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Abbreviation

Ac acetyl

Bn benzyl

BOP benzotriazol-1-yloxytris-(dimethylamino)phosphonium
hexafluorophosphate

Bu butyl

Boc fbutoxycarbonyl

CCE constant current electrolysis

CDI carbonyl diimidazole

CPE constant potential electrolysis

CSA camphor-10-sulfonic acid

Cv cyclic voltammogram

DBU 1,8-diazabicyclo[5.4.0Jundec-7-ene

DMAP 4-dimethylaminopyridine

DMF N,N-dimethylformamide

DMP Dess-Martin periodinane

DMSO dimethylsulfoxide

EDCI 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide

Et ethyl

HOBt hydroxy benzotriazole

HRMS high resolution mass spectrum

HPLC high performance liquid chromatography

Imid. imidazole

IR infrared

LHMDS lithium bis(trimethylsilyl)amide

Me methyl

MIC minimum inhibitory concentration

mp melting point

MRSA methicillin-resistant Staphylococcus aureus

Ms methansulfonyl

MTPA a-methoxy-a-(trifuluoromethyl)phenylacetyl

NOE nuclear overhauser effect



NMO
NMR
Ph
Piv
Pr

SCE
SO;-py
TBAF
TBS

Tf
TFA
THF
TLC

Ts
TTFA

4-methylmorpholine N-oxide
nuclear magnetic resonance
phenyl

pivaloyl

propyl

pyridine

standard calomel electrode
pyridine sulfur trioxide complex
tetrabutylammonium fluoride
tbutyldimethylsilyl
trifluoromethansulfonyl
trifluoroacetic acid
tetrahydrofuran

thin layer chromatography
p-toluenesulfonyl

thallium (III) trifluoroacetate
vancomycin-resistant Enterococci

benzyloxycarbonyl
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BHARILZODFICBWTCEFFEH SN TS EEEMKINIE 2 DORT
B Thsd V. H—ITmMEiEs EEEIC K5 RIGTIIH L WSRO R A
INAJRETH D o B IRRBEAMNEKIGTH HHTH D, FICEFITEFES
D=2 IARM)—HOREEEDITFEHEINTED, WS DODNDOREITH
WTRICETHEMBENTVWDS EINDS Y,

a) BEVZH IV, BIEBEITTKSDEFOEEBEICIOEIZ S0, i
HEBEERT, BLRITTE RO BEREM NN,

b) BEMENE V. —RITBILRIEDS G, ERECEFEME OB LHAINZ <.
fEREZErES ., ZNHREONRBEL TEMKIEEHWS ZENTE D,

¢) MBEMIZARNINT =< 2 AME N, ilFEZ2H W EWND 8 S5 RIEF
BENE N, BRER 7O ANEBER LRI T2 RKEHETLEEZS
NDN, WROEHERPEESHEIN, BELHL X TORES
IZBIEH S NBH TN D,

INGOERZEHEA. YMEETIIINETIZTEMMSZIEH LT 2/
“N@kuiéfﬁ%@éWMA%ﬁOT%t”o71/“%%&&%?5;
WK OARNREMEZG T HHEEN. T+ AGEREE R0 RETHEZH
%, ZDOXDIRMMEEIIIRAYERICH N TR RERY —I)L & LT{EFHT
EHEEZASNS, FICAEOEKEOBEITLIIEEIT K D LR IE0 e
INY. F0%%. DA E LT heliannuol 38 3B X X gymnastatin AYD 2 DD
EYRETER B G Z R L CERMEN D S (Fig. 1). (EHIT/KEEEDX S
IREMEREZAT ST/ — ViR A OEMERLSOSIZE L TR
WIS Z T o IR, FHAET DT A DGR B [T L. KEREN DT NRIZK
BEZTOZEICKDEHRNETAEOR C NEkasnNsZEZ2/AHLE, £
D, mIDRARYERKRNDINAH & L T heliannuol 2O B RANEFEEL /=,
Heliannuol 283 A XA 2 EE X T U (Helianthus annus L. cv. SH-222) X U B,
HHEINEZTCAFTIINRTHD, YOy I HILA {EWE) [2hEIN
S5EMEEME TH O, HYHEHFEEZRIT I ENS, RBEITRLEI LW
BHIELTHIRSINS, INSRAYOEAEKR TH SO0 EEBIUONX
VT FEEEKED OEELRE T /) —IVIEEKRF NS EMKISICEL D FHE
SNZAEQS T DENSDEEICK D 12850 2TEHT 2 T LITK DL,



DB ZER BN & LI R G Rk E 2Rk LTz,

N
“H Nuy
)n )n (m
Nu
- )
-
X x H oy X X X
OH o 0

A B C
X=Cl, Br, OMe, etc.

= /
HO HO ;
Me O /KOH Me
(+)-heliannuol E heliannuol C
—> R
j )n j;j% <= D\ OH
Me O Me O\Jn Me \/R\(\/)/n
D E F
Cl
OH
0 : O: — 0 cl
CBH13WH OH CGH13\/WJ\N CHO
: : H

gymnastatin A G

Fig. 1 Synthesis of spiro compounds and natural products.



—74. gymnastatin A |3 1997 I #FHEH R D BE Gymnasella dankaliensis & 1)
HEfSNZERRYTHO, HERTOTA > FF—CHEEEZH T 5,
Gymnastatin A DFEARFHE THEINIT Y I EZEFALAEOTD T ) HEEIC
BWT, fHBEICTINTE REETSH T/ —IViFBERNSRET D HF A G
PEREICK T 2 KBEEICRD D NN R ZINVBERNSOBEE, ZNITESIAIY
Ty —INVDERERE LERZITOE, TOME. 7/ —IV G KORABWD
BRREER L. ZOEEHELSNTZNONOEKRT Fasibes & HIThiE
EERBR 2T E 25, WAWHERIEEAXRY MV Z2BIERT S &L
7Zo

ZDOEDITEMMIRIZ K2 A EOLEY G L Z#ROR & U T2 AYIETER R
MERRZZERL TBD., TNSOAIRZEBEEL T, IHICAEOAL Y FHY
UHEOBEMANERBRAT I EE LT,

WFICAERT 28 B REBEOEY N RKHEN E U TEAT 2LEMEIL.
TR ERICFEEZRE., BRABEYIEHEIERZ2E T2 E0SEFEEA
N2 SN TER 7, B FRICNOT VIR T 28T 5 EWTEERAY
SBEE R AEYIEN 2R T ZENE L, ZHNICEET 2 5% < O X HE S 1
TWa, EEANOF>ELTIATHE, BE, HENHD., B LELOBEYICE
S T—RICAVRBLOHERIIRBICEBT2EHE R LETHD., REIXFIF
AR THDH ENDbNTWD, —F., BIFEEYTIIEANZNOT >S5/ 8N
%<, TOHICIBRFZLETEN, BELETIKRESERLZTLENMZRLTNS

8)
o

Br Br: !
O ; ."// O ."’/
. HO
aplysin
aplysinol

Fig.2 Structures of aplysin and aplysinol.

1963 4F, 1A, FHSI3ALHEE TRE L 727 XA 7 5 2 Aplysia kurodai £V 2
HOGREFEHELCAFTIROZHEEL, 121 aplysin, aplysinol &4



L. B&EzEH5NILE (Fig2) . ZORROBBELAREREZFTEHEELA
FTINRMMBEES . 8D 5 WITREE NG NOT ALEYOEREEE
ABNDBEDITIEoTz, 1960 RN S ZIUTEE L 2RI R LW
B2ZT. 27WNIINOT > &S RBYIIBEELTIT 4000 FELLERIS N
TW3 ¥ INSESHREICEALEEZFES, TOHRTHEREZLRITILED
HELTT7DIVENWE VEBERA 2 ABEMENH SN TWS, TDEYIEE
WSS B LARTNETUESEEN ETH > 722, il TIEPIREEZ A T 5T RK D,
LD IEFHEENY) DS AECEEEMIT K HMEZHET 21EH. MEsmnhsH
Zr 5O DEREBHEFERLRE. ZIITHZ 5 EYEEERICEET 50580 %
SBEINTWD, £, 7JxzZIVENE VBRAF D LABEEYE THLINALY Y
CERLAEOA Y FTY U I ORI IS HE D S G RRAL I B BLER &
HEY—7y hELTHEHEHEINTWS ',

1970 4. Fattorusso 12 & O aerothionin (1) '"MAVELEE X 41T LL3K homoaerothionin

(2). aerophobin-1 (3) '?, alaplysillin'?, hemifistularin'?72 &, Fig. 3 IZ/:RL 7z
EOBAEOAYVFHIY VHENPHE<SMHEINTE L, TNS RKAYREDIL
HOBKIIHNIZIRLIZEH TH 5, RO HE L 7O0AFT DT EIZ,
2 DDRFE, ANFIUEBIWKEEEZEL, 1VFTVY VEREAEDOHE
ZRFOMETH D, £lo. ZTOMHMIEIEITBNT, KBEEEAYVFTVY
CVERNOEEREM NI D ABBEIZR S TND, TOERIZy N HITH L. Fkx
BIAZy M7 I REAETHAET S EICXKD., SHRERAMZIED LT TN
HEEZEND, TITRZTIENLTHTHIC 2 DOEARIZY FE2HT
LHRBYHH 0, EMICHEREN, FlIns 2o Y FH U HEITRA
IAEPEEZRE > THD., PIEEERIID EXD. EUVAEREEEER . Na,
K-ATPase FHETEE 'O I ALY I AEM 7. PUREREER ) §i HIV?72 EAUR
ENTE, TNHERMICIOEELAEK H ITELLORSN 2 RAY

(aeroplysinin-1 (4). aeroplysinin-2 (5). calafianin (6). zamamistatin (7) 72 &)
HHD., INSITHEERIFED S G L ERITELRE N,

EHZIINS RAY O EYREE DS RRMEICHERZR S, K0 aEHl 726 3
ZITONRSBRZET STz, AL TIEEL FOARITDONTIER S,



Br

NHR

aerothionin (1) n=4 araplysillin-1 R=H
homoaerothionin (2) n=5 araplysillin-2 R = CO(CHy);{CHMe,
o)
{
N=
0
HO, > / )NH
N/
Br Br
OMe
aerophobin-1 (3) H hemifistularin

0 O

N:{\NH(CthNH
/
(@)

~‘\\

OMe OMe Br Br

aeroplysinin-1 (4) aeroplysinin-2 (5) calafianin (6)
O

O=—" H Br Br

“OH

OMe
zamamistatin (7) psammaplysin A NH2

Fig. 3 Spiroisoxazoline natural products.



FIHE 1 BELT, RAMOREABREM THZ AEOAL Y T D Fkk
H OHEEEDHENLIZDWTIRRS ), FiIRO X DI INE TEMICZIER L
TEAEOBHROEBEIIODNWTHRA BB 21T TELRENDH D, TN5DH
HaHRE L THREZITo 7. ZOMR. 7/ —IViEEK 8 X0 BIF/RINEHE
TAEBEOYL /> 9 ZRTAEOAYFHTV U EK 10 28K T 5 2 &ITHK
L7z (Scheme 1), PA#g. ZDORIGZEEH L2 KA RANDIGHANEERH L
7zo

COOMe COOMe COOMe
N~ =
NOH O O
HO O HO,,
Br Br Br Br Br Br
OMe OMe OMe
8 9 10

OMe OMe
aeroplysinin-1 (4) aeroplysinin-2 (5)

Scheme 2 Ring-opening reaction of isoxazoline I to II.



