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DMSO
EDCI
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eg. attack
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acetyl

acetylacetone

aqueous solution

axial

benzyl

Corey-Bakshi-Shibata (catalyst)
10-camphorsulfonic acid
1,3-dibromo-5,5-dimethylhydantoin
diethyl azodicarboxylate
diisobutylaluminium hydride
4-(dimethylamino)pyridine
dimethyldioxirane
N,N-dimethylformamide
Dess-Martin periodinane

dimethyl sulfoxide
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
ethyl

equivalent

equatorial attack

iSO

half maximal (50%) inhibitory concentration
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Me

MS
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NaHMDS

NBS

NCS

NIS

NMO

nOe

Ph

PPTS

TBAF

TBHP

TBS

TEA

Tf

TFA

imidazole

potassium bis(trimethylsilyl)amide
Lewis acid

lithium diisopropylamide
meta-chloroperbenzoic acid
methyl

molecular sieve
methanesulfonyl

sodium bis(trimethylsilyl)amide
N-bromosuccinimide
N-chlorosuccinimide
N-iodosuccinimide
N-methylmorpholine N-oxide
nuclear overhauser effect
para

phenyl

pyridinium para-tolueneslufonate
tertiary

tetrabutylammonium fluoride
t-butyl hydroperoxide
t-butyldimethylsilyl
triethylamine
trifluoromethanesulfonyl

trifluoroacetic acid



THF

TLC

T™MS

TPAP

TPP

Ts

tetrahydrofuran

thin-layer chromatography
trimethylsilyl

tetrapropylammonium perruthenate
triphenylphosphine

para-toluenesulfonyl
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BROEOEYIZHIME. EOIZFHLADEZDIDLKAERITIERFEZERELE
R BRGCENOBASNIARELEYN LTINS, FLCDRXEMET HICH=oT
L. BEAREEMLTFF—L)DAEEIEZRAVTREZHEA D/ LRIZERL., A
HOILZRISETVRELGIRIILT—Z#HEIN TS, M EMGTI (A=
VIEE)ZKYERINTEY . B /L AD RAZER T K YEBEIZESTND, CD&KS
[CEMEFRGERZHOARILEMIL 18 HILICITEKRDANMELIENTELLDTH
bian, BRIEFIIERBAEFAT HILFELTRYI>TUL = (Figure 1),

NN photo é{\)\wo HO\CE\C\NHZ
X N

H

all-trans-rechinal serotonin

11-cis-rechinal

Figure 1. rechinal & serotonin

LML 1828 &£, KA YD Wohler (I 7 UBRIREIBIL T E=D LEWD 2 DDEHILE
MG, EHIEEY THAIRFREATINICERTESZLEZRE L, COREFBEREH
IEZEOHEFEREINTHY., =2 1L RETIIH D, RABHILEYDDEERBIES

>THBE TIEALV(Figure 2)7,

0]
NH4Cl + Ag(CNO) —> AgCl + NH; + HCNO _—*> P
~—  H,N""NH,

urea

Figure 2. [RZEDEEK
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COMEIZKY . ARILEYVZERT S, TLhbLLIAREREZIEAINEFTY. R
RIZEDH 200 EOMICZLDOHMENERSIN TES=, 1 TH Woodward [F)LEY ¥
PRMF=—EBO LT IHEDEHLERARERLENELERL. TOUEITHL
1965 F(Z/—RJLIEEEEE5Z 5N TV (Figure 3), ShIHEEITREE. SATIEIEE
MOFF DR EENEYEEICKREGEEEZ LT EAHBADILEELTHILN ., FHY
L EYDIRBIRMERIECROLENTULVSHY, Woodward (& DB = TIILAERK

S RISEEN DB AHEI k> TRATESILERL ATH S,

reserpine (1958) strychnine (1954)

Figure 3. Woodward5 [C K DEEBALE DB

F BELBARFEOIEETS=HODAEMBEL TIL Corey IZRYTH & AR AR
ELTHRRIESN TS, BEERBITIE. BMET 20 FEEMTEBEDRIRAANESERN
[CEIY R FHIEIKYGEEN S, REMICIE, BHRGEFEERYBRT ZECELY. FLDOFIER
BREAFBEZE. LALLLETREIN TSI EPDANEELIENTEDELNIIDTHS, D
FIRFERRDIBBICELEFLT HEHELEZDERBREORAKE L. FoI54F 901y
FFHADY 143G E DERLGRABRILEMDEEMEERLTSY, 1990 F(Z/—A

VLR EFZELTULS(Figure 4),
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gingkolide B(1988) Ecteinascidin 743(1996)

Figure 4. Corey5(C KDEERHILSYIDA!

AR DFIE, ChETICHERERILZENBA LT TELHREO—IHTHY . EFRSNT-
ZCOMREMAELENEMAILGLHRBILEMIERFRETHINDLIITBHhAL
ThHH., BELEROMEAEHLEETILTOLERICIEBRERERET HEFEAD
WHELHD, Tz, BETEHZEBERDRIL—TyrDESIZ, ORYAEREBZRAL:
AVEFRITILTSAM)—ICKYRBRLESIEWVWSTZ T IL—TEFEET S, RIL—TvbESH
DEZEIFERERICBVTEETHILEZALNDID  BIREBDESICHICELTIND
EITEARERIEFEDFAEEZRITENTPLTHA,

ZDEILEEND, MEDEHREREZEITROONDLOI[RBIADOHENLEE
BRITHHEEETEZD, FCTEEFIINETICE2EBAINEL TEEBEENDEMLE
EEHTARAEIEE Y TH S Nodulisporacid A (1)2E KU Urechitol A (2)7 D 3AI#Y

MOEMLGEERMEEITIEELT=(Figure 5),
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HO., O

P

OMe
Nodulisporacid A (1) Urechitol A (2)

Figure 5. Nodulisporacid A& Urechitol A

#HIZ. Nodulisporacid A (1) (BF—EFE—E)DFEMERKICAIT. 3 B EFER G E#E
RIGETDEMFBEEILELI(F—EE ), RIC, AELFHEICEDEREFHEE
&L Nodulisporacid A (1)DERIIL—FEFEILLI-(F—EFE =), F—EFME TIHI
NFETHLMESN TV 7= Nodulisporacid A (1) DX &H K VEX SLIAEEEDRES
To1=,

RIZ. EZETIL Urechitol A 2Q)(EZEFE—E)DMBIIERKIZAIT. [4+3]FMNRIER
HEBRRIGEST D2 _EOERFEEILEL(F_EE_H), FE_EFE =8 ~FXRETIL,

SELE-ZEOSBETEICEDE, Urechitol A Q)D& BIRETE1To1=,

LT, RERICTHMZ RN,
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F£—E [FLHIZ

Nodulisporacid A (1)®[& 2008 4E. Kittakoop 5IZ& Y Nodulisporium sp. CRIF1 Ay B &
SNEFRAETIOVERIEESY OThHY. ERAEICET &L, Nodulisporium
sp. CRIF1 [F2A DY VIMNoBERSh-BFBREXEHETHY . RMICTIRIMSN 5B
HEDTLA XK B Bk CHI247-01 Mo (BRI DTS LB RIEEMTH S vermelhotin
Q)Y MNEEIh TS, — AT, BEIZELSH. Nodulisporacid A DELLEHMELT
HEWEMEE Penicilium italicum MSEBEENT ltalicic acid (4)? LEREMFHEE
Verticilium sp. ) DB BESh 1= Lowdenic acid (5)* mEAZEIFSHN B (Figure 6), Zhibit
EYICEATHIHBLIEFHELT. P FRAPRO_ERESIMUICETSIE: Z=1: 1DFH
RBEYTHIENBESATEY. ZORHIIEHTHLILEHMESN TN D, F=,
Nodulisporacid A (1) DILREZICBEILTIE., FTEEEDRMEDHICEFH>THY. ARH
SV ILABE [FBRBASA TGN, BLUEEWEICBL THI KL RICE T S 1FRIE
Z L X B RS ARITIC XY Lowdenic acid (5) DX IAELEMNBEALINELSTINS
NDHTHB, LMLENS, Nodulisporacid A (1) DHERIZTEILIT7RABRERTHSEHRE
SNTHY. FAHROFEICTILABEICET H1FHREFSH-OHIZIL. Nodulisporacid A (1)
DIERILEERATILEN DS,
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(0]
HO * =
x O
O O O - * N
b e
Z-isomer E-isomer
Nodulisporacid A (1)

*Nodulisporium sp. CRIF1 (marine-derived fungus)
-E/ Z ratio 1:1

-antiplasmodial activity

~amorphos solid

Vermelhotin (3)

-Unidentified fungus. CR1247-01
(a member of the Order Pleosporales)

HO =

O O )
O

Italicic acid (4)
= Penicillium italicum (phytotoxic fungus)

-E/ Z ratio 1:1

0O
HO.

o o0 0%

(6] \\\\i
nCgH1g

Lowdenic acid (5)

- Verticillium sp. (mitosporic fungi)
-E/ Z ratio 1:1

-E/ Z ratio 1:1 -relative stereochemistry

Figure 6. Nodulisporacid A (1)&ZDELULEYD

AEWEMIZEAL T, Nodulisporacid A (1) &&UEEELT= Nodulisporacid A (1) ZRLY
TH& L 7= Nodulisporacid A methyl ester (6). Nodulisporacid A benzyl ester (7) 1ZxfLT
ENEEEML HUCCA-1 ZiRHET S 11 BOEMEZ AL TS ZETHEL =25,
L& 6. 7 ITMBEMERL=H 0D Nodulisporacid A (1) 0 ICs fiE[&>50 ¢ g/mL &5&
ELHRBERIEVIEAERSNA TS (Table 1)V, 4E. EEMiaz AL -Mias
PERERICRE I DG T E L KRR TIE ., HERMEOF HERRSEDREZ ICEELT
FHL. MlasHEFmL TS,
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Table 1. {t&¥11, 6, TOHBiR S MEFLH?

)
RO = R = H : Nodulisporacid A (1)
O O @) R = Me : Nodulisporacid A methyl ester (6)
e} R = Bn : Nodulisporacid A benzyl ester (7)
Cytotoxic activity (ICsg, ug/mL); mean +s.d., n=3
Cell line
1 6 7
HuCCA-1 >50 2.30+£0.10 2.10+£0.21
KB >50 2.20+£0.30 3.20+044
HelLa >50 2.70+£0.17 2.60£0.12
MDA-MB231 >50 2.50+£0.46 0.38 £0.04
T47D >50 1.70£0.25 0.14 £0.02
HB69AR >50 NDP NDP®
HepG2 >50 230+0.35  2.00+0.42
A349 >50 7.50£0.71 2.20+0.28
HCC-S102 >50 6.00 £1.41 4.80+0.14
HL-60 >50 1.01+0.20 1.18 £0.14
P388 >50 0.77 +£0.00 0.70 £0.06
a) See ref. 8

b) Not determined.

Nodulisporacid A (1) QELVRAEMSE. BEICHILARXVILEISER T HREBMEDE
SHDELERERELIEZAONEN, — AT, £ 3 LAEMITHLYTU 7R EBREKE R
BRERAW <3 7iEHSRAERETo=# R Nodulisporacid A (1) [£1CsofE : 1-10u M D

HYSU7ERERLTLSIEABMES TN B(Table 2) %,
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Table 2. 16&YD1, 6, 7OV S ) J7 & 14 HEH?

0
RO =~ R = H : Nodulisporacid A (1)
O O @) R = Me : Nodulisporacid A methyl ester (5)
o) R = Bn : Nodulisporacid A benzyl ester (6)
Antiplasmodial activity (uM)
1 6 7
1-10 1-10 >10
a) Seeref. 8

YL E &Y. Nodulisporacid A (1) [FHFEMHDBENDVLENRTSUTELLTOAEENEZE
ALTHY. Aty FEXROEEBEERICEKRAF-NIEEIZ, ZOEREDEILD

FUMER L ABEDRRAILERILFEEIZOARLETEIIENHEKLFREETHS,

ZCTE# (3 Nodulisporacid A (1) DARBIRICEFTHoLEL. ETZOAMED

AEETO-DTRENCHRAS,
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F£TEH TFILTER-FILO—IL-O5TUoDIMD EFRRICERRIGE

9 5B ETE

Nodulisporacid A (1) [y, &-FEAFI-B-FITATIL 9 DHRFRITAEVEAIZHER
b-BRAKRIGICEYERAEEEE A 5N DH(9—10—1), CDi54A. Nodulisporacid A (1) @
PERBDSVRERM T A-OICIE. Y, OFEF-B-TFIRTIL 9 DZEHEE AL Z #
RIEBETIDHENHD, LHLy, ST 8BF0-B-7FTRTIL9ZSERAFI B FIRT
L8 EEMEEANIL. Z BIRNLG_EREDEATIREERTIVENLGLDE-0H. &
BOREINBEHLED, T T FEEFSEFOXS BT MIRTIL 8 ERPEARET HE/K

#1152 &L71=(Scheme 1),

Scheme 1. Nodulisporacid A (1)DE & B AR HT

a. Claisen condensation

7 % CO,R
HOZC/\%J = b. enol ether formation zc/\( 2 (\ Q
o) o* c. dehydration ‘
o) ¥ ' ‘ o O (OH

c
Nodulisporacid A (1) 8
A
then —H,O
0O Claisen
- : CO,X
HO,C .. Sondensation  HO,C™Y”
O OGH OW\(\
(0] O O HO
10 9

SEROFV-B-HhIRTFILERBEICERT HFEEL T, Mukaiyama & IS T72(11)

EZIVTEFORETICEIBEF IV EZERSE. BRIV TREZEDTILA—ILEMASHET
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X9 B4 N{A% one-pot ICTEIRARAIRETHAH LM EL TLVS(Scheme 2), o7 T (1) %
TErEFBR(12)DFMALEZIHE . AFEEFTINA—ILETEMNFBEO TR TILE, i<

FILTEREDTILR—ILRIEE—EICITOCED AIRELR RN L F L THHEE R D,

Scheme 2. Mukaiyama> DR

TiCl,, CH,Cl,
—78 °C, 2 min R
ROLC Y Y
o=<">— + OHC—R - 2
O then O OH
— excess
11 R'—OH ( ) 45~99%
-20~-10 oC, 30 min < R = iPr, Ph )
R'= Me, Et, 'Bu
"""""""" esterification ~ aidol T
R—OH HOzC/\n/ OHC—R
012
@)
11

...............................................................................

