[<
OMe © NMe
o)
128

127

[(2R,35,4aR,10bS)-3-Benzyl-oxy-2-(benzyloxymethyl)-9-methoxy-6-0x0-3,4,4a,10b-
tetrahydro-2H-pyrano|3,2-c]isochromen-7-yl] NV,N-dimethylcarbamate (96)

OMe

BnO

BnO™"
26

To a cooled solution of 127 (6.28 g, 10.9 mmol) and Et;SiH (17.4 mL, 109 mmol) in CH,Cl,
(126 mL) were added BF;-Et,O (13.8 mL, 109 mmol) and then trifluoroacetic acid (8.08 mL,
109 mmol) at —40 °C. The mixture was allowed to warm to —30 °C and stirred for 2 h. The
mixture was poured into saturated aqueous NaHCO; (300 mL) and stirred at rt for 10 min. The
organic layer was separated and washed with saturated aqueous NaHCO; (200 mL). The
aqueous layer was extracted with CHCl; (100 mL). The organic extracts were combined, dried
over MgSQO,, filtered, and concentrated under reduced pressure. To the residual syrup was
added Et,O (100 mL) and the resulting precipitate was triturated and filtered to afford 96 (5.30
g, 89%) as a colorless solid; Rf = 0.26 (3:2 hexane-EtOAc); IR (ATR, cm ') 2874, 1724, 1618,
1341, 1246, 1156, 1098, 1052, 1027, 746, 700, 708; "H NMR (400 MHz, CDCl;) & 1.82 (1 H, q,
J=10.8 Hz), 2.71 (1 H, dt, J=11.8, 4.6 Hz), 3.00, 3.14 (each 3 H, s), 3.58-3.71 (2 H, m), 3.78
(1 H,dd,J=10.3, 5.1 Hz), 3.85-3.95 (1H, m), 3.87 (3 H, s), 4.08 (1 H, ddd, J=11.3, 10.3, 4.1
Hz),4.38 (1 H,d, J=10.8 Hz), 4.47 (1 H, d, /= 11.3 Hz), 4.57-4.69 (3 H, m), 6.67 (1 H, d, J
=2.6 Hz), 7.00 (1 H, dd, J = 2.6, 1.0 Hz), 7.21-7.42 (10 H, m); *C NMR (100 MHz, CDCl;) &
34.8, 36.77, 36.80, 55.8, 69.0, 71.5, 71.6, 73.5, 73.9, 74.6, 80.7, 106.5, 108.8, 109.5, 127.70,
127.73, 127.88, 127.94, 128.4, 128.5, 137.6, 138.2, 143.2, 154.3, 154.6, 161.0, 164.5; LRMS
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(APCI, m/z) 548 [M+H]"; mp 130-131.5 °C (not recrystallized); Anal. Calcd for C3;H33NOs: C,
67.99; H, 6.07; N, 2.56; Found: C, 67.80; H, 6.09; N, 2.50; [a] +5.0 (¢ 0.5, CHCI3). The C-B
configuration of 96 was confirmed by NOE measurement as shown below.

NOE
OMe

BnO
BnO O
g OCONMe,
0=
H =

96

[(2R,3S5,4aR,10bS)-3-Benzyloxy-2-(hydroxymethyl)-9-methoxy-6-0x0-3,4,4a,10b-
tetrahydro-2H-pyrano|3,2-c]isochromen-7-yl] N,N-dimethylcarbamate (146)

OMe

146

To a suspension of 96 (2.50 g, 4.57 mmol) in Ac,O (17.2 mL) was added BF;-Et,O (0.058
mL, 0.458 mmol) at rt. After being stirred at the same temperature for 30 min, the mixture was
concentrated under reduced pressure and the remaining Ac,O was evaporated azeotropically
with toluene. The residual syrup was dissolved in MeOH (25.0 mL) and was added 28 wt%
NaOMe (0.183 mL, 0.915 mmol) at rt. After being stirred at the same temperature for 1 h, the
reaction was quenched with AcOH (0.052 mL, 0.908 mmol) and then the volatile was
evaporated in vacuo. To the residue was added H,O (100 mL) and this was extracted with
EtOAc (100 mL x 2). The extracts were washed with saturated aqueous NaCl (100 mL), dried
over Na,SQ,, filtered, and concentrated under reduced pressure. The residue was purified by
column chromatography on silica gel (1:1 to 1:2 hexane—EtOAc) to afford 146 (1.86 g, 89%, 2
steps) as a colorless amorphous solid; Rf = 0.29 (1:2 hexane—EtOAc); IR (ATR, cm™") 2883,
1712, 1612, 1391, 1335, 1238, 1154, 1069, 1030, 740, 697; '"H NMR (400 MHz, CDCl3) &
1.77-1.90 (1 H, m), 1.95 (1 H, dd, J=7.7, 5.1 Hz), 2.73 (1 H, dt, /= 11.8, 3.9 Hz), 3.01 (3 H,
s), 3.14 (3 H, s), 3.55-3.65 (2 H, m), 3.78-3.90 (1 H, m), 3.86 (3H, s), 3.96-4.10 (2 H, m),
441(1H,d,/J=10.8Hz),4.52(1 H,d,J=11.3 Hz),4.68 (1 H,d,J=11.3 Hz), 6.67 (1 H, d, J
=2.6 Hz), 6.91 (1 H, dd, J = 2.6, 1.0 Hz), 7.27-7.40 (5 H, m); °*C NMR (100 MHz, CDCl5) &
34.5, 36.76, 36.80, 55.9, 62.4, 71.4, 71.7, 73.8, 74.6, 80.8, 106.4, 108.8, 109.4, 128.0, 128.1,
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128.6, 137.5, 142.9, 154.3, 154.8, 160.9, 164.5; LRMS (APCI, m/z) 458 [M+H]"; Anal. Calcd
for C24H27NOg: C, 63.01; H, 5.95; N, 3.06; Found: C, 63.03; H, 5.88; N, 2.98; [a]5 +5.8 (¢ 0.5,
CHCl5).

[(25,3S5,4aR,10bS)-3-Benzyloxy-2-formyl-9-methoxy-6-0x0-3,4,4a,10b-tetrahydro-2H-
pyrano|3,2-c]isochromen-7-yl] N,N-dimethylcarbamate (147)

OMe

OHC

BnO™
147

To a solution of 146 (1.03 g, 2.25 mmol) in CH,Cl, (30 mL) was added Dess—Martin
periodinane (1.15 g, 2.70 mmol) at rt and the mixture was stirred for 1 h. The mixture was
diluted with EtOAc (100 mL), washed with 1:1 saturated aqueous NaHCOs—saturated aqueous
NayS,0; (100 mL), saturated aqueous NaHCOs3 (50 mL X 2), dried over Na,SOy, filtered, and
concentrated in vacuo. The residue was purified by column chromatography on silica gel (1:2
hexane-EtOAc to EtOAc only). The obtained amorphous powder was dissolved in toluene (30
mL) and this was treated with molecular sieves 4 A (1 g). The mixture was heated at reflux for
30 min. After cooling, the mixture was filtered through a pad of Celite and washed with
toluene. The filtrate and washings were evaporated under reduced pressure to afford 147 (846
mg, 83%) as a colorless amorphous powder; Rf = 0.29 (1:3 hexane-EtOAc); IR (ATR, cm ")
2937, 1723, 1611, 1240, 1148, 1095, 1057, 1028, 740, 699; "H NMR (400 MHz, CDCl5) & 1.93
(1H,q,J=11.5Hz),2.78 (1 H, dt, J=11.8, 4.6 Hz), 3.00, 3.13 (each 3 H, s), 3.72 (1 H, td, J
=10.5,4.6 Hz), 3.87 (3 H, s), 4.03-4.12 (2 H, m), 4.44 (1 H, d, /= 10.8 Hz),4.56 (1 H, d, J =
12.3 Hz), 4.68 (1 H, d, J = 13.9 Hz), 6.69 (1 H, d, J = 2.6 Hz), 6.98 (1 H, d, J = 2.1 Hz),
7.27-7.43 (5 H, m), 9.79 (1 H, s); *C NMR (100 MHz, CDCl;) & 34.8, 36.75, 36.80, 55.9,
71.57, 71.59, 73.6, 73.7, 82.6, 106.2, 108.7, 110.0, 128.1, 128.3, 128.7, 136.9, 142.1, 154.3,
154.8, 160.6, 164.7, 196.5; LRMS (APCI, m/z) 456 [M+H]"; HRMS (APCI, m/z) calcd for
Ca4H,505 [M+H]" 456.1653, found 456.1657; [a]s —10.1 (¢ 0.5, CHCL;).

Synthesis of [(2R,3S,4aR,10bS)-3-benzyloxy-2-[(1R)-1-hydroxyallyl]-9-methoxy-6-0x0-
3,4,4a,10b-tetrahydro-2H-pyrano[3,2-c]isochromen-7-yl] N,N-dimethylcarbamate (148)
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and [(2R,3S,4aR,10bS)-3-benzyloxy-2-[(15)-1-hydroxyallyl]-9-methoxy-6-0x0-3,4,4a,10b-
tetrahydro-2H-pyrano|3,2-c]isochromen-7-yl] NV,/NV-dimethylcarbamate (149)

OMe OMe

To a solution of 147 (210 mg, 0.461 mmol), vinyl iodide (167 mg, 0.922 mmol, purity 85%)
and NiCl, (2.39 mg, 0.0184 mmol) in DMF (4.20 mL) was added CrCl, (227 mg, 1.84 mmol)
at rt and the mixture was stirred at the same temperature for 2 h. The mixture was diluted with
EtOAc (30 mL) and washed with saturated aqueous NH4Cl (30 mL x 2) and saturated aqueous
NaCl (30 mL). The aqueous layers were extracted with EtOAc (30 mL). The organic layers
were combined, dried over Na,SQO,, filtered, and concentrated under reduced pressure. The
residue was purified by column chromatography on silica gel (2:3 hexane—EtOAc) to afford
148 (97.0 mg, 44%) as a colorless amorphous powder and 149 (101 mg, 45%) as a colorless
amorphous powder. 148: Rf = 0.47 (1:2 hexane-EtOAc); IR (ATR, cmﬁl) 3444, 2936, 1723,
1612, 1393, 1335, 1241, 1151, 1094, 1060, 993, 872, 744, 699; "H NMR (400 MHz, CDCl5) &
1.86 (1 H, q, J=11.3 Hz), 2.76 (1 H, dt, J=11.8, 4.6 Hz), 2.88 (1 H, s), 3.00, 3.14 (each 3 H,
s),3.55 (1 H, td, /=9.8, 4.1 Hz), 3.65 (1 H, dd, /=9.8, 4.6 Hz), 3.86 (3 H, s), 4.04 (1 H, ddd,
J=11.7,10.4, 4.6 Hz), 4.39 (1 H, d, /= 10.3 Hz), 4.42-4.50 (2 H, m), 4.68 (1 H, d, J=11.3
Hz), 523 (1 H,d,J=10.8 Hz), 532 (1 H,d, J=17.4 Hz), 5.98 (1 H, ddd, /= 17.2, 10.5, 7.2
Hz), 6.67 (1 H, d, J = 2.6 Hz), 6.89 (1 H, d, J = 1.5 Hz), 7.27-7.43 (5 H, m); >C NMR (100
MHz, CDCls) ¢ 34.2, 36.76, 36.80, 55.8, 70.9, 73.67, 73.73, 73.8, 74.4, 82.2, 106.5, 108.8,
109.3, 117.5, 128.1, 128.2, 128.7, 136.1, 137.0, 142.8, 154.3, 154.8, 160.8, 164.5; LRMS
(APCI, m/z) 484 [M+H]+; HRMS (APCI, m/z) caled for C6H29NOg [M+H]+ 484.1966, found
484.1960; [a]; +18.6 (¢ 0.5, CHCIl;). 149: Rf = 0.57 (1:2 hexane-EtOAc); IR (ATR, cm )
3451, 2937, 1725, 1613, 1394, 1335, 1241, 1152, 1093, 1066, 992, 743, 699; 'H NMR (400
MHz, CDCl3) 6 1.86 (1 H, q,J=11.3 Hz), 2.15(1 H,d,/J=9.8 Hz), 2.74 (1 H, dt, /=118, 4.6
Hz), 3.00, 3.14 (each 3 H, s), 3.57 (1 H, dd, /= 9.5, 1.8 Hz), 3.80 (1 H, ddd, /= 11.1, 9.5, 4.6
Hz), 3.85 (3 H, s), 4.05 (1 H, ddd, J=11.3, 10.3, 4.1 Hz), 4.39 (1 H, d, /= 10.3 Hz), 4.49-4.61
(1 H,m),4.56 (1 H,d,J=12.8 Hz), 4.68 (1 H, d,J=12.8 Hz), 5.29 (1 H, dt, /= 10.8, 1.5 Hz),
5.43 (1 H, dt, J=17.0, 1.5 Hz), 6.09 (1 H, ddd, J = 17.3, 10.7, 4.9 Hz), 6.67 (1 H, d, J = 2.6
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Hz), 6.86 (1 H, dd, J = 2.6, 1.0 Hz), 7.28-7.43 (5 H, m); °C NMR (100 MHz, CDCl3) § 34.5,
36.76, 36.80, 55.7, 70.6, 71.6, 71.7, 73.9, 74.5, 81.8, 106.5, 108.8, 109.3, 115.7, 128.1, 128.2,
128.6, 137.4, 138.0, 142.8, 154.3, 154.8, 160.8, 164.5; LRMS (APCL, m/z) 484 [M+H];
HRMS (APCL m/z) caled for CagHyoNOg [M+H]™ 484.1966, found 484.1960; [o]% —16.9 (c
0.5, CHCL).

Determination of C11 configuration of 148
The stereochemistry of the new chiral center of 148 was confirmed by the two-step
conversion into acetal 154. The coupling constant (Ji111a = 9.3 Hz) and NOE measurement

supported the C11R configuration.

NOE
VRN
H™H
H |11 OMe
Ph)VO' Et
o 11 Q
OCONMe,
e}
o}
154
OMe OMe
H,(1atm) PhCH(OMe),
Pd(OH),/C 0 TsOH-H,0
MeOH CH3CN

148 ————— > HO NMe, ——————>

HO™

Under hydrogen atomosphere (1 atm), a mixture of 148 (40.0 mg, 0.0827 mmol), Pd(OH),/C
(11.6 mg, 0.00827 mmol, 10 wt%, wet-type, Aldrich) in MeOH (4.00 mL) was shaken at rt for
1 h. After removal of the catalyst by filtration, the filtrate was evaporated in vacuo. The residue
was purified by column chromatography on silica gel (EtOAc to 20:1 EtOAc-MeOH) to afford
[(2R,3S5,4aR,10bS)-3-hydroxy-2-[(1R)-1-hydroxypropyl]-9-methoxy-6-0x0-3,4,4a,10b-
tetrahydro-2H-pyrano[3,2-c]isochromen-7-yl] N,N-dimethylcarbamate (153) (24.3 mg, 74%) as
a colorless solid; Rf= 0.41 (EtOAc only); IR (ATR, cm ') 3347, 2939, 1706, 1613, 1439, 1395,
1364, 1339, 1251, 1162, 1152, 1118, 1043, 1023, 971, 870, 744, 702, 666, 629, 597, 559; 'H
NMR (400 MHz, CDs;OD) 6 1.06 3 H, t, J = 7.4 Hz), 1.56-1.76 (2 H, m), 1.83 (1 H, q, J =
11.6 Hz), 2.52 (1 H, dt, J=11.8, 4.6 Hz), 2.97, 3.12 (each 3 H, s), 3.47 (1 H, dd, J=9.5, 3.8
Hz), 3.69 (1 H, ddd, J = 10.8, 9.7, 4.6 Hz), 3.83-3.94 (1 H, m), 3.90 (3H, s), 4.05-4.16 (1 H,
m), 444 (1 H, d, J=10.2 Hz), 6.73 (1 H, d, J = 2.1 Hz), 7.15 (1 H, dd, J = 2.6, 1.0 Hz); °C
NMR (100 MHz, CDs;OD) & 10.7, 25.3, 36.9, 37.0, 39.0, 56.7, 67.7, 74.4, 74.9, 76.4, 85.9,
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107.6, 109.7, 110.6, 145.6, 155.7, 156.3, 163.2, 166.5; LRMS (APCI, m/z) 396 [M+H]’;
HRMS (APCI, m/z) calcd for Ci9H,sNOg [M+H]Jr 396.1653, found 396.1637; [a]; —14.5 (c
0.3, CHCIs). To a solution of 153 (21.9 mg, 0.0554 mmol) in CH3CN (3.00 mL) were added
benzaldehyde dimethylacetal (0.042 mL, 0.280 mmol) and TsOH-H,O (1.1 mg, 0.0055 mmol)
at rt. The mixture was refluxed for 30 min. After cooling, the mixture was basified with Et;N
and then evaporated in vacuo. The residue was purified by column chromatography on silica
gel (2:1 to 1:1 hexane—EtOAc) to afford (6aR,7aS,9R,11R,11aR,12aS8)-11-ethyl-
6a,7,7a,11,11a,12a-hexahydro-2-methoxy-4-(N,N-dimethylcarbamoyl)oxy-9-phenyl-5H-
[1,3]dioxino[4",5":5,6]pyrano[3,2-c][2]benzopyran-5-one (154) (20.4 mg, 90%) as a colorless
syrup; Rf = 0.41 (1:1 hexane-EtOAc); IR (ATR, cmﬁl) 2936, 2863, 1733, 1614, 1457, 1390,
1361, 1332, 1239, 1166, 1149, 1098, 1060, 1030, 997, 959, 881, 868, 752, 742, 696, 660; 'H
NMR (400 MHz, CDCl3) 6 1.12 (3 H, t, J = 7.5 Hz), 1.73 (1 H, dquin, J = 14.7, 7.4 Hz),
1.98-2.13 (1 H, m), 2.06 (1 H, q, /= 11.3 Hz), 2.66 (1 H, dt, J=11.6, 4.2 Hz), 3.01, 3.15 (3 H,
each s), 3.33 (1 H, t,J=9.3 Hz), 3.68 (1 H, ddd, J=11.3, 8.7, 4.1 Hz), 3.73 (1 H, td, J = 8.7,
3.6 Hz),3.88 (3 H,s),4.22 (1 H,td, J=11.1,4.6 Hz),4.47 (1 H, d, J=10.3 Hz), 5.64 (1 H, s),
6.70 (1 H, d, J=2.6 Hz), 6.90 (1 H, dd, J = 2.6, 1.0 Hz), 7.30-7.44 (3 H, m), 7.49-7.57 (2 H,
m); *C NMR (100 MHz, CDCls) & 9.5, 25.0, 34.4, 36.77, 36.81, 55.8, 74.6, 75.0, 75.3, 78.1,
80.4, 101.5, 106.5, 108.8, 109.2, 126.2, 128.3, 129.0, 137.4, 142.8, 154.3, 154.8, 160.7, 164.5;
LRMS (APCI, m/z) 484 [M+H]"; HRMS (APCI, m/z) calcd for CosH0NOg [M+H]"™ 484.1966,
found 484.1952; [a]; +12.8 (¢ 0.16, CHCl3).

Inversion of the hydroxy group of 149

OMe OMe

DMP, CH,Cl,

150

OMe

Zn(BHy4),, CHLCly

B

+ 149

148

To a solution of 149 (120 mg, 0.248 mmol) in CH,Cl, (2.40 mL) was added Dess—Martin

periodinane (126 mg, 0.298 mmol) at rt and the mixture was stirred at the same temperature for
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2 h. The mixture was diluted with EtOAc (20 mL), washed with 1:1 saturated aqueous
NaHCOs—saturated aqueous Na;S,03 (20 mL), saturated aqueous NaHCO3 (20 mL x 2), dried
over Na,SQ,, filtered, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (1:1 to 2:3 hexane—EtOAc) to afford [(2S5,35,4aR,10bS)-
3-benzyloxy-9-methoxy-6-oxo0-2-prop-2-enoyl-3,4,4a,10b-tetrahydro-2H-
pyrano[3,2-c]isochromen-7-yl] N,N-dimethylcarbamate (150) (113 mg, 95%) as a colorless
amorphous powder; Rf = 0.50 (2:3 hexane-EtOAc); IR (ATR, cm ') 2938, 1725, 1612, 1393,
1337, 1241, 1148, 1095, 1055, 1026, 870, 740, 699; "H NMR (400 MHz, CDCl3) § 1.92 (1 H, q,
J=11.8 Hz),2.72 (1 H, dt, J=11.8, 4.6 Hz), 3.01, 3.13 (each 3 H, s), 3.73-3.93 (1 H, m), 3.85
(3H,s),4.12 (1 H,ddd, J=11.8,10.8, 4.1 Hz), 4.29 (1 H,d, J=9.8 Hz),4.45 (1 H, d, J=10.3
Hz), 4.51 (1 H, d, J=11.8 Hz), 4.58 (1 H, d, J = 11.8 Hz), 591 (1 H, dd, J = 10.3, 1.5 Hz),
6.47 (1 H, dd, J=17.0, 1.5 Hz), 6.67 (1 H, dd, J = 17.5, 11.3 Hz), 6.68 (1 H, d, J = 2.6 Hz),
6.88 (1 H, dd, J=2.6, 1.0 Hz), 7.23-7.38 (5 H, m); *C NMR (100 MHz, CDCl;)  35.0, 36.76,
36.81,55.9,71.9,72.8, 74.0, 82.0, 106.4, 108.7, 109.7, 128.1, 128.5, 130.4, 133.6, 137.2, 142.2,
154.3, 154.8, 160.7, 164.6, 194.7; LRMS (APCI, m/z) 482 [M+H]"; HRMS (APCI, m/z) calcd
for CpsHy7NOg [M+H]"™ 482.1809, found 482.1810; [a]; —14.9 (c 0.5, CHCI3). To a cooled
solution of 150 (40.0 mg, 0.0831 mmol) in CH,Cl, (8.31 mL) was added Zn(BH4); (0.166 mL,
0.0831 mmol, 0.50 M THF solution) at 0 °C. After being stirred at the same temperature for 30
min, to the reaction mixture was added Zn(BHs), (0.033 mL, 0.01661 mmol, 0.50 M THF
solution) and this was stirred at the same temperature for another 30 min. The reaction mixture
was quenched with H,O (10 mL) and to this was added 1.0 M aqueous HCI (10 mL). The
organic layer was separated and the aqueous layer was extracted with CH,Cl, (20 mL). The
extracts were washed with saturated aqueous NaCl (20 mL), dried over Na,SQy, filtered, and
concentrated in vacuo. The residue was purified by column chromatography on silica gel (9:1

to 2:3 hexane-EtOAc) to afford 148 (22.1 mg, 55%) and 149 (4.6 mg, 11%) as colorless
syrups.