%2 mELUTHRRICZERHALZ aeroplysinin 2HD &Rk & AEYNNETEICEET 5
WIEIZDNTIRRS 2V, AV FH Y VBT O N-O #56 OBZITHE S BERKG
ICED, a-E RAF T AFIVER A NEEHBLTELILEZH/ML, 20
ROtz U C aeroplysinin-1 (4) BEL TN aeroplysinin-2 (5) OEEZEERL /2

(Scheme 2), £/, TNSDERRLIZRAYZSNTEKRY FO7I2DWTHL
G PERABR 21TV, BIRTRWHIEL 21572,

% 3 EE LT calafianin (6) DGR EHRENET 72 5 NTAEYIENEIZES T 50t
TICDNWTIRRD 22, ZIEEEKR 6 2201V FH U K9 LOEKL
A, BRMERBYIOARY SIVT—FIN—H Lok, £ TH
WAAEREMEER 11 26 L2EZA RBRMERW—FKZRLIEZEMNS
calafianin DE DGR 11 THH I EZHSMMNT L (Scheme 3), X7z, ZTD
calafianin @ 2 DDONAREIEM 6 B RO 11 I DWW THIRTEMERER 21T - 724
WE OIETEICHHERZEZDH D Z EZHSMIT LT,

0 2N
0 o)
Br Br Br Br
OMe o)
proposed calafianin (6) 9 revised calafianin (11)

Scheme 3 Synthesis and revised structure of calafianin.

B4 3 E LTSN aerothionin (1) DERMFEICDONWTIERS 2, TN
ETAEOAYFH VU KRRV OIEEER OB BRIZHREW DN T2, £z,
aerothionin (1) OXSRAEOAYVFIV Y D EKEHSTHIC 2 DETSHLD
IBRBINE, T AT VA —DOREENRER T2, JEAE R DG R AL
Thd, TITEERI I ELIDALEOA Y FH VY K 10 DKL 2
(-)-camphanic chloride TEAiL, 7 AT LAY — 12 BLXNR13 £T5 2 & T,
BRAVHBERRE THBH I EER AL, SHIINSZEZIEAHLT (- BELY
(-)-aerothionin (1) D& RLZER L7~ (Scheme 4),



MeOOC o
0 =N Oy
Da .. O O
ol SN\ , .
Cl o ——>=, (-)-aerothionin (1)
Br

0] Br

(=)-camphanic

chloride < 12
py 470/0

CH,Cl,

B ——

——=, (+)-aerothionin (1)

\ OMe

13
46%

Scheme 4 Synthesis of (+)- and (—)-aerothionin (1).

%58 E LT, zamamistatin (7) OERIIEIT DN TR S *, Zamamistatin

(7) VEAPEMEME ISR 2BEEFRPIEEENHRE SN TB0., RAYHRD
REICELWHBRYEE L TOERNMGINS, ABOMYFTY U 14K 10
KO EkZE#D, dehydrozamamistatin (14) DEKRZE{TS /2,

OMe
10 dehydrozamamistatin (14)

Scheme 5 Synthetic studies on zamamistatin (7).
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BHEAEMLVESNDEIRAYO—FHTHHAEOAL Y FHV Y HEIZZDHE
AFHEELTHOEDIRHEHRH ZAL TS (Fig. 4).

O

Fig. 4 Structure of spiroisoxazoline framework.

SRIERBFTZ OEREKH ZREL 2R, 407 IV Z2Ea3E5
CETHRAETHD EEZA5ND, FERIT 1983 £, HPIFREICL > TS
DINDAEOA Y FHI U CRARYDOERDER S N P AFIVITATIVE
BIHAFLMKE 2417 (thallium (III) trifluoroacetate: TTFA) 12K B8
LI T E, ABOEKR 9 EEHIIRNIY T T2 15 BRUOZ R 16 4
R D, TOAEOEK9 O k2% Zn(BH,), ICL DIRILT 5 LK 43 DT
KRBT 10 EIERAM 17 O IV A—=IVEDRERL. T2 ATIVa—)UE 10
DAFIVTATIVERZ &Y 2 > ERIEEH, aerothionin (1), homoaerothionin

(2). aerophobin-1 (3) DA NI L TWW% (Scheme 6), L L#EEK
JIETHWHNTNWAE LYY T AREAREICKLARIERINIE. EKNETHD, £
HEBRAZ b rEREH VWD EABMERE L TERIN TV, 2D 10 £
%, EFSICXDZNICRO2RAEE L TEEFHI UVEAEIHNS L, K
70% DNHETT /) —IVEEALIRAER 2152 Z Ikl . 2o 7))V —7
&> TZOMEIZ LD BEKISDISHDAA 53, W< DPDRBYI DG L
MERINTVS 7P, ZHUTH L., EFTHAEZH WS I &ia <BRALIRN T
ADBMBINEER Uz o /) —IIVBbiEZ#ERTA 2 & & L,
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—N
COOMe o o COOMe
NOH NOH
HO TTFA B o
TFA OMe
Br Br Br Br Br
OMe OMe OMe
8 9 15 16
27% 21% 3%

1,4-diaminobutane

aerothionin (1) 18%

1,5-diaminopentane

homoaerothionin (2) 4.4%

histamine

aerophobin-1 (3) 82%
%0
CHO />\ 1) KOH, H,0-1,4-dioxane
BnO N-acetylglycine 2\ 2) NH>OH-HCI
BnO
Br Br 3) BnCl, K2003, DMF
OMe Br Br 31% in 3 steps
18 OMe
19
COO0Bn COOMe
NOBn NOH
BnO 1) K2003, MeOH HO
2) Hp, Pd-C,
Br Br 1,4-dioxane-AcOH Br Br
OMe OMe
20 74% in 2 steps 8

Scheme 6 Synthesis of spiroisoxazoline natural products by thallium (III) oxidation.
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HEELTHIVILBERISITHER L 720D EFRRICAFIV T ATIVE 8 %
AnsZ&Elz, 8 BZATIVERTAHIETEREEHZITNLT S, X
7=, %@fﬁ%’\@ﬁﬁﬁ\@%fﬁééé%i‘53150 /AN B SN G- (]
HAERDEET S0, 8 DG, —HOEMEEKDOATLNERELEWI END7
DTNV, *ﬁ;ﬂ‘é" NWPTWNEBE R, E 8 OEMITEL T A

BICKOTXI7 b2 19 ZRHELUEGHRIEDHL SN TWAIY (Scheme 6) .
WNRICEEND > Telzd, KONKBRORWHRWGRIEZHICHEIEL -
(Scheme 7).

CHO CHO CHO
OH OR OH
Mel, K2CO3 DY'HBI';; BnBr, K2003
acetone py, CHCl; Br Br DMF
OH OMe 99% OMe 99%
2,4-dihydroxy- 21: R=H (41%) 23
benzaldehyde LiCl, DMSO
22: R=Me (53%) 51%
COOMe COOMe
MeOOC
CHO % TBSO™ X HON
OBn . OTBS OR
MeO
eMe('D 24 NH,OH-HCI
Br Br LHMDS MeOH Br Br
OMe THF OMe 91% OMe
18 95% 26: R=Bn—— Hj, Pd/C

1,4-dioxane
8:R=H AcOH

87%

1) H5lOg, THF, Et,0

OH
MeOOC 2) dimethylphosphite, TsOH, benzene Q@ OTBS
COOMe MeO-P
OH 3) TBSCI, Imid., DMF OMeCOOMe
(+)-dimethyl L-tartrate 32% in 3 steps 24

Scheme 7 Synthesis of the phenol derivative 8.
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2,4-Dihydroxybenzaldehyde & HFEFE & U T3 AR TR X7 )IVT E K23
ZE LTz, BHEIERYEL TR LN D AT IR 22 13 21 NEEHR]EET
BB, 23 ODKEIH-ZNDDIINHTHREZTOE, AR AFTIVXOHHEL
7z Horner-Emmons i3 24 & 18 &% LHMDS iIC XD By 7Y >/ EH TBS T
J=IVI=FIR 25 NEBE, FF T XDV EOBIREICLD 26 &
HBCIATIVR 8 2157z, TOHIKITKDINEREB IR TREEKICB W TRIERE)
AL S N,

NOH MeOOC NOH MeOO&_ |
=N COOM OMe [0
COOMe 0] © Br Br @)
OH 0] 0]
Table
MeO o) Br
Br Br B B Meo Br meooc OMe
OMe OMe OMe
8 9 27 NOH 16
Table 1 Anodic oxidation of 8 to spiroisoxazoline.
Entrv  Solvent Supporting Potential Conc. of 8 Yield (%)
y salt (V)®  (mmol/L) 9 27 16 s
1° MeOH LiCIO, 0.9-1.3 3.0 11 8 41 -
2°  MeOH LiCIO, 0.9-1.3 1.0 18 12 14 -
3 MeOH LiClO, 1.3 3.0 19 17 14 20
4° a LiClO, 1.5-1.7 3.0 No reaction
5 Acetone nBuy/NCIO, 1.6 3.0 Multi spots
6 MeCN nBuy,NCIO, 1.6 3.0 49 - - 7

7 MeCN nBuy,NCIO, 1.6 1.0 68 - - -
a. 10% HCIO,/1,4-dioxane. b. vs. SCE. Equivalent of current: 2 F/mol. C.

Constant current (0.3 mA/cm?)

BHRLUTZATFIVIATIVR 8 IZx L. BMRKIS DGR 217> 72 (Table 1),
BAIZ, AY ) —IVHRTRIGZEITo/2EZ A, AEOK 9 NAER U 72038 4 Bk
MEL TP AFINT BE— )UK 27 BLO 2 Efbik 16 NE SN (entry 1), 2
Bt 16 DERZEIZ B, KBETRKIGZIToETA 16 DIEIIKT
U7eMERAE TR 9 OINRIIEN -7z (entry 2), 8 D Cyclic voltammogram
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(CV) % MeOH HFTHIEL/=EZ A (Fig. 5). 5 2 B2 1.1 V vs. SCE f}
IICBH SNz, T T2 BFRRILEZHRELITO 2D, MeOH DRFEALT
% 1.3V vs SCE DM TEBMK N EITo2EZ A, THBFEERIZ 16 DK
MK F L0, ABEOKR 9 IFMERINRICEE > 7= (entry 3), F£7z. BEMESMATIZ
ROSEHETT LTz o 7z (entry 4) . RICHEHE OB 2o/, £T72 TR
B2 ToleE A, RINIBMIZIEGZ 5 A7z (entry 5). Z3UTHL. T
FrZhUNZEZHWEEZA, AEBOK 9 NERMIZEKRT S ZEZHAB L

(entry 6) o MeCN I TD CV ZHIE L7z &5 (Fig. 6). 55 2 BELHEN 1.5V vs.
SCE fHTIC R 6N/ EM5, 1.6 V vs. SCE TOEBMIIEN R HIRRL 2
BTRLNEITT 2 EEZZ 0N, S 5ICEHME ZERQMGER, entry 7 IR
LRI K DINR 8% TAEOK 9 21525 Z LI L7z, T DRISDER,
JFEHITERITHAR L Tz,

30

25 t
NOH
20
COOMe
= OH
% 15
g Br Br
307 OMe
8
5
0 —
0.2 0.4 0.6 0.8 1 1.2 1.4

V vs. SCE

solvent: MeOH (8: 5 mmol/L), supporting salt: LiCIO, (0.2 mol/L), sweep rate: 50 mV/s

Fig. 5 Cyclic voltammogram of 8 in MeOH.
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60

50 -

40

Currett (i)

30

20

NOH

COOMe
OH
Br Br
OMe
8
"5 1

1.5 2 2.5

V vs.SCE

solvent: MeCN (8: 5 mmol/L), supporting salt: nBu,NCIO, (0.2 mol/L), sweep rate: 50 mV/s

Fig. 6 Cyclic voltammogram of 8 in MeCN.