Mukaiyama 5D FiZFHAWNT, JUoTBI XTIV 13, o7 T2 (11). a-7ILaFPTILTE
F14 D3N E—ZFITEHZIELHIENTENIL, EEFDOREL-BDPEAR S EHEICEMK
TESLBEZT=(Scheme 3), RHEICHEVTHER#ELD) THIRTIL 13 OFEHEE
K. BLUCTToA)EHREATEY, RIEN DB B ICAFARETH S, THEHLFIIL
Ha-7ILAXxST7ILTER 14 2T hiL. Nodulisporacid A (1) DEILIFEREAENER

a[RE&7E 5718 Nodulisporacid A (1) DX ABEDREICELI-FTETH S,

10
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Scheme 3. fRDPREIEK 8DF S RKERNT

0]

*
O O OH

8

% CO,R
three-component ROZC/\O(H 2

reaction 13
"\v aldol RO
esterification 7N\
OJ 14
* 11

AEHE(CEDZE, Nodulisporacid A (1) DEREITO-DTRETHRRS,

11
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S =%1 Nodulisporacid A D&k

F9.AHOEREETRAZEY ., FF/LEa-7ILAFITILTER 14 OFEEIT-1-
(Scheme 4), FF R ITHFH=ICHBEITZDO T SEIEFIIVLGREHERAWNCSFTRTLA
BIRMAGFRICKYTILTER 2L DEREIToT=. THEDHE -V b—ILKYFEEIN Y
DL T ILTERRERR)-15PEEETIILTILI—IILLYRAREINE/N\OF LT ILTIL
160D W Xk BE411E & ¥% Grignard RISIZTE#ESE1-1% .. £ L1=-KELE % Dess-Martin
periodinane Z AW\ TEE LA k> 18 2181=, DK, Grignard RIGSAMEIRETHDREAIL.
BIRETHATILTER 15 OEFTIBELI-OTH D, il T Nakai 5OME %45 %
[Z.f@onf7by 18 ISR LB IERXFE TICTAFIL) FOLEERSEASI LT, &L
DT ATUABIRME(>20 : 1) THAFIVIEAEITL=HRTILa—IL 19 2151, {Fonf-19 D
DT ARTLAIT—%0BtL ., HEt D /KEEE%E TBS ECTRELLZ. EAVRBEAVNTT
F=ROBRE. BEUSH—ILORBEETSIZETEFIIINEa->OF 7 ILTER(2S,4S)-21
=ERLT=,

BEL-FRAILEVEMNSIFTEILTILTERRERS)-15 28 SRR T LI
%% 9, (S)-15 hM o> LEREFHD 5 TIEERDIET. 22 AFILIFILEDIHEILRIE S IS

BEEL 2 DI IMMEZEDOH N BEEL-a->O0F 7 ILTER(2R,4S)-21 L& /LT,

12
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Scheme 4. )7 F21DERK

Mg, cat. I, /\/?\H/k/
O : Br @)
A0 * Ao THF o
i 16 0°C, 1h
(R)- 34%

O

17

SnCl, (1eq.)

DMP /\j\/[\/ MeLi (4 eq.) /\Hg\/'\/

—  » 0 3 —F >0 : 4\
CH,Cl, ﬁfo CH,Cl, ﬁfo
0°C~r.t, 15h 18  -78°C,1h >20 : 1
89% 60% 19
(recover 18 20%)
TBSOTf
TBSQ
2,6-lutidine /\)\/L/ HIO4-2H,0 TBSO
CH,Cl A0 EtOAc OHC
0°C~rt,1h 20 rt.2h (2S,4S)-21
96% 83%
5 steps
CHO TBSQ
@) + Br —_— %,
Similarly: g — OHC/</k/
1% 2R 4S
(S)15 16 (2R,4S)-21

Scheme 4 THRLN=T7ILTER(2S,4S)-21 ZAWVT. L-UVTBIAFILRE LU
TU(11)ED 3 B RIG%E1To1=(Scheme 5), Mukaiyama 5 DR E&E TIXBE|ED T I/)La—
WERAWTW M, FESATILO—ILELTHW: UVTBOAFIL(22)1F 2 BEFETH
LI IEMNTEETHY . BHETH-ERAFXFI-B-URIRTIL 23 % 62%DIRETHDZEIC
MLtz B8, BoNt=s-EROFX Y-SRI XTIL 23 DKEED IR ERIERRETH

M BE—DIUTATLAIT—DHNERMLT=,

13
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Scheme 5. D EHK23DERK

TIC|4 (12 eq.), CH2C|2

TBS%iJ\/ b o= —78 °C, 15 min MeOZC/\(COZM'IeBSO s
OHC O (0]
(2S,45)-21 (2eq.) e co,Me O O OH
11 OH 22(2eq.) 23 singie
‘ (not determined)
—78 ~0°C, over 3 h 62%
4
B esterification ]
COMe
aldol TBSO, & Me0C Y - :
c 3 OH !
Amsamduamsanams ’ e T e T e rsrsrersre .-
78°C O Q O
"/ 0°C
| Ti |
Clg 24

ARIGDRIGHEBIEINETITHESNTOEWLWS, EFIE. FTTILTERES YTV
DB IEFAVICEY T ILE—ILRIGERIL., 24 D &LOLGEIBIEYMPREAZELTLSLD
EEZTWD . HBWTL-UVTdBOAFILRDKEENIRTILIEEEREIL, -EFOFX-B-
TRIRATIL 23 DAL TWDEEE LT, BB HhREIAR 24 £ - TBUAFIL 22 &
DIRTILEERE(E—78COIEEEH T CIIREETE T .0CETHRIBETHIENEAR

DETICIEETHD,

PR 23 MNESN =D T. Nodulisporacid A (1)~DE#%E&ETLT-(Scheme 6), &
ERAF-B-SRIXTIL 23 IZxL TBAFOEERASE L. FDEREMEIZEYET Claisen
HEEMNEONEITLTFOVEERNMEEINT 25 NEHfiEh, SHIZ TBAF ZMA 5
ETTBS ENBRESNI-DA—IL 26 BERLT=, BREEK 25, BXU 26 DAERE TLC IS
FARIGEBHE LY Mass ARIMLICKYRERL TS, TBSEDBREMNT T LIERET.

SLICRIGRICERIEREMZAZEIZEYT /—ILIT—TI)LE. <K R I AEREL TR

14
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Y. (4S,4'S,6'S)-Nodulisporacid A methyl ester (28)% one-pot IZTYNE 51%TEHHZ &I
BYILT=, 58, TBS EDBRETIIE(25-20)ITFRVRISHEEZET S ATEE KRG
FrREIEMREO-OIZIBEHE T TIT5& TBAF DIEEMED=HH . C4 MITHOEMELAEST
FTHEVSHRAESNT=, LI-A DT, (45,4'S,6'S)-28 DI RTILEBLLIFEEMES 44 ThosK
SEL. B E5IER I3 4 < Nodulisporacid A (1) D 8 FERMARS>H 1 D% E:Z=1:1
DTEEREMEL T, EREERMLT-,

Scheme 6. fEPRI{A23H SNodulisporacid A (1) \DZE

MeO CO,Me
m ZTBSO, o TBAF(1 eq.)
‘
O O OH THF
23 0°C ~ r.t., 1h

conc. HCl  \eO

B ———— Me

O O 0%
o) \Q

(4S,4'S,6'S)-27

o 4 0 .
4
MeO e 6NHC ho,c
o 0 0% 1,4-dioxane, rt. © © \Q
S \Q 0 5
97%
51% e
one-pot (4S:4'S.6'S)-28 (4S,4'S,6'S)-1
TBAF
(o]
OH OH
MeO ~4L P | T [Meo ~&L P
0 O 0 0
0
0
epimerization at C4 MeO D Me

15
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Lk, RETIEMWIEEFEERANDTILO—IL, TILTER, O7To D 3 EE R
EELUSEROF-B-HRIRTIL 23 HicD one-pot ITKBBRIBELBERMEET D
Nodulisporacid A (1) D& R JL—bZEHEILLT =, RETTIE Nodulisporacid A (1) D48 %t - #xt

IAEREDREICEALTHRERD,

16
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S PUET Nodulisporacid A M#ExtSLAERE DIRE

Scheme 7. %17 L/=Nodulisporacid A (1)D&E /KL — |~.

three-component

ROZC/\(COZR reaction ROZC/\(COZR HO
OH 13 > O
RO O O OH
8
11 14
O
one-pot operation HO,C =
- O O
then ©
hydrolysis

Nodulisporacid A (1)

B &1 TlX Nodulisporacid A D AR IL—FHELIZDWTHR 1= (Scheme 7)., £F

Nodulisporacid A DX ILABEZRET DL BILEITHEL 2-AF LT FILEDILIK

{b% % E % L1= Nodulisporacid A methyl ester (28)MD 4 DI AEMAKZETERML. %

D H NMR RRIMLDTIHIS IMEEXXHE V&S B EELT-, XEREEE D

Nodulisporacid A methyl ester (28)I&X#{A Nodulisporacid A (1)Z ZXTILIELTH=D

DTHD. TDHR. EH(4S,4'S,6'S)-28 DHIHILL IMEIZRAREAFILTRATIL

AOXEEETE—HLz. —ATINLSD 3 LEMERFT DT RRY R TRUFERML

DTALC DA ITMEIZEENAONT-CEMND. KABED Nodulisporacid A

methyl ester (28)# & U* Nodulisporacid A (1) DR IIKERE (F A A5 (4S,4'S,6'S)-28 &

BLTHDHEEZBbNT-(Figure 7).

17
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TBSQ & TBSQ
OHC)\/'\/ OHCA/k/
(2S5,4S5)-21 (2R,4S)-21
Identical
MeO,C =
Me0,C Y ©OMe o W
OH :\Q
o)
22 (4S,4'S,6'S)-28
MeOZC/\é/COZMe
OH
ent-22 (4R.4'S,6'S)-28 (4RAR6'S)-28

Figure 7. &% U2 4%&Nodulisporacid A methyl esterd®'H NMRDLEES

B An(4S,4'S,6'S)-28 DMKZAEICKYFONT=(4S,4'S,6'S)-1 DR LB FESTRRIZED
#HODBYTEILIT7RATH=, XHkIEER TIE Nodulisporacid A (1) D#ESRL ITRETH S
ESNTVSA, FBRBRETDFER. (4S,4'S,6'S)-1 /00K L, EMIELRFEDES AR
[SABIETE., SHICTCAVTOELI—TILEPKYLEMA . 2 BICHBELI-KETHE
FHEITKY . EDFERICEVTHRICHSIBMEETICIYBRENECVEKERES
BT EIZRILT=(Figure 8), Nodulisporacid A (1)IXZEESERIZRAL . ZAIRMEAD T
EHESYMTHAD-OZDRBHNTAIRREBMESN T D, Fon=-ERITHRG Z &
Thotzo FBONHERD X RIEREEMRT OORRLERALLRHOIKIEZLY,

BAR(4S,4'S,6'S)-1 DI IIABE X RCAY CTHERV I EMNHERE TEL,
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% —E Nodulisporacid A D& B LB ILARELE DIRTE

— &~

i-Pr,0_| R

. \jﬁ

HO,C = P
o) o) ,\(\ HO,C

o) ) (O8>
(45,4'5,6'9)-1 CHCl; + CCl, o \Q
(2)-(4S,4'S,6S)-1

—
D
WL/

Figure 8. Nodulisporacid A (1)D#E&1t&. BONIEHESRDORTEPN

XFRHE Nodulisporacid A (1)D#ext IAEREDREIZFAIT. (45,4'S,6'S)-1 D LLhE
EZBIELI=. AR D(2)- (4S,4'S,6'S)-1 DFERBITHRBEICERIEHLE. BLZ 3 KM
THEE:Z=1:1DOFERE~NET S, COME. TOLEEALEIX+9.03 hi5—0.96 ~&
BARIZEIEL T o=(Figure 9), COEEMNS EFDLLIEAEIX—11 BEELRBLOND
D, HERHEAS 20 (2B EEHY XL COKSITFEREICKY LR EDEIZIESD
ENELDESH. EDLERICEHEMIIAREREDRE FR#ETHLHEHIEL., SEIZBIDF

ERICKYRRIEDILIEDREZEIT o1,

% o)
HO,C =  HoG ~
W recryst’n 13 o2
0 o)
E:Zz=1:1 MeOH Z isomer of
(45,4'S,6'S)1 - (45,4'S,6'S)1

[2]2°~0.96 (c 1.00, MeOH) rt, 3

28 +9.03 (¢ 1.00, MeOH
lt. [a]2 ~20.6 (c 1.00, MeOH) [od5 ( )

Figure 9. Nodulisporacid A (1)(DB#5 8 & £1i4E1E

19



ool

L

—Z Nodulisporacid A O & B3R S5t ILAERR E DIRTE

FF.AHLI=(4S,4S,6S)-1% SBELUREDA-AFILAUIILTIV(29)EMBEL. &

SBN=FNFNDOTIREK 30,31 D HNMR ARIMLEBRIEL =, FOHEE 2 Tak

YDAV ITMEICEENR ST, RIZ Kittakoop 512K H 3% Nodulisporacid A (1)

FRELTWEE, AHRICS K7IVEBAL-, TOHRE 'H NMR ARIMLIK 31 &5

EIT—HLI-, COTELYEHLI=(4S,4'S,6'S)-1 IE Nodulisporacid A (1)DEE&IATHY.

RAKIZ(ERAR,ER)DILIKILFEEZFB LTSI EAFIBALF=(Figure 10),

Ph._NH, Ph._NH,
) T H H o) H 0
HO,C = (S)-29 or  (R)-29 PhTN =~ Ph N ~
0 0% EDCI, TEA o o 0% o = O O 0%
Y \Q Y \<\ Y \Q
e CH,Cl,
S, 45.65)1 30 : from (S)-29 31 : from (R)-29
(D-isomer (E)-isomer
0O Ho
prN 2

0 O o%
o) \Q

30 From (4S,4'S,6'S)-1

[e]

(R)H o H 2
Ph_N =
: 0 o o 1\1

31 From (4S,4'S,6'S)-1

(S)H o H >
Ph\rN ~
O
o)
From natural nodulisporacid A (1) T T

ppm
75 74

Figure 10. Nodulispracid A (1)D#EXI Y IABR B DRE
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% —E Nodulisporacid A D& B LB ILARELE DIRTE

LLE . REITIE Nodulisporacid A (1)D A%} - #E X ILABLE DREZFITLY . RAKIE

(4R, 4'R,6'R)DILIKILFEH LTSI EEBHALMIZLI=(Figure 11),

Figure 11. Nodulisporacid A (1)(RRA)DFEXI 1 {ABLE
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% —E Nodulisporacid A D& B LB ILARELE DIRTE

AETIE. REEBHIOEBNHFRGBFEEREDILEMTHS Nodulisporacid A (1)
DEBAEZTL., BIEEFIOEFANSGOS T VdBIXTIL 13, a-AxY
TILTER 14 @ 3 B EERIGIZEDS-EROFL-B-TRIRTIL 8 DERK. BLUBLN
1= 8 MM one-pot IZ&AHTHAVEE BIRIBEZHEFE LT S Nodulisporacid A (1) D&

IR ZMEILLT=(& 8 12, #3UXEE 4.9%)(Scheme 8),

Scheme 8. T&17 L/=Nodulisporacid A (1)D& XL —

three-component

ROzc/\(COZR reaction RO,CY COR HO
OH 13 > @]
RO O O OH
1 14 8

one-pot operation

Y

then
hydrolysis

Nodulisporacid A (1)

HEILI-FEF, ERFESED 3 MO DIKLFE-BEEERLSEHILET, FEEMKS
FUEBAREKICEL-FETHS. EBFZTDORIZEEML Nodulisporacid A methyl
ester (28) M 4 DT TATLAY—EA ML, XBREEH " DARIMLT—HELET ST
ETRAKDORBR KRB EZBHLAICLT=.