Synthesis of 3,5-dichloro-N-{2-[(4R)-4-isopropyl-4,5-dihydrooxazol-2-yl]-6-

methoxyphenyl}benzenesulfonamide (155) (known)****
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155 (chiral HPLC)

To a suspension of 3-methoxy-2-nitrobenzoic acid (S1) (3.94 g, 20.0 mmol) in CH,Cl, (40
mL) were added oxalyl chloride (2.62 mL, 30.0 mmol) and DMF (0.150 mL, 2.00 mmol) at rt.
After being stirred at rt for 1 h, the resultant solution was concentrated in vacuo to afford crude
colorless solid. To a solution of D-valinol (2.06 g, 20.0 mmol) in CH,Cl, (40 mL) were added
all amount of acid chloride in CH,Cl, (10 mL) and Et;N (6.97 mL, 50.0 mmol) at 0 °C. After
being stirred at the same temperature for 0.5 h, saturated aqueous NH4CI (50 mL) was added to
the mixture. The organic layer was separated and the aqueous layer was extracted with CHCl;
(50 mL). The extracts were washed with saturated aqueous NaCl (50 mL), dried over Na,;SOy,
filtered, and concentrated in vacuo. The residue was purified by column chromatography on
silica gel (20:1 to 9:1 CHCl;-MeOH) to afford N-[(1R)-1-hydroxymethyl-2-methyl-propyl]-3-
methoxy-2-nitrobenzamide (S2) (5.48 g, 97%) as a colorless syrup; Rf = 0.31 (9:1
CHCl;-MeOH); "H NMR (400 MHz, CDCl3) & 0.94-1.02 (6 H, m), 1.95 (1 H, dq, J=13.8, 7.0,
Hz),2.29 (1 H, t,J=5.6 Hz), 3.64-3.79 (2 H, m), 3.81-3.89 (1 H, m), 3.92 (3 H, s), 6.24 (1 H,
d,J=8.7Hz),7.14 (1 H,d, J=8.2 Hz), 7.18 (1 H, d, J= 7.7 Hz), 7.47 (1 H, t, J = 7.9 Hz);
LRMS (ESI, m/z) 283 [M+H]". To a solution of S2 (5.45 g, 19.3 mmol) in CH,Cl, (38.6 mL)
was added SOCI, (5.63 mL, 77.2 mmol) at 0 °C. After 10 min, the mixture was allowed to
warm to rt and stirred for 13 h. The mixture was concentrated in vacuo to afford colorless
crude solid, which was suspended in MeOH (19.3 mL)-THF (19.3 mL) and was added a
solution of KOH (2.17 g, 38.6 mmol) in H,O (19.3 mL) at rt. The mixture was stirred
vigorously at rt for 1 h. The volatile was evaporated under reduced pressure. To the residue was
added H,O (50 mL) and extracted with CHCI; (50 mL X 2). The extracts were washed with

saturated aqueous NaCl (50 mL), dried over Na,SOy, filtered, and concentrated in vacuo. The
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obtained solid was triturated with iPr,O (30 mL) and filtered to afford (4R)-4-isopropyl-2-(3-
methoxy-2-nitrophenyl)-4,5-dihydrooxazole (S3) (4.09 g, 80%) as a colorless solid; Rf'= 0.27
(2:1 hexane—EtOAc); 'H NMR (400 MHz, CDCl3) 6 0.91 3H,d,J=6.7 Hz),0.98 B H, d, J=
6.7 Hz), 1.83 (1 H, dq, J=13.1, 6.6 Hz), 3.91 (3 H, s), 4.03—4.15 (2 H, m), 4.30-4.43 (1 H, m),
7.15(1 H,d,J=8.2Hz),7.45 (1 H, t,J=8.2 Hz), 7.53 (1 H, dd, J = 8.2, 1.0 Hz); LRMS (ESI,
m/z) 265 [M+H]". To a solution S3 (3.50 mg, 13.2 mmol) were added Zinc powder (8.67 g, 132
mmol) and a solution of NH4Cl (7.08 g, 132 mmol) in H,O (26.5 mL) at rt. The mixture was
stirred at rt for 1 h. The mixture was treated with 2 M aqueous NaOH (350 mL), filtered
through a pad of Celite and washed with EtOAc (350 mL). The organic layer was separated,
washed with saturated aqueous NaCl (350 mL), dried over Na,SOy, filtered, and evaporated
under reduced pressure. The residue was purified by column chromatography on silica gel
(20:1 to 9:1 hexane—EtOAc) to afford 2-[(4R)-4-isopropyl-4,5-dihydrooxazol-2-yl]-6-
methoxyaniline (S4) (2.00 g, 64%) as a colorless solid; Rf = 0.31 (1:2 hexane—EtOAc); 'H
NMR (400 MHz, CDCls) 8 0.97-1.08 (6 H, m), 2.00 (1 H, dq, /= 13.8, 7.2 Hz), 2.61 (1 H, t, J
= 5.4 Hz), 3.66-3.84 (2 H, m), 3.87 (3 H, s), 3.88-3.97 (1 H, m), 5.75 (2 H, br. 5.), 6.22 (1 H, d,
J=17.2Hz), 6.61 (1 H,t,J=10.2 Hz), 6.83 (1 H, d, J = 7.7 Hz), 6.94-7.04 (1 H, m); LRMS
(ESI, m/z) 253 [M+H]". To a solution of S4 (500 mg, 2.13 mmol) in pyridine (4.30 mL) were
added 3,5-dichlorobenzenesulfonyl chloride (1.05 g, 4.27 mmol) and DMAP (26.0 mg, 0.213
mmol) at rt. After being stirred at rt for 2 h, the mixture was diluted with EtOAc (40 mL) and
washed with 1 M aqueous HCI (40 mL x 2) and saturated aqueous NaCl (40 mL x 1), dried
over Na,SOy, filtered, and evaporated in vacuo. To the residue was added EtOAc (20 mL), and
insoluble material was filtered off. The filtrate was concentrated in vacuo, and the residue was
purified by column chromatography on silica gel (9:1 to 4:1 hexane-EtOAc) to afford 155 (774
mg, 82%) as a slightly yellow solid; Rf = 0.25 (4:1 hexane-EtOAc); 'H NMR (400 MHz,
CDCl3) 6099 (3H,d,J=6.7Hz), 1.10 3H,d,J=6.7 Hz), 1.76-1.94 (1 H, m), 3.47 3 H, s),
4.05-4.22 (2H, m),4.42 (1 H,dd, /J=9.0, 7.9 Hz), 6.97 (1 H, dd, J= 8.2, 1.0 Hz), 7.12 (1 H, t,
J=82Hz),744 (1 H,dd,J=8.2,1.0Hz),7.52 (1 H,t,J=1.8 Hz), 7.88 (2 H, d, J= 2.1 Hz),
12.45 (1 H, br. s.); LRMS (ESI, m/z) 443/445 [M+H]".
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Synthesis of 148 (catalytic asymmetric approach)

CrCl,, ligand 155
Proton sponge
CH3CN, rt, 1 h

|

Vinyl iodide, LiCl, Mn
NiCl,'DMP, Zr(Cp),Cl,

OMe OMe OMe

CH3CN, 1t, 4 h 148 (10%) 149 (17%)
{Y@we
HN
ligand = \ ~s%
Cl i Cl
155
>99.8%ee

To a solution of 155 (29.3 mg, 0.0662 mmol) in CH3CN (1.50 mL) were added proton
sponge (14.2 mg, 0.0662 mmol) and CrCl, (7.40 mg, 0.0602 mmol) at rt, and the mixture was
stirred at the same temperature for 1 h. To the mixture were added LiCl (51.0 mg, 1.20 mmol),
Mn powder (66.1 mg, 1.20 mmol), NiCl,-DMP (4.10 mg, 0.0120 mmol), Zr(Cp),Cl, (176 mg,
0.602 mmol), and a solution of 147 (274 mg, 0.602 mmol) and vinyl iodide (206 mg, 1.20
mmol, purity 90%) in CH3CN (1.50 mL) at rt. After being stirred at the same temperature for 4
h, to the mixture was added Florisil and stirred for 10 min. The mixture was filtered and
washed with EtOAc (30 mL). The filtrate was washed with saturated aqueous NH4Cl (30 mL),
and saturated aqueous NaCl (30 mL), dried over Na,SOy, filtered, and concentrated in vacuo.
The residue was purified by column chromatography on silica gel (2:1 to 1:1 to 1:2
hexane-EtOAc) to give 148 (30.2 mg, 10%) as a colorless foam and 149 (49.3 mg, 17%) as a

colorless foam.

[(2S5,35,4aR,10bS)-3-Benzyloxy-9-methoxy-2-[(1R)-1-(methoxymethoxy)allyl]-6-oxo-
3,4,4a,10b-tetrahydro-2H-pyrano|3,2-c]isochromen-7-yl] N,N-dimethylcarbamate (151)

OMe
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To a solution of 148 (490 mg, 1.01 mmol) in CH3CN (10.0 mL) were added
tetrabutylammonium iodide (187 mg, 0.507 mmol), chloromethyl methyl ether (0.384 mL, 5.06
mmol) and iPr,NEt (0.883 mL, 5.07 mmol) at rt and the mixture was stirred at 60 °C for 1 h.
To the mixture was added H,O (30 mL) and extracted with EtOAc (30 mL x 2). The organic
layers were washed with saturated aqueous NaCl (30 mL), dried over Na,SO,, filtered, and
concentrated under reduced pressure. The residue was purified by column chromatography on
silica gel (1:1 to 2:3 hexane—EtOAc) to afford 151 (535 mg, quant) as a colorless syrup; Rf =
0.31 (2:3 hexane-EtOAc); IR (ATR, cm ') 2938, 2888, 1726, 1613, 1336, 1240, 1147, 1092,
1024, 744, 699; '"H NMR (400 MHz, CDCl;) & 1.83 (1 H, q, J = 11.7 Hz), 2.70 (1 H, dt, J =
11.4,4.6 Hz), 3.00 (3 H, s), 3.14 (3 H, s), 3.39 (3 H, s), 3.46 (1 H, td, /= 10.3, 4.6 Hz), 3.80 (1
H, dd, J=9.5, 1.3 Hz), 3.86 (3 H, s), 4.00 (1 H, ddd, /= 11.8, 10.8, 4.6 Hz), 4.38 (1 H, d, J =
10.3 Hz), 4.48 (1 H, d, J=11.3Hz), 4.50 (1 H, /= 6.68Hz), 4.62 (1 H, /= 11.3 Hz), 4.65 (1 H,
d, 6.7Hz),4.77 (1 H,d, J=6.7 Hz), 5.17 (1 H, dd, J=17.0, 1.5 Hz), 5.26 (1 H, dd, J = 10.3,
1.5 Hz), 5.88 (1 H, ddd, /J=17.2, 10.0, 8.7 Hz), 6.66 (1 H, d, /= 2.1 Hz), 7.01 (1 H, d, J=2.1
Hz), 7.28-7.41 (5 H, m); >°C NMR (100 MHz, CDCl;) & 34.5, 36.8, 55.4, 55.8, 71.1, 71.9, 73.6,
74.5, 76.7, 82.8, 93.9, 106.7, 108.9, 109.3, 120.2, 128.0, 128.5, 133.6, 137.6, 143.3, 154.3,
154.6, 161.0, 164.5; LRMS (APCI, m/z) 528 [M+H]; HRMS (APCI, m/z) caled for
CysH33NOy [M+H]" 528.2228, found 528.2224; [a]5; —37.6 (¢ 0.5, CHCl3).

2-[(25,3R,55,65)-5-Benzyloxy-3-hydroxy-6-[(1R)-1-(methoxymethoxy)allyl]-
tetrahydropyran-2-yl]-6-hydroxy-4-methoxybenzoic acid (152)

OMe

152

To a solution of 151 (608 mg, 1.15 mmol) in EtOH (12.0 mL) was added 2 M aqueous
NaOH (2.88 mL, 5.76 mmol) at rt and the mixture was refluxed for 30 min. After cooling, to
the mixture was added H,O (20 mL) and this was extracted with Et,O (20 mL). The separated
aqueous layer was acidified with 1 M aqueous HCI (7.0 mL) and then this was extracted with
CHCIl; (30 mL % 3). The combined extracts were dried over Na,SOy, filtered, and evaporated

under reduced pressure. The residue was purified by column chromatography on silica gel
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(20:1 to 2:1 CHCl:—-MeOR) to afford 152 (525 mg, 96%) as a colorless amorphous powder; Rf
=0.26 (4:1 CHCl;-MeOH); IR (ATR, cm ') 2887, 1615, 1583, 1430, 1363, 1251, 1202, 1159,
1093, 1029, 929, 837, 736, 698, 628; '"H NMR (400 MHz, CD;0D) & 1.59 (1 H, q, J = 11.3
Hz), 2.67 (1 H, dt, J=11.8, 4.4 Hz), 3.32 (3 H, s), 3.33-3.40 (1 H, m), 3.49 (1 H, td, J = 10.2,
4.4 Hz),3.61 (1H,dd,/=9.8,1.5Hz),3.77(3H,s),441 (1 H,d,J=8.2Hz),446 (1 H,d, J
=11.8 Hz), 4.56 (1 H, d, J= 6.7 Hz), 4.61-4.68 (2 H, m), 5.11 (1 H, dd, J=17.5, 1.0 Hz), 5.27
(1 H,dd,J=10.3, 1.5 Hz), 5.31 (1 H,d, J=9.3 Hz), 591 (1 H, ddd, J = 17.5, 10.3, 8.7 Hz),
6.36 (1 H, d, J=2.6 Hz), 6.64 (1 H, d, J = 3.1 Hz), 7.24-7.42 (5 H, m); *C NMR (100 MHz,
CDs;OD) 6 40.6, 55.7,71.7,73.2, 74.1, 78.5, 80.7, 84.0, 94.8, 101.1, 106.6, 110.6, 120.4, 128.9,
129.3, 129.5, 135.2, 139.7, 145.8, 164.2, 164.6; LRMS (APCI, m/z) 475 [M+H]"; HRMS
(APCI, m/z) caled for C,sH30O9 [M+H]™ 475.1963, found 475.1967; [a]h +5.57 (¢ 0.5,
CHCly).

2-1(28,3R,55,65)-5-Benzyloxy-3-[tert-butyl(dimethyl)silyl]Joxy-6-[(1R)-1-
(methoxymethoxy)allyl]tetrahydropyran-2-yl]-6-hydroxy-4-methoxybenzoic acid (94)

OMe

To a solution of 152 (490 mg, 1.03 mmol) in DMF (10.0 mL) were added imidazole (422 mg,
6.20 mmol) and TBSCI (934 mg, 6.20 mmol) at rt and the mixture was heated at 80 °C for 30
min. The mixture was diluted with EtOAc (30 mL) and then treated with H,O (30 mL). The
organic layer was separated and the aqueous layer was extracted with EtOAc (30 mL). The
extracts were washed with H,O (30 mL) and saturated aqueous NaCl (30 mL), dried over
Na,SO,, filtered, and concentrated in vacuo to afford a colorless syrup, which was dissolved in
MeOH (15.0 mL) and treated with 2 M aqueous NaOH (3.10 mL, 6.20 mmol) at rt. After being
stirred at rt for 30 min, the volatile was evaporated and the residue was treated with 10%
aqueous citric acid (30 mL) and extracted with CHCl; (30 mL x 2). The extracts were washed
with H,O (30 mL), dried over Na,SO,, filtered, and concentrated in vacuo. The residue was
purified by column chromatography on silica gel (CHCI; only to 20:1 CHCI;-MeOH) to afford
94 (442 mg, 73%) as a colorless amorphous powder; Rf = 0.31 (15:1 CHCI;-MeOH); IR (ATR,
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cm ') 2930, 1658, 1615, 1580, 1370, 1248, 1204, 1158, 1075, 1027, 929, 834, 775, 698; 'H
NMR (400 MHz, CD;0D) & —0.49, —0.19 (each 3 H, s), 0.71 (9 H, s), 1.53 (1 H, q, J =113
Hz), 2.44 (1 H, dt, J=11.8, 4.4 Hz), 3.35 (3 H, s), 3.36-3.42 (1 H, m), 3.48 (1 H, td, J=11.3,
4.6 Hz), 3.62 (1 H,dd, /=9.7,2.1 Hz), 3.79 3 H, s),4.43 (1 H,d, J=8.7Hz), 450 (1 H, d, J
=11.8 Hz),4.58 (1 H,d, J=6.7 Hz),4.61 (1 H,d, J=11.3 Hz),4.69 (1 H, d, J= 6.7 Hz), 5.17
(1H,dd,J=17.4,1.0Hz),5.32 (1 H, dd, J=10.5, 1.8 Hz), 5.45 (1 H,d, J=8.7 Hz), 5.95 (1 H,
ddd, J=17.4,10.2,8.7 Hz), 6.38 (1 H, d, J= 2.6 Hz), 6.62 (1 H, d, /= 3.1 Hz), 7.23-7.44 (5§ H,
m); °C NMR (100 MHz, CD;OD) & —5.4, —5.0, 18.6, 26.2, 41.3, 55.7, 55.8, 72.0, 73.9, 74.4,
78.5, 81.2, 84.0, 94.8, 101.2, 107.8, 120.5, 128.9, 129.4, 129.5, 135.1, 139.7, 146.1, 165.1,
165.2; LRMS (APCI, m/z) 606 [M+NH,]"; HRMS (APCI, m/z) caled for C3HyO0Si
[M+NH,]" 606.3093, found 606.3093; [a]; —22.4 (¢ 0.5, CHCI).

[(15)-1-Methylbut-3-enyl] 2-[(25,3R,5S,65)-5-benzyloxy-3-|tert-butyl(dimethyl)silyl]oxy-

6-[(1R)-1-(methoxymethoxy)allyl|tetrahydropyran-2-yl]-6-hydroxy-4-methoxybenzoate
93)

OMe

To a solution of 94 (415 mg, 0.705 mmol), (R)-(—)-4-penten-2-ol (95) (121 mg, 1.40 mmol,
Aldrich), and PPh; (370 mg, 1.41 mmol) in THF (8.30 mL) was added DIAD (0.758 mL, 1.41
mmol, 40 wt% toluene solution) at rt. After being stirred at rt for 30 min, the reaction mixture
was concentrated in vacuo and the residue was purified by column chromatography on silica
gel (9:1 to 5:1 hexane—EtOAc) to afford 93 (325 mg, 70%) as a colorless syrup; Rf = 0.31 (5:1
hexane—EtOAc); IR (ATR, cm™') 2930, 1645, 1615, 1316, 1251, 1204, 1159, 1072, 1033, 995,
918, 834, 775, 698; "H NMR (400 MHz, CDCl3) 8 —0.49, —0.26 (each 3 H, s), 0.69 (9 H, s),
142 (3 H,d,J=6.7Hz), 1.58 (1 H, quin, J = 11.8 Hz), 2.34-2.45 (2 H, m), 2.46-2.56 (1 H, m),
3.20 (1 H,ddd, /=113, 8.7,4.1 Hz), 3.38 3 H, s5), 3.42 (1 H, td, /= 10.2, 5.1 Hz), 3.70 (1 H,
dd,J/=9.5,13 Hz),3.80 (3H,s),4.47 (1 H,d, /J=10.8 Hz), 4.50 (1 H, d, J=11.8 Hz), 4.61 (1
H, d, 11.3 Hz),4.63 (1 H, d, 6.7 Hz), 4.74 (1 H, d, J= 7.2 Hz), 5.08-5.28 (4 H, m), 5.33 (1 H,
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dd, J=10.2, 1.5 Hz), 5.53 (1 H, d, J = 8.2 Hz), 5.81 (1 H, ddt, /= 17.1, 10.1, 7.2 Hz), 5.98 (1
H, ddd, J=17.9,9.7, 8.7 Hz), 6.38 (1 H, d, J = 2.6 Hz), 6.69 (1 H, d, J = 2.6 Hz), 7.27-7.52 (5
H, m), 11.68 (1 H, s); *C NMR (100 MHz, CDCL3) § —5.6, 5.5, 17.8, 19.4, 25.6, 39.9, 40.4,
55.4, 71.1, 71.9, 72.7, 73.8, 76.8, 79.2, 82.9, 93.7, 100.0, 106.3, 107.0, 118.4, 120.2, 128.0,
128.1, 128.5, 133.2, 133.9, 137.9, 144.8, 164.1, 1643, 171.0; LRMS (APCL, m/z) 674
[M+NH4]"; HRMS (APCI, m/z) caled for C3Hs:0sSi [M+NH4]™ 674.3719, found 674.3718;
[a]} +26.5 (¢ 0.5, CHCL).

(45,6E,8R,95,108,12R,135)-10-Benzyloxy-12-[tert-butyl(dimethyl)silyl|oxy-9,13-epoxy-18-
hydroxy-16-methoxy-8-(methoxymethoxy)-4-methyl-3-oxabicyclo[12.4.0]octadecane-
1(14),6,15,17-tetraene-2-one (156)

OMe

"oTBS
156

Under nitrogen atmosphere, to a solution of 93 (280 mg, 0.426 mmol) in 85.3 mL of CH,Cl,
(5 mmol/L) was added Grubbs-II catalyst (72.0 mg, 0.0848 mmol) at rt. The mixture was
refluxed for 16 h. The mixture was concentrated in vacuo and the residue was purified by
column chromatography on silica gel (9:1 to 3:1 hexane—EtOAc) to afford 156 (218 mg, 81%)
as a colorless amorphous powder; Rf = 0.28 (3:1 hexane—EtOAc); IR (ATR, cm ') 3286, 2929,
1705, 1610, 1282, 1267, 1164, 1080, 1034, 857, 832, 783, 696; '"H NMR (400 MHz, CDCl5) &
—0.37,—-0.17 (each 3 H, s), 0.81 (9 H, s), 1.44 3 H, d, J=6.1 Hz), 1.51 (1 H, q, J = 11.3 Hz),
2.23 (1 H,ddd, J=14.3, 11.3, 8.2 Hz), 2.35 (1 H, ddd, J=13.3, 5.1, 2.6 Hz), 2.51 (1 H, dt, J =
11.8,4.4 Hz),3.28 3H,s),3.32(1 H,td, J=11.3,4.1 Hz), 3.48 (1 H,d, J=9.7 Hz), 3.76 3 H,
s),4.06 (1 H,d, J=8.7 Hz),4.49 (1 H,d, J=5.6 Hz), 4.50 (1 H, d, J=11.8 Hz), 4.55 (1 H, d,
J=6.7Hz),4.62 (1 H,ddd, J=13.8,9.2,5.1 Hz), 4.65 (1 H,d, J=6.7 Hz),4.70 (1 H, d, J =
11.3 Hz), 5.41 (1 H, dd, J = 16.9, 5.6 Hz), 5.45-5.54 (2 H, m), 6.36 (1 H, d, J = 2.6 Hz), 6.42
(1H, d, J=2.6 Hz), 6.84 (1 H, s), 7.27-7.43 (5 H, m); °C NMR (100 MHz, CDCl3) 8 —5.2,
=5.1, 18.0, 21.1, 25.8, 38.9, 39.1, 55.3, 55.4, 68.7, 69.9, 70.8, 72.5, 74.9, 82.6, 84.8, 93.9,
101.3, 110.8, 111.0, 125.9, 127.8, 127.9, 128.4, 131.3, 138.2, 141.9, 156.4, 161.1, 166.0;
LRMS (APCI, m/z) 646 [M+NH4]"; HRMS (APCL m/z) caled for C34HsgO0Si [M+NH,]"
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646.3406, found 646.3408; [a]> +59.6 (c 0.5, CHCL5).