ZN S B R D SSHEREII R D X D I1TEZ 585 (Scheme 8), 7=/ —)b
S MERMIC | BTHELZEZIT, 7O OREECED I HIIVHRHAT &720
ZZ T2 2t NEITTHE 16 WERT 2, £, FIPHINEINETHIT I
BTYRILZEZTHENTFAHRE ] E78%, TOHFA K J ITHL.
W THBEAY ) —IVIMERTHEDAFILT Y —IUK 27 I8, £z FWN
DKBEEMMERT HEA ORI DERTEHDEEZ SN,
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NOH

NOH
COOMe COOMe COOMe
OH
_e O
-H*
Br Br Br Br Br
8 II
Ll |
COOMe
NOH OH
COOMe COOMe
O MeOOC
Br
Br Br Br OMe
OMe J
MeOH
NOH OH
gOOMe COOMe MeOOC
5 OMe
r
Br Br
MeO Br Br Br
OMe
J" (0]
MeOOC
MeOH
NOH
16
NOH MeOOC .
N 1 electron oxidation I
COOMe R
O
O @)
MeO B
MeO r Br Br
OMe OMe
27

2 electron oxidation ]

Scheme 8 Plausible reaction mechanism of anodic oxidation of 8.

-18 -



TATIUVER 8 ODEMKISITE 2 A EORBEIEIIDOWTHNL TE/ZD T, X
WCIAT VD OBEREO R LZFEICHL THRFEIT>2LEL. 7Tk
RAF AR EZHEEL THWSZEEL,

m-Methoxyphenol Z HFEEEIE U, 7 UK 29 20 T 1 € 2 RN FT L7212,
30 DREUVREOERWEZ, 31 07/ —I)VKEBEOXRD)LZEIE
KITWT UK 32 2GRk Uiz, —EEGE D I\ ELHE, 33 2Ry
AT, 7T b RMK 34 ANEENR, FF 2 0b. RODIVEDRIRHE
ZITN 35 Zf% T 28 Z ARk L7 (Scheme9),

\L
OH 0 AN

OH
allylBr A py+HBrg3
OMe K>CO3 neat py, CH,Cl,
DMF OMe 66% OMe
m-methoxyphenol 98% 29 30 97%
X OH
OH BnBr N 0sOy4 HO
Br KoCO3 Br NMO Br
oM DMF acetone, H-,O
© 85% BnO OMe quant. BnO OMe
Br Br Br
CHO HONS
Br Br
NalO4 NH>OH-HCI
88% Br 67% Br
34 35: R=Bn ——

H,, Pd/C

93%

Scheme 9 Synthesis of oxime 28.

ZTDE. D 8 ZHWEEBMIE DM DOFERERE A, 28 D CV ZH#l
& L7z (Fig. 7). MeCN H 28 D% 2 Bzfbiki3 8 & I1FIZF U 1.5V vs. SCE f}ifiC
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BNz, 2 T28I1CxL 1.6 V vs. SCE OEBNMIISEFToIZHEE, 8 D
BAEXOBMNRIIE T LM, AEOK 36 N5 51172 (Scheme 10) ., IR{K
DREEELTIE, HETHD 28 DNAF L LORMBMEICLD, BEWERS
TWBHZEREMEZSNS,

25 1

NOH
20 H
OH
15 Br Br
% OMe
{g 10 28
5
0
L@s"f 1 1.5 2 2.5
5

V vs. SCE

solvent: MeCN (28: 5 mmol/L), supporting salt: nBu,NCIO, (0.2 mol/L), sweep rate: 50 mV/s

Fig. 7 Cyclic voltammogram of 28 in MeCN.

NOH
H CCE
OH nBuyNCIO,4
MeCN
Br Br
OMe 28%
28

Scheme 10 Anocic oxidation of 28.
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INETIro CELBMINE. ZBIERIGEIA S Z EE2EE L TRIEE
THRIEZEITS> TV D, RBWERICAT '8N ®GICHERD - =, T2
T, KIBTNAZELT7O0—vIV P AT LAEBERTAZEELE P, 70—
IV EIR DB T LARNNREIRE > T X O ERERIRERLDIAS, —ED
RETKIEZITOBDTHD (Fig. 8)s ZDOERMTITS &, BILZEZ T8
P DICRANEHEH I NS 729D, ERWDEEIRERL 225 2 &8N
EWVWSFIRND S,

IATIVER S8 ZHE E LU TEBRICKIGZEZIT>72ET A, AEDOK 9 8 50%&
NRIFPCETTHHDOD, VILAT =)V TORIBMMFEBI L7z (Scheme 11),
ZOFREREI D, RAYERITANT =BT LD A OIR 9 OREEEEZ T
95 &I,

potentiostat

reference electrode

working electrode (anode)
----carbon fiber in column cell

A 0
el | Flow-cell system ' 0

starting material solution products solution

Fig. 8 Flow-cell system.
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NOH MeOOC

flow-cell =
CooMe (—2cel ) N

CCE
OH nBuyNCIO, O

MeCN
Br Br eC Br Br

OMe 50% OMe

Scheme 11 Anodic oxidation of 8 by flow-cell system.

DlhxEdns, fBHICAFILAEEZATS T 2/ —)ViFEAK 8 BXU 28
L. Bl RZEELBREGT LR, Y2 b MUIIVBEERH WS 2 &ITX
DALY FHVY AR 9 BE 36 NEINMICERTH &2 RHLZ,
T, HEREGTNAAELTT7O0—)VE2BEATEIET. KRAMEKRA
MF7Z2AE0K9 D7 I LA —)IVTORMEHMZEIL =,
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o2 H

HTHR BRI i 22 16 B U 72 aeroplysinin 28D G Bk &
EWIETEICES 9 209%



Aeroplysinin-1 (4) {& 1970 ££1Z 2 DD /)L — 7 (Fattorusso 5 **, Fulmor 5 ")
Lo THRHNCHRE S NZEERRM TH S (Fig. 9). TNETNEHEL
MDOMEMNETR D (Verongia aerophoba. lanthella ardis) . 155 372 KA D ELiE
NHEOHFEMHEZRLIZZENS, 2 HOLF O FAIY—NELNLZELNK
R TH 5, TNSHIHEEIL Cosulich 51TK 5 X HkE ST ORI D
WEEXN/Z . 2 BPIOWHEICLD H) BEY () O & bBEERDL
FIEEZA T 5 EMESIN TS, 208D, JlOHE (Aplysina cauliformis,
Psammaplysilla purpurea, Aplysina archeri, Aplysina cavernicola, Aplysina laevis) 7
SHEEMENH D, TOTARDEBENZ N P, £z, Bk E LT 1972 F
\ZHERE (Aplysina aerophoba & lantella sp.) 75 aeroplysinin-2 (5) 7NHLEEX 11
T3,

CN CN
OH /, OH
__,OH AL WOH
Br Br Br Br
OMe OMe OMe
(+)-aeroplysinin-1 (4) (—)-aeroplysinin-1 (4) aeroplysinin-2 (5)
[a]p +186 (c 0.5 MeOH) [a]p —198 (c 0.5 acetone)
Fattorusso et al. Fulmor et al.

Fig. 9 Structures of (+), (—)-aeroplysinin-1 (4) and aeroplysinin-2 (5).

4 OfE LEORIT. 7 aoAFH O HIBMoA DY FH ) UK
BMERNW—FELTWBHN, 1VFHVU VERHEONMNDDICa-E ROF >
T IAFINEKREETDHHTHD, FOTE /I —DNEFEINZIEFHIT/N
INHFIZENNDST, EYEEMEE L TREFHSINTBDBEELETIC
2% < OEWIEERBICA SN, BREWAIERNSG 5N TWS, Makarieva 5
Id 4 7% Na*-K*-ATPase (Cxf LIHEENEZ2H T2 2 2MEL TWSE P, Mg 1
IO OHFEEICE OHEBEENEML., ZOMEEEZFIESEITRTFELT,
fEfE &M Nat-K*-ATPase DWW DNDF A —IVEE 4 EPNMHEMREHL TWD &
R L TW5, Ebel 513, 4 2\ Ehrlich ascites tumor (EAT) cells. HeLa tumor cells
WX HMEEEEAE TSI EE®mEL TWD Y, Waldmann 513 4 7Y LR Rk
EKF (EGFR) OHEEMNZRT I EZME L TS ¥, HEx BIRE@ETISZ
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BE (1 22 UHREGERT (IGFR). gk KR T (NGFR). ERRRE KT

(EGFR). /MRS F (PDGFR) 72&) 13MIRESA DU > RO
LoFor iz VL., FOoL FF—E2RRNEELLIN. >
FTIEENE IS, 4 OENBFELETITHEINTWASFOL > FF—E%2
BMEHEFAERESEZ > TS0, i L WEMTEEMEORFEADOY — R
e LTHIRSN, 4 07 F O EMETTWY, in vivo T EGF [T % 8%
BHEZRIIEEMORFICKRINI L TWS, BN SIZEYMEREEEICDWN
TIHALNAT )= T %7072 E A, 4 DNIFHNWEEZRTZEZ2HEL
TW3 ¥, Quesada 513 4 WMEFHEMHNREZETHEREL TS, |
EBHEZEET A ECXVBEOREZ LD D I ENTE S0, HilEEHS &
LTOU— Mg E L TR E NS,

Aeroplysinin-1 (4) IZDWTIX I3 X TIZ Faulkner 51T XK > THRMIENTT
HITWS (Scheme 12) 0,

NC CN
OAc
OH  Pp(OAc), O 1) TsOH, MeOH 45% .
2) NaBH4 60%
Br Br 35% Br Br
OMe OMe
37 38

Scheme 12 Synthesis of aeroplysinin-1 (4) by Faulkner ez al.