52, REE LS TLV= Nodulisporacid A (1) D#E&IEEZER-HL. 20 X @ R1EE
BINETICETARMADBIIIARELZRESE. AlMA - RAKEETNENXIILET
SVEDTINEANELE W TDARIMLELLLE T HZETRA Nodulisporacid A (1)1&
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% —E Nodulisporacid A D& B LB ILARELE DIRTE

(4R,4R,6'R)DILIKILFEEH LTINS EEHLMELT=(Figure 12),

Figure 12. Nodulisporacid A (1)(KAA)D#EXITIAE B
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¥ "EF Urechitol A DERAE

F£—E [FLHIZ

Pentalinon andrieuii (B4 : Urechites andrieuxii)(&. A& a1 A4 £ BICTEHEMIC
RE)—VaRZTEDABBRELLTRHVWVONATNSERED —FETH S, 2003 £, Luis
Manuel Pefia-Rodriguez 51& A% F ED 4 DD iiigH s Pentalinon andrieuii ZERERL .
ZORDAZ/—I)LHEMERVNTRY—> 2727 FHZ@L/=# R . Pentalinon
andrievii DA BREAZEEMHICKESZEL REGHBTAEEF L Pentalinon
andrieuii *%2/—)LHEYICIFEEN ) —2 a2 7EEA RSN S — AT, EIEMISIC
THEBLELD R 7EMERSBNIEASERINA TS 2,

Urechitol A (2) Y13 LD 55, §2igHigl(Hho RF o) ISTRIS M BED A5/ — )L
MY LEBESNEEHTHY . 20DEBI—TILEZECEEICERELLSNIZTE
RECEBBRNAITEI—IILABIRLIZEEICHEGHEZALTL S (Figure 13), £1=A1L
BYEAR/ —ILORDOYIZIE/—LERAN-HH - BRIBEETHLRRICHEMSN ST
Ehn, RAICFETHIEEMTHY . FEEBEEICIDIAIYTHLORTREITENESNT
AV

BIRDEY 1) —> a7 EMLRE OEBEEMZIFLEVIENATEINGLEDOD. T
DRFENOBEMTBEXEHLEMICEIKRN, LALGALREETICEARHIEEFE

L7y,

HO,, O_.Me
Me

MeO @ OH =
OMe

Urechitol A (2)

Figure 13. Urechitol A (2)(D&5&
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¥ "EF Urechitol A DERAE

BARBAEOEHIEESIZH LT, Urechitol A (2) LEIHRODBEN DEHICERFZEE
ESNE=BRERE T LEMEIBREEETITHEF LN TLA, ZLELTLEREE T HIE
BEPOBHELTEIV  aFavEo7HAFTFICEFENSTILAOARTHY ., FEEIZARS
A EA-hIRVEE%EA Y5 Scopolamine (32)D TS Scopoline (33)H3%

[f5h3(Scheme 9),

Scheme 9. Scoplamine (32)¢Scopoline (33)

o@-uuo +OH
}—b hydrolysis
(@) —_—

Scoplamine (32)

G ="
OH

Me’%
Ho— ©

Scopoline (33)

Hoffmann 1%, Scopoline (33) MFED/ILTEI AV EBEDBEELLLT. EEY 35

DESBEBRSIONTEIVIZHT 0 FRBIERIGEREL TS (Scheme 10)Y,

Scheme 10. Hoffmann® DiRES

t- BuMgCI ) OBn OBn
T Ho~ N HO E
“OBn 0°C-r.t. Boc NBoc
NHBOC 36
0,
35 60% 3 . 2
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¥ "EF Urechitol A DERAE

T2 DDEBI—TILEEEETIVIANT AU FEKRELTIL, Grainger 512&%
Ingenol (38) MEMEICET 5% 22T, BIEFRMELTHRNMIA TN SIEEH 39
NEFTOND, LAY 39 DERITTOE= I LAFUFREIE 41 0 FRKEBEENHIRT

BIEITKYEI->TLVSEEZ BN S (Scheme 11),

Scheme 11. Grainger 5 DR

O Bn o
i
HO HO

40 41

o) Ingenol (38)

UEDESZ, ChETIZERPIANES FEUBBOERHLBO TOLGENERTIBEEE
H9 % Urechitol A (2) ZANMAIICL THIERMIZERT EMNEFRICTHRAI-ELSY . AHE
BALZEICROON SR - S RMERINDRBLEEETEZ. TOERMEIZETF

L7,

AETHIRLIZ 2 DOBLEREREZESEICL. FTXERFEDILEN ST £

DFMIZDONTITRECTIRAS,
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¥ "EF Urechitol A DERAE

BE IIUEAXITIILAFA L ED[4+3)F MR RS E 8 R IG

EY BB HEE

Urechitol A (2) D&EREBETICH-Y. FT XS EIARERETVEREEEICAT
PMREF LT AZEEHARDOERERIET IEELTS,

Albizati 5 20(&, 1, 1-CARF VTR (42)EV LT/ —)ILI—TIILELE=1.. LA REEE
ERSEBZET. ELEAFOTIILAFAL 45 (C3 AZyh)ETTU(44) (C4=vh)é
DETA+3TMRIE RIEAETL, BRERIESNT=7 BIREK 6 A ERTEDILEHRE
LTLV5(Scheme 12), £-IERAFTILEYMTH S 2-AFILITZAT)ERAL=IEE. [4+3]
fHINERAE RIS IE L EZBIRBIITEITL, 0K 48 DAMNRFONDIEEZHETHRSELTY
Z

Scheme 12. Albizati > DERES

o
7 4a 0Si Rs
o) OSiR,

A o 0
OMe _

)J\( /\KOMe Lewis Acids “o I OMe
OMe OMe 3

o
42 43 Q

O
@/47 Me
Lewis Acids 4\‘ ‘

regioselective

Urechitol A QD EERMIZHENT. 6 BBASTEA—IILBEIEBRZICHEETEL LT HES

NBH—AT.2 DOEBI—TLEBUEZEABEICERESNVIONT R BRE I
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¥ "EF Urechitol A DERAE

[CLTIAAFEHL D DOEET NN EETHDH, TLTEEL 7 BIRERETOBELE,
BRAOBERELETV. EHORKREET 6 BRAITEA—IILEUEZEAT I EEIL
ZL1=(Scheme 13), RFTEITEE LS 7 BIROBEICITFTIR O [4+3INRIE RIS % E
FAd5i&elf-. TOEAELT,
1) Urechitol A (2)IZ1& 2 DDTRSERATSUIRMAEEL. 7 BREAICAITT 2 D0
HREERTETES(route A, B),
2) route A, B EH(Z[4+3HIMIRIEARICITBE VLGB DELGRREREES IV _ELE
ANBAZN TS,

EWS 2 AL EIFoNnD,

Scheme 13. Urechitol A (2)DEERKICEIT TD2DDE K ES

HO,, O-,Me
Me

MeO @ OH =

OMe
Urechitol A(2)

R
MeO @ R
OR3
R’ C\‘,Me
OMe N Me route B \ o
@ OR® = @:’) OR®
Qo =s

route A(G¥#llE Scheme 14)[E 2 DDAF I I—TILETEF—I)LIEPIT—TILIEIZKY

BATLHDTIEEL BRIGICEREL[A+3MFINIRIERISICT—Z#ICEATHENS RIS
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¥ "EF Urechitol A DERAE

BRENAHD, 6 BERASITEA—IILBEDO RN YELT, C3A=YMITRAT/LE(Scheme
13, R?), C4 A=y z7+F/)LE(Scheme 13, RYZBAL. EFICEYAELZTILTERS
KU 2 BT I a—ILETRIEDEITITDEDEEA T, EHLI 1 DDEBI—TILEMLIE.
CERAENEIRFIURALERE. T EETTHIETELIKBEEICKYIRFS

FERIRSEEASIBEL Urechitol A Q)X BT HFTE TH S,

Scheme 14. Urechitol A (2)DE &S  ~route A~
OTMS

[4+3] O ome
CO,R

%@COQR
MeO OMe cycloaddition )
50 0 reduction
o MeO and

Meow epoxidation e Me clization
52

Me

51

reduction
and

cyclization
Me —»

53 2

route A DERERELTIE
1) [4+31TMIRIEREIZEWNT, IExFF 2, 5-ZEBRISVERVTULSIRERAINE
THEW=0 ., & - IFEREDFENEHLL,
2) IIVIRD 2 (.5 MICTENTNEFHRERE, EFRSIEEZEALTLSHIFFAE R
W=, B FILEMEA LR ORIGRBEZHILT ILENDH S,
BENZEITFOND, CNODREBFEALGH R ZIT oD T, TOFME REICTH

~%,
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—AH.route BIZ2 DDAFILI—FILEI—TILELEEIZKYIEREATBIL—+THD
M, [A+3INIRIE RIGDTEEL 54, 55 ZLEEMEBEMAENDETHIET, XkFHRENLL

BOSZDMRE - REREDFENBZEETE THAS(Scheme 15),

Scheme 15. Urechitol A (2)(DE RRESES ~route B~

OTES
OBn [4+3] o
OBn 54 _Cycloaddition cycloaddition BnO epOX|dat|on n
) N
Hoj_7 55 57
OMe
6-membered HO,
cyclization hemiacetal formation @
— OMe
and Bn deprotection o
OH
58 2

route B DRERELTIE
1) 57-58 IR HADEBI —TIILEEICELUT D RIGIHREF N FELEL,
2) 6 ERAITEA—ILEREBETH-ODITIEFH(58—2)h  route A ITEERZ LY,

HEMNFEFONS, route B DIRETICEAL T, TOEMIEE —_EEAHICTHRRS,
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FZH 5-TEFIL-2-ARF-4-AF LTS (51D ER ~route A~

route A FIRETT BITHTY . FT A+ MRIERIEDEE LLGLHTF2 51 DEREIT
=5

BIEI TR AR I=@Y  5-FEFIL-2-AF-4-AF LTSV GBLDEBEITHRESNTED
THREADDETH T, TITET SO AFILENFHEASINTEY., Rifis 5oy
K59 EHEFEMELEBMRTISY 51 DEMICEFLI=(Scheme 16), P +FaVEE
|AKW(59)% X HKTESR “VESE(TRTLFEMS VY 60 ~NEEH]LT-, B5N 7160 D O-
AFIAEIZEKY 2-ARFL-3-AF LTS (61)ER/AIN BRDAFIVILRIBS FURIGEH
ERELEA, BRHETEIRIGE2ETLEMN Sz, £2T.—BEVYILT/—LI—TIL
62 ~EZE . Mukaiyama aldol RIGEITICET D7 EFILEMELD 2 REZEALT= 63
ZEMLEz, LALFonT L&Y 63 DR EMITIEL. BKAEITL 64 NEEHMEINLT=0H
BEET S 51 ADEBRERETT SN HEKLGE M oF=, LLEKY, VRSV BEEKY(59)%E
HEFERET HERIEEEL-,

Scheme 16. B2 0S5 V51D EBIEETD)

Methylation o
NaBH
L O OMe .. - IOy ome
ﬁ THF, 0°C -MeOTf
49% 60 -Me;0-BF, 61 51
*LDA, Mel P
TBSOTf BFy'ELO |,
TEA o MeCHO o _H,0 o
() OTBS o) 2
CH,Cl, CHyCl, = =
0°C 62 -78°C 63
quant. 15% unstable 64
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RIZ3-AFILITZUNIVKRUEE(65)E HFKEF T HFHREREILI=(Scheme 17), 75>
HILRUER 65 % Weinreb 73k 66 ~NEE#LI-% . MeMgBr Z{EREE7EFILTTY 67
ZERLI. L&Y 67 O 5-RRIERIEEELRFDER.DMF RICTNBS & 1 H=1E
AEEHIET BIELGNSEHIY) 68 ZGHEN K. AREFHTERRIEDT
FILTZ 67 A EUREN =AY BEIED NBS ZERASE 5L E<LDEIERYMNE CINEE
TOREEG S, Ff= BAKOREDOMREZEN, ELF 15— —TRELVEY D UL
EDTIVEFMLRISZT>EAMRITRonGMhot=, ol RFRIEFKIELTDBHZA
W=IHBI1ZIENBS ZRAV55% LRISERE/OoNGH, o1, FoNI=RILH 68 [Tt
LTAZ/—ILH | TR LANE DR EERASE S ETA+SMTIMRIE RISDRBIZEREL

1= 5-72FIL-2-AhF2-4-AF LTS (B1)DERLIZABILT=,

Scheme 17. B2 0> V51D EKIEETQ

TEA, EDCI
3 O MeO HCI MeMgB 3 O
eMgBr
v ) »p 0
CHzClz 0°C THF, 0°C
65 quant. 96% 67
0]
Bromination O_Br NaOMe O OMe
) / M OH
see table e
reflux
68 81%
reagent solvent yield of 68
DMF 30%
CCly <10%
NBS (1 eq.) MeOH decomp.
MeCN decomp.
AcOH no reaction
DBH (0.5 eq.) DMF trace
CH,Cl, <20%
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TEFILISY 67 ADARFIEDE A (Scheme 17, 67—51) (FR1EWEHRTITHoTLY
BRI, BEUIVEMBERTOERERETLT-(Scheme 18), ZDHER. NIS £H
WAV RIEF2<ETLGEN D12, NCS IZLBHIEHRIEIE Scheme 17 D R FRIEEIRFEIZK
ERERFRONGM o=, FANF L EDOBEATIR I RIEYBRICHARGEEIEL

L5DHTHT=,

Scheme 18. B2 0> V51NDERKIEETQ

0 o)
0. NIS O
)jj R w
67 DMF
69
0 o) 0
0 NCS O__cl  NaOMe O, _oMe
N /| — \ —_— \ /
DMF MeOH
67 28% 70 slowly 51

b, RET KA+ MRIERIGDERZERELI=5- 7T EFIL-2-AFL-4-AF LTS
YBLDERIZDNWTHRAR =, RETTIHERLT: 51 (29 %59 FE[4+3]HNR1E =S D

Btz 2\ TR B,
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FEIOE o FRE[4+3){TMIRIE R IEDERET ~route A~