(4S,6E,8R,95,105,12R,13S5)-10-Benzyloxy-9,13-epoxy-8,12,18-trihydroxy-16-methoxy-4-
methyl-3-oxabicyclo[12.4.0]octadecane-1(14),6,15,17-tetraene-2-one (157)

OMe

157

To a solution of 156 (185 mg, 0.294 mmol) in MeOH (6.00 mL) was added methanesulfonic
acid (0.077 mL, 1.19 mmol), and the mixture was stirred at 60 °C for 1.5 h. After cooling, to
the mixture was added saturated aqueous NaHCO; (20 mL) and this was extracted with EtOAc
(30 mL x 2). The extracts were washed with saturated aqueous NaCl (20 mL), dried over
Na,S0,, filtered, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (1:1 to 1:3 hexane—EtOAc) to afford 157 (135 mg, 98%) as a
colorless amorphous solid; Rf = 0.38 (1:2 hexane—EtOAc); IR (ATR, cmﬁl) 3285, 1711, 1614,
1589, 1437, 1324, 1256, 1158, 1118, 1095, 1051, 1027, 971, 745, 698; '"H NMR (400 MHz,
CDCl3) 06143 (3H,d,J=6.7Hz), 1.56 (1 H,q,J=10.2 Hz), 1.82 (1 H, d, J=4.1 Hz), 2.27 (1
H, ddd, J=14.3, 8.7, 7.7 Hz), 2.47 (1 H, br. s.), 2.48-2.58 (1 H, m), 2.72 (1 H, dt, J=11.7, 4.4
Hz),3.35 (1 H,dd, J=9.5,3.3 Hz), 3.49 (1 H, td, /= 10.8, 3.1 Hz), 3.79 (3 H, s), 4.18 (1 H, d,
J=9.2Hz),4.38-4.48 (2H, m),450 (1 H,d, J=11.3 Hz),4.73 (1 H,d, J=11.8 Hz), 5.51 (1
H, ddd, /=9.3, 6.0, 3.6 Hz), 5.60 (1 H, dd, /= 15.9, 5.1 Hz), 5.70 (1 H, dt, J = 15.9, 8.7 Hz),
6.41 (1 H,d, J=2.6 Hz), 6.51 (1 H, d, J = 2.6 Hz), 7.29-7.42 (5 H, m), 8.06 (1 H, br. s); °C
NMR (100 MHz, CDCls) 6 20.5, 37.0, 37.6, 55.5, 67.9, 70.7, 70.8, 71.2, 73.4, 83.6, 85.2, 101.2,
109.4, 110.0, 124.4, 127.95, 128.00, 128.6, 133.3, 137.7, 140.6, 159.0, 162.0, 167.1; LRMS
(APCI, m/z) 488 [M+NH,]"; HRMS (APCI, m/z) calcd for C,sH300s [M+NH,]" 488.2279,
found 488.2280; [a]5 +121.1 (¢ 0.5, CHCl5).
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Paecilomycin B, 22

Paecilomycin B, 22

To a solution of 157 (83.0 mg, 0.176 mmol) in CH,Cl, (16.6 mL) was added TiCl, (0.882
mL, 0.882 mmol, 1.0 M CH,Cl, solution) at rt and the mixture was stirred for 2 h. The mixture

was poured into saturated aqueous NaHCO; (20 mL)-EtOAc (30 mL). The organic layer was
separated and the aqueous layer was saturated with NaCl. The aqueous layer was extracted
with 1:1 EtOAc-THF (30 mL X 3). The extracts were dried over Na,SO,, filtered, and
concentrated in vacuo. The residue was purified by column chromatography on silica gel (20:1
to 4:1 CHCLI;-MeOH) to afford 22 (65.9 mg, 98%) as a colorless amorphous solid; Rf = 0.28
(6:1 CHCl;-MeOH); IR (ATR, cm ') 3315, 1928, 1686, 1612, 1591, 1438, 1265, 1162, 1116,
1051, 1018, 969, 841, 780, 614; 'H NMR (400 MHz, pyridine-ds) & 1.45 (3 H, d, J = 6.1 Hz),
224 (1 H,q,J=11.3 Hz), 2.28-2.35 (1 H, m), 2.37-2.45 (1 H, m), 3.06 (1 H, dt, /= 11.8, 4.6
Hz), 3.57 3 H, s), 4.13 (1 H, d, J = 9.7 Hz), 4.16-4.27 (1 H, m), 447 (1 H, d, J = 8.7 Hz),
5.10-5.23 (1 H, m), 5.54 (1 H, br. d, J=3.6 Hz), 5.73-5.88 (1 H, m), 6.17 (1 H, ddd, J = 15.9,
7.2, 4.6 Hz), 6.33 (1 H, dd, J =154, 5.6 Hz), 6.66 (1 H, d, J=2.6 Hz), 6.71 (1 H, d, J=2.1
Hz), 6.79 (1 H, br. s.), 6.87 (1 H, br. s.), 6.97 (1 H, d, J = 5.6 Hz), 11.87 (1 H, s); °C NMR
(100 MHz, pyridine-ds) 6 21.0, 37.8, 44.7, 55.1, 66.7, 68.9, 69.9, 71.3, 87.2, 89.2, 101.7, 107.6,
116.6, 123.4, 134.8, 141.6, 157.9, 160.3, 169.5; LRMS (APCI, m/z) 381 [M+H]"; HRMS
(APCI, m/z) calcd for CjoHp4Og [M+NH4]" 398.1809, found 398.1811; [a]h +85.5 (c 0.32,
MeOH) (1it.° +40.4 (¢ 0.27, MeOH)).
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[(25,35,4aR,10bS)-3-Benzyloxy-9-methoxy-2-[(1R)-1-(methoxymethoxy)allyl]-6-oxo-
3.4,4a,10b-tetrahydro-2H-pyrano|3,2-c]isochromen-7-yl] N,N-dimethylcarbamate (158)

OMe

To a solution of 149 (228 mg, 0.472 mmol) in DMF (4.00 mL) were added
tetrabutylammonium iodide (7.0 mg, 0.0460 mmol), chloromethyl methyl ether (0.108 mL,
1.42 mmol) and NaH (57.0 mg, 1.43 mmol) at rt, and the mixture was stirred at rt for 0.5 h. To
the mixture was added 10% aqueous citric acid (30 mL) and extracted with EtOAc (30 mL x 2).
The organic layers were washed with saturated aqueous NaCl (30 mL), dried over Na,SOs,
filtered, and concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel (1:1 to 2:3 hexane—EtOAc) to afford 158 (227 mg, 91%) as a
colorless foam; Rf= 0.32 (2:3 hexane—EtOAc); 'H NMR (400 MHz, CDCl3) 8 1.84 (1 H, q, J =
11.6 Hz), 2.83 (1 H, dt, J=11.8, 4.6 Hz), 3.0, 3.14, 3.38 (each 3 H, s), 3.58 (1 H, dd, /= 9.2 Hz,
2.1 Hz), 3.86 (3 H, s), 3.93 (1 H, ddd, J = 10.8, 9.2, 4.6 Hz), 4.16 (1 H, td, J = 12.8, 4.1 Hz),
435(1 H,d,J=10.8 Hz), 4.55 (1 H,d, J=10.8 Hz), 4.57 (1 H,d,J=8.2 Hz),4.62 (1 H,d, J
=6.7 Hz),4.69 (1 H,d, J=10.8 Hz),4.76 (1 H, d, J= 7.2 Hz), 5.37 (1 H, d, /= 10.8 Hz), 5.41
(1H, d, J=17.4 Hz), 6.09 (1 H, ddd, J=17.0, 10.3, 8.2 Hz), 6.66 (1 H, d, J= 2.6 Hz), 6.95 (1
H, dd, J=2.6, 1.0 Hz), 7.27-7.41 (5 H, m); >C NMR (100 MHz, CDCl;) & 34.7, 36.77, 36.78,
55.7, 56.0, 71.1, 71.5, 74.3, 74.4, 75.0, 83.1, 94.5, 106.9, 108.8, 109.4, 118.9, 127.8, 128.0,
128.6, 135.3, 137.7, 142.9, 154.3, 154.8, 161.0, 164.5; LRMS (APCI, m/z) 528 [M+H]".

2-[(25,3R,55,65)-5-Benzyloxy-3-hydroxy-6-[(1S5)-1-(methoxymethoxy)allyl]-
tetrahydropyran-2-yl]-6-hydroxy-4-methoxybenzoic acid (159)

OMe
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To a solution of 158 (220 mg, 0.417 mmol) in EtOH (4.00 mL) was added 2 M aqueous
NaOH (1.04 mL, 2.09 mmol) at rt, and the mixture was refluxed for 0.5 h. After cooling, to the
mixture was added H,O (20 mL) and this was extracted with Et,O (20 mL). The separated
aqueous layer was acidified with 1 M aqueous HCI (5.0 mL) and then this was extracted with
CHCIl; (20 mL x 3). The combined extracts were dried over Na,SOy, filtered, and evaporated
under reduced pressure. The residue was purified by column chromatography on silica gel
(20:1 to 2:1 CHCI;—MeOH) to afford 159 (198 mg, quant) as a pale yellow amorphous powder;
Rf=0.26 (4:1 CHCl;-MeOH); 'H NMR (400 MHz, CD;0D) & 1.60 (1 H, q, J=11.3 Hz), 2.75
(1H,dt,J=11.7,4.4 Hz), 3.33-3.38 (1 H, m), 3.34 (3 H, s), 3.40 (1 H, ddd, /= 12.8, 8.7, 4.1
Hz),3.76 3 H, s), 3.87 (1 H, ddd, /= 10.8, 9.8, 4.6 Hz), 4.38 (1 H, dd, J= 8.2, 2.1 Hz), 4.51 (1
H, d,J=11.3 Hz),4.57 (1 H, d, J = 6.7 Hz), 4.66-4.72 (2 H, m), 5.18 (1 H, dd, /= 10.3, 1.5
Hz), 5.24 (1 H, dd, J=17.5, 1.0 Hz), 5.38 (1 H, d, /= 9.2 Hz), 5.92 (1 H, ddd, J = 17.5, 10.3,
8.2 Hz), 6.32 (1 H, d, J=3.1 Hz), 6.76 (1 H, d, J = 2.6 Hz), 7.21-7.44 (5 H, m); °C NMR (100
MHz, CD;0D) 6 41.4, 55.7, 56.3, 71.6, 74.0, 74.1, 77.4, 80.8, 84.6, 95.4, 100.9, 106.0, 112.0,
118.7, 128.7, 128.9, 129.4, 137.3, 140.0, 146.2, 164.0, 164.4, 178.6; LRMS (ESI, m/z) 475
[M+H]".

2-1(2S5,3R,55,65)-5-Benzyloxy-3-[tert-butyl(dimethyl)silyl]Joxy-6-[(15)-1-
(methoxymethoxy)allyl|tetrahydropyran-2-yl]-6-hydroxy-4-methoxybenzoic acid (160)

OMe

To a solution of 159 (185 mg, 0.390 mmol) in DMF (4.00 mL) were added imidazole (160
mg, 2.35 mmol) and TBSCI (353 mg, 2.34 mmol) at rt, and the mixture was heated at 60 °C for
2 h. The mixture was diluted with EtOAc (30 mL) and then treated with H,O (30 mL). The
organic layer was separated and the aqueous layer was extracted with EtOAc (20 mL). The
extracts were washed with H,O (30 mL) and saturated aqueous NaCl (30 mL), dried over
Na,SO,, filtered, and concentrated in vacuo to afford a colorless syrup , which was dissolved in
MeOH (6.00 mL) and treated with 2 M aqueous NaOH (1.17 mL, 2.34 mmol) at rt. After being
stirred at rt for 0.5 h and then at 60 °C for 0.5 h, the volatile was evaporated and the residue
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was treated with 10% aqueous citric acid (30 mL) and extracted with CHCls (30 mL x 2). The
extracts were washed with H;O (30 mL), dried over Na,SOy, filtered, and concentrated in
vacuo. The residue was purified by column chromatography on silica gel (CHCl; only to 20:1
to 4:1 CHCI;-MeOH) to afford 160 (196 mg, 85%) as a colorless caramel; Rf = 0.33 (20:1
CHCl;-MeOH); 'H NMR (400 MHz, CD;0D) & —0.4, —0.15 (each 3 H, s), 0.71 (9 H, s), 1.53
(1H,q,J=113Hz),2.53 (1 H,dt,J=11.8,4.4 Hz),3.37 3 H, s), 3.39 (1 H,dd, J=9.5,2.3
Hz), 3.52 (1 H, ddd, J = 10.9, 8.8, 4.4 Hz), 3.81 (3 H, s), 3.85 (1 H, td, /= 10.2, 4.6 Hz), 4.41
(1H,dd,J=284,1.8 Hz),4.56 (1 H,d, J=12.3 Hz),4.59 (1 H,J=6.7 Hz),4.66 (1 H, d, J =
10.8 Hz), 4.72 (1 H, d, J = 6.7 Hz), 5.20-5.31 (2 H, m), 5.35 (1 H, d, J = 8.7 Hz), 5.96 (1 H,
ddd, J=17.9,10.8, 8.7 Hz), 6.40 (1 H, d, J= 2.6 Hz), 6.76 (1 H, d, J= 2.6 Hz), 7.24-7.44 (5§ H,
m); >C NMR (100 MHz, CD;OD) & —5.3, —4.8, 18.6, 26.2, 41.5, 55.9, 56.3, 72.0, 73.6, 74.0,
77.3, 81.8, 84.7, 95.4, 101.3, 107.9, 108.3, 118.9, 128.8, 129.1, 129.5, 137.2, 134.0, 145.8,
165.4, 165.5, 174.4; LRMS (ESI, m/z) 589 [M+H]".

[(1S)-1-Methylbut-3-enyl] 2-[(25,3R,5S,6S5)-5-benzyloxy-3-[fert-butyl(dimethyl)silyl]oxy-

6-[(15)-1-(methoxymethoxy)allyl|tetrahydropyran-2-yl]-6-hydroxy-4-methoxybenzoate
(161)

OMe

To a solution of 160 (186 mg, 0.316 mmol), (R)-(—)-4-penten-2-ol (95) (41 mg, 0.476 mmol,
Aldrich), and PPh; (125 mg, 0.477 mmol) in THF (3.00 mL) was added DIAD (0.255 mL,
0.474 mmol, 40 wt% toluene solution) at rt. After being stirred at rt for 1 h, the reaction
mixture was concentrated in vacuo and the residue was purified by column chromatography on
silica gel (9:1 to 4:1 hexane—EtOAc) to afford 161 (123 mg, 59%) as a colorless syrup; Rf =
0.32 (5:1 hexane-EtOAc); 'H NMR (400 MHz, CDCl3) & —0.47, —0.23 (each 3 H, s), 0.70 (9 H,
s), 1.40 3H,d,J=6.1 Hz), 1.58 (1 H, q, /= 10.8 Hz), 2.31-2.56 (3 H, m), 3.30-3.40 (1 H, m),
3.39 (3H, s), 3.44 (1 H, dd, J=9.5, 2.3 Hz), 3.76-3.90 (1 H, m), 3.81 (3 H, s), 443 (1 H,dd, J
=8.2,2.0Hz),4.55 (1 H,d, J=11.3 Hz),4.61 (1 H,d, J=6.7 Hz), 4.65 (1 H, d, J= 11.8 Hz),
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4.76 (1 H, d, J = 6.7 Hz), 5.04-5.13 (2 H, m), 5.19-5.27 (2 H, m), 5.30 (1 H, dd, J= 17.4, 1.5
Hz), 5.42 (1 H, d, J=8.7 Hz), 5.77 (1 H, ddt, J= 17.2, 10.1, 7.1, 7.1 Hz), 5.99 (1 H, ddd, J =
17.5, 10.1, 8.7 Hz), 6.40 (1 H, d, J= 2.6 Hz), 6.82 (1 H, d, J = 2.6 Hz), 7.27-7.44 (5 H, m),
11.66 (1 H, s); °C NMR (100 MHz, CDCls) & —5.6, —5.4, 17.8, 19.4, 25.7, 40.2, 40.3, 55.4,
55.8, 71.0, 71.8, 72.5, 73.6, 75.9, 79.9, 83.4, 94.2, 100.0, 106.2, 107.2, 118.5, 127.81, 127.84,
128.5, 133.1, 135.9, 138.3, 144.6, 164.1, 164.2, 171.0; LRMS (ESL, m/z) 657 [M+H]".

(4S5,8S,95,10S5,12R,13S5)-10-Benzyloxy-12-[tert-butyl(dimethyl)silyl]oxy-9,13-epoxy-18-

hydroxy-16-methoxy-8-(methoxymethoxy)-4-methyl-3-oxabicyclo[12.4.0]octadecane-
1(14),6,15,17-tetraene-2-one (162)

OMe

Under nitrogen atmosphere, to a solution of 161 (49.0 mg, 0.0746 mmol) in 14.9 mL of
toluene (5 mmol/L) was added Grubbs-II catalyst (6.30 mg, 0.00750 mmol) at rt. The mixture
was allowerd to warm to 80 °C and stirred for 2 h. The mixture was concentrated in vacuo and
the residue was purified by column chromatography on silica gel (9:1 to 4:1 hexane—-EtOAc) to
afford 162 (34.2 mg, 73%) as a slightly pink syrup and 161 (11.2 mg, 23%, recovery of starting
material). 162: Rf = 0.25 (4:1 hexane—-EtOAc); 'H NMR (400 MHz, CDCl;) E/Z = 1:2 mixture.

Syntesis of (45,6E,8R,95,108,12R,135)-10-benzyloxy-12-[tert-butyl(dimethyl)silyl]oxy-
9,13-epoxy-8,18-dihydroxy-16-methoxy-4-methyl-3-oxabicyclo[12.4.0]octadecane-
1(14),6,15,17-tetraene-2-one (163a) and (45,6Z,8R,95,105,12R,13S5)-
10-benzyloxy-12-[tert-butyl(dimethyl)silyl]oxy-9,13-epoxy-8,18-dihydroxy-16-methoxy-4-
methyl-3-oxabicyclo[12.4.0]octadecane-1(14),6,15,17-tetraene-2-one (163b)
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OMe

BnO™ "oTBS "OTBS
163a 163b

To a solution of 162 (32.0 mg, 0.0509 mmol) in CH,Cl, (1.00 mL) was added trifluoroacetic
acid (0.50 mL) at rt, and the mixture was stirred at rt for 10min. To the mixture was added
saturated aqueous NaHCO; (30 mL) and this was extracted with EtOAc (30 mL x 2). The
extracts were washed with saturated aqueous NaCl (20 mL), dried over Na,SQy, filtered, and
concentrated in vacuo. The residue was purified by column chromatography on silica gel (4:1
to 3:1 hexane-EtOAc) to afford 163a (6.1 mg, 21%) as a colorless syrup and 163b (12.6 mg,
42%) as a colorless syrup. 163a: Rf=0.24 (3:1 hexane-EtOAc); '"H NMR (400 MHz, CDCl;) &
—0.2, —0.09 (each 3 H, s), 0.80 (9 H, s), 1.42 3 H, d, J=6.7 Hz), 1.57 (1 H, q, J = 11.8 Hz),
223 (1 H, ddd, J = 14.4, 8.7, 6.2 Hz), 2.44-2.63 (2 H, m), 3.45 (1 H, dd, J = 9.2, 4.1 Hz),
3.70-3.80 (1 H, m), 3.78 (3 H, s), 4.20 (1 H, d, J = 8.7 Hz), 4.29 (1 H, td, J = 7.2, 4.1 Hz),
4.50-4.62 (1 H, m), 4.56 (1H, d, J = 11.30Hz), 4.71 (1 H, d, J=11.3 Hz), 548 (1 H, dd, J =
15.9, 7.7 Hz), 5.50-5.57 (1 H, m), 5.59 (1 H, ddd, J = 15.9, 8.2, 6.2 Hz), 6.40 (1 H, d, J = 2.6
Hz), 6.49 (1 H, d, J = 2.6 Hz), 7.29-7.42 (5 H, m); >°C NMR (100 MHz, CDCl5) 8 —5.0, —4.9,
17.9, 20.5, 25.8, 36.3, 39.4, 55.4, 68.6, 70.8, 72.2, 72.9, 74.6, 80.8, 83.9, 101.1, 109.4, 110.6,
128.18, 128.20, 128.7, 134.3, 137.4, 141.4, 158.8, 161.9; LRMS (ESI, m/z) 585 [M+H]". 163b:
Rf'=0.39 (3:1 hexane—EtOAc); 'H NMR (400 MHz, CDCl3) 6 0.07 (6 H, s), 0.77 (9 H, s), 1.44
(3H,d,J=6.1 Hz), 1.61-1.73 (1 H, m), 1.82 (1 H, d, J= 8.2 Hz), 2.22 (1 H, d, J = 14.3 Hz),
2.57-2.74 (2 H, m), 3.78 (3 H, s), 3.80-3.86 (2 H, m), 4.10 (1 H, td, J=9.7, 5.1 Hz), 4.63 (1 H,
d,J=11.8 Hz),4.65 (1 H,d,J=9.2 Hz),4.68 (1 H,d, J=11.3 Hz), 4.75 (1 H, d, J=9.2 Hz),
5.36 (1 H, m), 5.42 (1 H, dd, J=12.3, 2.6 Hz), 5.43-5.51 (1 H, m), 6.40 (1 H, d, J = 2.6 Hz),
6.51 (1 H, d,J=2.6 Hz), 7.28-7.46 (5 H, m), 12.13 (1 H, br.s); >°C NMR (100 MHz, CDCl3) &
-4.4, -3.2,17.9, 21.0, 25.7, 36.7, 40.7, 55.4, 67.5, 68.3, 71.0, 71.8, 72.0, 81.2, 83.7, 100.4,
106.0, 109.5, 125.0, 128.0, 128.1, 128.6, 134.9, 138.3, 139.9, 163.5, 165.8, 171.2; LRMS (ESI,
m/z) 585 [M+H]".
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Synthesis of 6 -epi-paecilomycin B (164)

OMe

6'-epi-Paecilomycin B, 164

To a cooled solution of 163a (6.00 mg, 0.0103 mmol) in CH,ClI, (1.00 mL) was added BBr;
(0.0210 mL, 0.0210 mmol, 1 M in CH,Cl,) at 0 °C. After being stirred for 0.5 h, the reaction
mixture was quenched with saturated aqueous NaHCO; (20 mL) and extracted with EtOAc (20
mL x 2). The extracts were washed with saturated aqueous NaCl (20 mL), dried over Na,SOs,
filtered, and concentrated in vacuo. The residue was purified by column chromatography on
silica gel (20:1 to 4:1 CHCl;—MeOH) to afford 164 (2.30 mg, 59%) as a colorless syrup and
(4S,6E,8R,95,105,12R,13S8) -12-[tert-butyl(dimethyl)silylJoxy-9,13-epoxy-8,10,18-
trihydroxy-16-methoxy-4-methyl-3-oxabicyclo[12.4.0]octadecane-1(14),6,15,17-tetraene-2-
one (165) (1.30 mg, 26%) as a colorless syrup. 164: Rf = 0.28 (9:1 CHCl;-MeOH); '"H NMR
(400 MHz, CDCl3) 6 1.42 3 H,d,J=6.2 Hz), 1.60 (1 H, q, /J=11.3 Hz), 1.72 (1 H, d, /= 4.6
Hz), 2.19-2.37 (2 H, m), 2.49-2.68 (2 H, m), 3.06 (1 H, br. s.), 3.33 (1 H, dd, J=9.5, 4.4 Hz),
3.80 (3 H,s),3.91-4.00 (1 H, m), 4.22 (1 H, d, J=8.7 Hz), 4.41-4.57 (2 H, m), 5.51-5.61 (1 H,
m), 5.63-5.75 (1 H, m), 5.75 (1 H, dd, J= 15.9, 7.2 Hz), 6.43 (1 H, d, J= 2.6 Hz), 6.57 (1 H, d,
J=12.6 Hz), 8.67 (1 H, br. s.), identical with 6 -epi-paecilomycin B, 164 (intramolecular NHK
route); °C NMR (100 MHz, CDCls) & 20.3, 36.1, 41.1, 55.5, 65.3, 67.5, 72.0, 74.2, 83.4,
101.2, 109.5, 133.6, 134.5, 140.6, identical with 6 -epi-paecilomycin B, 164 (intramolecular
NHK route); LRMS (ESL, m/z) 381 [M+H]". 165: Rf = 0.65 (9:1 CHCl;-MeOH); 'H NMR
(400 MHz, CDCls) 6 —0.32 (3 H, s), —0.14 (3 H, s), 0.80 (9 H, s), 1.44 (3 H, d, J = 6.1 Hz),
1.56-1.63 (1 H, m), 2.25 (1 H, ddd, J = 14.0, 10.6, 6.1 Hz), 2.36-2.57 (3 H, m), 3.34-3.49 (2 H,
m), 3.78 (3 H, s), 3.87-4.00 (1 H, m), 4.09 (1 H, d, /J=9.2 Hz), 4.40-4.52 (1 H, m), 4.66 (1 H,
ddd, /=10.9, 8.8, 4.9 Hz), 5.58-5.79 (3 H, m), 6.39 (1 H,d, /J=2.6 Hz), 6.47 (1 H,d, J=2.0
Hz) ; LRMS (ESI, m/z) 495 [M+H]".
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(45,6Z,8R,95,108,12R,13S) -9,13-Epoxy-8,10,12,18-tetrahydroxy-16-methoxy-4-methyl-3-
oxabicyclo[12.4.0]octadecane-1(14),6,15,17-tetraene-2-one (166)