RS NUINVEEZETDHYTOT T o/ —)VisEK 37 [oxf L. DUEEEE o
ZRWZEAALRIGZITD ET R bR ENBASNIZI T/ MK 38 NEFH
SNz, TEFINEZEBRMEIZIOREL, 7 b2 % NaBH, ITXDEILT S
ET D)4NERWTHIEITHRIIL TS, LML, BB EBNRIFKL,
NERD KNG RIE LT AR,

UKL, FHFHIIS SITNERML aeroplysinin FAHO G RLZ BIE L. #HkBHE
BRI K DR B ZIT > 72,
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2OV FHVY VHEEMRICEL THRABRINERERL TWeE 25,

DX IERISMAENWHE N7 (Scheme 13),

)N -
Zn(BHy)2 “, pO OH o OH
CH,Cl, +
Br Br Br Br
OMe OMe
39 40
28% 4%

H
>:'\! NH
TBSOTf 5

n., )0
0 2,6-lutidine L wOTBS  EtMgBr . L OTBS
CHoCl THE O
Br Br 78 °C Br Br

M 42
- H _
>2N CN
o~ !/ OH
AL _OTBS | — AL WOTBS
Br Br Br Br
OMe OMe
- - 43

Scheme 13 Ring-opening reaction of spiroisoxazoline.

/4

1IVIRBLIOKFZBRZETDHAEOMAYFYVY > 36 20T HZ LI

DFBEINZ2 D07 )NVA—=)UEK39 & 40 D55, T2 A7)V —)UK 39

DIKEEH %7 TBS HTHREZ T SN AEOA Y FH U 241 ITH L.
Grignard iXZEIC L B2 7 INFIALEAATZE A, FHREINZERD 42 132<%5
517, a-E ROF 27 J AFIUEK 43 DNER Lz, DK Grignard i

MHFEELUTIERL., I URFLEOT O ONFIEHNN. N-O FEH D

S
FUATHED FRMCNEZ TS EHEE S NS, COMRKINICHKZRS, &
5

(CHHEGABRIC DO WTRMERA 217D 2 & & L (Table 2).
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I
O

~OR " Taple 2 TBAF
THF
Br Br
OMe 84% OMe
41 R=TBS aeroplysinin-1 (4)
39 R=H

Table 2 Ring-opening reaction of spiroisoxazoline derivative.

substrate condition 43 (yield %)
41 R=TBS EtMgBr, THF, -78 °C 55
41 R=TBS Et;N, MeOH, reflux 97

39 R=H Et;N, MeOH, reflux decomposition

Grignard 35 TIZNERN 550 HREETH 5720, EGNPICK D KN ZETTH
e A BRTRKISTET Lo 723, BRI 2 &I E&MITH
BRESMNETL 43 WER LUz, L LN SKEEFD TBS fR#ERX DR WEE
39 ZRIGFHETRISICAMN LIZEZ A, BETHHREBRSTZ, 2O, 6Nk
43 O TBS 7% {3 L. aeroplysinin-1 (4) OERZEERL -,

Borders 5N HEEL /23 2 FE 7 = =) T—7 )| bisoxazolidinone derivative 44 |3
FTFRIVU D) VREGDRBNSHEEZAT S (Scheme 14) ¥, TORAY)
DEGHIZEIL T Proksch SIZRD KD IKGHZIZEL TW5 ¥, 9785,
isofisturalin-3"" D X D 72 RAMMN, IKIRFEIT K D3 FNT 2 BANDREIKEZLT
HZETHERTEIBDEEZ SN, DK, [FKFIZ aeroplysinin-1 (4) H Ak
THZEDHOETIREL TS, ZOEBKRKFICHBWTSH, aeroplysinin-1

4) DERBERICENTTIYFT VY VED N-O #EDHKEZTIUTHED B
ROGMETL TWSEEZSNTHBD., ZORHREELMORIEEL T, FikE
B R K B BB IC DWW T biET 2175 72,
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HNMO
o © OMe
bisoxazolidinone derivative 44 aeroplysinin-1 (4)

Scheme 14 Plausible bioconversion of 44 by Proksch et al.

MeOOC, MeOOC
_N\O TBSOTf _N\O LiCl
"4~ OH 26-lutidine .OTBS DMSO\
CH,Cl, A
Br Br Br Br
quant.
OMe OMe
10 45 43

OMe

10 46 aeroplysinin-1 (4)

Scheme 15 Ring-opening reaction of carboxylic acid 46.
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10 K DB L /2 TBS HICK DIRES N/ AT IV T AT )UK 45 123 L. DMSO
VR LiCl & Wz REE RN 2T > e & 25, RINFETE S, Rl Tw
S ENMRTHZENDON >z (Scheme 15), > TIRAMBFEMENNELEE Z,
AFIVEZTIV 10 NS F VIR B 46 ~ EfN/K5fE L DMF H 50 °C IZHiE L
72E A, KIREESCNITHETT L. aeroplysinin-1 (4) 2NFITEEMITH S N7,

Aeroplysinin-1 (4) OFNREEGHRIEZHENL TS5 TR LIZDT, HiNT
aeroplysinin-2 (5) NOERKINEMEFTT ST EE L (Scheme 16). £7. 4
D UINVHEDIKGRIZEZEET I R 47 NOEHZAA Tz, BIESRHET T
InZEfTS & EHOBDIFELNT, EHBEM LR >, TOHDOFEE
BERMELTIEI T/ 2K 48 DR TE Tz, T O RISITIRFN 7R SR AL
EEZ. BBLKFAKEEEP TSNS EZEZA, BT IR 47 ~N& 83%D
INBETEMTEz, tNT, ZHKBEICLE 57 b oAbz Lz, 7 &
ZY OREEEES IBTH DD T, 7 2 > EOBMTED EWEEAEEIC X 5 Kk
Tl E A, RINDNESMITHEIT L 80%DINHE T aeroplysinin-2 (5) %1%
7z,

OH KoCO3 OH
_OH  35%Hy0, “OH CuCl>2H,0
DMSO THF
Br Br Br Br
OMe 83% OMe 80% OMe
aeroplysinin-1 (4) 47 aeroplysinin-2 (5)
CONH,
OH
acidic condition
Br Br
o]
48

Scheme 16 Synthesis of aeroplysinin-2 (5).

Aeroplysinin-1 (4) & aeroplysinin-2 (5) OGRIEZMHENLL 72D T, &RkHH
K47 EHHDET, R=)N—F 1 A% (10 ug/6 mm disk) 12 & 2 HiEdiE il ER
Ztro7z (Table3),
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JEERZHEE L BRI L. 7 F AR, B, EREICHL T
R AT o 7245 R, aeroplysinin-1 (4) & aeroplysinin-2 (5) 2\ T Lkt & &
HEENTNICHEERTIEEEZE T 5 2 ENnho . MEIC 47 13£<
EENE S NRho Tz,

KriZ, 4 & 513 MRSA (methicillin-resistant Staphylococcus aureus) 2%t L THi
ETEEZ/RL TS, MRSA 13B-F 75 LEDIFZEAEITMHEZRTHAT R
TERETH O, ZDMiHE A S = L 1% PBP2’ (Penicillin-binding protein 2°) &I
XN D HIEEE SRRV EEIND ZETHHIN TS ¥, I b ARRKp-
F 05 NENHIEES R E 21T 2 20 IZkEE LT/ PBP TR <B-F7%
LEMEG UIZK WPBP ZEL BT Z2Ri> TWA LD, MEZAEL Ths,
&£ o THE vancomycin N H I NTWB D, BITEFANTRN EWD HB L VRE
MEEEEIND P, I T, B-T7 75 LFEOIEWEZTRE E MRSA IZH L TH
EIEENH D X577t ZE RO 5 28Ik, BERDIZFEALERNB-T
7 LEEHFMRSAFIE LU TEAL XD EWHS RN RINTNS 9, £IT
4EIR-Z 27 4 L3 & LT imipenem Z F VY, MRSA (ZX19 % imipenem D3 E3H
SRIEF O & iR A7z, BEHIC imipenem WRINOBE 7L — K (MRSA(IPM))
ZHWEEZ A, 4 &5 T imipenem RN (MRSA) DR L D HIEMEAEA LN
ol TDITEMS INSHALEWNIARIGENEZREZWEIRED imipenem (10
ug/mL) {EHEZHMI T TS EEZ S5, $1T MRSA FlELTR-T 75 LED
EEEEA O — MMeg & L TR E NS,

DbEfEwsn s, ABOAMYFHY Y > 41 BXUY 46 Y N-O #EE DBHAEIC
ESAVFHV) DEROBRKIGIZED, FZEEEMICo-E ROFT 7 J A
FIIBEEANEEBTH I LI Lz, 2O RZTEH L T aeroplysinin-1

(4) & aeroplysinin-2 (5) DFNRGHREZER LTz, £z, 4. 5. 47 ITHEL T
PEEMGERETT o7 ETA, 4 &5 DBHERENEZ R U7z, KT MRSA A\D
imipenem Y& 4 RIEHMNBIR S N7z,
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CN CONH, 0o

OH OH
_OH {_OH 0. o
Br Br Br Br Br Br
OMe OMe OMe
aeroplysinin-1 (4) 47

aeroplysinin-2 (5)

Table 3 Antimicrobial activities of aeroplysinin derivatives.

Diameter of inhibition zone (mm)

microorganism 4 47 5
Bacillus subtilis 8.7 - 10.4
Staphylococcus aureus 14.2 - 9.4

Micrococcus luteus 10.9 - -
Esherichia coli 11.5 - 11.3

Pseudomonas aeruginosa - - -

Xanthomonas Campestris pv.

Oryzae 232 i i

Bacteroides fragilis - - 8.6
Acholeplasma laidlawii - - -
Pyricularia oryzae - - -
Aspergillus niger - - -
Mucor racemosus - - -
Candida albicans - - -
Saccharomyces cerevisiae - - -

Mycobacterium smegmatis - - -

methicillin-resistant
Staphyloccocus aureus 16.6 - 10.6
(MRSA)

MRSA (IPM) 32 - 22.5

-: no inhibition zone
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2000 4, Encarnacion 5 & AT I DR Aplysina geradogreeni & 0 #i L\
BHEAT 27 0FTF O 2 RKAY) calafianin (6) ZHEEL 7= (Fig.10) *7,

o) (0]

N:{kNH(CH2)4NH
/

O

HO, X

Br Br Br

OMe OMe

0]

N:{kNH(CHZ)‘;NH
/
o)

calafianin (6) aerothionin (1)

Fig. 10 Structure of calafianin (6).