DFRE[4+3)(FMRIE RIGEDREEFIAT BBV XHEH POREZAVTRE
DB F1To1=(Scheme 19), 1,1-DAF LT (42)F ) ILT/—)LI—TIL 69 ~N&
TR, IV DHFETICTILA RABEELTHIEE D TMSOT! ZEASEHIETED
MM MNRIEREHHEITL. BEID K 46 25 80%DINETHRBHZEMNH K-, £ T,
ETIIVERERELTRIFIICTERL: 5-7EFIL-2-AFL-4-AF LTS5 (51)EV) LT/ —
ILI—TI)L 69 LDMMRIERIEZERHRDFERIZTHA-A. RIGIEEETLEL ST,
MEFEDHE., FLURNEELGEDREFBIT oA BETTY 51 ARIRENEDAT

HY. B 70 FELEon G o1,

Scheme 19. [4+3VNIRIERILDERE. B D S V51D BEAEEY

o)
LDA @ 44

TMSCI

0 TEA OTMS TMSOTf OMe
)f\rowle o }\(owm .
OMe THF, —78°C OMe  EtNO,, -78°C
42 quant. 69 ca. 80% 46

0]

Meo\w
51 o
TMSOTf OMe
» MeO @ Ac
EtNO,

no reaction 70

FEHIREAEGETLEVWRERZRD KS(ZEELI=(Scheme 20), THbhHE LA REE
MUNILI/—=ILI—TIL 69 DANF I EEFMHILTHETAHFOTIILVAFAY 72 4%

CHEELYE, BITSU 51 D2 D AFIENODRNEFHRESICEYAILARZILEE
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DRIGEREDAHMNRL 71 D&SUHEEZ LD LTS MBI RIEAEITLELEST
WBEWSREETHD, TS TERISY 51 D7 EFIILELETR. REEFEALILEY
TINELMT HETILA RABNHESNHRIREE . [4+3FMRIERISEETSE S
ENHELDTIHGELMNEE AT,

Scheme 20. B#2 705 V512V Z[4+3)UNIIRIERIGICEE T 2ERD

TMS T™S
o ® 0 OTMS OTMS
MeOX O _ MeO<© %\@Me
Q /> Me . Me > MeO) - = (l)Me
Me Me “TMS ®
51 71 69 72
OPG.._
MeO-© MeO-O H1ms
\ / Me ___. - \ / Me
Me Me
51 73

Scheme 20 [IZTRLIZRERICEDEEMR IS 51 D7 EFILEFKFRIERDFRFRNID
LlZKYBETL, EERICTILO—IL 74 #51=(Scheme 21), £UT-/kEEE%* TBS £ TR
EITDIRBLADEHERAH=M. REK 75 285 LFHEF LI 1z, COREIE. 7L
=)L 74 [FAFDENCDENLGEFEHEDI-HORONHFHKRIEHEITL, FEEF>
Dby 64 IZEBMEINTLESI D TH D, T TEMRISU 515D ILIT/—)LI—TILET
B EICEBBUMBHIL R EDRELZHAD . COGEICIEERIGHEITLED

>1=,
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Scheme 21. (L &MT5DE BHE5T

0 HO TBS protection TBSO
O,_ome NaBH, O, _ome /o O, _ome
\ — \ S \

THF, MeOH
51 "t 74 75
quant.
unstable fiof o
64
silyl enol ether
formation R3SiO
/ O, _oMe
7 > \ 7
76

CORREY 5-FHEFIL-2-AFT-4-AF )L ITF2 (51)EFBILL T4+ MBIL RIEZE
TIDTIRGEL AFOTIVINAF AU DREFKRICER T AL TRHIBEZFERTELGLDE
ZZ1=(Scheme 22), $%hb. EFEIAFITIUILAFFURIBAEDOAFILT2E—IL
BEZE, B/ FATEE—IVIERTHLEEEL COERICKYVESRIELREDEEER
RFICHEARBRFICRMEDT VIS RBEDOHAELT  TILFILEFICNDOT ALHIG
EDHRBERFERMEHCRELZERASEIILT. BRISV LOBRERREICERS
NEZEEBLAFLTIIATFAUERESEHIEMNTRELLY | [4+3[TMNIR1E RIS A HELT

TAHDTIEGELMNEER T,

Scheme 22.€_/ FA P Y —IVERBWZAF Y P UIVATF A VRERK

-alkylation
OTMS OTMS Ezg)gye;a;gg OTMS
Mer& N PhS\(& _ (J\
OMe OMe ®0OMe
69 77 72
| Lewis acids T
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Scheme 22 [TIRUFARERICE DE B/ FA T 2EI—IVER T DA XTYILAFARIER
KDERIZEFLI=(Scheme 23), ZOREIZIF, ETILRIGTOEHRFITIF+2TIED
%M. Urechitol A(2)D 6 BIRANIT7 EA—ILEMMBEDELNELGLIEBRELZEALLE
BZRAVWTEHREZETICEICL=,

a-2aa7Ero(78) IRV E U FA—ILEERASEFA I EEE AR, I5R M
EHTIZTZILF ALK ZERSEIEEM 80 B LU 81 &/ . ILVTNCS ZRHWVTER

b, AR/ —)LICTURE G BZEETAHFI O TIILAFAURIERA 84 B XU 85 A ML=,

Scheme 23. 1651784, 85DERK

PhSH
0 NaH (o)
o} K2CO3 R-Br R
— > — >
78 EtOH, r.t. 79 SPh THF, r.t. SPh

80R= °_COMe 69%
81R= Yoy 41%

0]

NCS _ )Cf)><R )&R

Dioxane, 60°C CI' SPh MeOH,rt.  MeO SPh

82 87% 84 90%
83 69% 85 64%

T AXITYILAFAURIERK 84 BT/ —ILI—TILADOEBRERETLT=
(Scheme 24), #RETDHER. Br9Y 86 £/ 5 &L KGEMo1=A, IEEELT NaHMDS
ZRAV-GEDHRIGHETLEQ-HREARDANER), ECTIEEY 85 [TXL
NaHMDS ZAAWAEHICTII LT /—ILI—TILLERAI-ECH RERLBHNM 8T %
BHTENH KT,
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Scheme 24. 1651186, 87TMDERK

Base, TEA

j}@ TMSCI OTMS
COMe ——#~—» %}@COZMe
MeO SPh MeO SPh
THF
84 86
TEA no reaction KHMDS decomp.
(reflux) o
LDA no reaction NaHMDS )]\O(K/I\ CO,Me
e
o NaHMDS
TEA, TMSCI OTMS
% o TVeM _
MeO SPh THF MeG SPh
ca. 80%
85 87

Bont=UILT/—)ILI—TIL 87 ZAWLT. BES FR[4+3|F MR REEITo1=
(Scheme 25), £9. 752 (44)EDHMBILZE A= KD DEAZBHEITH-DEL
Fa15—L—TR A RALBMEIZLHHIEZCT=8 2,6-D-tert-TFIL-4-AFILEYD Y
EARMFIELTMA LT EEIEFELTTILFILIEFITHS MeOT. EERHETHS
AgOTf ZRW=ECAH WTHDIFEEIZH, BHOFINKB)ZBINELASFEHIIEMNT
. CORBRIEX. B/ FAI—TILORERFEEMRTHIEIKDFFTIILATFA
VOFRENARETHAHEERLTND, ZITEBRITY 51 LD REERBRDEHTITo
f=o AQOT ZAWEIGEEIZIZIIIILI/—ILI—TFIL 87 OHRBOAHHIETL, BRI
51 %[BT BFER LG oT=o — A MeOTIZEASE-IHGE . BRIDFMEKBI IFERMET .
Fgafnar b 90 BB T,

CHORAELT, MeOTf ICKYREBERFINEEILSNAFIOTIILAFAUIEREET DD
DO EWMIF 51 LD 2 FUAFLENSDEFHR-ENKENOH. TILFIILLEFITH
TH5 M7 EFILEDT/—ILT—TILEAEITUFRREAK 91 NELSHETHE+ITIIRIE
RIGIZBELTAOFRB LU FHRDO7ILE—IIL RGN ERHFELTEIY | RAKRIEERZETH

BAFN 7R AR 90 AERLI-LDEEZ N D,
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Scheme 25. {6&¥87%ZF U \/Z[4+ 3T DOIR{E =l

reagent (1.1 eq.)
Me

B‘/@\ 1.1eq)
t- t-Bu

OTMS @

@ MS 3A PMe reagent  yieldof 88
F >
\ /] /JW g AgOTf 18%
MeO SPh EINO, X\ dr.=1:1 9 ’
0°C ~ rt Me OTF 23%
44 87 see table 88
MeOTf (1.1eq.)
° o)
fl' (1.1eq) Q ome
o OTMS tBu” "N” X-Bu Me OO Me
MeO~° =z MS 3A \ /
\ / " . MeO Ac
51 87 0°C ~rt 89 0% 90 20%
i T —H,0
OTMS "N
{Me aldol 2 YOS aigol HO
MeO () )\"/\/ . Meo-_O .y Y Meo o OMe
e
\/‘(OMe \ / \ /
© | \
L 91 92 93 94 _

CNFETOHERKLY., B]RISY 51 O 5 (L7 EFILEMN[4+3FMBRIE RIGD B FIZ%-
TWAEEBRTED, T THMTEFILEFEANT D ALRDIVEANLERLIZEEYM IS %
AULnE, LA RBEADEEZPCAILRZILEDIT/— LI —TILEEEDN RIS T (Z[4+3]
MR IERIEEZEITSEDIENHELDTIFHELANEE ZT-(Scheme 26),

Scheme 26. B2 D> V51 A\ Z[4+3T IR RIGICRET 2 EERQ)

AN R\
o P ® 0 0
MeO @ ——> MeO<© —> MeO_©
_ \ /
51
ﬂ R R.
0 ™~
MeO— O MeO< O 2 ~——= MeO_PO 2
\ / OMe 7%’ Xzf\OMe WOMe
®
95
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F.TROILEY 96 ZRERIEL. FEOTFR VLA FEERASESHILET 2-A0F
VB ARF D AIVRZIL-4-AF LTS (98)EE R LTz, HLVT. BRLI-E#R TS 98 &
JILT/—ILT—TIL 87 EDHFTICHERFDIFEMILFELT Meerwein i (Me;0-
BF)Z1ERSE AL T BRMETHAINA+3FMBRILAREZER—DOTRTLAT—ELT
[ACEICHYILT=, JBoN L EYDILIKILFEEZRET XS nOe ARTMLEBRIFELT-#E
8. Fon=MEKIFEL 99 TIHGL, B - IIFERMEEBITEDIEEY 100 THAHE

MFIBALT=(Scheme 27),

Scheme 27. B0 > >/987% A1 \IZ[4+3{UNIIRIE RN

o) % Bry e ? NaOMe MeO-_O %

(7 oMe —— X ) oMe —————= () oMe
Et,0, r.t DMF, 40°C

96 75% 97 53% 98

Me

OTMS ﬁ
W N !

t-Bu

B Q ome MeQ
MeO SPh 87  \e.0-BF, Ve :
- MeO COzMe MeO COzMe

EtNO,, r.t.

99 0% 100 2%
(desired)

OMe
CO,Me
= H O
Me
H

............................................................................................

LI EDFERELY route A 5 FRE[A+3|TINRIE RIS TERT D EIIRETHSH EHIM
Lfzo LAL. HINRIERIEZD FRTITAIRMERIREZEE T DL ENEL SHIZRIG

DR LELEAFTES(Scheme 28),
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Scheme 28. 73 FN[4+3)YNIRIERINZEER UIZ ERBESDOEIE

RSSO oy 1o
Fo R?
1 : _»
L 0 R
MeO
\q
O OMe
....... @)
~  MeO @
0]

ZZT. RETIE route A DERETEICE DW= FRA+3TINRIE KIEDEET 1T

2=DT. EDFHMELR~D,
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FRE HFAAH3)TMIRIEREGDERET ~route A~

BIETTI& route A D ERETEICE DE 0 FR[4+3)TMIRIE RIEDREFIZE T o1z, TDEE
2.
1) [4+3]{FINERAE RIE DURFEA B H TIELY,
2) RILEBYDUES JVILAERELLIC. FTEDILEMEHTHS,
LS EEMNHST=(Scheme 27), T TEEE, MEZREICET IBEOBRE LUK
ISHEDRLEZBL, [4+3TMRIERIEE S FRICTITOEHEZEILELIZ(Scheme 29), 7
FA[4+3] MBI RIS DBIER AL L TIL &Y 104 £5E T 5 &, FEIFET Urechitol A (2)
DEEHRMNERTELHAREELHEIN, CNETOREATHRONZ[EBRT S 2 LD AF
VENODBEFHREERATHAIELIHMELY . LEYW 104 [TFEBIZTFRETHLHEE
AbNd, T THMIRIEAIBRAITIEE® 103 LL. RIC6 BIRASTEI—IILEBREETD

—&ElLt=,

Scheme 29. DFN[4+3INIRIERMZERBUCEKETE

reduction

O
O - OR
HO}W OMe | esterification O /OMe ——> ‘-.‘

Mé \ J 0} 1 \\epoxidation

101 \ 105
[4+3] cycloaddition l \ rearrangement

0 MeO OMe
i o ¢
MeO OM
© © (- O OMe OMe
102 QL /v ME . %
M v/ MEé OH
104 unstable? | Urechitol A(2)
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IRILATER{R 103 DERLICHIT, £ HILARUEE 101 DFFEAETTo1=(Scheme 30), =
BEENETERLIZTRATIL 98 EMKA BT HETHILRUEL 101 AMGoNEHEE AT,
ZoTIREMEHT. TATIL 98 DMK BERIEETO>-ECHEERIC Na 15 106 ~&
iz, LOLELS, Bonfz Na EETOMALT ERFHIERGE TREBEET &h
IVRUEE 101 (FEEMEHICTFRE THI-OELICHRREBAEIVIEEM 60 ~EEH]Sh
BHIENBALMELE ST, £I T Na 18 106 DTOrALZFRETLIEER. KA TICT Na i
106 MKBFRICL 1 VEEEMZSHETHILRVEE 101 NEEMICEBRTESILEZRHL
T=

Scheme 30. {t&¥101DERK

MeO-__O o NaOH aq. MeO__O 0
\ / OMe \ / ONa
MeOH, 60°C

98 106

quant.