OMe

166
To a cooled solution of 163b (12.0 mg, 0.0205 mmol) in CH,Cl, (1.00 mL) was added BBr;
(0.0620 mL, 0.0620 mmol, 1 M in CH,Cl,) at 0 °C. After being stirred for 0.5 h, the reaction

mixture was allowed to warm to rt, and the mixture was stirred at rt for 1 h. To the mixture was
added another portion of BBr; (0.0620 mL, 0.0620 mmol, 1 M in CH,Cl,) at rt and stirred for
0.5 h. The mixture was quenched with saturated aqueous NaHCO; (20 mL) and extracted with
EtOAc (20 mL x 2). The extracts were washed with saturated aqueous NaCl (20 mL), dried
over Na,SQy, filtered, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (1:1 hexane-EtOAc to EtOAc only to 9:1 CHCl;-MeOH) to
afford 166 (1.60 mg, 21%) as a colorless syrup and (45,6Z,8R,95,10S,12R,135)-
12-[tert-butyl(dimethyl)silylJoxy-9,13-epoxy-8,10,18-trihydroxy-16-methoxy-4-methyl-3-
oxabicyclo[12.4.0]octadecane-1(14),6,15,17-tetraene-2-one (167) (1.60 mg, 16%) as a
colorless syrup. 166: Rf = 0.28 (9:1 CHCl;-MeOH); '"H NMR (400 MHz, CDCl;) & 1.45 (3 H,
d,J=6.7Hz), 1.68 (1 H,d,J=3.6 Hz), 1.76 (1 H, q, J=12.3 Hz), 1.91 (1 H, d, J = 8.7 Hz),
2.17 (1 H, br. s.), 2.24-2.32 (1 H, m), 2.56-2.74 (2 H, m), 3.73 (1 H, dd, /= 9.2, 3.1 Hz), 3.81
(3 H, s), 4.02-4.23 (2 H, m), 4.69 (1 H, d, J = 9.2 Hz), 4.79 (1 H, br. s.), 5.35-5.43 (2 H, m),
5.50 (1 H,ddd, J=11.8, 6.1, 3.1 Hz), 6.46 (1 H,d, J=2.6 Hz), 6.61 (1 H, d, J=2.6 Hz), 12.17
(1 H, s); °C NMR (100 MHz, CDCls) & 21.0, 36.8, 41.7, 55.5, 65.1, 66.3, 68.3, 71.1, 81.0,
85.2, 101.0, 106.0, 107.7, 125.2, 134.5, 139.3, 164.0, 166.8, 171.0; LRMS (ESI, m/z) 381
[M+H]". 167: Rf=0.65 (9:1 CHCl;-MeOH); 'H NMR (400 MHz, CDCl3) § 0.10 (3 H, s), 0.12
(3H,s),0.78(9H,s),1.47(3H,d,J=6.7Hz),1.75(1 H,q,/=10.2Hz),1.92 (1 H,d,J=7.2
Hz), 2.16 (1 H, br. s.), 2.27 (1 H, dd, J = 13.8, 2.6 Hz), 2.53-2.69 (2 H, m), 3.70 (1 H, dd, J =
9.2,3.1 Hz),3.79 3 H, s), 3.99-4.08 (1 H, m), 4.15 (1 H, td, /= 10.2, 5.1 Hz), 4.63 (1 H, d, J
=9.2 Hz), 4.75 (1 H, br. s.), 5.33-5.43 (2 H, m), 5.48 (1 H, ddd, J=11.8, 6.1, 3.1 Hz), 6.41 (1
H,d,J=2.6 Hz), 6.52 (1 H, d, J=2.6 Hz), 11.86 (1 H, br. 5.) ; LRMS (ESI, m/z) 495 [M+H]".
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"H NMR spectrum of 105 (400 MHz, CDCl;)
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"H NMR spectrum of 104 (400 MHz, CDCl;)
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"H NMR spectrum of 113 (400 MHz, CDCl5)
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"H NMR spectrum of 99 (400 MHz, CDCl5)
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'"H NMR spectrum of 138 (400 MHz, CD;OD)
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"H NMR spectrum of 139 (400 MHz, CDCl;)
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"H NMR spectrum of 140 (400 MHz, CDCl;)
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'H NMR spectrum of 141 (400 MHz, CDCl5)
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"H NMR spectrum of 142 (400 MHz, CDCl;)
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H NMR spectrum of 143 (400 MHz, CDCl3)
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"H NMR spectrum of 144 (400 MHz, CDCl;)
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'"H NMR spectrum of 145 (400 MHz, CDCls)
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'"H NMR spectrum of 98 (400 MHz, CDCl5)
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"H NMR spectrum of 97 (400 MHz, CDCl5)
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'H-"H COSY spectrum of 97 (400 MHz, CDCl5)
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HSQC spectrum of 97 (400 MHz, CDCls)
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"H NMR spectrum of 129 (400 MHz, CDCl;)
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"H-"H COSY spectrum of 129 (400 MHz, CDCl;)
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HSQC spectrum of 129 (400 MHz, CDCls)
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'"H NMR spectrum of 127 (400 MHz, CDCls)
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"H-"H COSY spectrum of 127 (400 MHz, CDCl;)
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HSQC spectrum of 127 (400 MHz, CDCls)

OMe HSQC_A-Y1645024A 015 001|4RR ESP

iNMeZ M J ‘ ﬂ J\ Il L

- 24
= 32
a0
=48
- 56
T

72

F1 Chemical Shift (ppm)

T T T T T T T T T
5 4

3
F2 Chemical Shift (ppm)

HMBC spectrum of 127 (400 MHz, CDCl5)

HMBC_A-Y1645024A 016.001|2RR ESP
OMe -

J \ hujk'uj Y

F1 Chemical Shift (ppm)

“"
'
[ ]
L] L]
' -
"
L]
T T T T T T T T T
8 7 6 5 4 3 2

F2 Chemical Shift (ppm)

244



"H NMR spectrum of 128 (400 MHz, CDCl;)
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"H-"H COSY spectrum of 128 (400 MHz, CDCl;)
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HSQC spectrum of 128 (400 MHz, CDCls)
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'H NMR spectrum of 96 (400 MHz, CDCl3)
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'H-"H COSY spectrum of 96 (400 MHz, CDCl5)
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HSQC spectrum of 96 (400 MHz, CDCls)

HSQC_A-Y1645026A.015.001 PRR ESP

b

OMe

JMQJ‘M@J ol

HMBC_A-Y1645026A 016.001 PRR ESP

L

OMe

T T T
45 40 35 30 25 20 15

F2 Chemical Shift (ppm)

HMBC spectrum of 96 (400 MHz, CDCls)

MJULJJJM_J Ll

—_— -

T
75 70 65 60

T T
45 40 35 30 25 20 15

F2 Chemical Shift (ppm)

250

F1 Chemical Shift (ppm)

- 160
= 170
=180
=190

200

F1 Chemical Shift (ppm)



"H NMR spectrum of 146 (400 MHz, CDCl;)
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'"H NMR spectrum of 147(400 MHz, CDCl5)
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"H NMR spectrum of 148 (400 MHz, CDCl;)
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'"H NMR spectrum of 149 (400 MHz, CDCls)
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'"H NMR spectrum of 153 (400 MHz, CD;0OD)
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'"H NMR spectrum of 154 (400 MHz, CDCls)
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"H-"H COSY spectrum of 154 (400 MHz, CDCl;)
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HSQC spectrum of 154 (400 MHz, CDCls)
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'H NMR spectrum of 150 (400 MHz, CDCls)
OMe

96000 u

g1
2500°¢ X L.:“Q
6YEL'E = —= 5]
£592°€
808L'¢
9886
— —_ loogeies s&_

L0V Y~ ——=—Foe ,%

mmmw,ﬁ,..m‘mmm V7 BE'V

V196 v~

[ §568'G

r 2126'G

Lo onwmh#/“ﬂ L Q
2

r €169,

Loy

[~

E - T——— 256

[ E ooz [oove LT ]

r o 9o0e L | poves) 4

[ = avees!

L=

| [

[ ®

[ e

L E

. o

[ <

L ]

[o

e

[ o

r-

25 2.0 1.5 1.0 05

3.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0
Chemical Shift (ppm)

10.0

BC NMR spectrum of 150 (100 MHz, CDCls)

0F00 0-— ——

LLLB YE——
Lerges ]

6958 65— ———
£888' 1L~
. 1Z6LTL —3
566994
2020244 PBL6 £L B
e LL’ 3
2160 28— ——3
1
1525904
90EL°801 __3
0LLLBOL- — 4

B0L0' 82} —————————4
zeerezl’ e 0E——3
BSBSEEL— —

POLLLEL—

PEET TPI———3
8LBZ ¥SL
02LL ¥51——H

2589°091— —3
SLETYOL 4

OMe

10

20

40 30

50

80

170 160 150 140 130 120 110 100 20
Chemical Shift (ppm)

180

259



§eeee—

OMe

o
Ho ~NH NO
/\

"H NMR spectrum of S2 (400 MHz, CDCls)

20000-—
o VELEO N
2886°0 T
8Lere,
ovyseB%ELE | Jer7]
yi5L8) ﬂ,\lms.m_#
=
o
Fe
N 6267 9=t 101
[ wezel ) ]
Lo
F&
F £
[ o
r £
"
[ =
[ = [%)
[ @©
[ o
- £
L U
L =
[ O
[ ©
N [ —
(2] [
[ o
Fe

30

55 50 4.5 4.0

Chemical Shift (ppm)

9.5 9.0 8.5 8.0 7.5 70 6.5 6.0

10.0

62060
96160~ |_ —ezel
52660 - -
50|
GEL6E— 5267
£980 7
LL0b P — e
spLyp) 48T/
szoevfeze v = -
9998 -g16e -/
~
[anl -
@) i
A 2
e
o L
T ‘
=
[ JATIVA
m [ 026 229} L —=—====20'1]
r - 29T I—
NS F £ 052 TP L -
~— g — w
[ & sizg) |
% Fe s 86852/
G [ ®
o
o L E
L [
[ =<
= LS
o L
m = re
15 [e] N
Q I L
o o © F
|75) =z 7] r
&~ F
S )= 5
N O/y.. ﬂ :
” L
o=

7.0 6.5 6.0 55 5.0 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5
Chemical Shift (ppm)

7.5

9.5 9.0 8.5 8.0

10.0

260



'"H NMR spectrum of S4 (400 MHz, CDCls)
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"H NMR spectrum of 151 (400 MHz, CDCl;)
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'"H NMR spectrum of 152 (400 MHz, CD;OD)
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'"H NMR spectrum of 94 (400 MHz, CD;0OD)
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"H NMR spectrum of 93 (400 MHz, CDCl3)
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'H NMR spectrum of 156 (400 MHz, CDCl5)
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"H NMR spectrum of 157 (400 MHz, CDCl;)
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'H NMR spectrum of paecilomycin B, 22 (400 MHz, pyridine-ds)
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"H-"H COSY spectrum of paecilomycin B, 22 (400 MHz, pyridine-ds)
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HSQC spectrum of paecilomycin B, 22 (400 MHz, pyridine-ds)
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"H NMR spectrum of 158 (400 MHz, CDCl;)
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'"H NMR spectrum of 159 (400 MHz, CD;OD)
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"H NMR spectrum of 162 (400 MHz, CDCl;)
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"H NMR spectrum of 163a (400 MHz, CDCls)
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'"H NMR spectrum of 163b (400 MHz, CDCl)
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"H NMR spectrum of 6 -epi-paecilomycin B, 164 (400 MHz, CDCl5)
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"H NMR spectrum of 166 (400 MHz, CDCl;)
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BEICBETOER

tert-Butyldimethyl-[(1R)-1-methylbut-3-enoxy]silane (175) (known)42

7\)\OTBS

175
To a solution of (R)-(—)-4-penten-2-o0l (95) (10g, 116 mmol, Aldrich) in DMF (50 mL) were
added imidazole (10.3 g, 151 mmol), DMAP (1.42 g, 11.6 mmol), and TBSCI (21.0 g, 139
mmol) at rt, and the mixture was stirred at 60 °C for 2 h. The reaction mixture was diluted with
Et,0 (100 mL) and washed with H,O (100 mL x 2), brine (100 mL x 1), dried over Na,SOy,
filtered, and concentrated in vacuo. The residue was purified by column chromatography on
silica gel (hexane only) to afford 175 (19.7 g, 85%) as a colorless oil; Rf = 0.33 (hexane only);
'H NMR (400 MHz, CDCl5) § 0.05 (6 H, s), 0.89 (9 H, s), 1.13 (3 H, d, J = 5.6 Hz), 2.09-2.28
(2 H, m), 3.84 (1 H, sxt, J= 6.1 Hz), 4.96-5.09 (2 H, m), 5.81 (1 H, ddt, /=17.0, 10.1, 7.2 Hz),
LRMS (APCI, m/z) 201 [M+H]".

tert-Butyldimethyl-[(E,1R)-1-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)but-3-

enoxy]silane (177) (known)*

>?L :
/B\/\/L
(@) = OTBS

177

Under nitrogen atmosphere, to a stirred solution of 175 (19.7 g, 98.3 mmol) in CH,Cl, (500
mL) was added 4.,4,5,5-tetramethyl-2-vinyl-1,3,2-dioxaborolane (176) (30.3 g, 197 mmol) at rt.
After refluxing for 0.5 h, Grubbs catalyst 2nd generation (1.69 g, 2 mmol) was added, and the
reaction mixture was refluxed for 18 h. The mixture was concentrated in vacuo. The residue
was diluted with hexane (200 mL), and treated with activated charcoal. The mixture was
filtered and rinsed with hexane. The filtrate was evaporated under reduced pressure, and the
residue was purified by column chromatography on silica gel (hexane only to 20:1
hexane—-EtOAc) to afford 177 (17.6 g, 55%) as a pale orange oil; Rf = 0.37 (20:1
hexane—EtOAc); 'H NMR (400 MHz, CDCl;) § 0.04 (6 H, s), 0.87 (9 H, s), 1.14 3 H, d, J =
6.2 Hz), 1.26 (12 H, s), 2.19-2.28 (1 H, m), 2.29-2.38 (1 H, m), 3.88 (1 H, sxt, J = 6.1 Hz),
546 (1 H, dt, J = 18.0, 1.5 Hz), 6.59 (1 H, dt, J = 18.0, 7.2 Hz); LRMS (APCI, m/z) 327

280



[M+H]".

tert-Butyl-[(E,1R)-4-iodo-1-methyl-but-3-enoxy|-dimethylsilane (178) (known)42

|\/\/L
= OTBS

178

To a solution of 177 (20.5 g, 62.8 mmol) in THF (62.8 mL) was added 1.0 M aqueous NaOH
(314 mL, 314 mmol) at rt. To this mixture was added iodine (31.9 g, 126 mmol) in THF (126
mL) at rt, and the mixture was stirred at the same temperature for 30min. To the mixture was
added hexane (200 mL) and the organic layer was separated. The aqueous layer was extracted
with hexane (100 mL). The extracts were washed with 10% aqueous Na,S,03; (200 mL) and
saturated aqueous NaCl (100 mL), dried over Na,SOy, filtered, and concentrated in vacuo. The
residue was purified by column chromatography on silica gel (hexane only) to afford 178 (15.6
g, 76%) as a colorless oil; Rf'= 0.33 (hexane only); IR (ATR, cmﬁl) 2956, 2929, 2857, 1608,
1471, 1462, 1376, 1361, 1253, 1177, 1129, 1082, 997, 945, 833, 807, 773, 664; '"H NMR (400
MHz, CDCl3) 6 0.05 (6 H, s), 0.88 (9 H, s), 1.13 (3 H, d, J= 6.1 Hz), 2.10-2.20 (2 H, m), 3.84
(1 H, sxt, J = 5.9 Hz), 6.02 (1 H, dt, J = 14.3, 1.3 Hz), 6.52 (1 H, dt, J = 14.8, 7.2 Hz); °C
NMR (100 MHz, CDCl3) 6 —4.7, —4.6, 18.1, 23.5, 25.8, 46.0, 67.5, 76.4, 143.6; LRMS (APCI,
m/z) 327 [M+H]+, 195 [M—OTBS]Jr base peak; HRMS (APCI, m/z) calcd for C;Hy310Si1
[M+H]" 327.0636, found 327.0624; [a]5—10.7 (¢ 1.05, CHCI;).

(E)-(R)-5-1odo-pent-4-en-2-0l (171)

|\/\/L
= OH

To a solution of 178 (11.1 g, 33.9 mmol) in MeOH (45.0 mL) was added methanesulfonic
acid (0.22 mL, 3.4 mmol) at rt, and the mixture was stirred at the same temperature for 18 h.
The mixture was treated with EtzN (0.95 mL, 6.8 mmol) and concentrated in vacuo. The
residue was diluted with CHCl; (30 mL), and then treated with saturated aqueous NaHCO; (20
mL). The organic layer was separated and the aqueous layer was extracted with CHCI; (20 mL).
The extracts were dried over Na,SOg,, filtered, and concentrated in vacuo. The residue was

purified by column chromatography on silica gel (4:1 to 2:1 hexane—EtOAc) to afford 171
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(6.75 g, 94%) as a colorless syrup; Rf = 0.29 (4:1 hexane—EtOAc); IR (ATR, cm ') 3337, 2967,
2928, 2902, 1607, 1453, 1423, 1374, 1270, 1225, 1119, 1071, 1018, 946, 842, 657; '"H NMR
(400 MHz, CDCl3) 6 1.21 (3 H, d, J=6.1 Hz), 1.49 (1 H, d, J = 4.6 Hz), 2.11-2.29 (2 H, m),
3.78-3.95 (1 H, m), 6.14 (1 H, dt, J= 14.3, 1.5 Hz), 6.56 (1 H, dt, J = 14.6, 7.6 Hz); °C NMR
(100 MHz, CDCl3) § 22.9, 45.5, 66.6, 77.5, 142.6; LRMS (APCI, m/z) 195 [M—OH]"; HRMS
(APCI, m/z) caled for CsHolO [M+H-H,0]" 194.9665, found 194.9660; [a]5 —15.4 (¢ 1.06,
CHCIl,).

2-[(28,3R,55,6R)-5-Benzyloxy-3-hydroxy-6-(hydroxymethyl)tetrahydropyran-2-yl]-6-
hydroxy-4-methoxybenzoic acid (172)

OMe

To a solution of 146 (1.50 g, 3.28 mmol) in EtOH (20.0 mL) was added 2 M aqueous NaOH
(8.20 mL, 16.4 mmol) at rt, and then refluxed for 30 min. After cooling in the ice—bath, to the
mixture was added H,O (40 mL) and CHCI; (40 mL), and then acidified with 1 M aqueous
HCI (20 mL). The organic layer was separated and the aqueous layer was extracted with CHCl;
(40 mL x 2). The extracts were dried over Na,SO,, filtered and concentrated in vacuo. The
residual solid was triturated with Et;O (10 mL) and filtered to give 172 (935 mg, 71%) as a
colorless amorphous solid; Rf = 0.24 (4:1 CHCl;-MeOH); IR (ATR, cm ') 2941, 2512, 1610,
1428, 1374, 1311, 1260, 1223, 1206, 1166, 1021, 1002, 844, 755, 699; '"H NMR (400 MHz,
CD;0OD) 6 1.57 (1 H, q,J=11.3 Hz), 2.64 (1 H, dt, J = 11.8, 4.6 Hz), 3.39 (1 H, ddd, J= 9.3,
5.1,2.1 Hz), 3.50-3.63 (2 H, m), 3.69 (1 H, dd, J=12.1, 5.4 Hz), 3.80 (3 H, ), 3.86 (1 H, dd, J
=12.1,2.3 Hz),4.54 (1 H,d, J=11.3 Hz),4.67 (1 H,d, J=11.8 Hz), 5.16 (1 H, d, J= 9.3 Hz),
6.41 (1 H, d, J=2.6 Hz), 6.77 (1 H, d, J = 2.6 Hz), 7.21-7.41 (5 H, m); *C NMR (100 MHz,
CD;OD) & 40.3, 55.9, 62.8, 71.8, 72.2, 73.8, 81.3, 83.2, 101.5, 107.9, 108.9, 128.8, 129.0,
129.4, 139.9, 144.8, 164.3, 165.2, 174.1; LRMS (APCIL m/z) 405 [M+H]"; Anal. Calcd for
C»1H2405: C, 62.37; H, 5.98; Found: C, 62.45; H, 5.87; [a]; +64.2 (¢ 0.5, MeOH).
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2-[1(285,3R,58,6R)-5-Benzyloxy-3-[tert-butyl(dimethyl)silyl]oxy-6-[[fert-butyl-
(dimethyl)silyljoxymethyl]tetrahydropyran-2-yl]-6-hydroxy-4-methoxybenzoic acid (170)

OMe

170

To a solution of 172 (891 mg, 2.20 mmol) in DMF (17.8 mL) were added imidazole (1.20 g,
17.6 mmol) and TBSCI (2.66 g, 17.6 mmol) at rt and heated at 80 °C for 30 min. After cooling,
the mixture was diluted with EtOAc (80 mL), and then added H,O (100 mL). The organic layer
was separated and the aqueous layer was extracted with EtOAc (50 mL). The extracts were
washed with H,O (100 mL) and saturated aqueous NaCl (50 mL), dried over Na,SO, filtered,
and concentrated in vacuo to afford crude colorless syrup, which was dissolved in MeOH (26.7
mL) and treated with 2 M aqueous NaOH (8.81 mL, 17.6 mmol) at rt and stirred at the same
temperature for 30 min. The reaction mixture was treated with 10% aqueous citric acid (100
mL) and extracted with CHCl; (50 mL x 2). The extracts were washed with H,O (100 mL),
dried over Na,SO,, filtered and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (hexane only to 2:1 hexane-EtOAc to 4:1 CHCl;-MeOH) to
afford 170 (1.17 g, ca. 84%, unstable, impure) as a slightly yellow syrup; Rf = 0.29 (20:1
CHCl;-MeOH); 'H NMR (400 MHz, CD;0D) & —0.54, —0.24, 0.00, 0.04 (each 3 H, s), 0.65,
0.86 (each 9 H, s), 1.49 (1 H, q, J=11.3 Hz), 2.35 (1 H, dt, /= 11.8, 4.4 Hz), 3.28-3.39 (2 H,
m), 3.55-3.65 (1 H, m), 3.74 3 H, s), 3.84 (1 H, dd, J=10.8, 4.1 Hz), 3.89 (1 H, dd, J = 10.8,
1.0 Hz),4.52 (1 H,d,J=11.3 Hz),4.59 (1 H,d, J=11.3 Hz), 5.40 (1 H, d, J= 8.7 Hz), 6.33 (1
H, d, J=2.6 Hz), 6.66 (1 H, d, J=3.1 Hz), 7.19-7.33 (5 H, m); °C NMR (100 MHz, CD;0D)
0 41.8,56.0, 64.1, 72.8, 73.4, 74.8, 81.4, 83.4, 101.5, 107.9, 108.0, 129.0, 129.2, 129.5, 140.0,
146.4, 165.5, 173.1, 174.5; LRMS (APCI, m/z) 631 [M—H] .