6 |3 H-7 & H-1 &IT NOE tHERRE SNz 2 M6, 1V FH VY PERAD
MELIRFIUBELEN D ZAOERBRICE> TS EREINTWS, £/,
aerothionin (1) & & B ITHkA BHIETEMERB 217> TH D, aerothionin (1) &
LR Z2H6 3 HFEE I Uik L7z & 2 A, rifampin, isoniazid, ethanbutol,
streptomycin {2k U TENENMMEZFFDEICH L. MIC 12.5 ug/mL OPEET
EMEZERUz, £, tOZHIMIE/NY — 2 ZFRDEICH L TH MIC 6.25-25
ug/mL TIEMEZER L7z, UL UAEEMIC 1 E3TW calafianin (6) [3WT D
BBV THIFEAEERZRI BN EWN D BBEWHIRN#RE SN TN S Y,

calafianin (6) DEARFKTH 5 A-THRF I EH K IFMMORKAMITH RS
#1. manumycin. aranorosin, scyphostatin, spiroxin 7% & . E#IEEMFEB LN
BRI DBEAIITODN T DILEWRNT DO —FITH S (Fig. 11),
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R .O cis

cis-epoxy-oxygen atom

O "y
RO
O Y
. o 0 OH spiroxin
manumycin HO
0 P R NH
=
RVLH OH \/\([)]/
aranorosin scyphostatin

Fig. 11 Natural products including K framework.

condensation

N:&/\NH(CthNHA
!
O .« Re

MeOOC
cleavage of

methyl enolether

>

0
Br ‘= cyclization
0 of epoxide
calafianin (6) 49 17
selective
reduction
COOMe COOMe
anodic N=
HON oxidation o o
O  (——
Br Br Br Br
OMe OMe
8 9

Scheme 17 Retrosynthesis of calafianin (6).
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Calafianin (6) DERICTBNTH DL A ERERHBIZERT A ENEE
ThHEZEZAOGND, TITROXDITHEKZENHE L7 (Scheme 17),
cwmmnw)MIfiyéﬁﬁéﬁ$m%ﬁ97:>”i@*gmbtfﬁ
MizEEZEN5, Lo TP7 2 UVICKHMHEIIREBEDOERE T 2 FirlEKRRC
Du&&bkﬁﬁmu%@éIXTﬂﬁﬂ9HVX@XtﬂfyiﬁyU/¢f7
KVFETHIEELE, 1737/ )V 8 DEMKIBICE DRSNS YT/
29 DERMBILICIDFEETH I EE LT

MeOOC MeOOC MeOOC

>:N >:N >—N
\ \ \
0] O O

o Table 4 “.2° OH .\
Br Br Br- ; Br Br Br

OMe OMe OMe
9 10 17
Table 4 Reduction of 9.
Condition 10 (yield %) 17 (yield %)
NaBH,, MeOH, CH,Cl, 0 74
Zn(BH,),, CH,Cl, 41 43
NaBH,, CeCl;, MeOH, CH,Cl, 49 47

£9., DL/ 29 OBEITLICDVWTEITHEZMEFT Lz, I TICHEICHDED
IZ (Scheme 6) *, Zn(BH,),ZHW5 &, FF1x 1 OLTYILO—ILEK 10 &
17 555, 2L, NaBH, ICX2EILTIE. bT 224K 10 13e<1%
5T, AR 17 OHMN 14%DNE TR/ SNz, F/z. NaBH, [tz
LB Tz Luche BITDOFRMITFTT & ZnBH,), EFRKICIFIZ—H—DHT
7JL:I~MZIS 10 - 17 056N EE2 AL
WCEODBIRMICHED ZEDTERLATIVA—)UE 17 ZIEH L. TR
*V@49&@£@uﬁmfﬁﬂbt(ﬂﬂeﬂoi?‘VﬁDK¢ﬁy%L@
AFINIT ) = IVI—FTIVEOBEICL DA, FNTECLETOERE ROF AR
50 ® DBU Z&BRFHNIRFIMEITDIEE L, T THREEEL TE
C% 50 3HLICREMIIAFTNEC DT AT LAY —REMER DD, Z
D2 BMEDKNTEH L TITO & E Lz, E£RBRIEDOBE. 49 NEKRT 2720
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W21 50 TOKEEFEERFZEN anti THHEZITEZ D, syn TN ETL
BNEBEZSNDMN, BRIBMIIBDICEEENE I S0, syn HKIT anti R
ECR UFRHIH R Uz, MatofER, TFA 5 MsOH TIZZE A D TR F 1K 49
EE<BonNENo DI, FigF TRIGZITo72E TARINERNS T
REE 49 NESNZ, WITNORMFITBWTHEIERMELTT /=)
BERS T MR SIINERLTER, 7o/ —I)VisEK 81317 D1V
FHYY VEPBERLTERLEZDBDEZEZSN., ZHUITATINI—ILTH
570 2HOKIBEE LT O R NT O FHBEL LT VIR THERE L /2 &5
AH3N% (Scheme 18), iz, DI/ K51 I3HEAREL TTE S 50 HERIC
KOWKLUTERTABDEEZ SN, ZTUIREDRNVRIEIFI EER LT
WEEZ65N%,

MeOOC  MeOOC MeOOC

N
o)
OH

. .. O )
Table 5 OH DBU o
CH,CI
Br Br Br Br 2v2 Br

OMe O 0]
17 L 50 _ 49
Table S Synthesis of epoxy derivative 49.
o Product yield (%)
condition
49 8 51
TFA, 50 °C 0 15 24
50% MsOH/CHCI,, rt 0 2 33
AcOH, 80 °C 32 32 8
COOMe
HON
OH
Br Br
OMe

-36-



COOMe

HON
OH

Br Br
OMe

Table
0 °C, 10 min;

then
1,4-diaminobutane

calafianin (6) 53

1N KOH
quant.

Table 6 Condensation of 52 with 1,4-diaminobutane.

Product yield (%)
Reagent o
Calafianin (6) 53
CDI, DMF 0 40
EDCI, HOBt, DMF 3 33
BOP reagent, DMF 14 32
PivCl, py, CHCI, 41 0

DY IEDHEEERITOICHELD., ETITATIV 49 EHIKSEL F1IVIR >
e 52 NEFBELE, ZOEZIRBEELTAY ) =)V EHNWD EEMRIESY)
ZHB AT, DT OKORGHEEEHWZEZ A, EEIT 52 NES
Nz, \BoNHIVE VB 52 R EICEMA S BRERICHE L TH < EHRER
FOSDEITL, o-BE ROF T S AFIUEKR 53 NEEHIND, £ TRIC
TTOMEITHINAR L S2 2GR LD EEBIITD ZEELT
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7. CDI IZX BB EilAlzE A, 53 ODANER L, £7=. EDCI B
LN BOP ZHW/=& Z A, calafianin (6) MG 5T E720,. WINHEKILE
THEEIZZLWHDE S, ZNS5DOKIRIEINTNOHETHEERDEL
TRBRHEENTETRBD, ZOSBOERENZADZENEETHDEE AT,
ZTZTy VR 52 ZHEOBIEIIRE ST, T ORBRKIET—HRIITHEN
MIRTHDHEINDEKYNEEMIBETHEEANWSLZEELE, BIVER >
fe 52 27 00KV AIZBRESI Y. DDWTPIVCl Z2NA 72 E ZARZITHRAMN
BIHRIRIRANEZL LT, BRI ERL TWBEZ &é%nbt% DT I
EMATZEZ A, W 41%E5ETOMEG & i U TRBAVICIER N\ LU R
BB < calafianin (6) 2VERK L7z, Z3UTXK D calafianin (6) @Tmﬂa%mﬁi@
BRI U=, LML, BRLEY S TIVERE SN TWERAY D AXRY
MLF—% P2 LIEEZA, 'H BEIY PC-NMR (2B W THEE /o2 B
WSz (Table7)s TDOTENSIRBRIE 6 VFRD ThH D LRI NI,

@]
10
N
N$H«ﬂj{2
o 7
5

calafianin (6)

Table 7 Comparison of the 'H NMR data (8, DMSO-d,) of the synthetic 6 and 11 with
the reported data (ref. 47).

H Synthetic 6 Synthetic 11 Natural data (ref. 47)

1 4.12 2H,dd,2.8,4.0 4.12 2H,dd,2.4,4.0 4.12 2H,dd, 2.6, 3.7
2 3.81 2H,d, 4.0 392 2H,d, 3.6 394 2H,d,3.5

5 7.29 2H,d, 2.8 7.48 2H,d,2.4 7.49 2H,d, 2.6

7 3.56 2H,d, 18.4 3.67 2H,d, 18.0 3.68 2H,d, 17.8

341 2H,d, 18.4 3.60 2H,d, 18.0 3.61 2H,d, 17.9

10 | 3.19 4H,br 3.20 4H, br 3.19 4H, br

11 1.52 4H, br 1.48 4H, br 1.50 4H, br
NH | 8.61 2H,t, 6.0 8.64 2H,t, 6.0 8.63 2H,t,5.7
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COOR COOR

HON HON™ ™™
Br Br Br Br

agelorin

Scheme 19 Plausible biosynthesis of spiroisoxazoline natural products.

Calafianin D EORHEIZEI L TOEDDIRFR AL T/, Clardy 513 aerothionin

(1) % aerophobin-1 (3) 72 EDAEOA Y FH Y VHEIZRD L D ImAEEGRKR
REICEDERSINTNDHDEHRL TS (Scheme 19) P, Thabt, /N
FTARFI T ZIIVEIEVEEAF AL OXDE R ENELICKD TRF
MEEZT, ZOIRFL M ABGFRNOFTFLANKELAYFHIU VR
HZERT2HEEZ5NTBD., ERYWIENES5THOLD R NT D AR EE
%, &L calafianin 23 [FEk D AE G ZRETERL TND2DHDEEAD L,
REMEEIIEDO NI > ARBEEZA T HIRBEMNER O WAERL., ZNNEDOHE
EThDEWERIND, £, ZOEEHHEAEKELTEASNSTOELE RO
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FIAR N OHBEAT Z2RAY agelorin " BHEBEINTND, N5 DORHZE
HAEE LT, i alENELTR I AREZAT S 11 Z%E LR,

R AT a—=)UE 10 ZHFEEEIE L. ED 6 DERREFRBROSMEIZEX
D RINENERED Tz, BT 54 NEFER, EHIZ DBU ICKD TRF AR
S5ONERH, IIVIREES6 LT 2 2 EDMEEEITW 11 Z &R L 7= (Scheme
200, AL 11 DARY MV TF—FZIHIKRL - & ZARRME RN —EER
L7z (Table 7). 2 H-1 & H-7 O[T NOE HHEANA SN 2%). 2@ 11 2
R DE DM VAEE TH D ERE L Tz,

COOMe COOMe
N— N=
! /
(e B O o
HO, AcOH HO.,, DBU
Br Br s0°c Br Br CHCl
OMe o) 64% in 2 steps
10 54
COOR Q
N:< PivCl N
! N_
O » pyridine 3 A\ H 2
o 1,4-diaminobutane <
o
Br CH,Cl, i
o Br
39% o

55: R=Me 1N KOH
56: R=H quant.

revised calafianin (11)

Scheme 20 Synthesis of revised calafianin (11).