O
(COH)2 e O H* sensitive o O
— ) o | —— lz
H,0, 0°C
quant. 101 60

FMNTTR7IILa—)L 102 DERICEF L=, XEIKIEHRZABLER. L&YW 102 (X7
FZILO—ILELTIFFREFREE S TOFEHICKYELICRIEARIVIEEY 112 ELTHE
HETHELNTEICESNTLNVS 2 (Scheme 31), ZCTIEE Y 111 £5A%IL. LIZERL
=25 hILRU B 101 EEFELT-RI1C 2 SUKEEE DGR EE - B IE RIS E TULRIERIER{R

103(Scheme 29)~NELZ &L T =,
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FE_BFENETERLIZIEEYM84DFAT—TILEMLZE HY(OAC) ZFALNTAR/—LT
Bl 7h B TRATIVEMUZEHITEIT T HTETOA —IL 108 151, /Fonf=UF
—IL 108 D 1 fRKEEEDAHET FILETRELR. 2 fRKBEE(ZIL TBS HIZKH1REE
EV RO TTEFILEZRETHETENDOIEEY 111 OFARMTE T LI=(Scheme

31),

Scheme 31. {t&M1M11DERK

Q Hg(OAC), Q DIBAL-H OH on
)Ycozlvle T MeOH. Tt CoOMe —_ )YV
PhS OMe eOH, rt.  MeO OMe CHyCl,, 0°C  MeO OMe

0, 0,
84 5% 107 85% 108
Ac,0 TBSOTf
cat. DMAP OH 2,6-lutidine OTBS
- . OAc > OAc
Pyridine, r.t. MeG OMe CH,ClI,, 0°C MeG OMe
0,
70% 109 65% 110
o OH
K,CO, OTBS o}
- OH )S(\/OH = Moo
MeOH, r.t. MeG OMe MeO OMe OMe
79% 111 102 112

RIZ. IS52AILRUEE 101 £7I)La—)L 111 DTATILIEE To1=. DMF HIZTHEHF

ELTEDCI#AWAZETERMDIRTILA 113 #1852 M K f-(Scheme 32),
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Scheme 32. {t&113DERK

oM
oTBS o cat. DMAP MeO b TBS
o . O__oMe EDCI TEA o
D ———
)Y\/ HO \ / o O._OMe
MeO OMe Me DMF.60°C 0" 1\ J
20% M€
111 101 113

L&Y 113 2/ AHIENH KA. TOREILHEDIT<ED TIHGEA -1z, CZTHEIE
BYOEEEZEHBEFIERNAIRTILIE(Scheme 33, ER)IANSTILa—ILDKEEE
FIRBERICEBRL TRV EO T ILFILIE(Scheme 33, FTER)IICEE TS ETINE

DhEEZBEL=.

Scheme 33. {LEM113EXDINRKRARZE(ICQITTOER

— » R—OH + Xj)LR'
o) v o)
R—OH + HO)'\R.— RO)I\R'
o)
L, R—X + @OJLR

FTT7IILI—IL1ULZNAT AT ILFIL 114 ZEBR-T R MJTZZIILHRR T4 % AL
HZAVHRIEB LUV RFRILEZRATDIREIEEETLED oz RITKEED AL ILIEEST
212,CAH EEMICRIGDEITLALT—h 115 Z/HIENTERLN, FoNfALT—F
115 ZAL=AILRUEE 101 O 7 LT IILERIGE 2 GETLGEA o=, — AT REEICK
AEILEYOERERA LA, BONCRIEHETUSINETEHIO M ME 113 A%

BL. IREQHREIZAETILT-(Scheme 34),
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Scheme 34. {t&MIM13DNREKE

a) TPP, Im., I,
OTBS b) TPP, CBr, OTBS
OH % X o
MeO OMe MeO OMe :
111 114 v
%o oM
HO»\S\_?(OMe '\//Iio)/\(%TBS
101
IAES’QI OTBS Me o)
» MOMS NaH o O OMe
CH2CL, 0°C  \ed OMe 7 \
Me
quant.
115 DMF 113
MeO OM
0TBS S o__ome DEAD /\)k(%TBS
OH + HO Y ) TPP o)
- O, _OoMe
MeO OMe Mé THF o\ J
0°C ~r.t.
111 101 Me 113
92%

Scheme 34 THOLNT-T AT/l 113 @ TBS &% TBAF [ZTKEL=#% . Dess-Martin

periodinane AWV TEE{ELA b 117 #1§71=(Scheme 35), Boni=~ k> 117 %2 )LT

/—ILI—T)L 103 ~NEE#RE . P F RGBS MRIERIEEH A=, FHTDILAAE®

Y. BELRERRDERERAARIGFTEETE T HIY 105 ZHHEAHE

B2z, FRIEI TRARERFOEMEEICLSIFEREAIT AL TN 11T D72 —

IWEER/FATERI—IAEETHBLILEY 118 %5 -. L&YW 118 F I T/—)ILT—FIL

119 I2FBE&. D FRABIRMRIERIGERAA, COBELRIGTETET BRET

% 105 /5 AH T kG A oT=,
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Scheme 35. 16&%¥0103. 119ZAL\2 D FN[4+3UTNIRIL RIHOIEET

MeO. OMe MeO. OMe MeO OMe
© OTBS TBAF OH DMmP
o 19) NaHCO3
_ = —_—>
O._OMe o O, _oMe
Me' 143 75% M 116 62%
-TMSOTf -TiCly
MeO OMe *Sc(OTf); -+additive
TMSCI, TEA OTMS -Yb(OTf)3  (MS 3A, amine) MeQ O
LDA
THF, 78°C )\w OMe
ca. 80%
Phs. OM Phs OM
MeO PMe,  TmsOTE /\)g(% TMSCI, TEA /\)K\(%TMS
PhSH o) NaHMDS
9, . O,_oMe O, -OMe
o7 yOMe cHe, O A THE, -78°C \/
" 78 ~-30°C  M§€
e
17 90% 118 71%
-MeOTf
-Me3O-BF4
- +additive MeO O
(MS 3A, amine)
o]
e
o]
105

LUEDFER KLY route A IZ2&% Urechitol AQDERIIMET A EELT=, RETIZ

route B M EHH
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ENE o FRE[4A+3]fTMER 1 &R IEGZE AL = (2)-Urechitol A D& R

~route B~

FEEFE_HMTHRAERY . EREREEET IRER THL D FR4+3IMRIER
HELEBHEMTEEZRAVTERMARBICTIT =&, BEREZIEREALT
Urechitol A Q)D& &R % B189 route B DRI 4BAALT=(Scheme 36), T . X#kEL
HMOFRIZHVERITY 1217B LUV ILIT/—)LI—T)L 124°% EB LTz, B#TS
Y 121 OKEEEE TBS HTRELIEAY 122 (CE#%. TMSOTI #ERSH 5 FR[4+3]
AMBRIERIEZEH A=, TDRER. BRDILEY -SRI ELT-A ., TRIRIAELLTIRE
9 10%EEDMMIRILEK 125 21T 5 EMN KT, COFRERIY[A+3]FMERIE RIEDYRE
M EZBRLRESZHIRT S EELT=,

Scheme 36. {t541122 124D D FE[4+3)UNIRIE R

o o TBSCI o
LAH i
QMe | —Me Imidazole E/(Me
THF, 0°C DMF, r.t.
CO,Et '
2 quant. OH 93% OTBS
120 121 122 0]
TMSOTF 40BN
| Me
CH,Cl,, -78°C
OH
BnOH ca. 10% 125
LDA, TEA
O TsOH-H,0 © TESCI OTES
OMe — 5 OBn—=— OBn
c-Hexane o
OMe reflux OBn THF,-78°C OBn
42 85% 123 40 ~60% 124

Scheme 36 [CTHLNT-EEY 125 K i5ld TBS EARELTULN =2 MG, [4+3]0
RIERIEDRETX WD KEEEFFDIEEY 121 LT/ —ILI—TIL 124 ZHE -

LTHWAZEELT(Scheme 37), £ . LA REEEL T TMSOTS, BF3-Et,O. TiCl, D 3 &
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ZRETLI-HER . TICL, ZRAWISEITIREL 32%FETRLL -z, RIGHED R EZHLRIE
REZ0.1IM M5 1.OM [TEELECH, /FoNAHMMBRIEARIFIMESL LFILAEMEED
BEYEGST=, F-E DR HEFBH THE TH -, COBRIYRIGEEZT 0.1IM KYIE
KT BIERF ARIGITITIFRLLGWEHIBL -, FERINAEZIFATIAVICETT L
ETUREFRELT, E6I2, RIGKICREEKRFT )V LERMLTHELIETETOURE
WENRON ., 5 FRA+BUTINIRIEREDUIREF 46%ICETHEEINT-, BEZOREF
HTTEHARIGIE Mg RT— Lo g R7—ILET,. BEREMERGETT HILLHERTE
=5

Scheme 37. 1tE&11121 1240 D FRE 4+ NIRIER B OEET

0]
E/(Me ;Iig - LA. (1eq.) OBn
+ —_—
M
121 OH 124 OBn see Table e
1eq. 1eq. OH
L.A. Solvent Conc. Yield of 125 Temp. Comment
TMSOTf 0.1M ~10% —78°C
CH,CI, single isomer
BF;-Et,0O 0.1M ~20% 0°C
Ticl CH-CI 0.1M 32% -78°C single isomer
4 P2
1.0M ~30% —78°C  not single isomer
0.1M 40% -78°C
T|C|4 EtNOz """""""""""""""""""""""""""""""""""""""""""""
0.1M 46% -78°C  +NaHCO3; 10 eq.

BT, Bon A MMIRIEE 125 DITRFILZE#RETLI=(Scheme 38), 9 mMCPBA %
AU =15&121d Baeyer-Villiger BR{E4R 127 D HHHEITL. BRI 126 (F&L{BO LMD
t=o RIZ OXONE®EF A UIZEYRIGRNT DMDO R A S IRF LEITHIFE

ZEHA-ECHEMET HIRFT IR 126 & Baeyer-Villiger B21biK 127 O D BERE#IES
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MHFEN Tz, LT VO(acac), & i L TIRF UL ET o MR, BMOIREFIR

126 DAHAMNE—DOTATLAT—ELTERLz, RIERAIZKREEKEZFNIDLEFRND

FTHIETWENSSHIZHEL, TRF IR 126 ZINER 47% TH B ZEIZHIILT=,

Scheme 38. TIRFY R126(DERNIRET

0
OB
2% we
0

125

OH
n
_ @ Me see Table
H OBn CH2C|2
(0]
125

0°C ~rt

Baeyer-Villiger
oxidation
reagent result
R mCPBA  ..........BaeyerVilliger oxid. only
OXONE, acetone . e
oNaHCO, oY, oxd: epoxidation=1
VO(acac), o .
____________ TBHp . S0k (epoxdet2eonly)
VO(acac), (10 mol%)
TBHP (1.5 eq.) 47%

NaHCO; (10 eq.)

EREREEETH-OIZIE IEEY 126D HILRZIILEDTEE—ILIEE. TREIR

DFRBREFIBRBI—TILOBEZRFIITHRTRIEGLEN, $hbhs, 74—t

BETELANITEI— LD KBEETHFRARIERIGEZRITIEAEENIZEND 3R

MI—TILEEHTED, EEMNFHELEFEE, LA RABICKYIRFIFZFRHIELGN

5. ®T AU ERDANT D EEFHILRZ L EARBKESESFE(Scheme 39, LRSS

KU AR/ —)LHIZTTALVBEERSE2EED 72— UL & (Scheme 39, TEX)

D2BYTHD, FYUEBLEFETOEREBIEL. EE(EFET Scheme 39 D TERDETE

[CEDEREFEIT o1
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Scheme 39. =R BB DB

MeO-Metal
*MeO-OTf

——

MeOH+ H*

FIUEY 126 [ZRL., A2 /—I)LHHIZT PPTS ZERASE L AEMNIRIGHETTL.
BHOZIRMET—TIL 128 EAR/—VICKYIRFIRDFRIRLIZIEEY 129 eI Th
RIFEBONT-, FCTEYRLEEELT TSOH-H,0 ZRALV=ECAKIBITIREAE LLE
#4128 % 67%. 1L &Y 129 % 28%DUNETHHIEA KT, F1= TSOH-H,0 % CSA
[CERLEKEHTICTRGET oA, BRI 128 DIRES JUEIERY 129 EDER

LEIZZE b (XA A > 1=(Scheme 40),
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Scheme 40. {65128 D& FKAE5T

see Table HO,

MeQ —OH
HO//,,, Me
(o

_ =
MeOH, 40°C
O
129
_ yield
acid 128 129
PPTS <5% <5%
TSOH-H,0 67% 28%
CSA 69% 26%

RRET, BAEH-EKEHTICEOLT RISITETL, FRBEOHERLFOND
CEDSKDEEFIREEL ANRZIWEADAZ/—LORZAAMAE|IEELLGSTEY.,
FZTOAMEILABMICEZEDOLLENIITZR)ZILEINGEI>TNSEDEEZLND
(Scheme 41), ZD#ERELCSHHMEIAK 130 DAZT7EF— L EKBEEN D FATIRF IR
FIRLE Y 128 ZHLTWHEBZE LIz —A T, BIERY 129 DERIFEHRITAIT
SA—)LHER 131 ZEALAZ/—ILATRF R ZFRRT A EICEVELHLDEEZ LN
B,

A2/ =V DT F T IIVEID LD RZA MK THS
PR 130 B KU 131 DRFEICIEFEMLICK DT ENFET HEHRINLH, hEAE
130 DA ILIKBIZEHFITH S,
EVSEANS, ZOERLLEIE/NENEDTH1-EBRLT-,
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Scheme 41. TIRFY ROREREHD. DFANRRRIMICETIXN_ILAEBR

@ HO
eq. attack | H “a ‘/ng
— %Bno —
OMe
(e}
‘ 130
NCEN D) MeQ ,—OH
126 ax. attack o OMe HO,, Me
— %Bno IE— .
OH @ OBn
(6]
131 129 O

BONE=ZBRMET—TIL 128 LiE AW 129 DL B ITE S TIXARULV =6, XD TBS LD
T 128 £ 129 MBEMITHLTITof=e RIS THR. SEEBHRICLY/ONT=128D 1
BKBEEDHH TBS ETRESN -, f7GLEY 132 ITXL. Urechitol A (2)D 6 &R
ANITEA— LB EBETHIENNYELLIBEMBEEZEAT L0, 2 BKBEREDEILE
ATz, RETDIER, TPAP B 1L PVE1T o115 EICEMNET 57 133 2 EEBMICERT
BIEMTE . £ b2 133 [EZDKFNY) 134 NERRICEBRIN T MLIUH
[CTELFAT—V—TRAATMAMBTHIETEEMNITT N 133 ITRT TEMNAEET

H-o1=(Scheme 42),
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Scheme 42. {t&133DERK

MeQ —OH TBSCI OTBS
HO, M ; HO, I
& e Imidazole g Oxidation Q Me
o i oo .2 Y
n DMF, r.t. see Table OBn
© 74% OMe
- 132 133
OTBS OTBS
"q Me MS 4A @) Me
OBn PhMe, 80°C OBn
OMe OMe
134 133
reagent result
PCC, CH,Cl, ;I;I?[S) deprotection
DMP, NaHCO; very slow
CH,Cl, (rt)
TPAP, NMO quant.
MS 4A, CH,Cl, (rt, 1.5 h)

REBICKEBAI7EI—IILOEEIZELD Urechitol A 2)~DE %K #&71=(Scheme
43),

BRLET R 133 IZRIETYINIT R LEERSE LA, ILARMIZZEZV AN S
DRZBEMNEEL. BRIDFME 135 Z RVDMIESBERMUETHRLIEAH K, ELOT
ATLAY—135 OAZEBLI-R. EORIGTEL: 3 MKEEZAFILIEL =, KT
TBS £% TBAF [CRYBREL =K. B D 1 fKEEEZE TPAP BREL 7L TER 139 AR
LTze PILTERANDAFIILEDFMIFIBIEAF LT RO I LERANTKATITo12ETA,
FTEDIKILFEEZR T AR 140 2B I 73%DIRETHLHZEAHE-(dr= $93:
1) DPRATLAERMEDREZHFL. —78COIEEBETIZTAFILIFILEERSE:
NHEREARBFTH - MOTATLAYT—Z0HRRZKR. ILEY 140 ITHL
Lemieux-Johnson Bt % 4T o= 2. FUILED ZEH SIS TELETZILTER
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E2MKBEELDETEOMNIIRIEAEITL 6 BIRAST - ILIBESNT-1LEY 142
ZiF. RRICKBIENSDIVLEAVWEMKRDSBEHEICTRUDILEZREL

(2)-Urechitol A Q)D& & RZEERK L=,

Scheme 43. (¥)-Urechitol AQ)DE

OTBS MaEB OTBS
gBr
@) Me g Me
O e
OBn OBn
THF, 0°C
OMe 135 OMe 136 OMe
133 73% 7%

| TPAP,NMO  \_ cHo

NaH, Mel Z Me MS 4A % Me
—_—— MeO @ —_—d \eO %
THF, 0°C ~ rt. OBn  chcly,rt OBn

87% 138 OMe 92% 139 OMe

\ HO 0s0,, NalO;,  HO.,_O<,Me
MeMgCl 3 Me 2 ,6-lutidine Me
e
THF, 0°C ~r.t. OBn Dioxane-H50, r.t. OBn
140 OMe 141 OMe 65% 142 OMe
73% 24%

Use of MelLiat —78°C
afforded the same results.