[(E,15)-4-1odo-1-methyl-but-3-enyl] 2-[(2S5,3R,5S5,6R)-5-benzyloxy-3-[tert-

butyl(dimethyl)silyl|oxy-6-[[terz-butyl(dimethyl)silyl|oxymethyl|tetrahydropyran-2-yl]-6-
hydroxy-4-methoxybenzoate (169)
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OMe

To a solution of 170 (1.13 g, 1.79 mmol, impure), (£)-(R)-5-iodo-pent-4-en-2-ol (171) (568
mg, 2.68 mmol) and PPh; (750 mg, 2.86 mmol) in THF (22.6 mL) was added DIAD (1.50 mL,
2.86 mmol, 40 wt% toluene solution) at rt. After being stirred at the same temperature for
30min, the reaction mixture was concentrated in vacuo and the residue was purified by column
chromatography on silica gel (wako NH-Si0O,, 20:1 to 1:1 hexane—EtOAc) and again purified
by column chromatography on silica gel (SiO,, hexane only to 20:1 hexane—EtOAc) to afford
169 (1030 mg, 72%) as a colorless syrup; Rf = 0.29 (20:1 hexane-EtOAc); IR (ATR, cm ')
2928, 2856, 1648, 1615, 1314, 1250, 1204, 1159, 1071, 1027, 833, 775, 698; 'H NMR (400
MHz, CDCl3) 6 —0.49, —0.24, 0.08, 0.11 (each 3 H, s), 0.69, 0.93 (each 9 H, s), 1.41 3 H, d, J
=6.2 Hz), 1.57 (1 H, q, J=12.3 Hz), 2.31-2.51 (2 H, m), 3.24 (1 H, ddd, J=10.9, 8.6, 4.1 Hz),
3.38 (1 H, dt, J=9.3, 2.6 Hz), 3.61-3.73 (1 H, m), 3.80 (3 H, s), 3.89—4.01 (2 H, m), 4.60 (1 H,
d,J=11.3 Hz),4.65 (1 H,d, J=11.8 Hz), 5.22 (1 H, sxt,J= 6.2 Hz), 5.43 (1 H, d, /= 8.7 Hz),
6.16 (1 H,d, J=14.4 Hz), 6.40 (1 H, d, J=2.6 Hz), 6.52 (1 H, dt, J=14.9, 7.2 Hz), 6.76 (1 H,
d, J=3.1 Hz), 7.27-7.42 (5 H, m), 11.50 (1 H, s); °C NMR (100 MHz, CDCl;) & —5.6, —5.4,
-5.1,-5.0, 17.7, 18.4, 19.3, 25.6, 26.0, 40.6, 42.2, 55.4, 62.6, 70.7, 71.8, 71.9, 74.0, 78.3, 79.6,
82.2,100.7, 106.2, 106.4, 127.8, 127.9, 128.4, 138.4, 140.7, 145.0, 164.1, 164.3, 170.9; LRMS
(APCI, m/z) 844 [M+NH4]"; HRMS (APCI, m/z) calcd for C3gHsolOgSi, [M+H]" 827.2866,
found 827.2871; [a] +62.5 (¢ 0.5, CHCl5).

[(E,15)-4-1odo-1-methyl-but-3-enyl] 2-[(2S5,3R,55,6R)-5-benzyloxy-3-[tert-butyl-

(dimethyl)silyl]oxy-6-[[fert-butyl(dimethyl)silyljoxymethyl]|tetrahydropyran-2-yl]-4-
methoxy-6-(methoxymethoxy)benzoate (173)

OMe

To a solution of 169 (967 mg, 1.17 mmol) in CH3;CN (20.0 mL) were added
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tetrabutylammonium iodide (432 mg, 1.17 mmol), iPr,NEt (0.611 mL, 3.51 mmol) followed by
chloromethyl methyl ether (0.266 mL, 3.51 mmol) at rt, and then heated at 80 °C for 30 min.
To the mixture were added another portions of iPr,NEt (0.611 mL, 3.51 mmol) and
chloromethyl methyl ether (0.266 mL, 3.51 mmol) and stirred at 80 °C for 30 min. To the
mixture were added again iPr,NEt (0.611 mL, 3.51 mmol) and chloromethyl methyl ether
(0.266 mL, 3.51 mmol) and stirred at 80 °C for another 1 h. After cooling, to the mixture was
added saturated aqueous NaHCO3 (30 mL) and extracted with CHCI3 (30 mL X 2). The extracts
were dried over Na,SO,, filtered and evaporated under reduced pressure. The residue was
purified by column chromatography on silica gel (hexane only to 9:1 hexane-EtOAc) to afford
173 (950 mg, 93%) as a colorless syrup; Rf = 0.33 (9:1 hexane—EtOAc); IR (ATR, cm ') 2928,
2855, 1731, 1607, 1463, 1319, 1252, 1153, 1091, 1038, 1005, 834, 775; 'H NMR (400 MHz,
CDCls) 6 —0.39, —0.18, 0.03, 0.06 (each 3 H, s), 0.71, 0.90 (each 9 H, s), 1.31 3 H, d, J=6.2
Hz), 1.59 (1 H, q, J = 11.8 Hz), 2.29-2.49 (3 H, m), 3.32 (1 H, dt, /= 9.3, 2.6 Hz), 3.45 (3 H,
s), 3.57-3.70 (2 H, m), 3.78 (3 H, s), 3.83-3.94 (2 H, m), 4.16 (1 H,d, J=8.7 Hz), 4.57 (1 H, d,
J=113Hz),4.64 (1 H,d,J=11.3 Hz),5.12 (1 H, d, J= 6.7 Hz), 5.15-5.23 (2 H, m), 6.13 (1
H, dt,J=14.4,1.5 Hz), 6.57 (1 H, dt, J=14.4, 7.2 Hz), 6.58 (1 H, d, /= 2.1 Hz), 6.65 (1 H, d,
J=2.1 Hz), 7.27-7.40 (5 H, m); °C NMR (100 MHz, CDCl3) § —5.3, —=5.2, —5.0, 17.9, 18.4,
19.5, 25.7, 26.0, 40.1, 42.0, 55.4, 56.0, 62.7, 70.0, 71.48, 71.51, 71.8, 77.5, 82.0, 82.1, 94.7,
101.8, 105.5, 118.5, 127.7, 127.8, 128.4, 138.6, 139.7, 141.5, 155.1, 160.9, 166.3; LRMS
(APCI, m/z) 888 [M+NH,]"; HRMS (APCI, m/z) caled for C4oHg3100Si, [M+H]™ 871.3128,
found 871.3132; [a]; +26.8 (¢ 0.5, CHCl5).

[(E,15)-4-1odo-1-methyl-but-3-enyl] 2-[(2S5,3R,5S5,6R)-5-benzyloxy-3-[tert-

butyl(dimethyl)silyl]oxy-6-(hydroxymethyl)tetrahydropyran-2-yl]-4-methoxy-6-
(methoxymethoxy)benzoate (174)

OMe

BnO™ "oTBS

174
To a solution of 173 (302 mg, 0.347 mmol) in MeOH (6.00 mL) was added
dIl-10-camphorsulfonic acid (40.3 mg, 0.173 mmol) at 0 °C. After being stirred at the same
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temperature for 1 h, to the mixture was added saturated aqueous NaHCO; (30 mL), and
extracted with CHCl; (30 mL X 3). The extracts were dried over Na,SQO,, filtered, and
concentrated in vacuo. The residue was purified by column chromatography on silica gel (4:1
to 2:1 hexane-EtOAc) to afford 174 (251 mg, 96%) as a colorless syrup; Rf = 0.30 (3:1
hexane-EtOAc); IR (ATR, cm ') 2929, 1720, 1608, 1586, 1455, 1317, 1254, 1152, 1124, 1092,
1066, 979, 952, 931, 835, 776, 751, 698; "H NMR (400 MHz, CDCl3) & —0.40, —0.19 (each 3 H,
s),0.76 (9 H,s),1.27(3H,d,J=6.7Hz),1.58 (1 H, q,/J=11.3 Hz), 2.27 (1 H, dd, J=8.7, 5.1
Hz), 2.36-2.47 (3 H, m), 3.36 (1 H, dt, /= 9.3, 3.3 Hz), 3.45 (3 H, s), 3.56 (1 H, ddd, J=11.3,
9.5,44 Hz),3.73 (1 H, ddd, J=12.3, 8.7, 3.6 Hz), 3.79 (3 H, s), 3.80-3.91 (2 H, m), 4.14 (1 H,
d,J=8.7Hz),4.55 (1 H,d,J=11.3 Hz), 4.64 (1 H, d, J=11.3 Hz), 5.07-5.20 (3 H, m), 6.15
(1H,d,J=14.3 Hz), 6.47 (1 H,d, J=2.6 Hz), 6.56 (1 H, dt, J=14.9, 7.2 Hz), 6.67 (1 H, d, J
=2.6 Hz), 7.28-7.40 (5 H, m); °C NMR (100 MHz, CDCls) —5.5, =5.1, 17.9, 19.2, 25.7, 39.5,
41.8,55.4, 56.1, 61.8, 69.9, 70.2, 71.3, 71.5, 77.8, 80.4, 84.2, 94.7, 101.3, 107.8, 116.8, 127.9,
128.5, 138.0, 138.3, 141.1, 155.6, 160.3, 168.1; LRMS (APCI, m/z) 774 [M+NH,4]"; HRMS
(APCI, m/z) caled for C3qHylOoSi [M+H]" 757.2263, found 757.2262; [a]; +19.3 (¢ 0.5,
CHCly).

[(E,1S5)-4-10odo-1-methyl-but-3-enyl] 2-[(2S5,3R,55,65)-5-benzyloxy-
3-[tert-butyl(dimethyl)silyl]oxy-6-formyl-tetrahydropyran-2-yl]-4-methoxy-
6-(methoxymethoxy)benzoate (168)

| z
N0 oMoM

OMe

To a solution of 174 (240 mg, 0.317 mmol) in CH,Cl, (4.80 mL) was added Dess—Martin
periodinane (175 mg, 0.413 mmol) at rt, and the mixture was stirred at the same temperature
for 4 h. The mixture was diluted with EtOAc (40 mL), washed with 1:1 saturated aqueous
NaHCOs—saturated aqueous Na,S;03 (40 mL), saturated aqueous NaHCO; (40 mL x 2) and
saturated aqueous NaCl (40 mL), dried over Na,SO,, filtered, and evaporated under reduced

pressure. The residue was purified by column chromatography on silica gel (4:1 to 2:1
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hexane-EtOAc) to afford 168 (215mg, 90%) as a colorless syrup; Rf = 0.24 (2:1
hexane—EtOAc); IR (ATR, cm™) 2929, 1721, 1608, 1586, 1455, 1319, 1254, 1152, 1068, 984,
928, 835, 776, 751, 698; 'H NMR (400 MHz, CDCl3) & —0.40, —0.16 (each 3 H, s), 0.74 (9 H,
s), 1.31 3 H, d,J=6.2Hz), 1.67 (1 H, q, J=11.3 Hz), 2.31-2.57 (3 H, m), 3.45 (3 H, s), 3.69
(1H,ddd, J=10.8,9.3,4.1 Hz),3.79 (3 H, s), 3.87 (1 H, dd, J=9.8, 1.0 Hz), 3.93 (1 H, ddd, J
=10.9,9.1,4.6 Hz), 4.17 (1 H,d, J=8.7 Hz), 455 (1 H,d, J=11.8 Hz), 4.64 (1 H,d, J=12.3
Hz), 5.06 (1 H, sxt, J= 6.2 Hz), 5.11 (1 H, d, J=6.7 Hz), 5.17 (1 H, d, J= 7.2 Hz), 6.16 (1 H,
dt,J=14.9, 1.0 Hz), 6.51 (1 H, d, J=2.1 Hz), 6.56 (1 H, dt, J= 14.4, 7.2 Hz), 6.66 (1 H, d, J =
2.6 Hz), 7.28-7.42 (5 H, m), 9.70 (1 H, d, J = 1.0 Hz); °*C NMR (100 MHz, CDCl3) & -5.5,
-5.0, 17.8, 19.2, 25.7, 40.0, 42.0, 55.5, 56.1, 69.6, 70.2, 71.5, 72.2, 77.8, 83.1, 83.5, 94.6,
101.7, 107.4, 117.5, 127.99, 128.03, 128.5, 137.6, 137.9, 141.4, 155.7, 160.6, 167.1, 197.4;
LRMS (APCI, m/z) 772 [M+NH4]"; HRMS (APCI, m/z) caled for CssHy100Si [M+H]"
755.2107, found 755.2113; [a]; +18.5 (¢ 0.5, CHCl5).

Synthesis of (45,6E,8R,98,105,12R,13S5)-10-benzyloxy-12-[tert-butyl(dimethyl)silyl]oxy-
9,13-epoxy-8-hydroxy-16-methoxy-18-(methoxymethoxy)-4-methyl-3-
oxabicyclo[12.4.0]octadecane-1(14),6,15,17-tetraene-2-one (179)

OMe OMe

Under nitrogen atmosphere, to a solution of 168 (430 mg, 0.570 mmol) in DMF (57.0 mL)
were added CrCl, (280 mg, 2.28 mmol) and NiCl, (3.0 mg, 0.023 mmol) at rt, and the mixture
was stirred at rt for 20 h. To the mixture was added saturated aqueous NH4Cl (150 mL) and
EtOAc (100 mL). The organic layer was separated, and the aqueous layer was extracted with
EtOAc (50 mL x 2). The extracts were washed with H,O (100 mL) and saturated aqueous NaCl
(100 mL), dried over Na,SOy, filtered, and concentrated in vacuo. The residue was purified by
column chromatography on silica gel (4:1 to 2:1 hexane-EtOAc) to afford 179 (150 mg, 42%)
as a colorless syrup and (4S5,6E£,85,95,10S5,12R,13S5)-10-benzyloxy-12-
[tert-butyl(dimethyl)silyl]oxy-9,13-epoxy-8-hydroxy-16-methoxy-18-(methoxymethoxy)-4-
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methyl-3-oxabicyclo[12.4.0]octadecane-1(14),6,15,17-tetraene-2-one (180) (132 mg, 37%) as a
colorless syrup. 179: Rf = 0.34 (2:1 hexane—EtOAc); IR (ATR, cm‘l) 2929, 2856, 1711, 1607,
1584, 1289, 1258, 1152, 1057, 986, 931, 835, 776, 751, 698; 'H NMR (400 MHz, CDCls) &
—0.45, —0.18 (each 3 H, s5), 0.77 (9 H, s), 1.34 3 H, d, /= 6.2 Hz), 1.52 (1 H, q, J = 11.3 Hz),
2.02 (1 H,d,J="7.7 Hz), 2.24 (1 H, ddd, J = 144, 11.6, 7.5 Hz), 2.39 (1 H, dt, J = 144, 4.1
Hz), 2.48 (1 H, dt, J=11.8, 4.4 Hz), 3.35 (1 H, td, /= 11.8, 3.6 Hz), 3.41-3.48 (1 H, m), 3.44
(3H,s),3.77 (3 H,s),4.03 (1 H,d, J=9.3 Hz), 4.23 (1 H, ddd, J=10.9, 8.9, 4.9 Hz), 4.48 (1
H, d, J=11.3 Hz), 4.56 (1 H, dd, J = 6.2, 4.6 Hz), 4.68 (1 H, d, J = 11.3 Hz), 5.11 (2 H, s),
5.34-5.46 (1 H, m), 5.54 (1 H, dd, J=15.4, 4.1 Hz), 5.58-5.68 (1 H, m), 6.44 (1 H,d, J=2.6
Hz), 6.63 (1 H, d, J= 2.1 Hz), 7.27-7.43 (5 H, m); °’C NMR (100 MHz, CDCl3) 8 —5.7, —5.3,
17.9, 20.6, 25.8, 36.8, 39.5, 55.4, 56.0, 69.3, 70.3, 70.8, 71.3, 73.2, 84.6, 85.2, 94.7, 101.4,
109.3, 116.6, 125.2, 127.9, 128.5, 130.9, 138.0, 139.2, 156.0, 159.8, 168.3; LRMS (APCI, m/z)
646 [M+NH4]"; HRMS (APCI, m/z) calcd for C34Ha300Si [M+H]™ 629.3140, found 629.3141;
[a]2 +90.6 (¢ 0.5, CHCl;). 180: Rf = 0.55 (2:1 hexane-EtOAc); IR (ATR, cm ') 2929, 2855,
1712, 1607, 1584, 1293, 1260, 1152, 1105, 1043, 982, 930, 861, 835, 776, 753, 699; '"H NMR
(400 MHz, CDCl3) 6 —0.45, —0.16 (each 3 H, s), 0.78 (9 H, s), 1.35 3 H, d, J = 6.2 Hz), 1.55
(1H,q,J=11.8 Hz),2.18 (1 H,ddd, J=13.7, 11.2, 6.9 Hz), 2.30-2.43 (1 H, m), 2.54 (1 H, dt,
J=11.4,4.6 Hz), 3.44 (3 H, s),3.59 (1 H, dd, J = 9.5, 4.4 Hz), 3.69-3.83 (4 H, m), 4.09 (1 H,
d,J=28.7 Hz), 4.18-4.30 (2 H, m), 4.40 (1 H, ddd, /= 11.1, 9.0, 5.1 Hz),4.50 (1 H,d, J=11.3
Hz),4.70 (1 H,d, J=11.3 Hz), 5.02-5.17 (2 H, m), 5.31 (1 H, sxt, /= 5.1 Hz), 5.40 (1 H, dd, J
=15.7, 8.0 Hz), 5.69 (1 H, dt, J=14.9, 8.2 Hz), 6.46 (1 H,d, J=2.6 Hz), 6.63 (1 H, d, /= 2.1
Hz), 7.29-7.43 (5 H, m); °C NMR (100 MHz, CDCl;) & —5.7, —5.2, 17.8, 20.6, 25.8, 35.6,
39.2,55.4,56.1,69.0,70.4,72.9, 73.7, 76.2, 77.8, 85.6, 94.8, 101.7, 109.5, 116.7, 128.3, 128.7,
130.0, 131.6, 137.0, 139.1, 155.9, 159.9, 168.4; LRMS (APCI, m/z) 646 [M+NH,]"; HRMS
(APCI, m/z) caled for C34Hig00Si [M+H]™ 629.3140, found 629.3144; [a]s +123.5 (c 0.5,
CHCl3). The stereochemistry of the new chiral center of 179 was confirmed by conversion into

4’-O-Benzyl paecilomycin B (157).

Synthesis of 179 (catalytic asymmetric approach)
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CrCly, ligand 155
Proton sponge
OMOM CH3CN

|

LiCI, Mn, NiCl,-DMP
Zr(Cp)5Cly,CH;CN

OMe OMe

0 I OMe
</N HN._.O
ligand = \ ~o”
— 770
Cl Cl
155
>99.8%ee

To a solution of 155 (13.2 mg, 0.0299 mmol) in CH3CN (0.700 mL) were added proton
sponge (6.40 mg, 0.0299 mmol) and CrCl, (3.30 mg, 0.0272 mmol) at rt, and the mixture was
stirred at the same temperature for 1 h. To the mixture were added LiCl (23.0 mg, 0.543 mmol),
Mn powder (29.8 mg, 0.543 mmol), NiCl,-DMP (1.80 mg, 0.00540 mmol), Zr(Cp),Cl, (79.4
mg, 0.272 mmol), and a solution of 168 (205 mg, 0.272 mmol) in CH3CN (0.70 mL) at rt. After
being stirred at the same temperature for 4 h, to the mixture was added Florisil and stirred for
10 min. The mixture was filtered and washed with EtOAc (30 mL). The filtrate was washed
with saturated aqueous NH4Cl (30 mL), and saturated aqueous NaCl (30 mL), dried over
NaySOy, filtered, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (9:1 to 4:1 to 3:1 hexane—EtOAc) to give 179 (35.1 mg, 21%) as
a colorless syrup and 180 (12.9 mg, 8%) as a slightly yellow syrup.

(4S,6E,8R,95,108,12R,13S5)-10-Benzyloxy-9,13-epoxy-8,12,18-trihydroxy-16-methoxy-4-
methyl-3-oxabicyclo[12.4.0]octadecane-1(14),6,15,17-tetraene-2-one (157)

OMe

157
To a solution of 179 (100 mg, 0.159 mmol) in MeOH (3.20 mL) was added methanesulfonic

acid (0.042 mL, 0.65 mmol), and the mixture was stirred at 60 °C for 1.5 h. After cooling, to

the mixture was added saturated aqueous NaHCO3 (20 mL), and extracted with EtOAc (30 mL
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x 2). The extracts were washed with saturated aqueous NaCl (20 mL), dried over Na,;SOy,
filtered, and concentrated in vacuo. The residue was purified by column chromatography on
silica gel (1:1 to 1:3 hexane—EtOAc) to afford 157 (66.2 mg, 89%) as a colorless solid; Rf =
0.38 (1:2 hexane—EtOAc); 'H NMR (400 MHz, CDCl3) & 1.43 (3 H, d, J = 6.7 Hz), 1.56 (1 H,
q,J=11.3Hz), 1.82 (1 H,d, J=4.6 Hz), 2.14-2.33 (1 H, m), 2.45 (1 H, br. s.), 2.52 (1 H, dt, J
=14.1,5.0 Hz), 2.72 (1 H, dt, J=11.6, 4.5 Hz), 3.35 (1 H, dd, /=9.8, 3.1 Hz), 3.49 (1 H, td, J
=10.1,3.9 Hz), 3.79 3 H, s),4.17 (1 H, d, J=9.2 Hz), 4.37-4.47 (2 H, m), 450 (1 H, d, J =
11.8 Hz), 4.73 (1 H, d, J = 11.3 Hz), 5.45-5.55 (1 H, m), 5.59 (1 H, dd, J = 15.4, 3.6 Hz),
5.65-5.76 (1 H, m), 6.41 (1 H, d, J=2.6 Hz), 6.51 (1 H, d, J = 2.1 Hz), 7.28-7.49 (5 H, m),
8.02 (1 H, br. s.) identical with those of 157 (from RCM route); >°C NMR (100 MHz, CDCl;) &
20.5, 37.1, 37.6, 55.5, 67.9, 70.7, 70.8, 71.2, 73.4, 83.7, 85.2, 101.2, 109.4, 110.1, 124.5,
127.96, 128.01, 128.6, 133.3, 137.7, 140.6, 159.0, 162.0, 167.1 identical with those of 157
(from RCM route); LRMS (APCI, m/z) 388 [M+NH,] .