Calafianin DHEN M T > AMEZE TSI ENTN S22, revised-
calafianin (11) Z[FERIZ b7 > ARLEZA T % aerothionin (1) NHFHFEETSH T
Exil ATz, SKEREHI D HTE 2ITHEVY aerothionin (1) Z& L. T D%, K
fFFTOAFIVT ) =V T =TIV DHA, DI< DBU IZ&KD ITHRFIALZET
SETA, B BBEICBWTHEIRE TIZR2<SET, MsOH ZHW5ZET
11 2K Tz (Scheme 21).
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N
/
HO, S 1) MsOH, CHCl3, 0 °C O
2) DBU, CH,Cl, o),
Br Br Br

OMe 11% 0]
aerothionin (1) revised calafianin (11)

Scheme 21 Synthesis of 11 from aerothionin (1).

Bk L 7z calafianin @ 2 DOIAREMEMER 6 & 11 ITDNWT, HiEiEERARZ1T
o7z (Table 8), BEBRZEWHIFAEL T, 6 & 11 THIETEHEICKEREVNRS
NHZETHD, RABO 11 N7 T LGHEREICH UBHERIEEZRL TW5S
DT L. FERBRED 6 11T E A EFENR SN,

DlbEEwsn &, PABMODAEOA Y FH U AR 17 KD calafianin OFZEME
WER 6 DERET>/ETA, BRMERRBDARY MIVT—FIn—F L
Bnolz, T THEAROIEXENRICE DT NI AMOAEOAL Y FH VY
AR 10 K OFHZIIERRMER 11 25 LzEZ A, RAMEART MLT—
IR =L, ZHUTXD calafianin OFEEN 6 Tld/z< 11 THB I &%
BHISMZ U7z, F/20 ALz 6 & I DOWTHEERRERZTo/2& 2 5,
W OIEEICHEHE R ENHH xR L.
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Br

proposed calafianin (6) revised calafianin (11)

Table 8 Antimicrobial activities of calafianin derivatives.

Diameter of inhibition zone (mm)

microorganism 6 11
Bacillus subtilis - 20.9
Staphylococcus aureus - 11.8
Micrococcus luteus - 8.1
Esherichia coli - 7.9
Pseudomonas aeruginosa - -
Xanthomonas Campestris pv. Oryzae 14.6 18.0
Bacteroides fragilis - -
Acholeplasma laidlawii - 7.4

Pyricularia oryzae - -
Aspergillus niger - -
Mucor racemosus - -
Candida albicans - -
Saccharomyces cerevisiae - -

Mycobacterium smegmatis - -

methicillin-resistant Staphyloccocus

aureus (MRSA) 7.9 17.5

-: no inhibition zone
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JEEEAE DAY SV RZIER L

(+)-aerothionin D&%,



oA yFgy CRAYOHICIE, ABOrYFHV ) Ay MES
FHIZ 2 DT AHRAMEENH D, KRENZHDEL T aerothionin (1) 'V,
homoaerothionin (2). caissarin B, fisturalin 3°?75 ENZEIF 5., F OfhXEBAK
DHBLHEEIN TS (Fig. 12), INsidWTNbEEREMIEREZAT
LT ENMESNTHO, PG, PURBIEEN 72D D2, IL4E archerine
DOPi e A& I 35N % ianthesin C @ K*, Na*-ATPase [HEE 4 070 & BLLRZE
EYEHEORENZINTND, INS 2 BREKAY ORI DG RIT LIRS
WEODHESINTHBD 2, g LIS /RKO7IVI—IVK 10 &7
T UEDOMEICED 1 DERS N, LML, ZOLIBERIETHSHE. K
1 EZDOTT AT VAR —DIREWMERL TLED ZENEZ S5,
HPLC 12X % 215 O BEMNFEMITRET X 23, BEITIERDI L Thian,
Z D%, 1997 FICEF SIREEBR A O Y FH U RO Gk EHIEL .
T/ —INVFEROTATIVEZEF T IVERMT 5 & T, BIERIGICE DK
FORZEITV, TORER, D7 AT LAY —BER 70-80% TAE DK 58 255
ZEITRI L TWS (Scheme 22) 20, ZDOISDINAZERMIL 57b I2BWTF
T IVAHBhEE D Ph 2 & DNARKFEEZIT D720, 57a DL D 73 TRISINHED D
5ThDHEHMHINTNS, TDE 1 NOBFEEZRATNWEN, I TELHN
1T ATLAY—REYTH D, HEIIfTHhNTWARWN,

X 572 5 572 AR M 21T © 201213, M b B OB NE &
EZo5N5N, BHEXTITERIINZ ZNZEZERK L 213N,

OO BEREREA, EFIDFEERA OV FH VU AROERK
ZHEELRZITO ZEE L, EFRZOBRI T AT LAY —DREAEL TWA
WERFID aerothionin (1) DE 7R 5 N Z DHERNTAKRELE 1B U CTHERZ1TS
ZEELT

|
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1:R=y_". 2:R= }f\/\}{ caisarrin B: R= }‘\(\/\}{
OH

HoN
fistularin 3: R= OH archerine: R= >/7NH
Br: ;; N S ;‘é
;\(\O ff = NH
OH Br N:<
NH,
Br
ianthesin C: R= 0
O  COOH T
Br
H Br
NHSO;Na
"o 3
Br

Fig. 12 Structures of dimeric spiroisoxazoline natural products.
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Os_R R

O
=N
NOH 0

Phl A ”,
HO _PNIG,CSA 5 ™
CH,Cl,
Br Br -78°C Br Br
OMe OMe
Ao . 58

57: R= Ph C;i
H wMe
H

L Ph

57b

Scheme 22 Diastereoselective oxidation by Hoshino et al.

(#)-10 ZEZRFIINRE LIRS, DT AT LAY —ANEBHT IR
i EIT o 72 RER. (-)-camphanic chloride ICE D TATIANEFBELZE A,
PURRSLZOR NI 70—k o0V AEBEHE LERICS Y
ATVAR—12 & B3NS 52 L2 RM U7z (Scheme 23). D, 7 H
LIEIATIVE12 & 13 22NN T NN I—I)UK 10 NERL. (B LU-)-10
DOl 2157 (Scheme 24) ,
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)
S

Cl
MeOOC
o MeOOC N o
(=)-camphanic >: \ ?
chloride
py
CH,Cl,
OMe
12 13
47% 46%

Scheme 23 Esterification of (+)-10 by (-)-camphanic chloride.

MeOOC MeOOC
I
. 40
KoCOg3 \OH 1) AcOH
MeOH 2) DBU
quant Br Br 62%
OMe °
()10 (55

[0]?®5 —210.3 (c 1.0, benzene)  [0]*p—320.6 (c 1.0, CHCly)

MeOOC
1) AcOH
2) DBU
quant OMe 59%
(+)-10 (+)-55

[0]*p +217.1 (c 1.0, benzene)  []%, +322.8 (c 1.0, CHCl3)
{lit. [0]?° +202.8 (c 0.64, CHCI3)}'®

Scheme 24 Synthesis and determination of absolute configuration of (+) and (-)-10.
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MeOOC MeOOC

DMP
CHxCl Br Br

75% OMe

(+)-9
__J
9R
1 A J L
9S

Scheme 25 Chiral HPLC analysis of 9R and 9S.
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Z 5 DIEAEMER 10 OIEFEMEIIF 5 )0 HPLC ITX D #EZE L7z (Scheme
25). 10 ITDWTHRA IR BESE2mEt L2, BWEhrz A 2 &N TE
Binolz, I T 10 OKEEH:E DMP ICK DEE(LL 9 NEFEL, A0k 9
DWW TR S 2Rt LU 7= %5 5. Daicel CHIRALPAK® AD-H 7 [& & #H
100%EtOH Z 8t & U 7zls, 9S IRDVRFFIR ] 18 70, 9R K718 26 70 Tt T
LT ENHRICARE SN, FIT 10 ODFNTNDOIF > F A+~ —Z2t
LT hAR 9 ELDWEITO IR, TNENOF ¥y — N THOILS > FF
R—DE—IDNERINBN o ENS. MR HEEERTH D Z &0V
RBEINT,

o) 6.5 kbar
\
N

COOMe 78%

[a]p2° +202.8 (c 0.64, CHCl3)

Scheme 26 Asymmetric synthesis of (+)-55 by Winterfeld et al.

T2, NS QIR E L Winferfeldt 512X D ERS N7z BAULEY
559N EBE L. ZDIENE {(-)-55: [0]®, —320.6 (¢ 1.0, CHCL). (+)-55: [a]*,
+322.8 (¢ 1.0, CHCl,)} Z ¥ 5 D {[a]*, +202.8 (¢ 0.64, CHCL)} LMt d 5 &
ICEDRFE L (Scheme 24), BRIEILHE 3 BCTlro = HikEH Wz, WMGX
NTNBH+)-55 IFAEDER 59 EHENAARRBERI D2 T 24K 60 & D Diels-Alder X
JNCEDAERT S 61 KDFEINZHDTH D, 61 2% X Ffks S MRITIC X
ONIRREE D HER SN, TOACOREN S WHBZESOTVWD I ENRINT
WBZEMNS, FEICH-S5H SEBETHD Z ENFEHIN TS (Scheme 26) ,
55 DOIEYtE OMRHENRE DE ERiz> TWel, TO/REO—HKITEDZD
FEXTAEIE 7Y Scheme 24 [IRSINTZHHETH S ERE L. S 5 ITHIHLEIZ
BT 2REIL 215572, X FEMEMNTIC K DG TITWRE SN T
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% aeroplysinin-1 (4) DG k2 55 2 T THIIA U 72 /7% %2 FH W T - 7z (Scheme 27),
IS DIEHE {(-)-4: [a]”y —199.1 (c 0.5 acetone). (+)-4: [a]®, +192.9 (¢ 0.5
acetone)} & 5 DIHE {(—)-4: [a]®, —198 (¢ 0.5 acetone). (+)-4: [a]*, +182 (c 0.5
acetone)} P E KT H T EIT KD, SEITR U RGN S R S s

MeOOC
_N /
", O /,".
~OH 1) 6N NaOH
Br Br 2)A
OMe 96% OMe
(-)-10 (—)-aeroplysinin 1 (4)

[]?®p —199.1 (c 0.5 acetone)

{lit. [a]p =198 (c 0.5 acetone)}al2

CN
‘\OH
1) 6N NaOH OH
2) A Br Br
94% OMe

(+)-aeroplysinin-1 (4)
[0]?%p +192.9 (c 0.5 acetone)
{lit. [a]p +182 (c 0.5 acetone)}*?

Scheme 27 Synthesis of (+) and (—)-aeroplysinin-1 (4).

(—)-10 B L UR(+)-10 Z W THZAE M 7% aerothionin (1) D & k2 175 7= (Scheme
28), MR EICK DM DIV, TNENZE 1,4-diaminobutane & fEH =&
72EZA, ()10 2513 (-)-aerothionin 2%, (+)-10 72513 (+)-aerothionin AV K
U7z ZRUTK DERAIDHFIENETR aerothionin D& Rk 2 Rk L 7z,
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Z:N‘o NH(CH2)4NH1§:N
20 o o 0
/@\ 1,4-diaminobutane /Q:OH
Br Br
T Br Br Br
o OMe

(-)-1
[a]??p —205.2 (c 0.5 MeOH)

O O

N:&NH(CHZ)‘;NH
/
-diami O,
1,4-diaminobutane HO, S

Br Br Br

OMe OMe
(+)-1

[0]??p +203.6 (c 0.5 MeOH)
{lit. [o] p + 210 (c 1.7 MeOH)}?