HOu, O~ Me
Pd(OH)z,HZ Me
_——
MeO
EtOH, r.t. @ OH
87% OMe

(x)-Urechitol A (2)
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KETIE, REERHIOBVFRNDOBFELGEBEZETHILEWMTHS Urechitol A (2)
DERMRRET oIz, 75V EFFITIINAFF L ED S FRA+3TMBIEREE LU,
DFAIRFUFHBRICERBRIGELT, £ 12 TR, #UNE 2.3%I[ZT(+)-Urechitol A (2)

DD EEHREZERKLI-(Scheme 44),

Schcme 44. (+)-Urechitol A (2)DE SR

OH
OH BnO [4+3] cycloaddition Oxid.
+ JOBH _
® > @ oBn T
0] OTES
@]
121 124 125
MeOH-assisted HO,. O
intramolecular 9 st ‘
epoxide opening steps
> E—— MeO
- OH

OMe
()-Urechitol A (2)

12 steps, 2.3% yield

KEFEREESRIEIRTTHAM, LITICHIEETRT 2 DDAEEEZ T S(Scheme
45), 1 DBIFARE TR f=(x)-Urechitol A (2)& RN #E R TH S5 FE[4+3]1 MRt
RIEEFFRIENEEBEEDHETHD, BULBLRFIVAURBLLEFIIGILA REF
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General

Dry THF was freshly prepared by distillation from benzophenone ketyl and dry CH,ClI,
was freshly prepared by distillation from P,Os before use. Melting points were measured
with a Yanaco micro-melting point apparatus and are uncorrected values. IR spectra
were measured with a JASCO FT/IR-230 spectrophotometer or Perkin-Elmer spectrum
100 spectrometer. *H and **C NMR were recorded on JEOL JNM AL300 or JEOL JNM
GSX500. The chemical sifts are expressed in parts per million (& value) downfield from
tetramethylsilane (d = 0), and/or residual solvent such as chloroform (64.7.26) as an
internal standard. Splitting patterns are indicated as a s, singlet; d, doublet; t, triplet; g,
quartet; m, multiplet; brs, broad singlet. Mass spectra were recorded on JEOL JMS
SX102. Column chromatography was performed using Kanto silica gel 60N
(0.060-0.200 mm). TLC was carried out on Merck glass plates precoated with silica gel

60 Fass (0.25 mm).

F—EICEHTSEER

(3S)-1-[(R)-2,2-Dimethyl-1,3-dioxolan-4-yl]-3-methylpentan-1-ol (17)

o3

A THF (6.00 mL) solution of 16 (2.08 g, 13.8 mmol) was added to a mixture of Mg

I

(335 mg, 13.8 mmol) and I, (cat.) in THF (8.00 mL) at room temperature under Ar
atmosphere. After stirring 1 h at 50°C, the mixture was added to a THF (50.0 mL)

solution of (R)-15 (1.50 g, 11.5 mmol) at -78°C under Ar atmosphere. After stirring for 3
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h at -78°C, the reaction was quenched with sat. NH,Cl ag. and the organic materials
were extracted with ethyl acetate, and the combined organic layer was washed with
H,O, brine, dried over Na,SO,, and concentrated in vacuo. Purification by silica gel
column chromatography (ethyl acetate:hexane=1:3) gave compound 17 (792 mg, 3.92

mmol, 34%) as a colorless oil.

'H NMR (CDCl3, 300 MHz) diastereomeric mixture o : 0.80-1.03 (6H, m), 1.08-1.78 (11H,
m), 1.95 (0.5H, d, J = 2.7 Hz), 2.08 (0.5H, d, J = 4.8 Hz), 3.85-4.08 (4H, m);
IR (ATR): 3463, 2960, 2877, 1458, 1371, 1249, 1212, 1157, 1062, 853 cm™;

HRCIMS: calcd for Cy;H2303 [M+H]": 203.1642, found: 203.1636;

(S)1-[(R)-2,2-Dimethyl-1,3-dioxolan-4-yl]-3-methylpentan-1-one (18)
/\/I?\/k/
&

Dess-Martin periodinane (1.67 g, 3.94 mmol) was added to a CH,Cl, (30.0 mL)

It

solution of 17 (725 mg, 3.58 mmol) at 0°C under Ar atmosphere. After stirring for 1 h at
room temperature, the reaction was quenched with sat. NaHCO; aq. and the organic
materials were extracted with CH,Cl,, and the combined organic layer was washed with
H,O, brine, dried over MgSQO,, and concentrated in vacuo. Purification by silica gel
column chromatography (ethyl acetate:hexane=1:5) gave compound 18 (639 mg, 3.19

mmol, 89%) as a colorless oil.

'H NMR (CDCls, 300 MHz) &: 0.83-0.94 (6H, m), 1.08-1.35 (2H, m), 1.39 (3H, s), 1.48
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(3H, s), 1.96 (1H, m), 2.38-2.61 (2H, m), 3.97 (1H, dd, J = 8.4, 5.5 Hz), 4.19 (1H, dd, J =
8.4, 7.7 Hz), 4.41 (1H, dd, J = 7.7, 5.5 Hz);
IR (ATR): 2962, 2878, 1804, 1714, 1459, 1374, 1261, 1214, 1152, 1059, 845 cm™;

HRCIMS: calcd for C1;H21.03 [M+H]": 201.1485, found: 204.1484;

(2S,45)-2-[(R)-2,2-Dimethyl-1,3-dioxolan-4-yl]-4-methylhexan-2-ol (19)

ﬁvd

A solution of 1.09 mol/L MeLi in Et,O (16.4 mL, 17.9 mmol) was added dropwise to a

[

solution of 18 (717 mg, 3.58 mmol) and SnCl, (0.524 mL, 4.48 mmol) in CH,Cl, (30.0
mL) at -78°C under Ar atmosphere. After stirring for 1.5 h at -78°C, the reaction was
quenched with sat. NH,Cl ag. and the organic materials were extracted with CH,Cl;,
and the combined organic layer was washed with H,O, brine, dried over MgSO,, and
concentrated in vacuo. Purification by silica gel column chromatography (ethyl
acetate:hexane=1:10 ~ 1 : 5) gave compound 19 (461 mg, 2.13 mmol, 60%) as a
colorless oil.

'H NMR (CDCls, 300 MHz) &: 0.87 (3H, t, J = 7.3 Hz), 1.00 (3H, d, J = 6.6 Hz),
1.13-1.33 (7H, m), 1.37 (3H, s), 1.42 (3H, s), 1.62 (1H, m), 1.84 (1H, s), 3.82-4.01 (3H,
m);

IR (ATR): 3496, 2961, 1459, 1371, 1211, 1157, 1064, 858 cm™;

HRESIMS: calcd for C1oH,503 [M+H]"™: 217.1798, found: 217.1807;

tert-Butyl[(1S,3S)-1-{(R)-2,2-dimethyl-1,3-dioxolan-4-yl}-1.3-dimethylpentyloxy]di-

methylsilane (20)
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TBSO $

o3

TBSOTf (1.19 mL, 5.19 mmol) was added dropwise to a solution of 19 (374 mg, 1.73

It

mmol) and 2,6-lutidine (0.806 mL, 6.92 mmol) in CH,Cl, (5.00 mL) at 0°C under Ar
atmosphere. After stirring 12 h at room temperature, the reaction was quenched with sat.
NaHCO; ag. and the organic materials were extracted with CH,Cl,, and the combined
organic layer was washed with H,O, brine, dried over MgSO,4, and concentrated in
vacuo. Purification by silica gel column chromatography (ethyl acetate:hexane=1:20)

gave compound 20 (557 mg, 1.68 mmol, 96%) as a pale-yellow oil.

IH NMR (CDCls, 300 MHz) & 0.10 (3H, s), 0.11 (3H, s), 0.81-0.89 (12H, m), 0.94 (3H, d,
J = 6.6 Hz), 1.07-1.45 (13H, m), 1.60 (1H, m), 3.86 (1H, m), 3.94 (1H, m), 4.03 (1H, m);
IR (ATR): 2930, 2857, 1462, 1379, 1253, 1157, 1068, 833, 771 cm™;

HRCIMS: calcd for C1gH3703Si [M-H]: 329.2518, found: 329.2542;

(2S,4S9)-2-(tert-Butyldimethylsilanyloxy)-2,4-dimethylhexanal (21)
TBSO s
OHC>\/'\/

HIO,4-2H,0 (453 mg, 1.99 mmol) was added to an ethyl acetate (15.0 mL) solution of

20 (550 mg, 1.66 mmol) at room temperature under Ar atmosphere. After stirring 2 h at
room temperature, the reaction was quenched with sat. NaHCO3; aq. and the organic
materials were extracted with Et,O, and the combined organic layer was washed with
H,O, brine, dried over MgS0O,4, and concentrated in vacuo to afford an almost pure

compound 21 (426 mg, 1.65 mmol, 83%) as a colorless oil.
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'H NMR (CDCls, 300 MHz) &: 0.10 (3H, s), 0.11(3H, s), 0.80 (3H, d, J = 6.6 Hz), 0.85
(3H, 1, J = 7.3 Hz), 0.91 (9H, s), 1.10-1.43 (6H, m), 1.44-1.69 (2H, m), 9.62 (1H, s);
IR (ATR): 2929, 2857, 1739, 1463, 1381, 1253, 1175, 1105, 1004, 833, 774 cm™;

HRCIMS: calcd for C14H3;0,Si [M+H]": 259.2088, found: 259.2076;

Dimethyl-(25)-2-[(6S,8S)-6-(tert-butyldimethylsilyloxy)-5-hydroxy-6,8-dimethyl-3-

oxodecanoyloxy]succinate (23)

MeO CO,Me
Y OY P TBSO, &

o O

O O OH

A solution of 1.00 mol/L TiCl, in CH,Cl, (1.06 mL, 1.06 mmol) was added dropwise to a
solution of (2S,4S)-21 (229 mg, 0.886 mmol) and diketene 11 (0.135 mL, 1.77 mmol) in
CH.Cl, (8.00 mL) at -78°C under Ar atmosphere. After stirring for 15 min at -78°C, to the
mixture was added a CH,Cl, (1.00 mL) solution of 22 (0.235 mL, 1.77 mmol) at -78°C
under Ar atmosphere. After warming to 0 °C over 3 h, the reaction was quenched with
sat. NaHCO; ag. and the organic materials were extracted with ethyl acetate, and the
combined organic layer was washed with H,O, brine, dried over Na,SO,, and
concentrated in vacuo. Purification by silica gel column chromatography (ethyl

acetate:hexane=1:2) gave compound 23 (278 mg, 0.551 mmol, 62%) as a colorless oil.

'H NMR (CDCls, 300 MHz) &: 0.13 (3H, s), 0.14 (3H, s), 0.83-0.92 (12H, m), 0.95 (3H, d,
J =6.2 Hz), 1.07-1.45 (5H, m), 1.56 (3H, s), 2.59 (1H, d, J = 4.4 Hz), 2.69 (1H, d, J = 4.4
Hz), 2.71 (1H, s), 2.91 (2H, d, J = 6.2 Hz), 3.61 (2H, s), 3.72 (3H, s), 3.77 (3H, s), 3.95

(1H, m), 5.54 (1H, t, J = 6.2 Hz);
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IR (ATR): 3548, 2956, 2858, 1746, 1438, 1253, 1171, 1059, 833, 772 cm™™;

HRESIMS: calcd for C,4H4304Si [M-H]: 503.2682, found: 503.2679;

ent-Nodulisporacid A methyl ester (28)

MeO =

A solution of 1.00 mol/L TBAF in THF (0.792 mL, 0.792 mmol) was added dropwise to
a solution of 23 (400 mg, 0.792 mmol) in THF (8.00 mL) at -0°C under Ar atmosphere.
After stirring for 1 h at room temperature, a solution of 1.00 mol/L TBAF in THF (1.58 mL,
1.58 mmol) was added to the mixture at room remperature under Ar atmosphere. After
stirring for 20 h at room temperature, a conc. HCI (0.300 mL) was added at room
temperature under Ar atmosphere. After stirring for 5 h, the reaction was diluted with
H,O and the organic materials were extracted with ethyl acetate, and the combined
organic layer was washed with H,O, brine, dried over Na,SO,, and concentrated in
vacuo. Purification by silica gel column chromatography (ethyl acetate:hexane=1:1)

gave compound 28 (130 mg, 0.403 mmol, 51%, E: Z=1:1) as a pale-yellow oil.