Synthesis of 6 -epi-paecilomycin B (164)

OMOM MeSO3H
MeOH
OMe

OMe OMe

180 181 6'-epi-paecilomycin B, 164

To a solution of 180 (100 mg, 0.159 mmol) in MeOH (3.20 mL) was added methanesulfonic
acid (0.042 mL, 0.65 mmol) and stirred at 60 °C for 1.5 h. After cooling, to the mixture was
added saturated aqueous NaHCO; (20 mL) and extracted with EtOAc (30 mL x 2). The
extracts were washed with saturated aqueous NaCl (20 mL), dried over Na,SO,, filtered and
concentrated in vacuo. The residue was purified by column chromatography on silica gel (1:1
hexane—EtOAc) to afford (4S,6E,85,95,108,12R,13S)-10-benzyloxy-9,13-epoxy-8,12,18-
trihydroxy-16-methoxy-4-methyl-3-oxabicyclo[12.4.0]octadecane-1(14),6,15,17-tetraene-
2-one (181) (61.7 mg, 83%) as a colorless amorphous powder; Rf = 0.38 (1:1 hexane—EtOAc);
IR (ATR, cm') 3397, 2931, 1708, 1637, 1612, 1435, 1359, 1313, 1252, 1203, 1162, 1093,
1024, 970, 839, 736, 698; 'H NMR (400 MHz, CDCl3) § 1.38 3 H, d, J= 6.1 Hz), 1.62 (1 H, q,
J=11.8 Hz), 1.73 (1 H, d, J = 4.1 Hz), 2.25 (1 H, dt, J = 13.2, 3.7 Hz), 2.49 (1 H, br. s),
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2.63-2.81 (2 H, m), 3.28 (1 H, dd, J=9.2, 2.6 Hz), 3.70 (1 H, td, J = 10.8, 4.6 Hz), 3.80 (3 H,
s),4.24-4.33 (1 H, m), 4.41 (1 H, d, J=9.2 Hz), 4.47-4.54 (1 H, m), 4.60 (1 H, d, /= 11.3 Hz),
4.71 (1 H, d, J=12.3 Hz), 5.28-5.48 (1 H, m), 5.52-5.71 (2 H, m), 6.44 (1 H, d, J = 2.6 Hz),
6.62 (1 H, d, J=2.6 Hz), 7.28-7.55 (5 H, m), 10.43 (1 H, br. s); *C NMR (100 MHz, CDCl5)
6 194, 36.0, 38.9, 55.5, 67.4, 71.4, 71.5, 71.9, 73.1, 81.8, 88.0, 101.0, 107.8, 108.8, 123.4,
128.1, 128.6, 137.8, 138.5, 140.2, 163.0, 163.3, 169.6; LRMS (APCI, m/z) 488 [M+NH,]’;
HRMS (APCI, m/z) caled for CpsH30Og [M+NH,4]" 488.2279, found 488.2283; [a]; +19.8 (c
0.2, CHCI3). To a solution of 181 (38.0 mg, 0.0808 mmol) in CH,ClI, (7.60 mL) was added
TiCly (404 uL, 0.404 mmol, 1.0 M CH,Cl; solution) at rt, and the mixture was stirred at rt for 2
h. To the mixture was added saturated aqueous NaHCO; (10 mL), and extracted with EtOAc
(30 mL x 2). The extracts were washed with saturated aqueous NaCl (10 mL), dried over
Na,S0,, filtered, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (15:1 CHCl;-MeOH) to afford 164 (25.7 mg, 84%) as a colorless
amorphous solid; Rf'= 0.28 (9:1 CHCl5-MeOH); IR (ATR, cmfl) 3330, 1695, 1613, 1591, 1438,
1316, 1256, 1163, 1116, 1084, 1019, 967, 842; "H NMR (400 MHz, pyridine-ds) & 1.44 (3 H, d,
J=6.1Hz),2.16-2.23 (1 H, m), 2.23 (1 H, q, /= 11.0 Hz), 2.42-2.54 (1 H, m), 3.03 (1 H, dt, J
=11.8,4.6 Hz), 3.57 3 H, s), 3.93 (1 H, dd, /= 9.5, 5.4 Hz), 4.53 (1 H, td, /= 10.8, 5.1 Hz),
4.61 (1H,d,J=8.7Hz), 4.85-5.10 (1 H, m), 5.16 (1 H, ddd, /= 11.1, 9.1, 4.9 Hz), 5.67 (1 H,
sxt, J=6.7Hz), 5.99 (1 H, dt, J=14.3, 7.2 Hz), 6.18 (1 H, dd, J=15.9, 8.7 Hz), 6.41 (1 H, br.
s),6.63 (1 H,d,J=2.6 Hz), 6.85 (1 H, br. s.), 6.89 (1 H, d, J=2.6 Hz), 7.63 (1 H, br. s.), 11.92
(1 H, br. s.); '"H NMR (400 MHz, CDCl3) 8 1.42 (3 H, d, J= 6.7 Hz), 1.59 (1 H, q, J = 11.8 Hz),
1.85 (1 H, br. s),2.26 (1 H,ddd, J=13.4,7.8,5.4 Hz),2.49 (1 H, br. s), 2.54 (1 H, dt, J=11.6,
4.7Hz),2.62 (1 H,ddd, J=13.7,7.0, 4.9 Hz), 3.23 (1 H, br. 5.), 3.31 (1 H, dd, J=9.5, 4.4 Hz),
3.79 3 H,s),3.87-3.99 (1 H, m), 4.23 (1 H, d, J=9.2 Hz), 4.39-4.49 (1 H, m), 4.49-4.54 (1 H,
m), 5.49-5.60 (1 H, m), 5.62-5.73 (1 H, m), 5.73 (1 H, dd, /=164, 6.7 Hz), 6.42 (1 H,d, J =
2.6 Hz), 6.57 (1 H, d, J= 2.1 Hz), 8.76 (1 H, br. 5.); >C NMR (100 MHz, pyridine-ds) & 20.8,
36.0, 44.0, 55.1, 67.1, 68.2, 72.7, 76.3, 81.6, 87.1, 101.6, 108.1, 115.7, 130.1, 132.7, 141.3,
158.4, 160.6, 169.6; *C NMR (100 MHz, CDCl3) §20.3, 36.0, 41.1, 55.5, 65.3, 67.5, 72.2,
74.0, 83.3, 83.8, 101.2, 109.1, 109.4, 127.0, 134.6, 140.5, 162.3, 167.8; LRMS (APCI, m/z)
381 [M+H]"; HRMS (APCI, m/z) caled for CoH4Og [M+NH,]" 398.1809, found 398.1812;
[a]n +122.7 (¢ 0.3, MeOH).
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'"H NMR spectrum of 175 (400 MHz, CDCls)
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"H NMR spectrum of 178 (400 MHz, CDCl;)
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'H NMR spectrum of 172 (400 MHz, CD;0D)
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"H NMR spectrum of 169 (400 MHz, CDCl5)
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"H NMR spectrum of 173 (400 MHz, CDCl5)
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"H NMR spectrum of 174 (400 MHz, CDCl;)
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"H NMR spectrum of 168 (400 MHz, CDCl;)
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"H NMR spectrum of 179 (400 MHz, CDCl;)
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'"H NMR spectrum of 180 (400 MHz, CDCls)
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"H NMR spectrum of 157 (intramolecular NHK route) (400 MHz, CDCl3)
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'"H NMR spectrum of 181 (400 MHz, CDCls)
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'H NMR spectrum of 6 -epi-paecilomycin B, 164 (intramolecular NHK route) (400 MHz,

pyridine-ds)
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"H NMR spectrum of 164 (400 MHz, CDCl;)
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'H-"H COSY spectrum of 164 (400 MHz, pyridine-ds)
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HSQC spectrum of 164 (400 MHz, pyridine-ds)
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1-Iodo-3,5-dimethoxybenzene (187) (commercially available)

OMe

| f OMe

187

To a suspension of 3,5-dimethoxyaniline (186) (3.00 g, 19.6 mmol) in H,O (11.0 mL) was
added concentrated H,SO4 (1.04 mL, 19.6 mmol) at —5 °C. To the mixture was added a
solution of NaNO, (1.49 g, 21.5 mmol) in H,O (3.00 mL) at the same temperature, and the
mixtue was stirred for 10 min. Then the mixture was treated with Et,O (20 mL), and to this
mixture was added a solution KI (3.58 g, 21.5 mmol) in H,O (5 mL). The mixture was stirred
at 0 °C for 3 h (brown suspension). The mixture was filtered through a pad of Celite, and rinsed
with Et,O. The organic layer was separated, and the aqueous layer was extracted with Et,0.
The combined extract was washed with diluted aqueous Na,S,03, H,O and saturated aqueous
NaCl, and treated with Na,SO4 and activated charcoal. The mixtrue was filtered through a pad
of Celite, and the filtrate was concentrated in vacuo. The residue was purified by column
chromatography on silica gel (20:1 hexane-EtOAc) to afford 187 (2.17 g, 42%) as a light
yellow solid; Rf = 0.68 (20:1 hexane—EtOAc); 'H NMR (400 MHz, CDCls) & 3.76 (6 H, s),
6.40 (1 H,t,J=2.6 Hz), 6.86 (2 H, d, /= 2.6 Hz).

2-Todo-4,6-dimethoxybenzaldehyde (188) (known)*

OMe

OHC:©\
| OMe

188

POCl; (11.1 mL, 119 mmol) was added dropwise at 0 °C to a stirred solution of 187 (10.5 g,
39.6 mmol) in DMF (18.4 mL, 237 mmol). The reaction mixture was stirred at 0 °C for 10 min,
and then the reaction mixture was allowed to warm to rt. After being stirred at rt for 0.5 h, the
mixture was heated at 90 °C for 5 h. The reaction mixture was cooled to room temperature,
poured into ice-cold water (250 mL) and basified with 12 M aqueous NaOH and kept overnight
at rt. A solid precipitated was filtered off, washed with water and then dissolved with AcOEt

309



(200 mL), treated with MgSO, and activated charcoal. The mixture was filtered through a pad
of Celite. The filtrate was evaporated in vacuo and dried under vacuum to afford 188 (10.5 g,
90%) as a pale yellow solid. Rf = 0.38 (3:1 hexane—EtOAc); 'H NMR (400 MHz, CDCl3) &
3.86 (3 H,s),3.89(3H,s),648 (1 H,d,J=2.6Hz),7.13 (1 H,d, J=2.6 Hz), 10.14 (1 H, s);
LRMS (ESI, m/z) 293.1 [M+H]".

2-lodo-4,6-dimethoxybenzoic acid (185) (known)*’

OMe

H020;©\
I OMe

185

To a solution of 188 (1.96 g, 6.70 mmol) 2-methyl-2-butene (1.07 mL, 10.1 mmol) in
dioxane (20 mL) was added a solution of NaH,PO4 (0.97 g, 8.10 mmol), and NaClO; (0.91 g,
8.10 mmol, purity ca.80 wt %) in H,O (4 mL) portionwise at rt. Then the mixture was stirred at
the same temperature for 20 min. The mixture was treated with diluted aqueous Na,SO; (5 mL)
and then dioxane was evaporated in vacuo. The residue was treated with EtOAc (30 mL) and
H,0 (30 mL) and then acidified with 1 M aqueous HCI. The organic layer was separated, and
the aqueous layer was extracted with EtOAc (30 mL). The combined organic layer was washed
with saturated aqueous NaCl (30 mL), dried over MgSQy, filtered, and concentrted in vacuo to
afford 185 (2.05 g, 99%) as a slightly yellow solid; Rf = 0.24 (9:1 CHCI;-MeOH); '"H NMR
(400 MHz, CDCl3) 6 3.82 (3 H, s),3.86 3 H, s),6.48 (1 H,d,J=2.1Hz),7.02 (1 H,d,J=2.1
Hz); LRMS (ESI, m/z) 309 [M+H]".

[(E,15)-4-10do-1-methyl-but-3-enyl| 2-iodo-4,6-dimethoxybenzoate (183)

| OMe

183

To a solution of 2-iodo-4,6-dimethoxybenzoic acid (185) (5.00 g, 16.2 mmol),
(E)-(R)-5-10do-pent-4-en-2-ol (171) (3.61 g, 17.0 mmol) and PPh; (6.39 g, 24.4 mmol) in THF
(100 mL) was added DIAD (12.8 mL, 24.3 mmol, 40 wt% toluene solution) at rt. After being

stirred at the same temperature for 1 h, the reaction mixture was concentrated in vacuo, and the
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residue was purified by column chromatography on silica gel (9:1 to 6:1 hexane-EtOAc) to
afford 183 (7.71 g, 95%) as a colorless syrup; Rf = 0.28 (6:1 hexane-EtOAc); IR (ATR, cm )
2936, 1722, 1594, 1558, 1455, 1405, 1305, 1261, 1213, 1186, 1158, 1100, 1028, 946, 608; 'H
NMR (400 MHz, CDCl3) 6 1.37 (3 H, d, J= 6.2 Hz), 2.28-2.52 (2 H, m), 3.79 (3 H, s), 3.81 (3
H, s), 5.21 (1 H, sxt, J = 6.2 Hz), 6.17 (1 H, dt, /= 14.4, 1.5 Hz), 6.44 (1 H, d, J = 2.6 Hz),
6.61 (1 H, dt, J=14.8, 7.3 Hz), 6.90 (1 H, d, J= 2.1 Hz); >C NMR (100 MHz, CDCl3) & 19.5,
41.8,55.7,56.1,70.8, 77.8, 92.5,99.0, 115.1, 123.5, 141.5, 157.7, 161.5, 167.0; LRMS (APCI,
m/z) 502.9 [M+H]"; HRMS (APCI, m/z) caled for C4H;¢,O4 [M+H]" 502.9211, found
502.9214; [a]; +14.5 (¢ 0.5, CHCl5).

Synthesis of [(2R,3S5,5R,6S5)-3-benzyloxy-5-[tert-butyl(dimethyl)silyl]oxy-6-
(4-methoxyphen-oxy)tetrahydropyran-2-yljmethanol (189)

LiAlH,, AICI,

O OH O_ LOPMP
o/\|/\/\|’ CH,Cl,-Et,0 HOU . BnoALOJ’OPMP
Ph)\o"\ “oTBS BnO™" "oTBS HO™ ""OH
142 189 190

To a suspension of LiAlH4 (400 mg, 10.6 mmol) in 2:1 CH,Cl,—Et,O (75 mL) were added
142 (5.00 g, 10.6 mmol) followed by AICl; (1.41 g, 10.6 mmol) at rt portionwise. After being
stirred at the same temperature for 1.5 h, to the mixture was added EtOAc (10 mL) dropwise.
After addition, the mixture was poured into 1 M aqueous HCI (250 mL) and added EtOAc (200
mL). The organic layer was separated and washed with 1 M aqueous HCI (100 mL), saturated
aqueous NaHCOj; (100 mL) and saturated aqueous NaCl (100 mL) successively. The aqueous
layers were extracted with EtOAc (150 mL). The extracts were dried over Na,SOy, filtered, and
concentrated in vacuo. The residue was purified by column chromatography on silica gel (9:1
to 3:1 hexane-EtOAc to EtOAc only) to afford 189 (2.87 g, 57%) as a colorless solid and
(2R,3S,5R,65)-2-(benzyloxymethyl)-6-(4-methoxy-phenoxy)tetrahydropyran-3,5-diol (190)
(1.50 g, 39%) as a colorless solid. 189: Rf = 0.34 (3:1 hexane—EtOAc); IR (ATR, cm ') 2953,
1505, 1221, 1078, 1049, 1029, 837, 822, 783, 753, 737, 697, 520, 507; 'H NMR (400 MHz,
CDCls) 6 0.10, 0.14 (each 3 H, s), 0.89 (9 H, s), 1.58-1.70 (1 H, m), 1.97 (1 H, t, J = 6.7 Hz),
2.40-2.50 (1 H, m), 3.47-3.59 (2 H, m), 3.65-3.76 (2 H, m), 3.77 (3 H, s), 3.90 (1 H, ddd, J =
11.8,6.2,2.6 Hz), 450 (1 H,d, J=11.3 Hz),4.65 (1 H,d, J=11.8 Hz),4.79 (1 H,d, J=7.2
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Hz), 6.82 2 H, d, J=9.3 Hz), 6.94 2 H, d, J = 8.7 Hz,), 7.27-7.39 (5 H, m); *C NMR (100
MHz, CDCl;) 6 4.8, —4.4, 18.1, 25.8, 37.7, 55.7, 62.5, 69.1, 71.4, 72.2, 78.4, 103.5, 114.6,
117.6, 127.8, 128.0, 128.5, 137.9, 151.3, 155.0; LRMS (APCI, m/z) 492 [M+NH,4]"; HRMS
(APCI, m/z) caled for CpsH3306Si [M+NH4]" 492.2776, found 492.2780; [a]; —38.4 (c 0.5,
CHCl5). 190: Rf = 0.36 (1:3 hexane-EtOAc); IR (ATR, cm™") 3396, 1506, 1452, 1217, 1181,
1120, 1048, 916, 819, 752, 733, 696, 604; 'H NMR (400 MHz, CDCl3) & 1.65 (1 H, dt, J =
12.3, 11.3 Hz), 2.46 (1 H, dt, J=12.5, 4.8 Hz), 2.53 (1 H,d, J=3.1 Hz), 291 (1 H, d, J=3.1
Hz), 3.53-3.63 (1 H, m), 3.68-3.90 (4 H, m), 3.77 (3H, s), 4.54 (1 H,d, /= 11.8 Hz), 4.58 (1 H,
d,J=123 Hz),4.76 (1 H,d, J= 7.2 Hz), 6.77-6.84 (2 H, m), 6.95-7.02 (2 H, m), 7.27-7.39 (5
H, m); >C NMR (100 MHz, CDCls) & 37.1, 55.7, 68.07, 68.10, 71.3, 73.8, 77.0, 103.6, 114.6,
118.2, 127.8, 128.0, 128.6, 137.4, 151.0, 155.4; LRMS (APCI, m/z) 378 [M+NH,]"; HRMS
(APCI, m/z) caled for CyH40s [M+NH4]" 378.1911, found 378.1911; [a]h —90.7 (c 0.5,
CHCIs). The structures of 189 and 190 were confirmed by HMBC measurement between C-4
and benzylic protons (for 189) or C-6 and benzylic protons (for 190).

HMBC p
H
HMBC
H

OH o)
H
HH = . A A .
@o 4 OPMP HO OPMP
OTBS OH
189 190

(258,35,5R,65)-3-Benzyloxy-5-[tert-butyl(dimethyl)silyl]Joxy-6-
(4-methoxyphenoxy)tetrahydropyran-2-carbaldehyde (184)

OHC._O._LOPMP
BnOUOTBS
184
To a solution of 189 (4.00 g, 8.43 mmol) in CH,Cl, (80.0 mL) was added Dess-Martin
periodinane (4.29 g, 10.1 mmol) at rt, and the mixture was stirred at the same temperature for 1
h. The mixture was diluted with EtOAc (300 mL), washed successively with 2:1 saturated
aqueous NaHCOs—saturated aqueous Na,S,0; (300 mL), saturated aqueous NaHCO3 (200 mL)
and saturated aqueous NaCl (200 mL). The aqueous layers were extracted with EtOAc (100

mL). The extracts were dried over MgSQy, filtered, and evaporated under reduced pressure.
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The residue was purified by column chromatography on silica gel (9:1 to 3:1 hexane—EtOAc).
The obtained crude syrup was dissolved in toluene (60.0 mL), and to the solution was added
molecular sieves 4 A (3.00 g). The mixture was heated at 80 °C for 30 min. After cooling, the
mixture was filtered through a pad of Celite. The filtrate was evaporated under reduced
pressure to afford 184 (3.37 g, 85%) as a colorless syrup; Rf' = 0.24 (3:1 hexane-EtOAc); IR
(ATR, ecm") 2930, 1742, 1507, 1223, 1071, 835, 777, 754, 733, 698; 'H NMR (400 MHz,
CDCl3) 6 0.10, 0.12 (each 3 H, s), 0.89 (9 H, s), 1.74 (1 H, dt, J=12.8, 10.5 Hz), 2.42 (1 H, dt,
J=13.9,4.6 Hz), 3.69-3.79 (2 H, m), 3.77 3 H, s), 3.98 (1 H, dd, J=8.7, 1.5 Hz), 4.53 (1 H,
d,J=11.8 Hz),4.63 (1 H,d,J=11.8 Hz), 4.85 (1 H, d, J= 7.2 Hz), 6.82 (2 H, d, /= 9.3 Hz),
6.97 (2 H, d, J=9.3 Hz), 7.26-7.38 (5 H, m), 9.65 (1 H, d, J= 1.5 Hz); *C NMR (100 MHz,
CDCls) 6 —4.9, —4.5, 18.1, 25.8, 36.7, 55.6, 68.3, 71.4, 71.5, 80.9, 103.4, 114.6, 118.2, 127.9,
128.0, 128.5, 137.4, 151.1, 155.3, 197.5; LRMS (APCI, m/z) 490 [M+NH,]"; HRMS (APCI,
m/z) caled for Co6H3s06Si [M+NH,]" 490.2619, found 490.2624; [a]5; —53.1 (¢ 0.5, CHCl3).

Synthesis of [(E,1S,5R)-5-[(2R,38,5R,65)-3-benzyloxy-5-[tert-butyl(dimethyl)silyl]oxy-6-
(4-methoxyphenoxy)tetrahydropyran-2-yl]-5-hydroxy-1-methyl-pent-3-enyl] 2-iodo-4,6-
dimethoxybenzoate (191) and [(E,1S5,55)-5-[(2R,3S5,5R,6S5)-3-benzyloxy-5-[tert-
butyl(dimethyl)silyl]oxy-6-(4-methoxyphenoxy)tetrahydropyran-2-yl]-5-hydroxy-1-
methyl-pent-3-enyl] 2-iodo-4,6-dimethoxybenzoate (192)

I\/\/\
OHC._O._OPMP ~ o OMe CrCl,, NiCly
U DMF
. , + (0]
BnO" “OTBS
| OMe
184 183

Under nitrogen atmosphere, to a solution of aldehyde 184 (1.60 g, 3.39 mmol) and vinyl
1odide 183 (2.04 g, 4.06 mmol) in DMF (33.9 mL) were added CrCl, (1.50 g, 12.2 mmol) and
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NiCl; (15.8 mg, 0.122 mmol) at 0 °C. After being stirred at the same temperature for 10 min,
the mixture was allowed to warm to rt, and the mixture was stirred at rt for 1.5 h. The mixture
was diluted with EtOAc (150 mL) and washed with saturated aqueous NH4CI (200 mL x 2),
and saturated aqueous NaCl (100 mL). The aqueous layers were extracted with EtOAc (100
mL). The organic layers were dried over Na,SOy, filtered, and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel (9:1 to 4:1 to 2:1
hexane—-EtOAc) to afford 191 (467 mg, 16%) as a colorless syrup and 192 (1134 mg, 40%) as a
colorless syrup. 191: Rf = 0.12 (3:1 hexane-EtOAc); IR (ATR, cm ') 2931, 1725, 1596, 1561,
1506, 1456, 1406, 1266, 1215, 1159, 1078, 1030, 833, 753, 698; '"H NMR (400 MHz, CDCl;) &
0.11,0.14 (each 3 H, s), 0.89 (9 H, s), 1.31 3 H, d,J=6.7 Hz), 1.62 (1 H, q, J=11.3 Hz), 2.36
(1 H,dt,J= 144, 6.7 Hz), 2.43-2.53 (2 H, m), 2.77 (1 H, d, J = 6.2 Hz), 3.45-3.56 (2 H, m),
3.64-3.71 (1 H, m), 3.72 3 H, s),3.76 3 H, s), 3.78 (3 H, 5), 4.29-4.37 (1 H, m), 442 (1 H, d,
J=11.3Hz),4.63 (1 H,d,J=113 Hz),4.72 (1 H,d, J= 7.7 Hz), 5.16 (1 H, sxt, J= 6.3 Hz),
5.62-5.81 (2 H, m), 6.39 (1 H,d, J=2.1 Hz), 6.82 2 H, d, J=8.7 Hz), 6.88 (1 H, d, /= 2.6
Hz), 6.93 2 H, d, J= 9.3 Hz), 7.27-7.37 (5 H, m); °C NMR (100 MHz, CDCl3) & —4.8, —4.4,
18.1, 19.3, 25.8, 37.5, 38.6, 55.7, 56.0, 69.0, 70.9, 71.9, 73.1, 74.0, 79.9, 92.5, 99.1, 103.7,
114.6, 115.1, 117.6, 123.7, 127.9, 128.1, 128.6, 129.1, 131.2, 137.5, 151.3, 155.0, 157.7, 161.4,
167.0;, LRMS (APCI, m/z) 866 [M+NH4]+; HRMS (APCI, m/z) calcd for C4oHs31010Si
[M+NH,]" 866.2791, found 866.2800; [a]h —29.7 (¢ 0.5, CHCls). 192: Rf = 0.25 (3:1
hexane—EtOAc); IR (ATR, cm') 2931, 1725, 1596, 1506, 1265, 1215, 1159, 1075, 1030, 833,
777,753, 698; "H NMR (400 MHz, CDCl3) & 0.11, 0.14 (each 3 H, s), 0.89 (9 H, s), 1.33 (3 H,
d,J=6.1Hz),1.62 (1 H,q,/=12.8 Hz), 2.16 (1 H, d, J=9.7 Hz), 2.31-2.60 (3 H, m), 3.42 (1
H, dd,J=9.2, 1.5 Hz),3.61-3.85 (2 H, m), 3.72 (3 H, s),3.77 3 H, s), 3.78 3 H, s), 4.42 (1 H,
dd,J=9.7,5.6 Hz), 4.54 (1 H,d, J=11.8 Hz),4.65 (1 H,d, J=11.3 Hz),4.72 (1 H,d, J="7.7
Hz), 5.19 (1 H, sxt,J=6.4 Hz), 5.73 (1 H, dd, J = 15.9, 4.6 Hz), 5.78-5.89 (1 H, m), 6.39 (1 H,
d,J=2.1Hz), 681 (2H,d,J=9.2Hz), 688 (1 H,d, J=2.1 Hz), 692 (2 H, d, J=9.2 Hz),
7.28-7.39 (5 H, m); °C NMR (100 MHz, CDCls) & —4.8, —4.4, 18.1, 19.4, 25.8, 37.7, 38.6,
55.7, 56.0, 69.0, 70.2, 71.6, 71.8, 72.1, 80.2, 92.5, 99.1, 103.8, 114.5, 115.1, 117.7, 123.7,
127.3, 127.9, 128.5, 133.1, 137.9, 151.4, 155.0, 157.7, 161.4, 167.0; LRMS (APCI, m/z) 866
[M+NH,4]"; HRMS (APCI, m/z) calcd for C49Hs31010Si [M+NH,4]" 866.2791, found 866.2793;
[a]h —29.8 (¢ 0.5, CHCI3). The stereochemistry of the new chiral center of 191 was confirmed
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by conversion into paecilomycin B (22), whose NMR spectral data were identical with

literature data.