Scheme 28 Synthesis of (+) and (-)-aerothionin (1).

£z, INETIT1 O IARRLE TR L T 1981 4£1T Rinehart 512K 0 X
Bt A G IRNT & CD IEICKDRENHAASNTH D, (4)-1 28 Fig. 12 DX D
BEETHDERBLTVS ", LALT—IRA TR THLZIENSTD
Mot AR E I SN H D TIEZRN o7z, FlEl, FH S ISH AR E D
WEINZAEOALYFTI Y AR 10 KONFHENES 1 OGREfT>7=2 &
T, 1 O RELE DT RIZRE 2TV, T E TRIB S N TW i
EHEET DT LIRS,

I 5T (1) BXWY (9)-calafianin (11) {(-)-11: [a]**, —253.2 (¢ 0.2 acetone), (+)-
11: [a]?, +249.4 (c 0.2 acetone)} Z(+)- BEW (-)-55 NS5 3 T THIHE L 2 HTE
XD ERLU Tz, HENZIENCEDEITIHRE SN TWAEN S 2D, F5MNIETH
HZEE, CD AR BIVIRHREINTHD, INSOfEZELEKT S5 Z & Tt
X HEE 7N Scheme 29 IR I NZWETH D EREL 2 77,

-51-



MeOOC

1) 1M KOH

{0 2)PivCl, py
Br 1,4-diaminobutane

0] 35%

1) 1M KOH

2) PivCl, py
1,4-diaminobutane

38%

Scheme 29 Synthesis of (+) and (—)-calafianin (11).

SRRIE E SR LR YIS RIS AT 2D 2 BAEAE DAY FHY
U ARDERK. 725 NTHER SRS N RAIO A EO ALY 5V 2 RAYOD,
BRI KBRS R ER ENEEBHT S Z ENREE 2o T,

PlbE&ED s &, FEEERAEOAY TV AR 10 Z2(2)-10 K DFEEL
TR T 7 BRI ATINDOY T AT VAR—Z T 52 EICX 0GR, D
#. (+)-10 D 5 (+)-aerothionin %, (-)-10 7 &5 (-)-aerothionin Z &% L . aerothionin
DA ARG 2 MEE T 5 2 LTI LTz,
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Zamamistatin O & S



zamamistatin (7)

Fig. 13 Structure of zamamistatin (7).

Zamamistatin (7) (X IR BEREIR B3 12 CTEREE U 72388 Pseudoceratina purpurea
KOHBIINFHHATOEF O VEREARTHS O (Fig. 13), T OMIE LD
i3, —EESTHEIENE 2 DR O A FYV U D E/RDOIEE,
MHIEZETHIETHD., GRILFRNTIEFITHREN, £, 77 LRME
DAFEMEME Rhodospirillum salexigens SCRC 113 12X A HiE TG M 2 feEEIC B
BESNZDOTHAHZEMS, EMFMEREFAEL THHTE S EHIfFFENT
Wo, EYMTETEBETOMEEMENGSR EICEZED, TOEO LITH
FRENEE L TEISHRTH D, IFEZ OEMMENEY DFRIHFE,
RENDOHHAEE, M BEXELREICBWTHEALRMEZSI SR I L TWS, 8
£, ZOEMMNBITRHIIT H0EMEE LT, BILIFSCEARN) TFIVF 2 F
F K (TBTO) REMHWENTWASMN, TNHIFEREIGE. FrIZHHEMEN
S < ELE "RERIVE ST ITBH S E LT 1990 FITEFED R ELF
WBEIZHESIN, HHNHRINTWS, ZoL5T&EMS, RESHFHML
TERABYHRDOERBEVEORBIIEHANIIEHE THLEEZEALNTVNDS
DV, INSOERZEREZ, EXIS SR 5EWERRAERZITO 2 &2 HIIZ,
RN S E LN SGESH T EDTERY zamamistatin (7) Q=G ZHIEL
BRFFEICEF L7,

BRETTDITHZD ., BB Z R ER CIREET 2 DO Z FIRFITH S
5L ABHILEL, HEKZFE L (Scheme 30), 7 IZL>27 3
CERATAHT /IR KOMETZLHDOEL., 621XV UIIME32 LD&E
W2 LT 4 24K63 KDBERELHICIDER TSI EEL,
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MeO

zamamistatin (7)

OBn O OMe
OBn B
e ‘ = Br
Br Br MeO OBn
OMe

Br 63
32

Scheme 30 Retrosynthesis of zamamistatin (7).

FETER LT VIV 32 % Grubbs i3k 2 W AT LI ARIBICK D -8
fBicftLizE A, WREL ZBIUK 63 2157z, TD%., 63 DAL 7 4 28
Z 0sO, 12K B THA—IUEIZA L. B5 37z 64 O—T DIKERFIE D A Z B IRIIZ
TBS fR#&EL 65 NEEW/=, HH—HDOKEEEELL 66 & L7/-#. TBS 0D
MR 21T\ 7))L — )UK 67 Z &Rk L7z (Scheme 31),

Z D, 67 £ NH,OBneHCl IZ X 5 A F > LML EBEMESAE T NaBH,CN % H
WA 2 UELZEITVWE ROFIIINT I 2K 68 2GRk L 72, 68 DKEEH %L
fEUA7 Ak 69 & L7=#%. NH,OHeHCl ICX 54 F T LADEAICID A F A
K70 NEEHLU =, 70 D 3 DOXRDIVFHDIREZ R 2 ilA TN, B RO
FINT I KBEDOR D DIIVHEDRRENNTNOERMEITBN T e ET
B9, MMITERT B ERLS 2N EENBICEEE 572 (Scheme 32),

EDDRELZ X DIVENS TBSHICEE L THkZHED S ZEE LT,
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OBn

Br Br
OMe
32

OSO4
NMO

Cl., |IDCySPh Br

Ru=~ ! OMe
= Br

PCys OBn

Grubbs catalyst

Acetone, H>,O
quant.

cl” |
Br
O OBn
MeO

CH,Cl,
93% Br 63
Br
OBn  OH OMe TBSCI
Br. 5 Imid.
O r DMF
MeO OH OBn 87%
Br 64

Br

OBn 0 O OMe
Br Br
OR OBn

66: R=TBS —

TBAF
87%

67: R=H ~——

Scheme 31 Synthesis of 67.
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Br

Br
OBn 0 O OMe OMe
Br ; 1) NH>OBn-HCI, EtOH B

B I
MeO O OH OBn 2) NaBH3CN, TFA

NHOBn OBn

eO
Br 67 85% in 2 steps
Br 68
Br
OMe
SOz°py, iProNEt Br 5 NH,OH-HClI, py
r
DMSO, CHCl o NHOBn OBn EtOH, EtOAc
e
70% Br 69 86%

Scheme 32 Deprotection of tribenzyl 70.
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Br Br

1) NH,OH-HCI, EtOH
OBn 0 O OMe 1) 2 OMe
2) NaBH3CN, TFA
Br: Br Br- Br
MeO MeO
Br 67 70% in 3 steps Br 73
Br

SOg-py, iPr,NEt ~ BF
DMSO, CH,Cl,

Br NH>OH+HCI, py
NHOTBS OBn EtOH, EtOAc

MeO
85% Br 74 89%

Br 75

Scheme 33 Conversion of 75 into bisoxime 77.
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Br

OR NOH oM
Br %ﬁ' spiroisoxazoline
Br
g

H R
MeO © ©
Br
77: R=Bn —— H2, Pd/C
78: R=H 1,4-dioxane-AcOH
46%

Scheme 34 Anodic oxidation of bisoxime 78.

AR S NFIE R D RS Z2 /T 67 K0 73, 74 42T TBS RICX DIR#ES
Nz 15 2GR LTz. 75 O TBS HOMifriEZidH/z & 2 A, TRIIK L EAF
F MR TT G537z (Scheme 33), Z3UI. —FE 76 WAL /218, 28X H
TERIEEIN 77T ANEEHMINZHDEEZEND, Tz, 77T O IIIVEDR
REZITW, 78 L L%, BIEXEERHAALZRZEORIIES N> 2

(Scheme 34) ,
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2 DOALCORZFFHTHEET S 51E TN, MO RAY) R E MRS
WCROEBRHIEZHEL LAY TV U 4R 10 2552 E&E0L. B
TOLD WGk ZsE L 7~ (Scheme 35), Zamamistatin (7) DL T 7 I >
Hf1E dehydrozamamistatin (14) O X 2 HZEILT H I EICKDEKRTE S
H D EH Az, dehydrozamamistatin (14) (FAEOA Y FH 1) 4K 10 L0
Horner-Emmons G782 EZ WA Z EICL DB TES D EL T,

zamamistatin (7)

Me(l) OTBS

Scheme 35 Retrosynthesis of zamamistatin (7).
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TBSOTf
OH 2,6-lutidine

CHxCl»

quant.

OHC
1) dimethyl phosphite

SO3+py, Et5N
3°Py 3 OTBS EtsN, CH2C|2
DMSO 2) TBSCI, Imid.
90% Br Br CHCl
OMe 89% in 2 steps
82

Scheme 36 Synthesis of Horner-Emmons reagent 80.

MeO\ OTBS

LHMDS, THF; then

CHO
OBn

Br Br
80 OMe
18

1) TBAF
2) NH,OH-HCI
MeOH
94%
83:R=Bn—— " H,, Pd black
84: R=H___| 1,4-dioxane-AcOH
88%

Scheme 37 Synthesis of phenol 84.
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T A—=)UE 10 KOGRE LU 7Z TBS K45 K0 81 2R T2 KTy ILTE R
1A 82 NEZEHLL . dimethyl phosphite & D JiziZ & D . Horner-Emmons it TH
% 80 7GR L 7z (Scheme 36),

80 LEICHR L7277 B R{K 18 1% L LHMDS % f\ )7z Horner-Emmons
RIGET 2 E A HFREDINERTH v 7)) 27K 79 15 5Nz Kl T TBS
HOGIRE, T+ LMMbZITNFF LK 83 ZEKL. TSN D) R#E
HOBREZITWT =/ —)UK 84 24572 (Scheme 37),

CPE vs SCE
16V

nBu4NCIO4
MeCN

35%

Currett (Frvad)

V vs. SCE

solvent: MeCN (84: 5 mmol/L), supporting salt: nBu,NCIO, (0.2 mol/L), sweep rate: 50 mV/s

Fig. 14 Cyclic voltammogram of 84.
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DONTEMKIGICEDRILEZToREZS, RIS EZZAEOA Y FH
VU K 85 NG5z (Scheme 38) . SfFIFSEICHE 2T o 72K, BRBIED
Ehol7t2 N MUIVBRHSGEHETIro 7z, CV ZHIEL/2E 2 A, HTEL
ME SN, FREEDOINETH > (Fig. 14), £ IORESNK 85 137
BEARTIRER 2 DOV T AT VAR —REW TH o 7=,

OMe 1 ) Zn(BH4)2

dehydrozamamistatin (14)

CH2C|2 < o6
Yo
2) Et,NH
CH20|2 gO Br
N-©.