'H NMR (DMSO-ds, 300 MHz) E, Z-mixture & : 0.77-0.86 (3H, m), 0.87-0.94 (3H, m),
1.10-1.35 (3H, m), 1.57 (1.5H, s), 1.58 (1.5H, s), 1.63-1.77 (1H, m), 2.01-2.11 (1H, m),
2.82-3.03 (2H, m), 3.63 (1.5H, s), 3.64 (1.5H, s), 4.89 (0.5H, dd, J = 6.4, 4.2 Hz), 4.95
(0.5H, dd, J = 6.4, 4.2 Hz), 7.33 (0.5H, d, J = 5.9 Hz), 7.43 (0.5H, d, J = 5.9 Hz), 8.05
(0.5H, d, J =5.9 Hz), 8.06 (0.5H, d, J = 5.9 Hz);

IR (ATR): 3459, 2959, 1740, 1698, 1583, 1437, 1375, 1265, 1165, 1047, 1018, 985, 818
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cm™:

HRESIMS: calcd for Cy17H,306 [M+H]": 323.1489, found: 323.1498;

ent-Nodulisporacid A (1)

HO =

o

o
o

o

A solution of 6.00 mol/L HCI aqg. (3.50 mL, 21.0 mmol) was added to a 1,4-dioxane
(3.50 mL) solution of (4S,4'S,6'S)-28 (110 mg, 0.341 mmol) at room temperature under
Ar atmosphere. After stirring for 16 h at room temperature, the reaction was quenched
with sat. NaHCO; aq., and washed with ethyl acetate. The aqueous layer was acidified
with 3.00 mol/L HCI aq., and extracted with CHCl;, and the combined organic layer was
washed with H,O, brine, dried over MgSO,, and concentrated in vacuo to afford almost
pure ent-Nodulisporacid A (102 mg, 0.331 mmol, 97%, E : Z = 1 : 1) as a colorless

amorphous solid. Its Z-isomer could be isolated by recrystallization.

m.p. 124-125°C (iPrZO-CHCIg-CCI4, Z-isomer)

'H NMR (DMSO-ds, 300 MHz) E, Z-mixture &: 0.76-0.86 (3H, m), 0.87-0.92 (3H, m),
1.05-1.39 (3H, m), 1.56 (1.5H, s), 1.57 (1.5H, s), 1.64-1.73 (1H, m), 2.00-2.12 (1H, m),
2.69-2.94 (2H, m), 4.84 (0.5H, dd, J = 6.2, 4.0 Hz), 4.91 (0.5H, dd, J = 6.2, 4.0 Hz), 7.33
(0.5H, d, J = 5.9 Hz), 7.43 (0.5H, d, J = 5.9 Hz), 8.04 (0.5H, d, J = 5.9 Hz), 8.04 (0.5H, d,
J =5.9 Hz), 12.58 (1H, s);

IR (ATR): 3090, 2925, 1729, 1692, 1579, 1196, 1173, 1043, 1006, 964, 830 cm™;

HRESIMS: calcd for Cy6H,106 [M+H]": 309.1333, found: 309.1340;
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ent-Nodulisporacid A (S)-a-methylbenzylamide (31)

(o)

ZT

Ph

wd

Trimethylamine (0.0108 mL, 0.0777 mmol) was added to a CH,ClI, (0.500 mL) solution
of ent-Nodulisporacid A (1) (8.00 mg, 0.0259 mmol), (S)-a-methylbenzylamine (0.00397
mL, 0.0311 mmol) and WSC-HCI (7.46 mg, 0.0389 mmol) at room temperature under
Ar atmosphere. After stirring for 1 h at room temperature, the reaction was quenched
with H,O and the organic materials were extracted with ethyl acetate, and the combined
organic layer was washed with 1.00 mol/L HCI aqg., H,O, brine, dried over Na,SO,, and
concentrated in vacuo. Purification by silica gel column chromatography (ethyl
acetate:hexane=2:1) gave compound 31 (6.00 mg, 0.0146 mmol, 47%, E:Z=1:1) as

a pale-yellow oil.

IH NMR (MeOH-ds, 300 MHz) E, Z-mixture &: 0.75-1.05 (6H, m), 1.09-1.52 (6H, m),
1.53-1.68 (3H, m), 1.69-1.85 (1H, m), 2.04-2.25 (1H, m), 2.62-2.96 (2H, m), 4.72-5.18
(2H, m), 7.12-7.36 (5H, m), 7.43 (0.5H, d, J = 6.0 Hz), 7.51 (0.5H, d, J = 6.0 Hz), 7.86

(0.5H, d, J = 6.0 Hz), 7.91 (0.5H, d, J = 6.0 Hz);

ent-Nodulisporacid A (S)-a-methylbenzylamide (30)

H 0

Ph N =

T 0O O o=,_Q
o

Triethylamine (0.00949 mL, 0.0681 mmol) was added to a CH,Cl, (0.500 mL) solution

!
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of ent-Nodulisporacid A (1) (7.00 mg, 0.0227 mmol), (R)-a-methylbenzylamine (0.00347
mL, 0.0272 mmol) and WSC-HCI (6.54 mg, 0.0341 mmol) at room temperature under
Ar atmosphere. After stirring for 1 h at room temperature, the reaction was quenched
with H,O and the organic materials were extracted with ethyl acetate, and the combined
organic layer was washed with 1.00 mol/L HCI ag., H,O, brine, dried over Na,SO,, and
concentrated in vacuo. Purification by silica gel column chromatography (ethyl
acetate:hexane=2:1) gave compound 30 (5.00 mg, 0.00122 mmol, 35%,E:Z=1:1)as

a pale-yellow oil.

'H NMR (MeOH-d,, 300 MHz) E, Z-mixture &: 0.62-0.90 (6H, m), 1.00-1.30 (3H, m),
1.33(3H,d,J=6.9 Hz), 1.48 (1.5H, s), 1.49 (1.5H, s), 1.58-1.66 (1H, m), 1.92-2.09 (1H,
m), 2.54-2.85 (2H, m), 4.70-4.98 (2H, m), 7.05-7.22 (5H, m), 7.27 (0.5H, d, J = 6.0 Hz),

7.39 (0.5H, d, J = 6.0 Hz), 7.74 (0.5H, d, J = 6.0 Hz), 7.78 (0.5H, d, J = 6.0 Hz);

FE_FICEHTHRER

(1S* 2R*.55* 67)-2-(Benzyloxy)-7-(hydroxymethyl-1-methyl-8-oxabicyclo[3.2.1]oct

-6-en-3-one (125)

A solution of 1.00 mol/L TiCl, in CH,Cl, (17.5 mL, 17.5 mmol) was added dropwise to a
solution of furan 121%” (1.56 g, 13.9 mmol), Si-enol 124?® (6.10 g, 15.9 mmol) and

NaHCO; (13.4 g, 160 mmol) in EtNO, (160 mL) at -78°C under Ar atmosphere. After
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stirring for 30 min at -78°C, the reaction was quenched with sat. NaHCO; aq. and
filtered with celite. The organic materials were extracted with ethyl acetate, and the
combined organic layer was washed with H,O and brine, dried over MgSO,, and
concentrated in vacuo. Purification by silica gel column chromatography (ethyl

acetate:hexane=1:1) gave compound 125 (1.75 g, 6.38 mmol, 46%) as a pale-yellow oil.

'H NMR (CDCls, 300 MHz) & : 1.47 (3H, s), 2.43 (1H, d, J = 15.0 Hz), 2.65 (1H,t, J = 5.5
Hz), 2.84 (1H, dd, J = 15.0, 4.9 Hz), 3.88 (1H, s), 4.17 (2H, d, J = 5.5 Hz), 4.62 (1H, d, J
= 11.4 Hz), 4.90 (1H, dd, J = 4.9, 1.1 Hz), 5.11 (1H, d, J = 11.4 Hz), 6.12 (1H, d, J = 1.1
Hz), 7.30-7.42 (5H, m);

13C NMR (CDCls, 125 MHz) & 18.9, 46.0, 57.6, 74.6, 76.7, 86.6, 87.9, 128.1, 128.2,
128.4, 129.3, 136.8, 147.7, 205.3;

IR (ATR): 3450, 2933, 2869, 1721, 1453, 1376, 1197, 1098, 1027, 738, 698 cm;

HRCIMS: calcd for C16H1904 [M+H]": 275.1278, found: 275.1280;

(1R* 25* 4S* 5S5* 8R*)-8-(Benzyloxy)-2-(hydroxymethyl)-1-methyl-3,9-

dioxatricyclo[3.3.1.0>*Inonan-7-one (126)

A solution of TBHP in decane (5.5 M 0.0199 mL, 0.109 mmol) was added to a solution of
125 (20.0 mg, 0.0729 mmol), VO(acac), (1.93 mg, 0.00729 mmol) and NaHCO; (61.2
mg, 0.729 mmol) in CH,Cl, (1.00 mL) at 0°C under Ar atmosphere. After stirring for 1 h

at room temperature, SMe, was added to the mixture at room remperature. After stirring
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for 30 min at room temperature, the reaction was quenched with sat. NaHCO; ag. and
the organic materials were extracted with ethyl acetate. The combined organic layer
was washed with H,O and brine, dried over MgSQO,, and concentrated in vacuo.
Purification by silica gel column chromatography (ethyl acetate:hexane=1:1) gave

compound 126 (10.0 mg, 0.0344 mmol, 47%) as a colorless oil.

'H NMR (CDCls, 300 MHz) &: 1.43 (3H, s), 2.42 (1H, t, J = 7.0 Hz), 2.53 (1H, d, J = 16.1
Hz), 2.87 (1H, dd, J = 16.1, 5.9 Hz), 3.61 (1H, s), 3.76-3.88 (2H, m), 4.05 (1H, dd, J =
13.2, 7.0 Hz), 4.46 (1H, d, J = 5.9 Hz), 4.56 (1H, d, J = 11.4 Hz), 5.07 (1H, d, J = 11.4
Hz), 7.32-7.41 (5H, m);

13C NMR (CDCls, 125 MHz) &: 16.5, 44.4, 58.2, 58.6, 65.1, 71.6, 74.7, 81.2, 85.3, 128.3,
128.3, 128.6, 136.6, 204.5;

IR (ATR): 3464, 2935, 1787, 1724, 1454, 1377, 1256, 1203, 1106, 1027, 911, 731 cm™;

HRCIMS: calcd for C16H190s [M+H]": 291.1227, found: 291.1206;

(1S*,3R*,4S* 55* 7R*,8R*)-8-Benzyloxy-3-(tert-butyldimethylsilyloxymethyl)-1-

methoxy-7-methyl-2.6-dioxatricyclo[3.3.1.0®'lnonan-4-ol (132)

TsOH<H,O (607 mg, 3.19 mmol) was added to a solution of 126 (925 mg, 3.19 mmol)
in MeOH (60.0 mL) at room temperature. After stirring for 30 min at 40°C, the reaction
mixture was concentrated in vacuo and filtered by silica gel. The filtrate was

concentrated in vacuo to give a crude mixture of 128 and 129 as a colorless oil.
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TBSCI (481 mg, 3.19 mmol) and Imidazole (434 mg, 6.38 mmol) were added to a
solution of the mixture 128 and 129 in DMF (1.50 mL) at room temperture under Ar
atmosphere. After stirring for 1.5 h at room temperature, the reaction was quenched
with H,O and the organic materials were extracted with ethyl acetate. The combined
organic layer was washed with H,O and brine, dried over MgSO,, and concentrated in
vacuo. Purification by silica gel column chromatography (ethyl acetate:hexane=1:2)

gave compound 132 (687 mg, 1.57 mmol, 49% in 2 steps) as a colorless oil.

IH NMR (CDCls, 300 MHz) & 0.11 (3H, s), 0.13 (3H, s), 0.91 (9H, s), 1.40 (3H, s), 1.87
(1H, dd, J = 12.8, 4.8 Hz), 2.18 (1H, d, J = 12.8 Hz), 3.44 (3H, s), 3.50 (1H, s), 3.99 (2H,
s), 4.16 (1H, s,), 4.24 (1H, d, J = 4.8 Hz), 4.62 (1H, d, J = 12.5 Hz), 4.90 (1H, d, J = 12.5
Hz), 7.28-7.41 (5H, m):

13C NMR (CDCls;, 125 MHz) &: -5.6, 15.7, 18.1, 25.8, 35.4, 51.4, 63.4, 73.9, 78.1, 78.7,
86.2, 87.5, 88.0, 105.8, 127.5, 127.8, 128.2, 138.6;

IR (ATR): 3463, 2929, 1455, 1253, 1090, 1004, 928,

834 cm™;

HRCIMS: calcd for Cy3H3706Si [M+H]": 437.2354, found: 437.2376;

(1S* 3S* 5S* 7R* 8R*)-8-Benzyloxy-3-(tert-butyldimethylsilyloxymethyl)-1-

methoxy-7-methyl-2,6-dioxatricyclo[3.3.1.0*'Inonan-4-one (133)
OTBS
Me
@ OBn
OMe
TPAP (105 mg, 0.300 mmol) was added to a mixture of 132 (653 mg, 1.50 mmol),

@)
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NMO (264 mg, 2.25 mmol) and MS 4A (7.50 g) in CH,Cl, (15.0 mL) at room temperature
under Ar atmosphere. After stirring for 2 h at room temperature, the reaction mixture
was filtered by silica gel with Et,O and concentrated in vacuo. The residue was
dissolved in Toluene (15.0 mL) and MS 4A (7.50 g) was added to the solution at room
temperature under Ar atmosphere. After stirring for 2.5 h at 80 °C, the mixture was
filtered and concentrated in vacuo to give pure compound 133 (652 mg, 1.50 mmol,
quant.) as a colorless oil.

'H NMR (CDCl;, 300 MHz) &: 0.07 (3H, s), 0.08 (3H, s), 0.86 (9H, s), 1.56 (3H, s), 2.14
(1H, dd, J = 13.4, 4.8 Hz), 2.67 (1H, dd, J = 13.4, 1.1 Hz), 3.45 (3H, s), 3.61 (1H, s),
3.83 (1H, d, J = 10.6 Hz), 4.00 (1H, d, J = 10.6 Hz), 4.12 (1H, dd, J = 4.8, 1.1 Hz), 4.67
(1H, d, J = 12.5 Hz), 4.94 (1H, d, J = 12.5 Hz), 7.28-7.44 (5H, m);

3C NMR (CDCls, 125 MHz) &: -5.7, 15.3, 18.2, 25.7, 41.1, 51.8, 58.2, 74.2, 74.2, 82.0,
85.2, 88.0, 106.8, 127.7, 128.0, 128.3, 138.2, 200.5;

IR (neat): 3537, 2929, 2856, 1784, 1496, 1464, 1256, 1115, 1003, 839 cm™;

HRESIIMS: calcd for C,3H34,NaOgSi [M+Na]": 457.2017, found: 457.2002;

(1S* 3R*.4R*,55* 7TR* 8R*)-4-Allyl-8-benzyloxy-3-(tert-butyldimethylsilyloxy-

methyl)-1-methoxy-7-methyl-2.6-dioxatricyclo[3.3.1.0*"Inonan-4-ol (135)

A THF (2.50 mL) solution of compound 133 (200 mg, 0.460 mmol) was added to a THF
(2.50 mL) solution of allylmagnesiumbromide in Et,O (1.0 M, 0.506 mL, 0.506 mmol) at

0°C under Ar atmosphere. After stirring for 30 min at 0°C, the reaction was quenched
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with sat. NH,CI ag. and the organic materials were extracted with ethyl acetate. The
combined organic layer was washed with H,O and brine, dried over MgSQO,, and
concentrated in vacuo. Purification by silica gel column chromatography (ethyl
acetate:hexane=1:10) gave compound 135 (160 mg, 0.336 mmol, 73%) as a colorless

oil.