Synthesis of 191 and 192 (catalytic asymmetric approach)

CrCl,, ligand 155
Proton sponge

CH4CN
183 + 184 191 + 192
LiCI, Mn, NiCl,-DMP o

Zr(Cp),Clp, CH4CN ] OMe

ligand = —N HN\S//\O

,5\ =0
cl cl

155
>99.8%ee

To a solution of 155 (20.6 mg, 0.0465 mmol) in CH3CN (1.10 mL) were added proton
sponge (10.0 mg, 0.0465 mmol) and CrCl, (5.2 mg, 0.042 mmol) at rt, and the mixture was
stirred at the same temperature for 1 h. To the mixture were added LiCl (35.9 mg, 0.846 mmol),
Mn powder (46.5 mg, 0.846 mmol), NiCl,-DMP (2.9 mg, 0.0085 mmol), Zr(Cp),Cl, (124 mg,
0.423 mmol), and a solution of aldehyde 184 (200 mg, 0.423 mmol) and vinyl iodide 183 (255
mg, 0.508 mmol) in CH3CN (1.10 mL) at rt. After being stirred at the same temperature for 2 h,
to the mixture was added Florisil and stirred for 10 min. The mixture was filtered and washed
with EtOAc (30 mL). The filtrate was washed with saturated aqueous NH4CI (30 mL), and
saturated aqueous NaCl (30 mL), dried over Na;SOs, filtered, and concentrated in vacuo. The
residue was purified by column chromatography on silica gel (9:1 to 4:1 to 2:1 hexane—-EtOAc)
to give 191 (117 mg, 33%) and 192 (138 mg, 38%) as colorless syrups.
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Inversion of 6’-hydroxy group in 192

(0] OMe : O OMe

°J)©L Oﬁ@
| oMe PMP: CHCl | OMe ZN(BHa)z, ERO

To a solution of 192 (1.70 g, 2.00 mmol) in CH,Cl, (34.0 mL) was added Dess—Martin
periodinane (1.02 g, 2.40 mmol) at rt, and the mixture wa stirred at the same temperature for 1
h. The mixture was diluted with EtOAc (100 mL), washed with 4:1 saturated aqueous
NaHCOs—saturated aqueous Na,S,;03 (100 mL), and then saturated aqueous NaHCO3 (100 mL),
dried over Na,SQ,, filtered, and evaporated under reduced pressure. The residue was purified
by column chromatography on silica gel (9:1 to 3:1 hexane—EtOAc) to afford
[(E,15)-5-[(25,3S,5R,6S5)-3-benzyloxy-5-[tert-butyl(dimethyl)silyl]oxy-6-
(4-methoxyphenoxy)tetrahydropyran-2-yl]-1-methyl-5-oxo-pent-3-enyl] 2-iodo-4,6-
dimethoxybenzoate (193) (1.58 g, 93%) as a colorless syrup; Rf = 0.37 (3:1 hexane—EtOAc);
IR (ATR, cm ') 2931, 1727, 1596, 1561, 1506, 1456, 1406, 1261, 1214, 1160, 1071, 1029, 832,
754, 698; "H NMR (400 MHz, CDCl3) & 0.10, 0.12 (each 3 H, s), 0.88 (9 H, s), 1.35 3 H, d, J
= 6.1 Hz), 1.69 (1 H, q, J = 12.3 Hz), 2.41 (1 H, dt, J = 12.6, 4.7 Hz), 2.46-2.65 (2 H, m),
3.70-3.80 (2 H, m), 3.73, 3.76, 3.77 (each 3 H, s), 4.10 (1 H, d, /= 8.7 Hz), 448 (1 H, d, J =
10.8 Hz), 4.55 (1 H,d, J=11.3 Hz), 4.77 (1 H, d, J= 7.2 Hz), 5.23 (1 H, sxt, J= 6.1 Hz), 6.38
(1H,d,J=2.1Hz),6.44 (1 H,d,J=15.9 Hz), 6.80 (1 H,d, J=9.2 Hz), 6.86 (1 H, d, J=2.1
Hz), 6.93 (1 H, d, J= 9.2 Hz), 7.03 (1 H, dt, J = 15.4, 7.2 Hz), 7.22-7.36 (5 H, m); °C NMR
(100 MHz, CDCl3) 6 —4.9, —4.4, 18.1, 19.7, 25.8, 37.9, 38.7, 55.6, 55.7, 56.0, 68.6, 70.7, 71.7,
72.9, 80.6, 92.5, 98.9, 104.1, 114.5, 115.0, 118.4, 123.3, 127.8, 128.0, 128.4, 129.3, 137.7,
144.1, 151.3, 155.2, 157.8, 161.5, 167.0, 194.1; LRMS (APCI, m/z) 864 [M+NH,]"; HRMS
(APCI, m/z) caled for C4Hs1010Si [M+NH4]" 864.2634, found 864.2646; [a]s —45.1 (¢ 0.5,
CHCls). To a solution of 193 (1.58 g, 1.87 mmol) in Et,O (93.3 mL) was added Zn(BHj4), (5.60
mL, 2.80 mmol, 0.50 M THF solution) at 0 °C. After being stirred at the same temperature for
30 min, the mixture was quenched with H,O (50 mL) and was added 1 M aqueous HCI (50
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mL). The organic layer was separated, and the aqueous layer was extracted with EtOAc (100
mL). The extracts were washed with saturated aqueous NaCl (100 mL), dried over Na;SOy,
filtered, and concentrated in vacuo. The residue was purified by column chromatography on
silica gel (4:1 to 2:1 hexane-EtOAc) to afford 191 (1.35 g, 85%) and 192 (138 mg, 9%) as
colorless syrups.

[(E,1S8,5R)-5-[(25,3S5,5R,6S5)-3-Benzyloxy-5-[tert-butyl(dimethyl)silyl]oxy-6-(4-
methoxyphenoxy)tetrahydropyran-2-yl]-5-[tert-butyl(dimethyl)silyl]oxy-1-methyl-
pent-3-enyl] 2-iodo-4,6-dimethoxybenzoate (194)

To a suspension of 191 (1.15 g, 1.35 mmol) in DMF (11.5 mL) were added imidazole (278
mg, 4.08 mmol) and TBSCI (408 mg, 2.71 mmol), and the mixture was stirred at 80 °C for 2 h.
After cooling, to the mixture were added additional TBSCI (204 mg, 1.35 mmol) and imidazole
(138 mg, 2.03 mmol), and the mixture was heated at 80 °C for another 1 h. After cooling, to the
mixture was added H,O (100 mL), and extracted with EtOAc (100 mL x 2). The extracts were
washed with H,O (100 mL), and saturated aqueous NaCl (100 mL), dried over Na,SOs, filtered,
and concentrated in vacuo. The residue was purified by column chromatography on silica gel
(9:1 to 6:1, hexane—EtOAc) to afford 194 (1.24 g, 95%) as a colorless syrup; Rf = 0.28 (6:1
hexane-EtOAc); IR (ATR, cm ') 2929, 1728, 1597, 1561, 1507, 1461, 1258, 1215, 1160, 1095,
1038, 833, 775, 753, 698; 'H NMR (400 MHz, CDCl3) & 0.00, 0.07, 0.12, 0.13 (each 3 H, s),
0.88,0.91 (each 9 H, s), 1.31 3 H,d, J=6.7 Hz), 1.56 (1 H, q, J = 11.3 Hz), 2.26-2.49 (3 H,
m), 3.31-3.41 (1 H, m), 3.54 (1 H, dd, /= 9.3, 2.1 Hz), 3.59-3.68 (1 H, m), 3.69 (3 H, s), 3.76
(3H,s),3.77(3H,s),440 (1 H,d, J=11.8 Hz), 4.44 (1 H,dd, J=8.2, 1.5 Hz),4.58 (1 H, d, J
=11.8 Hz), 4.63 (1 H, d, J= 7.7 Hz), 5.08-5.21 (1 H, m), 5.45 (1 H, dt, J = 14.4, 7.7 Hz), 5.69
(1H,dd,J=15.9,8.2 Hz),6.37 (1 H,d,J=2.1 Hz), 6.78 (2 H,d, J=9.3 Hz), 6.87 (1 H, d, J =
2.1 Hz), 7.06 (2 H, d, J = 9.2 Hz), 7.27-7.37 (5 H, m); °C NMR (100 MHz, CDCl3) & —4.8,
-4.7,-4.3,—-4.2,18.1, 19.2, 25.8, 25.9, 37.8, 38.5, 55.6, 55.7, 55.9, 69.1, 70.8, 71.9, 72.2, 73.1,
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82.5, 92.5, 99.1, 104.4, 114.4, 115.1, 117.9, 123.7, 127.7, 127.8, 128.4, 132.4, 138.2, 152.2,
154.7, 157.7, 161.4, 166.9; LRMS (APCI, m/z) 980 [M+NH,]"; HRMS (APCI, m/2) caled for
C46He71010Si» [M+NH4]" 980.3656, found 980.3673; [a]® —38.1 (¢ 0.5, CHCl;).

[(E,18,5R)-5-[(2S5,35,5R)-3-Benzyloxy-5-[tert-butyl(dimethyl)silyl]Joxy-6-hydroxy-
tetrahydropyran-2-yl|-5-[tert-butyl(dimethyl)silyl]oxy-1-methyl-pent-3-enyl] 2-iodo-
4,6-dimethoxybenzoate (195)

To a cooled solution of 194 (1.11 g, 1.16 mmol) in 2:3:2 toluene-CH3CN-H,0 (39.0 mL)
was added CAN (2.53 g, 4.62 mmol) at 0 °C, and the mixture was stirred vigorously at the
same temperature for 30 min. The mixture was quenched with saturated aqueous NaHCO; (100
mL), and extracted with EtOAc (100 mL x 2). The extracts were washed with saturated
aqueous NaHCOs (100 mL x 2), and saturated aqueous NaCl (100 mL), dried over Na,;SOy,
filtered, and evaporated under reduced pressure. The residue was purified by column
chromatography on silica gel (9:1 to 5:1 hexane—EtOAc) to afford 195 (708 mg, 72%) as a
slightly yellow syrup; Rf = 0.24 (4:1 hexane—EtOAc); 'H NMR (400 MHz, CDCl;) 3:2
anomeric mixture; LRMS (APCI, m/z) 874 [M+NH,]".

[(E,1S5,5R)-5-[(25,3S5,5R)-3-Benzyloxy-5-[tert-butyl(dimethyl)silyl]oxy-6-oxo0-
tetrahydropyran-2-yl]|-5-[fert-butyl(dimethyl)silyl]oxy-1-methyl-pent-3-enyl] 2-iodo-4,6-
dimethoxybenzoate (182)

182

To a solution of 195 (700 mg, 0.817 mmol) in CH,ClI, (14.0 mL) was added Dess—Martin
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periodinane (416 mg, 0.980 mmol) at rt, and the mixture was stirred at the same temperature
for 1.5 h. The reaction mixture was diluted with EtOAc (100 mL), and washed with 4:1
saturated aqueous NaHCO;—saturated aqueous Na,S,03 (100 mL), and then saturated aqueous
NaHCO; (100 mL), dried over Na,SOy, filtered, and concentrated in vacuo. The residue was
purified by column chromatography on silica gel (9:1 to 5:1 hexane—EtOAc) to afford 182 (635
mg, 91%) as a colorless solid; Rf = 0.34 (4:1 hexane-EtOAc); IR (ATR, cm™') 2930, 1748,
1716, 1597, 1460, 1271, 1257, 1186, 1160, 1133, 1096, 1030, 999, 978, 938, 833, 775, 738; 'H
NMR (400 MHz, CDCls) 6 0.02, 0.04, 0.10, 0.15 (each 3 H, s), 0.86, 0.89 (each 9 H, s), 1.30 (3
H, d,J=6.2 Hz), 2.00 (1 H, dt, J=12.8, 9.8 Hz), 2.25-2.37 (2 H, m), 2.38-2.50 (1 H, m), 3.76
(3H,s),3.78(3H,s),3.96 (1 H,ddd, J=9.3,7.2,5.7 Hz), 4.10 (1 H, dd, J = 10.3, 5.1 Hz),
438 (1 H,dd,J=7.2,2.1 Hz), 4.40-4.45 (2 H, m),4.57 (1 H,d, J=11.3 Hz), 5.15 (1 H, sxt, J
= 6.2 Hz), 5.53 (1 H, dd, J = 15.9, 6.2 Hz), 5.67 (1 H, dt, J=14.9, 6.2 Hz), 6.41 (1 H,d, J =
2.1 Hz), 6.89 (1 H, d, J = 2.6 Hz), 7.26-7.38 (5 H, m); °C NMR (100 MHz, CDCls) § —5.4,
—4.7,-4.6,—4.5,18.1, 18.3, 19.2, 25.7, 25.9, 34.4, 38.4, 55.7, 56.0, 66.6, 69.5, 70.8, 71.7, 74.1,
85.3, 92.6, 99.1, 115.2, 123.6, 127.7, 127.8, 127.9, 128.5, 131.6, 137.6, 157.7, 161.4, 166.9,
170.9; LRMS (APCI, m/z) 872 [M+NH4]"; HRMS (APCI, m/z) caled for CsoHsolOoSi,
[M+NH,]" 872.3081, found 872.3082; [a]5 +21.4 (¢ 0.5, CHCl3).

Synthesis of (45,6E,8R,95,105,12R,13S5)-10-benzyloxy-8,12-bis[[tert-
butyl(dimethyl)silyljoxy]-9,13-epoxy-13-hydroxy-16,18-dimethoxy-4-methyl-
3-oxabicyclo[12.4.0]octadecane-1(14),6,15,17-tetraene-2-one (196) and
(45,6E,85,95,105,12R,13S5)-10-benzyloxy-8,12-bis[[fert-butyl(dimethyl)silyl]oxy]-
9,13-epoxy-13-hydroxy-16,18-dimethoxy-4-methyl-3-oxabicyclo[12.4.0]octadecane-
1(14),6,15,17-tetraene-2-one (197)

OMe

182 196 197

In a 50 mL round-bottom flask equipped with a nitrogen Dballoon,

319



1-bromo-2,4,6-triisopropylbenzene (720 mg, 2.54 mmol) was placed and the flask was
evacuated and backfilled with nitrogen twice. THF (10.0 mL) was charged into the flask, and
was cooled to =78 °C. 1.64 M nBuLi (1.55 mL, 2.55 mmol) was added into the flask, and the
mixture was stirred at the same temperature for 30 min. To the solution was added dropwise
over 7 min a solution of 182 (724 mg, 0.846 mmol), which was beforehand dried
azeotropically with toluene, in THF (5.00 mL) at —78 °C, and then the mixture was stirred at
the same temperature for 30 min. The reaction mixture was quenched with saturated aqueous
NH4Cl1 (30 mL) and extracted with EtOAc (30 mL X 2). The extracts were washed with
saturated aqueous NaCl (30 mL), dried over Na,SOy, filtered, and concentrated in vacuo. The
residue was purified by column chromatography on silica gel (hexane only to 9:1
hexane—-EtOAc) to afford 196 (180 mg, 29%) as a colorless amorphous powder and 197 (8.5
mg, 1.4%, impure) as a colorless syrup. 196: Rf' = 0.33 (6:1 hexane—EtOAc); IR (ATR, cm )
2929, 2856, 1709, 1606, 1462, 1324, 1258, 1204, 1160, 1043, 834, 776, 698; 'H NMR (400
MHz, CDCls3) 6 —0.49, —0.16, —0.02, 0.00 (each 3 H, s), 0.77, 0.83 (each9 H, s), 1.32 3 H, d, J
=6.2Hz), 1.70 (1 H, q, J=11.3 Hz), 2.10-2.34 (3 H, m), 3.31 (1 H, td, /= 10.7, 4.4 Hz), 3.74
(1 H,s), 3.76,3.79 (each 3 H, s), 3.99 (1 H,d, /= 10.3 Hz), 445 (1 H, d, J= 11.8 Hz), 4.54 (1
H,d,J=6.2 Hz), 4.64 (1 H, dd, J=10.8, 5.7 Hz), 4.68 (1 H, d, /= 12.8 Hz), 5.18-5.38 (2 H,
m), 5.51 (1 H, dd, J = 164, 6.2 Hz), 6.42 (1 H, d, J = 2.6 Hz), 6.85 (1 H, d, J = 2.6 Hz),
7.26-7.39 (5 H, m); °C NMR (100 MHz, CDCl;) & —5.8, =5.1, —4.8, —4.5, 17.7, 18.3, 20.4,
25.7, 26.0, 35.4, 37.6, 55.3, 56.2, 69.3, 70.7, 70.8, 71.4, 71.8, 80.0, 97.2, 99.2, 104.8, 115.5,
122.2, 127.6, 127.9, 128.3, 135.0, 138.3, 142.9, 158.6, 160.1, 168.8; LRMS (APCI, m/z) 746
[M+NH,4]"; HRMS (APCI, m/2) calcd for C3oHgoOoSi; [M+NH4]" 746.4114, found 746.4117;
[a]Z +77.0 (c 0.5, CHCl;). 197: Rf = 0.47 (6:1 hexane—EtOAc); '"H NMR (400 MHz, CDCl;) &
—-0.03, —-0.01, 0.02, 0.10 (each 3 H, s), 0.81, 0.85 (each 9 H, s), 1.37 3 H, d, J = 6.2 Hz),
2.06-2.21 (2 H, m), 2.26-2.41 (2 H, m), 2.99 (1 H, t, J = 8.7 Hz), 3.61-3.70 (1 H, m), 3.77,
3.78 (each 3 H, s), 3.89 (1 H, dd, J=13.1, 4.9 Hz), 4.07 (1 H, t, J = 8.5 Hz), 4.48-4.58 (2 H,
m), 5.31 (1 H, dd, J=15.4, 8.7 Hz), 5.39 (1 H, ddd, /= 11.8, 6.2, 3.1 Hz), 5.53 (1 H, ddd, J =
15.3,10.4,4.6 Hz), 6.42 (1 H,d, J=2.1 Hz), 7.16-7.38 (5 H, m), 7.45 (1 H, s), 7.48 (1 H, d, J
= 2.1 Hz); *C NMR (100 MHz, CDCl3) 8 —5.4, —4.4, —4.0, —3.4, 18.0, 18.4, 20.2, 25.8, 26.2,
37.3,39.7, 554, 56.4, 68.7, 70.3, 74.4, 76.3, 76.7, 77.5, 98.6, 99.3, 107.2, 113.9, 125.8, 127.3,
127.5, 128.1, 138.8, 139.2, 141.7, 160.1, 161.0, 170.7; LRMS (APCI, m/z) 746 [M+NH,]". The
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C-B configuration of 196 was confirmed by NOE measurement between 1-OH and H-3, 5. The
C-a configuration of 197 was confirmed by NOE measurement between H-3 and aromatic

proton.

NOE NOE

OMe

196 197

(4S,6E,8R,95,105,12R,13S5)-10-Benzyloxy-9,13-epoxy-8,12-dihydroxy-16,18-dimethoxy-4-
methyl-3-oxabicyclo[12.4.0]octadecane-1(14),6,15,17-tetraene-2-one (199)

OMe

199
To a cooled solution of 196 (193 mg, 0.265 mmol) and Et;SiH (0.212 mL, 1.33 mmol) in

CH,Cl, (6.00 mL) was added BF;-Et,0O (0.168 mL, 1.33 mmol) at —20 °C, and the mixture was

stirred at the same temperature for 1 h. Then the mixture was allowed to warm to rt, and stirred
for another 1 h. To the mixture was added saturated aqueous NaHCO3 (30 mL), and extracted
with EtOAc (30 mL x 2). The extracts were washed with saturated aqueous NaCl (30 mL),
dried over Na,SO,, filtered, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (2:1 hexane—EtOAc to EtOAc only) to afford 199 (108 mg, 84%)
as a colorless amorphous powder; Rf = 0.38 (1:2 hexane—EtOAc); IR (ATR, cm’l) 3403, 1707,
1606, 1584, 1455, 1321, 1291, 1260, 1198, 1160, 1105, 1031, 967, 836, 748, 699; 'H NMR
(400 MHz, CDCl3) 6 1.34 (3 H, d, J= 6.7 Hz), 1.47-1.60 (1 H, m), 1.74 (1 H, d, J = 4.1 Hz),
2.10 (1 H,d, J=6.7 Hz), 2.18-2.30 (1 H, m), 2.38 (1 H, dt, J=13.8, 3.6 Hz), 2.59-2.70 (1 H,
m), 3.34-3.50 (2 H, m), 3.78 3 H, s), 3.80 3 H, s5), 4.02-4.17 (2 H, m), 443448 (1 H,d, J =
11.3 Hz), 4.50-4.54 (1 H, m), 4.70 (1 H, d, J= 11.3 Hz), 5.27-5.41 (1 H, m), 5.53 (1 H, dd, J =
14.3, 7.7 Hz), 5.57-5.69 (1 H, m), 6.40 (1 H, d, J = 1.5 Hz), 6.42 (1 H, d, J = 2.1 Hz),
7.28-7.43 (5 H, m); °C NMR (100 MHz, CDCl;) & 20.5, 37.3, 37.4, 55.5, 56.0, 68.8, 70.3,
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70.7, 72.3, 73.9, 84.3, 85.0, 98.5, 106.1, 115.8, 126.0, 127.87, 127.93, 128.6, 131.1, 137.8,
138.3, 159.0, 160.5, 168.2; LRMS (APCI, m/z) 485 [M+H]"; HRMS (APCI, m/z) caled for
C»Hs0s [M+H]™ 4852170, found 485.2172; [0 +153.1 (¢ 0.5, CHCly). The C-B

configuration of 199 was confirmed by NOE measurement between H-1 and H-3, 5.

NOE

OMe

To a solution of 199 (10.0 mg, 0.0206 mmol) in CH,ClI; (2.00 mL) was added BBr; (0.041
0 mL, 0.0410 mmol, 1.0 M CH,Cl; solution) at 0 °C, and the mixture was stirred at the same
temperature for 15 min. To the mixture was added additional BBr; (0.0410 mL, 0.0410 mmol)
at 0 °C, and the mixture was stirred at the same temperature for another 15 min. To the mixture
was added saturated aqueous NaHCOs3 (10 mL), and extracted with 1:1 EtOAc—THF (20 mL x
2). The combined extract was dried over Na,SO,, filtered, and concentrated in vacuo. The
residue was purified by column chromatography on silica gel (9:1 to 6:1 CHCl;-MeOH) to
afford paecilomycin B (22) (4.2 mg, 54%) as a colorless amorphous solid; Rf = 0.28 (6:1
CHCI,-MeOH); 'H NMR (400 MHz, pyridine-ds) 1.45 3 H, d, J = 6.7 Hz), 2.15-2.46 (3 H,
m), 3.06 (1 H, dt,J=11.6,4.4 Hz), 3.57 3 H, s),4.13 (1 H,d, ] =9.2 Hz), 4.16-4.28 (1 H, m),
447 (1 H, d, J=28.7 Hz), 5.09-5.24 (1 H, m), 5.54 (1 H, d, J = 4.6 Hz), 5.73-5.90 (1 H, m),
6.08-6.22 (1 H, m), 6.33 (1 H, dd, J=16.4, 5.6 Hz), 6.66 (1 H, d, J=2.6 Hz), 6.71 (1 H, d, J =
2.0 Hz), 6.79 (1 H, br. s.), 6.97 (1 H, br. s.), 11.87 (1 H, s) identical with literature data®’; *C
NMR (100 MHz, pyridine-ds) 6 21.0, 37.8,44.7, 55.1, 66.7, 68.9, 69.9, 71.4, 87.2, 89.2, 101.7,
107.6, 116.6, 134.9, 141.6, 157.9, 160.3, 169.5 identical with literature data®’; LRMS (APCI,
m/z) 381 [M+H]".
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[(E,18,55)-5-[(25,35,5R,65)-3-Benzyloxy-5-[tert-butyl(dimethyl)silyl]oxy-6-(4-
methoxyphenoxy)tetrahydropyran-2-yl|-5-[fert-butyl(dimethyl)silyljoxy-1-methyl-
pent-3-enyl] 2-iodo-4,6-dimethoxybenzoate (200)

200

To a suspension of 192 (2.13 g, 2.51 mmol) in DMF (21.0 mL) were added imidazole (513
mg, 7.54 mmol) and TBSCI (757 mg, 5.02 mmol), and the mixture was stirred at 80 °C for 2 h.
After cooling, to the mixture were added additional imidazole (256 mg, 3.76 mmol) and TBSCI
(379 mg, 2.51 mmol) and stirred at 80 °C for another 1 h. After cooling, to the mixture were
added H,O (100 mL), and extracted with EtOAc (100 mL x 2). The extracts were washed with
H,O (100 mL) and saturated aqueous NaCl (100 mL), dried over Na,SQO,, filtered, and
concentrated in vacuo. The residue was purified by column chromatography on silica gel
(hexane only to 6:1 hexane—EtOAc) to afford 200 (2.21 g, 92%) as a colorless syrup; Rf = 0.24
(6:1 hexane-EtOAc); IR (ATR, cm ') 2929, 1728, 1597, 1561, 1507, 1461, 1258, 1215, 1159,
1085, 1039, 832, 775, 753, 697; "H NMR (400 MHz, CDCls) § —0.01, 0.02, 0.11, 0.14 (each 3
H, s), 0.88 (18 H, s), 1.35 (3 H,d, J=6.2Hz), 1.57 (1 H, q, J=11.8 Hz), 2.34 (1 H, dt, J =
14.3, 7.0 Hz), 2.44-2.57 (2 H, m), 3.34 (1 H, dd, J = 9.0, 2.3 Hz), 3.65-3.84 (2 H, m), 3.71,
3.76, 3.78 (each 3 H, s), 4.42-4.52 (2 H, m), 4.58-4.69 (2 H, m), 5.17 (1 H, sxt, J = 6.4 Hz),
5.64-5.75 (1 H, m), 5.80 (1 H, dd, J=18.0, 7.7 Hz), 6.39 (1 H, d, /= 2.1 Hz), 6.79 (2 H, d, J =
9.3 Hz), 6.89 (1 H, d, J=2.1 Hz), 6.93 (2 H, d, J = 8.7 Hz), 7.27-7.40 (5 H, m); >*C NMR (100
MHz, CDCls) & —4.8, —4.5, —4.3, —3.5, 18.1, 18.3, 19.5, 25.8, 26.1, 37.8, 38.5, 55.68, 55.69,
55.9, 69.0, 70.7, 71.7, 72.2, 82.5, 92.6, 99.0, 104.0, 114.4, 115.1, 117.6, 123.7, 126.8, 127.5,
127.6, 128.3, 134.5, 138.5, 151.8, 154.7, 157.7, 161.4, 166.93; LRMS (APCI, m/z) 980
[M+NH,]"; HRMS (APCI, m/z) caled for C4Hg71010Sis [M+NH,]" 980.3656, found 980.3668;
[a]5—1.89 (¢ 0.5, CHCl5).

(E,15,55)-5-[(25,35,5R)-3-Benzyloxy-5-[tert-butyl(dimethyl)silylJoxy-6-hydroxy-
tetrahydropyran-2-yl]-5-[tert-butyl(dimethyl)silylJoxy-1-methyl-pent-3-
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enyl| 2-iodo-4,6-dimethoxybenzoate (201)

201

To a cooled solution of 200 (2.01 g, 2.09 mmol) in 2:3:2 toluene—CH3;CN-H,O (70.0 mL)
was added CAN (4.58 g, 8.35 mmol) at 0 °C, and the mixture was stirred vigorously at the
same temperature for 30 min. The mixture was quenched by saturated aqueous NaHCOj3 (200
mL), and extracted with EtOAc (100 mL X 2). The combined extract was washed with
saturated aqueous NaHCO; (100 mL), and saturated aqueous NaCl (100 mL), dried over
NaySOq, filtered, and evaporated under reduced pressure. The residue was purified by column
chromatography on silica gel (9:1 to 5:1 hexane-EtOAc) to afford 201 (1.22 g, 68%) as a
slightly yellow syrup; Rf = 0.18 (5:1 hexane-EtOAc); 'H NMR (400 MHz, CDCl;) 3:2
anomeric mixture; LRMS (APCI, m/z) 874 [M+NH,]".

Synthesis of [(E,1S,55)-5-[(25,3S,5R)-3-benzyloxy-5-[tert-butyl(dimethyl)silyl]oxy-6-oxo-
tetrahydropyran-2-yl|-5-[tert-butyl(dimethyl)silyl]oxy-1-methyl-pent-3-enyl]|2-iod0-4,6-
dimethoxybenzoate (202)

202

To a solution of 201 (1.16 g, 1.35 mmol) in CH,Cl, (24.0 mL) was added Dess—Martin
periodinane (689 mg, 1.62 mmol) at rt, and the mixture was stirred at the same temperature for
16 h. The reaction mixture was treated with 4:1 saturated aqueous NaHCOs—saturated aqueous
NayS,0; (100 mL), and extracted with EtOAc (100 mL x 2). The organic layers were washed
with saturated aqueous NaHCOs; (100 mL), and saturated aqueous NaCl (100 mL), dried over
NaSO,, filtered, and concentrated in vacuo. The residue was purified by column

chromatography on silica gel (9:1 to 6:1 hexane-EtOAc) to afford 202 (1.11 g, 96%) as a
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colorless syrup; Rf'=0.24 (5:1 hexane—EtOAc); IR (ATR, cm_l) 2929, 1757, 1728, 1597, 1561,
1461, 1259, 1214, 1185, 1159, 1099, 1030, 834, 777, 753, 697; "H NMR (400 MHz, CDCl3) &
—0.01 (6 H, s), 0.10, 0.15 (each 3 H, s), 0.84, 0.90 (each 9 H, s), 1.34 (3 H, d, J = 6.1 Hz),
1.90-2.07 (1 H, m), 2.27-2.46 (2 H, m), 2.47-2.57 (1 H, m), 3.72, 3.79 (each 3 H, s), 3.96 (1 H,
ddd, /=9.9,7.6,5.6 Hz), 4.11 (1 H, dd, J=10.8, 5.1 Hz), 4.23 (1 H, dd, /= 7.7, 1.5 Hz), 4.27
(1H,dd,J="7.7,1.5Hz),4.48 (1 H,d, J=11.3 Hz), 4.65 (1 H, d, J=11.3 Hz), 5.15 (1 H, sxt,
J=6.3 Hz), 5.64-5.88 (2 H, m), 6.41 (1 H,d, J=2.1 Hz), 6.89 (1 H, d, J= 2.1 Hz), 7.28-7.40
(5 H, m); °C NMR (100 MHz, CDCls) 8 5.5, —4.67, —4.65, =3.7, 18.1, 18.3, 19.3, 25.7, 25.9,
34.3,38.4,55.7, 55.9, 66.6, 70.9, 71.2, 71.9, 73.2, 86.0, 92.5, 99.0, 115.1, 123.7, 127.8, 128.0,
128.5, 128.6, 132.8, 137.6, 157.7, 161.4, 166.9, 171.1; LRMS (APCI, m/z) 855 [M+H]’;
HRMS (APCI, m/z) calcd for C39HsoIOoSi, [M+H]™ 855.2815, found 855.2826; [a]; +45.1 (c
0.5, CHCl3).

(45,6E,85,95,1085,12R,13R)-10-Benzyloxy-8,12-bis[[fert-butyl(dimethyl)silyl]oxy]-

9,13-epoxy-13-hydroxy-16,18-dimethoxy-4-methyl-3-oxabicyclo[12.4.0]octadecane-
1(14),6,15,17-tetraene-2-one (203)

OMe

In a 50 mL round-bottom flask equipped with a nitrogen Dballoon,
1-bromo-2,4,6-triisopropylbenzene (200 mg, 0.706 mmol) was placed and the flask was
evacuated and backfilled with nitrogen twice. THF (2.82 mL) was charged into the flask, and
was cooled to —78 °C. 1.64 M nBuLi (0.431 mL, 0.706 mmol) was added into the flask, and
the mixture was stirred at the same temperature for 30 min. To the mixture was added dropwise
over 5 min a solution of 202 (201 mg, 0.235 mmol), which was beforehand dried
azeotropically with toluene, in THF (0.710 mL) at —78 °C, and then the mixture was stirred at
the same temperature for 30 min. The reaction mixture was quenched with saturated aqueous
NH4C1 (20 mL), and extracted with EtOAc (20 mL x2). The combined extract was washed

with saturated aqueous NaCl (20 mL), dried over Na,SOy, filtered, and concentrated in vacuo.
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The residue was purified by column chromatography on silica gel (hexane only to 9:1
hexane-EtOAc) to afford 203 (131 mg, 76%) as a colorless amorphous solid; Rf = 0.42 (6:1
hexane—EtOAc); IR (ATR, cm™) 3265, 2928, 1680, 1601, 1460, 1300, 1163, 1090, 1061, 1010,
969, 835, 780, 697, 661; '"H NMR (400 MHz, CDCl5) § 0.01, 0.03, 0.04, 0.17 (each 3 H, s),
0.90, 0.93 (each 9 H, s), 1.36 (3 H, d, /= 6.2 Hz), 2.00-2.21 (2 H, m), 2.29-2.41 (1 H, m), 2.54
(1 H, dt, J=12.0, 5.1 Hz), 2.85 (1 H, dd, /= 9.3, 1.0 Hz), 3.76 (3 H, s), 3.78-3.85 (4 H, m),
390 (1 H,dd,J=13.4,4.6 Hz),4.42 (1 H,d, J=11.3 Hz), 4.49-4.55 (1 H, m), 4.65 (1 H, d, J
=11.3 Hz), 5.24-5.43 (2 H, m), 5.62-5.79 (1 H, m), 6.41 (1 H, d, J= 2.1 Hz), 7.13 (1 H, s),
7.19-7.37 (5 H, m), 7.51 (1 H, d, J= 2.6 Hz); *C NMR (100 MHz, CDCl3) § —5.5, —4.9, —4.3,
-3.7,18.1, 18.5, 20.2, 25.9, 26.2, 36.1, 38.6, 55.4, 56.3, 68.7, 69.3, 69.6, 72.3, 74.8, 77.6, 99.0,
99.1, 107.1, 114.2, 124.4, 127.3, 127.5, 128.3, 135.8, 138.4, 142.2, 159.8, 160.7, 170.8; LRMS
(APCI, m/z) 711 [M—OH]"; HRMS (APCI, m/z) caled for C3oHgOoSi; [M+H]" 729.3849,
found 729.3839; [a]; +78.8 (c 0.5, CHCl;). The C-a. configuration of 203 was confirmed by

NOE measurement between H-3 and aromatic proton.
NOE

203

(4S,6E,8S,9S,10S,12R,13S)-10-Benzyloxy-9,13-epoxy-8,12-dihydroxy-16,18-dimethoxy-4-
methyl-3-oxabicyclo[12.4.0]octadecane-1(14),6,15,17-tetraene-2-one (204)

OMe

204

To a cooled solution of 203 (50.0 mg, 0.0686 mmol) and Et;SiH (0.055 mL, 0.344 mmol) in
CH,Cl; (5.00 mL) was added BF5-Et,O (0.044 mL, 0.347 mmol) at —20 °C, and the mixture
was stirred at the same temperature for 4 h. To the mixture was added saturated aqueous

NaHCOj; (20 mL), and extracted with EtOAc (20 mL x 2). The combined extract was washed
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with saturated aqueous NaCl (20 mL), dried over Na,SOy, filtered, and concentrated in vacuo.
The obtained syrup was dissolved with MeOH (3.00 mL), and to the mixtue was added
methanesulfonic acid (0.010 mL, 0.154 mmol) at rt, and the mixture was stirred at the same
temperature for 2 h. To the mixture was added saturated aqueous NaHCO;3; (20 mL), and
extracted with EtOAc (20 mLx 2). The extracts were washed with saturated aqueous NaCl (20
mL), dried over Na,SO,, filtered, and concentrated in vacuo. The residue was purified by
column chromatography on silica gel (4:1 to 1:1 hexane—EtOAc) to afford 204 (12.9 mg, 39%)
as a colorless solid; Rf'= 0.26 (1:1 hexane—EtOAc); IR (ATR, cm‘l) 3434, 2934, 1697, 1604,
1585, 1289, 1247, 1201, 1163, 1110, 1087, 1050, 1023, 984, 844, 833, 746, 699, 460; 'H NMR
(400 MHz, CDCl3) 6 1.35(3H,d,J=6.2 Hz), 1.58 (1 H, q, /J=11.3 Hz), 1.84 (1 H, d, J=4.6
Hz),2.21 (1 H,ddd, J=13.4, 11.1, 7.5 Hz), 2.33-2.43 (1 H, m), 2.71 (1 H, dt, /= 11.6, 4.5 Hz),
3.58 (1 H, dd, J=9.3, 4.6 Hz), 3.76-3.85 (1 H, m), 3.78, 3.80 (each 3 H, s), 4.07 (1 H, d, J =
9.2 Hz), 4.11 (1 H, d, J= 9.3 Hz), 4.22-4.36 (2 H, m), 4.50 (1 H, d, J=11.3 Hz), 4.71 (1 H, d,
J=10.8 Hz), 5.20-5.34 (1 H, m), 5.42 (1 H, dd, /=159, 8.2 Hz), 5.70 (1 H, dt, J= 154, 7.2
Hz), 6.42 (1 H, d, J = 2.1 Hz), 6.44 (1 H, d, J = 2.1 Hz), 7.29-7.42 (5 H, m); >*C NMR (100
MHz, CDCls) & 20.5, 36.0, 37.4, 55.5, 56.1, 68.5, 70.5, 72.9, 73.6, 75.6, 78.2, 85.3, 98.6, 106.5,
115.8, 128.2, 128.3, 128.7, 130.2, 131.1, 136.9, 138.4, 158.9, 160.6, 168.4; LRMS (APCI, m/z)
485 [M+H]"; HRMS (APCI, m/z) calcd for Co7H3,05 [M+H]™ 485.2170, found 485.2169; [a]5
+215.1 (¢ 0.5, CHCI3). The C-B configuration of 204 was confirmed by NOE measurement
between H-1 and H-3, 5.

NOE
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Synthesis of 6 -epi-paecilomycin B, 164 (intramolecular nucleophilic addition route)

OMe

6'-epi-paecilomycin B, 164

To a solution of 204 (10.0 mg, 0.0206 mmol) in CH,ClI; (2.00 mL) was added BBr; (0.041
mL, 0.0410 mmol, 1.0 M CH,Cl, solution) at 0 °C. After being stirred at the same temperature
for 15 min, to the mixture was added additional BBr; (0.041 mL, 0.0410 mmol) and stirred at
0 °C for another 15 min. To the mixture was added saturated aqueous NaHCO; (10 mL), and
extracted with EtOAc (20 mL x 2). The extracts were washed with saturated aqueous NaCl (10
mL), dried over Na,SQO,, filtered, and concentrated in vacuo. The residue was purified by
column chromatography on silica gel (15:1 CHCI;-MeOH) to afford 6 -epi-paecilomycin B
(4.8 mg, 61%) as a colorless amorphous solid; 'H NMR (400 MHz, pyridine-ds) & 1.44 (3 H, d,
J=6.2Hz),2.07-2.31 (2 H, m), 2.41-2.57 (1 H, m), 2.90-3.11 (1 H, m), 3.57 (3 H, s), 3.93 (1
H, dd, J = 9.2, 5.1 Hz), 4.43-4.57 (1 H, m), 4.61 (1 H, d, J = 8.7 Hz), 4.95-5.03 (1 H, m),
5.08-5.27 (1 H, m), 5.67 (1 H, dquin, J = 11.0, 5.6, 5.6, 5.6, 5.6 Hz), 5.88-6.08 (1 H, m), 6.18
(1 H,dd,J=15.9,8.7 Hz), 6.39 (1 H, s), 6.62 (1 H, d, J=2.1 Hz), 6.82 (1 H, d, J= 5.7 Hz),
6.89 (1 H, d, J = 2.1 Hz), 11.89 (1 H, s) identical with 6’-epi-paecilomycin B, 164
(intramolecular NHK route); >*C NMR (100 MHz, pyridine-ds) & 20.8, 36.1, 44.1, 55.1, 67.1,
68.2, 72.7, 76.3, 81.6, 87.1, 101.6, 108.1, 115.7, 130.1, 132.8, 141.3, 158.4, 160.6, 169.6
identical with 6 -epi-paecilomycin B, 164 (intramolecular NHK route); LRMS (APCI, m/z)
381 [M+H]".
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'"H NMR spectrum of 187 (400 MHz, CDCls)
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"H NMR spectrum of 185 (400 MHz, CDCl;)
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'H NMR spectrum of 183 (400 MHz, CDCl5)
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'"H NMR spectrum of 189 (400 MHz, CDCls)
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"H-"H COSY spectrum of 189 (400 MHz, CDCl;)
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HSQC spectrum of 189 (400 MHz, CDCls)

HSQC_A-Y1645076A.015.001| PRRIHSP

" O/\CJ,OPMP
Bno™ "0TBS

189

HMBC spectrum of 189 (400 MHz, CDCls)

HMBC_A-Y1645076A.016.001 PRRIESP

(@] OPMP
0
BnO" "OTBS

189

Il _‘JLL‘

T
5

T T T
4 3
F2 Chemical Shift (ppm)

Il

T
2

32

@~ @ a & &
8 B R & & ©

m‘
g

=130
140
2E
- 160
=170
= 180
190

200

334

4 3
F2 Chemical Shift (ppm)

0
u_.JuL
.
.

0

F1 Chemical Shift (ppm)

F1 Chemical Shift (ppm)



"H NMR spectrum of 190 (400 MHz, CDCl5)
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'H-"H COSY spectrum of 190 (400 MHz, CDCl;)
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HSQC spectrum of 190 (400 MHz, CDCls)
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"H NMR spectrum of 184 (400 MHz, CDCl;)
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'"H NMR spectrum of 191 (400 MHz, CDCls)
(0] OMe

5988°0—

OMe

20000~

]

J
_ Ja0

50FL°0~

08

0855

9zaLE

‘0TBS

c
1)

3

§5LL€/

191

BSZ L—

150€" 1—, uum_
BLZE'L u

£9E9 L ==%9l
avog L/
6L9ET
WLET|
eshbZ),

vesbZ, lagion

b Lb Ty

coarz{ |

£s6rz)
T e
gLt

Lo0g'e
191G'E,
HEL

vozg ¢ Lismsro

90

LWZL'E S089'E . v )

PEXE
1z88Y,
oere | |
6s0r e, ||
ZWeh o L=
BELT b ]
Zery p=———00
SZLL Y|

vege'g, PEBLS

o 8928 945089 g
0026 9 a?ﬂjs

T T ——
8E0€ L rommem= ¥l

ogLEL!

14
Chemical Shift (ppm)

18

GEBE'9- ————10'k

=

el

|

Al
al

ud wd

z
el

5]

05

2.0 1.5

25

30

35

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 45

10.0

Chemical Shift (ppm)

@)
A
Q
G
an
=
S
=
-
(=)
-
[
o
=
=
Q
[P}
23
o
=
Z
A

)
=
o

9869°9L
92L0LL
eveeLL)

8291 'G¢—

Y908 t— -
Svge
6£00°0—

98118l
850E°6)—

SZLG 8-
9V 88—

#800'69-
L9Y8°0L~|
0zy6'LLL
£290°€L— -
8766°€L/

OMe

2065 P LL—
86197 LLL—

S526 LTh———
689582/

99€66.—

T€T9T6—

12.0'66—
8L99°€0L—

¥E0LGLL"

150L°€21—

Lere el

9Lovr'LEL—

PeoeLGL—

6846 V51—
€9ELLG1—

£T8EL9L—

#856'99L—

-10

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
Chemical Shift (ppm)

180

339



8588°0—
~
-
Q
a
Q
6
=
o
S
<t
N
~
a
—
G [0}
3
5 =
O o
a, o ~ 0
w2
[a o
Z
T

IS L—

0009 17 —=92'1]
L0891 ||
eesold |
16742 |

PELV T onq]

98RBT\
€EEr 2 HL
BYhY T
| i

overe
|

L8052

€025z
0517'€
Zreve- |

veev el i g

£069°€

. EVOLE |

Lire QLT _ LH“ == @
66408 6e6L e

¥65E -
SEIP P

Lezvy
!

Leteot
192§ ¥ SE0L]

PSS Y HHJMS_
LI —— aim

T

h_.;v__

10
a
g
b

€260 ggses. |
G168°9-- I_Js,s ]

12

{
¥2z8'9¥B6L 9 me
7806 9 7o —
Fzooz2s- J

” = eav]
e |
i858

Chemical Shift (pp!

‘0TBS

192

18

O i e o o e B
6

7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5
Chemical Shift (ppm)

75

9.5 9.0 8.5 8.0

10.0

C NMR spectrum of 192 (100 MHz, CDCl5)

OMe

L09L'G2—

€618V — —-==
8ege v
8200 0— ——3

202h'8h+_
85IF 61—

BGELLE
wam,mm|.f

0269 §5— —gorpca fF———4

99699.—+

99655

2620'69-|
veob oL
6185hL E
Soc, | b
9v50°2L)

891022
962€'LL)

CYorvll—
0coL Lbb—

SIE6LT)

§€02'08— I

8€1526—

1690°66— —

.28 E0b— 3

GGL0GLL—

0899°€C)—
8LV LTI~

2168z

OMe

OL_OPMP
OoTBS
192

80Pl '€El—

6026 LE)——

€66E°LGl———F

7096 V5 l——— 3
£€0L°LG)——H

T0LE°L8L—

GH00 29— ——

-10

60 50 40 30 20 10

80

170 160 150 140 130 120 110 100 90
Chemical Shift (ppm)

180

340



"H NMR spectrum of 193 (400 MHz, CDCl;)
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"H NMR spectrum of 194 (400 MHz, CDCl5)
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'H NMR spectrum of 195 (400 MHz, CDCl5)
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'H NMR spectrum of 182 (400 MHz, CDCls)
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'"H NMR spectrum of 196 (400 MHz, CDCls)
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"H-"H COSY spectrum of 196 (400 MHz, CDCl;)
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HSQC spectrum of 196 (400 MHz, CDCls)
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"H NMR spectrum of 197 (400 MHz, CDCl;)
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'H-"H COSY spectrum of 197 (400 MHz, CDCl;)
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HSQC spectrum of 197 (400 MHz, CDCls)
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'"H NMR spectrum of 199 (400 MHz, CDCls)
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'H-"H COSY spectrum of 199 (400 MHz, CDCl;)
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HSQC spectrum of 199 (400 MHz, CDCls)
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"H NMR spectrum of paecilomycin B, 22 (intramolecular nucleophilic addition route) (400

MHz, pyridine-ds)
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"H NMR spectrum of 200 (400 MHz, CDCl5)
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'H NMR spectrum of 202 (400 MHz, CDCl5)
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"H NMR spectrum of 203 (400 MHz, CDCl;)
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"H-"H COSY spectrum of 203 (400 MHz, CDCl;)
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HSQC spectrum of 203 (400 MHz, CDCls)
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"H NMR spectrum of 204 (400 MHz, CDCl5)
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"H-"H COSY spectrum of 204 (400 MHz, CDCl;)
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HSQC spectrum of 204 (400 MHz, CDCls)
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HMBC spectrum of 204 (400 MHz, CDCl5)

HMBC_A-Y1645108F 026 001 2RR ESP

OMe

m IM L J .

.

5 4
F2 Chemical Shift (ppm)

wﬂumﬂL

=20
= 30
=40
= 50
= 60

70

363

4
F2 Chemical Shift (ppm)

24
32

70

F1 Chemical Shift (ppm)

F1 Chemical Shift (ppm)



'H NMR spectrum of 6 -epi -paecilomycin B, 164 (intramolecular nucleophilic addition

route) (400 MHz, pyridine-ds)
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