'H NMR (CDCls, 300 MHz) &: 0.09 (3H, s), 0.10 (3H, s), 0.90 (9H, s), 1.26 (3H, s), 1.65
(1H, dd, J = 13.2, 3.3 Hz), 2.33 (1H, dd, J = 13.6, 8.8 Hz), 2.43-2.61 (2H, m), 3.24 (1H,
s), 3.42 (1H, s), 3.50 (3H, s), 3.79 (1H, d, J = 11.1 Hz), 3.83 (1H, d, J = 11.1 Hz), 4.04
(1H, d, J = 3.3 Hz), 4.60 (1H, d, J = 12.1 Hz), 4.93 (1H, d, J = 12.1 Hz), 5.05-5.18 (2H,
m), 5.97 (1H, m), 7.27-7.40 (5H, m);

3C NMR (CDCl;, 125 MHz) &: -5.7, -5.4, 15.5, 18.1, 25.8, 32.2, 37.5, 51.4, 62.6, 73.8,
75.8, 78.6, 86.1, 86.8, 87.9, 105.6, 118.1, 127.4, 127.7, 128.2, 133.3, 138.7;

IR (ATR): 3561, 2931, 1463, 1343, 1252, 1071, 1004, 833, 777 cm™;

HRCIMS: calcd for CysH4106Si [M+H]": 477.2667, found: 477.2668;

(1S* 3S* 4R* 5S5* 7R* 8R*)-4-Allyl-8-benzyloxy-3-(tert-butyldimethylsilanyloxy-

methyl)-1.4-dimethoxy-7-methyl-2.6-dioxatricyclo[3.3.1.0*’Inonane (137)

Mel (0.00784 mL, 0.126 mmol) was added to a THF (2.50 mL) solution of compound
135 (20.0 mg, 0.0420 mmol) and NaH (55%, 2.75 mg, 0.0630 mmol) at 0°C under Ar

atmosphere. After stirring for 1 h at room temperature, the reaction was quenched with
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sat. NH,Cl aq. and the organic materials were extracted with ethyl acetate. The
combined organic layer was washed with H,O and brine, dried over MgSQ,, and
concentrated in vacuo. Purification by silica gel column chromatography (ethyl
acetate:hexane=1:10) gave compound 137(18.0 mg, 0.0367 mmol, 87%) as a colorless

oil.

'H NMR (CDCls, 300 MHz) &: 0.07 (3H, s), 0.08 (3H, s), 0.90 (9H, s), 1.40 (3H, s), 1.55
(1H, dd, J = 12.6, 3.9 Hz), 2.25 (1H, dd, J = 15.4, 8.4 Hz), 2.62 (1H, d, J = 12.6 Hz), 2.91
(1H, dd, J = 15.4, 5.9 Hz), 3.36 (1H, s), 3.49 (3H, s), 3.49 (3H, s), 3.84 (1H, d, J = 11.7
Hz), 3.94 (1H, d, J = 11.7 Hz), 4.02 (1H, d, J = 3.9 Hz), 4.61 (1H, d, J = 12.5 Hz), 4.92
(1H, d, J = 12.5 Hz), 5.09-5.12 (2H, m), 5.80 (1H, m), 7.28-7.40 (5H, m);

13C NMR (CDCls, 125 MHz) &: -5.7, 16.1, 18.2, 25.8, 31.7, 32.3, 51.4, 51.4, 63.5, 73.8,
76.2,82.5, 86.1, 86.3, 90.5, 105.9, 117.9, 127.3, 127.7, 128.1, 133.2, 138.8;

IR (ATR): 2931, 2856, 1455, 1304, 1249, 1149, 1099, 1020, 832, 777 cm™;

HRCIMS: calcd for Cy7H4306Si [M+H]": 491.2823, found: 491.2838;

[(1S*,3S* 4R* 5S* 7R* 8R*)-4-Allyl-8-benzyloxy-1.4-dimethoxy-7-methyl-2.6-dioxa-

tricyclo[3.3.1.0*’lnon-3-yllmethanol (138)

A solution of TBAF in THF (1.0 M, 2.86 mL, 2.86 mmol) was added dropwise to a
solution of 137 (280 mg, 0.571 mmol) in THF (6.00 mL) at room temperature under Ar

atmosphere. After stirring for 1 h at room temperature, the reaction was quenched with
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H,O and the organic materials were extracted with ethyl acetate. The combined organic
layer was washed with H,O and brine, dried over MgSQO,, and concentrated in vacuo.
Purification by silica gel column chromatography (ethyl acetate:hexane=1:3) gave

compound 138 (200 mg, 0.531 mmol, 92%) as a colorless oil.

'H NMR (CDCls, 300 MHz) &: 1.51 (3H, s), 1.63 (1H, dd, J = 12.8, 4.2 Hz), 2.23 (1H, dd,
J=15.0, 7.0 Hz), 2.43 (1H, dd, J = 15.0, 7.0 Hz), 2.64 (1H, d, J = 12.8 Hz), 2.75 (1H, dd,
J=8.1, 1.8 Hz), 3.40 (3H, s), 3.42 (1H, s), 3.51 (3H, s), 3.62 (1H, dd, J = 11.7, 8.1 Hz),
3.98 (1H, dd, J = 11.7, 1.8 Hz), 4.07 (1H, d, J = 4.2 Hz), 4.67 (1H, d, J = 12.1 Hz), 4.96
(1H, d, J = 12.1 Hz), 5.09-5.20 (2H, m), 5.78 (1H, m), 7.27-7.39 (5H, m);

13C NMR (CDCls, 125 MHz) &: 16.4, 31.6, 31.9, 51.5, 51.5, 59.3, 73.9, 76.5, 81.5, 84.6,
88.7, 90.4, 105.7, 118.7, 127.5, 127.5, 128.3, 131.8, 138.2;

IR (ATR): 3506, 2937, 2839, 1453, 1350, 1123, 1023, 915, 887, 738 cm™’;

HRCIMS: calcd for Cy1H2906 [M+H]": 377.1959, found: 377.1972;

(1S*,3S* 4R* 55* 7R*,8R*)-4-Allyl-8-benzyloxy-1,4-dimethoxy-7-methyl-2,6-dioxa-

tricyclo[3.3.1.0*'Inonane-3-carbaldehyde (139)

TPAP (5.59 mg, 0.0159 mmol) was added to a mixture of 138 (60.0 mg, 0.159 mmol),
NMO (28.0 mg, 0.239 mmol) and MS 4A (750 mg) in CH,Cl, (1.50 mL) at room
temperature under Ar atmosphere. After stirring for 30 min at room temperature, the

reaction mixture was purified by silica gel column chromatography (ethyl
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acetate:hexane=1:3) gave compound 139 (55.0 mg, 0.147 mmol, 92%) as a colorless

oil.

'H NMR (CDCl;, 300 MHz) &: 1.28 (3H, s), 1.64 (1H, dd, J = 13.0, 3.9 Hz), 2.32 (1H, dd,
J=15.4, 8.4 Hz), 2.62-2.82 (2H, m), 3.20 (3H, s), 3.46 (1H, s), 3.57 (3H, s), 4.14 (1H, d,
J=3.9Hz), 4.65 (1H, d, J = 12.1 Hz), 4.94 (1H, d, J = 12.1 Hz), 5.06-5.22 (2H, m), 5.72
(1H, m), 7.28-7.38 (5H, m), 9.67 (1H, s);

13C NMR (CDCls, 125 MHz) &: 16.4, 29.9, 31.1, 51.7, 53.2, 73.9, 76.8, 83.8, 86.7, 90.2,
92.4,107.3, 118.7, 127.6, 127.8, 128.3, 131.9, 138.1, 200.0;

IR (ATR): 2937, 2839, 1719, 1456, 1350, 1235, 1121, 1099, 1020, 839, 736 cm™;

HRCIMS: calcd for CyH,706 [M+H]": 375.1802, found: 375.1813;

(S*)-1-[(1S* 3S* 4R* 5S* 7R* 8R*)-4-Allyl-8-benzyloxy-1.4-dimethoxy-7-methyl-

2.6-dioxatricyclo[3.3.1.0*’]non-3-yl]ethanol (140)

A solution of MeMgCl in THF (3.00 M, 0.333 mL, 1.00 mmol) was added dropwise to a
solution of 139 (150 mg, 0.401 mmol) in THF (4.00 mL) at 0°C under Ar atmosphere.
After stirring for 30 min at room temperature, the reaction was quenched with sat. NH,CI
ag. and the organic materials were extracted with ethyl acetate. The combined organic
layer was washed with H,O and brine, dried over MgSO,, and concentrated in vacuo.

Purification by silica gel column chromatography (ethyl acetate:hexane=1:3) gave
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compound 140 (115 mg, 0.295 mmol, 73%) as a colorless oil.

'H NMR (CDCl;, 300 MHz) &: 1.32 (3H, d, J = 6.2 Hz), 1.37 (3H, s), 1.75 (1H, dd, J =
12.6, 3.9 Hz), 2.37 (1H, d, J = 12.6 Hz), 2.57 (1H, dd, J = 15.3, 7.5 Hz), 2.70 (1H, dd, J =
15.3, 7.5 Hz), 3.32 (1H, d, J = 3.3 Hz), 3.39-3.42 (4H, m), 3.57 (3H, s), 4.10 (1H, m),
4.25 (1H, d, J = 3.9 Hz), 4.60 (1H, d, J = 12.1 Hz), 4.93 (1H, d, J = 12.1 Hz), 5.13-5.29
(2H, m), 6.03 (1H, m), 7.27-7.41 (5H, m);

13C NMR (CDCls, 125 MHz) &: 16.4, 18.2, 33.3, 36.2, 51.8, 53.2, 67.3, 74.0, 74.9, 84.0,
86.5, 89.3, 89.6, 104.6, 118.9, 127.4, 127.4, 128.2, 132.9, 138.5;

IR (ATR): 3509, 2938, 1454, 1349, 1303, 1244, 1124, 1091, 1005, 910, 735 cm™;

HRCIMS: calcd for Cy,H3;06 [M+H]": 391.2115, found: 391.2153;

rac-Urechitol A benzyl ether (142)

HO,, O-.Me
Me
OMe

NalO4 (252 mg, 1.18 mmol) was added to a solution of 140 (115 mg, 0.295 mmaol),
2,6-lutidine (0.0687 mL, 0.590 mmol) and OsO, in tBuOH (10 g/L, 0.75 mL, 0.0295
mmol) in Dioxane/H,O = 3/1 (3.00 mL) at room temperature under Ar atmosphere. After
stirring for 5.5 h at room temperature, the reaction was quenched with H,O and the
organic materials were extracted with ethyl acetate. The combined organic layer was
washed with brine, dried over MgSO,, and concentrated in vacuo. Purification by silica
gel column chromatography (ethyl acetate:hexane=3:1) gave compound 142 (75.0 mg,

0.191 mmol, 65%) as a colorless oil.
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'H NMR (CDCls, 300 MHz) &: 1.46 (3H, d, J = 7.0 Hz), 1.50 (3H, s), 1.63-1.77 (2H, m),
2.34 (1H, dd, J = 14.3, 2.6 Hz), 2.39 (1H, d, J = 12.8 Hz), 3.32 (3H, s), 3.40 (1H, s), 3.53
(3H, s), 4.06 (1H, d, J = 3.7 Hz), 4.20 (1H, g, J = 7.0 Hz), 4.62 (1H, d, J = 12.5 Hz), 4.89
(1H, d, J = 12.5 Hz), 5.28 (1H, dd, J = 10.3, 2.6 Hz), 7.27-7.41 (5H, m);

13C NMR (CDCl, 125 MHz) & 14.2, 15.4, 31.5, 32.2, 51.5, 51.8, 70.0, 74.0, 74.4, 80.2,
82.5, 85.9, 87.5, 90.0, 105.0, 127.5, 127.8, 128.2, 138.4;

IR (ATR): 3414, 2938, 1454, 1314, 1237, 1126, 1050, 1021, 943, 836, 737 cm™;

HRCIMS: calcd for CyH2907 [M+H]": 393.1908, found: 393.1920;

rac-Urechitol A (2)

HO., O-Me
Me
T o
OMe

20wt% Pd(OH),-C (14.0 mg) was added to a solution of 142 (70.0 mg, 0.178 mmol) in
EtOH (3.00 mL) at room temperature under H, atmosphere. After stirring for 30 min at
room temperature, the mixture was filtered and concentrated in vacuo. Purification by
silica gel column chromatography (ethyl acetate) gave rac-urechitol A (2) (46.8 mg,

0.155 mmol, 87%) as a colorless amorphous solid.

m.p. 80-82 °C (Hexane-Acetone)
'H NMR (CDCls, 500 MHz) &: 1.41 (3H, d, J = 7.0 Hz), 1.57 (3H, s), 1.72 (1H, dd, J =

14.5, 9.8 Hz), 1.74 (1H, dd, 12.8, 4.0 Hz), 2.29 (1H, brs), 2.34 (1H, dd, J = 14.5, 2.8 Hz),
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2.40 (1H, dd, J = 12.8, 0.75 Hz), 3.14 (1H, brs), 3.32 (3H, s), 3.48 (3H, s), 3.58 (1H, s),
4.11 (1H, d, J = 4.0 Hz), 4.17 (1H, g, J = 7.0 Hz), 5.27 (1H, dd, J = 9.8, 2.8 Hz);

13C NMR (CDCls, 125 MHz) &: 14.1, 14.7, 30.5, 31.4, 51.5, 51.8, 70.0, 74.5, 79.1, 80.3,
83.2, 87.5, 89.7, 104.4;

IR (neat): 3457, 2942, 2837, 1463, 1164, 1051, 944 cm™;

HREIMS: calcd for C14H2,07 [M]": 302.1360, found: 302.1404;
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AHMRETIICHY., RIHBELGLHEIEE, HEREZHYFILRRRXRFRERREE

EaR RN REFHRERIEATRHBLETT,

ARRICREL T RIGEEGHBEZBYELELRRERARAZAFREEFZEGHFERRE
AAEEBIRICRBBLET . FEARRCHMEHANFTAZEESELLRRREXF R
=FHEMMEHRE FELPBRIDIVEILBLETET,

]

AARDEITICHI-YZEDHEREEZTT Y FMHNERE, #HERZBYEL-ETMRE
EAstdt KERBERLEE ETZHR. ARE—RAR aFTHEL. +a—J
RBER—ITAOTABARE VIL—THHMERERRE AIFHESETICE®ILAL
EIFFET,

Nodulisporacid ADEERLXH 2T IL, RUNMR T—42%#HE 5 F&LVELT= Chulabhorn

BIZAT Kittakoop &1, 5T Urechitol A M NMR T —42% 1B 5 T &L VvELT= Yucatan

RRIEZHER Pefa-Rodriguez ZiBITESHLV-LET,

AHERICERL . RISENAVVHBBEZIREELLRERZAZREZFEGRZARR ©
REBILFER ARILELFHREOARICRHFBLES.
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