Br, | OMe

MeO O Br
@O,N

Br OH 86

- 23%

Et2NH> P Q

Scheme 39 Synthesis of dehydrozamamistatin (14).

7 AR 85 ITH L Zn(BH,), ICKDEITLETTW, IREVMZSITFILT I I
KDL /=& Z A, dehydrozamamistatin (14) EZD 7 AT LA —1K 86
ME 53N (Scheme 39), ZNHIETUATIVr O ST T T 4 —IXK D5
AR TH o7z PIFIVTY I ITKBDUMIZ, P AT7IVI—)UEK P 2RI
BIHBEIC XD 7=/ — IV QNEEHI B LD TH 5,

14 & 86 ONVIAR(LFITEL TXROLDITREL/2e NS 2 MO T AT
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L F < —%(S)-MTPACI 2L D MTPA TATI)ULEFT-7=ET A, 86 MHILH
— DAY 87 . 14 N5 2 DDA 88 & 89 NG 5417z (Scheme 40),
DT EMNS., 86 I meso KT 14 ¥ C, R TH D ENDND., KA
zamamistatin (7) &[] —OHMIAREEZH T % dehydrozamamistatin (£ 14 T
BB EPRE LT,

HO  Br MTPAO
o) N,o
Br N| p OMe
R (S)-MTPACI
MeO N Br pyridine
B OH CHCl OMTPA
86
(S)-MTPACI: 87 (78%)

Me o,
(S)-MTPACI 88 (45%)
pyridine :

CH.Cl, MTPAQ  Br
-0 7
Br \/’H\QOMe
& |
Me04§j>\ N Br
Br  OMTPA
o 89 (43%)

Scheme 40 MTPA esterification of 14 and 86.

Z D%, dehydrozamamistatin (14) (Zkk % 7RZE LS Z A T2 DY, R~
DEMSINT R 72 > 7 (Scheme 41),
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—\\— zamamistatin (7)

dehydrozamamistatin (14)

Scheme 41 Reduction of 14.
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HQ  Br OMe
OBn N-Q /
Br. ’ \\Q\OMe NaBH;CN Br
Nl " TFA EtOH  °F
MeO “OH 959,
Br 837 MeO
Br 90
HO
A Br
OBn N-Q / )
Br I OMe
I
MeO Ho N Br
Br
83E NaBH3;CN _
HO Br > _— No reaction
B TFA, EtOH
OH N-
Br & OMe
NOH
MeO Br
single isomer %

Scheme 42 Production of oxadiazole 90.

2 DDAV FHIV) VIREET H{LEY dehydrozamamistatin (14) 25 Tl
BICIC K D RBINOLEBNTE > 72720, GRFEETHZ A0 Y
FHI) o —DFTHLAFIAREI BIUL 8 2BICLTHDIEELT,
FF 2 LMK 83 13 BEVTRE/S EZIRBYMITH 2720, nlxiT\, ThThz
TFA 1 NaBH,CN 12 XK 2B IESRMICfT L7z (Scheme 42), ZDFER, Z 1K
DHAMEIZE ERYIT oxadiazole £ 90 NELHLL . ERIZES KINERI M-
7zo E£7-83E & 83Z Dili 5 SEMNNSVMLFEINE—~TH S 7/ — )Lk 84
WU THEBEORICZIT 72D, TN E K LRBN>72, T oxadiazole
K 90 IZ=DDKEEHZE Boc HTEMT S I LITXDESNSKERED LN
G191 % X Bfs ST 2T S 2 Eick sz ke L7z (Fig. 15).

83Z N5 90 NDOEHISIIERRILZEITTNE Z > TWiaWwed, &HELT
NaBH;CN D72\, TFA QA TRIEZETHO THIZET A, 90 NDOEHITE Z 5
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T, FRIZEINT 2 DA TH 57z, NaBH,CN DRI ED XKD ITHEE L TW
LD, Fi2 ZHROARIET D ERE., KICHERIZE L TERESMICHETL
T3,

OMe

Br Boc,O, Et3N,
DMAP, CH,ClI,

96%

Fig. 15 Structure of oxadiazole 91.
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AWFZETIZAEOA Y FH U O RAYDERMFEZITWY., L FDOX S 74l
R21G7,

1)

2)

3)

4)

5)

SHICAF > L E2ZHT DT o/ —IVFEA 8 BRU 28 1Tx L EMSS
ZREARSUIRR. T b MUIWBEER WS ZEITKDAEDTY
FHIY AR 9 BRI 36 MERMICERT DI EZRM U, £z, ¥
RIROETNAAELT7O0—IVEHAT DI ET, RAYE AT
AETRY DT T AATr—IV TORNEEEZIREE Lz,

ZEOAYFHVY 2 41 BLOY 46 L0OFERICKZ T O 5ERE,

FRFBREE G ZETTD 2 & T N-O fEAOREIES MV FTV U 2B
DORBRFIGE Z 0, IZIFEEMICo-E ROF 27 J AFIVEKANEL
Wid sl L@l Lz, ZORINETEHL T aeroplysinin-1 (4) &
aeroplysinin-2 (5) DORNRHIEGRZEMR Lz, £/2. 4. 5. 47 1AL THL
G ZTT o2& 25, 4 & 5 DEHFLRIEEZRL 2, F5IT MRSA
D imipenem {&MEIFRIEHAMNBER I Nz,

DAROAEOA Y FH Y AR 1T XD calafianin OIZMEREEER 6 DE AL
BirolkEl A AR ERRIBDARY MIVT—F W= L3>,
ZIZThIABOAEOA Y FH Y K 10 XD #FH7ZITARRER 11
EERLIEETA, RBREARY VT —FNREL &KL, ZHITX
0 calafianin DH5EDY 6 TII/a< 11 THAHZ EZHSNI L, 2. &
U726 & 11 IZDOWTHIEEERABRZITo /2 & 2 A, Wi OIEMEIZEEE
BENDDZEEHB LTz,

HAEWERAE DAY FH U AR 10 Z(2)-10 KOFEELH > T 7 >
BIATINDOIST AT VAR —&0#T 25 LICX0ED I EITRIILT.
Z D%, (+)-10 71 5 (+)-aerothionin (1) %, (-)-10 25 (-)-aerothionin (1)
Z& Rk L. aerothionin (1) DG AKGIEZMEE TS Z EITkIIL =,

zamamistatin (7) DG RMNFLZIT> 72 & T A, dehydrozamamistatin (14)
DERIZERE U Tz,
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Experimental section



General

All reactions were carried out under an argon atmosphere unless otherwise noted.
Melting points were measured on a Yanaco MP-53 and were uncorrected. Optical
rotations were measured on a Jasco DIR-360 digital polarimeter with a sodium (D line)
lamp. IR spectra were recorded on a JASCO Model A-202 spectrophotometer. 'H-
NMR and C-NMR spectra were obtained on JEOL JNM EX-270 and JEOL JNM GX-
400 spectrometers in CDCI,; using tetramethylsilane as an internal standard, as
otherwise stated. High-resolution mass spectra were obtained on JEOL JMS-700
(FAB) spectrometers and Hitachi M-80 B GC-MS spectrometer. Preparative and
analytical TLC were carried out on silica gel plates (Kieselgel 60 F254, E. Merck AG.,
Germany) using UV light and/or 5% molybdophosphoric acid in ethanol for detection.
Kanto Chemical silica 60N (spherical, neutral, 63-210 wm) was used for column

chromatography.
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1. Construction  of  spiroisoxazoline by electrochemical
methodology

2-Hydroxy-4-methoxybenzaldehyde (21):

A mixture of 2,4-dihydroxybenzaldehyde (50 g, 0.36 mol), K,CO, (145 g, 1.08 mol) and
Mel (35 mL, 0.54 mol) in acetone (1 L) was stirred at refluxing temperature for 5 h.
After being cooled down to room temperature and filtered, the filtrate was evaporated,
diluted with Et,O and separated with 10% aq. NaOH. The organic layer was washed
with brine, dried (Na,SO,) and evaporated to afford 22°® (32 g, 53%). The aqueous
layer was acidified with 10% aq. HCI and extracted with Et,0. The organic layer was
washed with brine, dried (Na,SO,) and evaporated. The residue was chromatographed

on a silica gel column (hexane-EtOAc 6/1) to afford 21°* (23 g, 41%).

Synthesis of 21 from 2,4-dimethoxybenzaldehyde (22):

A solution of 22 (32 g, 0.068 mol) and LiCl (8.7 g, 0.2 mol) in DMF (300 mL) was
stirred at 150 °C overnight. The reaction mixture was cooled to room temperature,
evaporated and directly chromatographed on a silica gel column (hexane-EtOAc 6/1) to
afford 21 (20 g, 51%).

3,5-Dibromo-4-methoxy-2-hydroxybenzaldehyde (23):

To a solution of 21 (45 g, 0.3 mol) in CH,Cl, (900 mL) was added dropwise a solution
of py*HBr; (190 g, 0.6 mol) in pyridine (500 mL) at 0 °C; the mixture was stirred
overnight. After the filtration, the filterate was diluted with H,O and extracted with
CHCI,. The organic layer was washed with sat. aq. Na,S,0,, 2M HCI and brine, dried
(Na,SO,) and evaporated. The crude solid was recrystalized from CHCIl,-MeOH to
afford 23* (90 g, 99%).

2-Benzyloxy-3,5-dibromo-4-methoxybenzaldehyde (18):

A mixture of 23 (90 g, 0.3 mol), K,CO; (92 g, 0.66 mol) and BnBr (40 mL, 0.33 mol) in
DMF (1 L) was stirred for overnight. The reaction mixture was diluted with H,O and
extracted with EtOAc. The organic layer was washed with brine, dried (Na,SO,) and
evaporated. The crude solid was washed with hexane to afford 18 (118 g, 99%).
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3-(2-Benzyloxy-3,5-dibromo-4-methoxy-phenyl)-2-(fert-butyl-dimethyl-silanyloxy)-
acrylic acid methyl ester (25):

Preparation of Horner-Emmons reagent (24): A suspention of (+)-dimethyl L-tartrate
(60 g, 0.32 mol) and H,IO, (74 g, 0.32 mol) in THF-Et,O (2:1 500 mL) was stirred at 0
°C for 3 h. The reaction mixture was diluted with Et,0 (500 mL), filtered and dried
(MgSO, and K,CO,). After concentration, the residue was distilled (70-80 °C, 80
mmHg) to afford a clear, colorless oil (44g). A solution of the methyl glyoxalate,
dimethyl phosphite (50 g, 0.44 mol) and TsOH*H,O (0.3 g) in benzene (400 mL) was
stirred at refluxing temperature overnight. After evaporation, the residue was
chromatographed on a silica-gel column (EtOAc) to afford a crude oil. A solution of
the crude oil, imidazole (16.3 g, 0.24 mol) and TBSCI (36 g, 0.24 mol) was stirred at
room temperature overnight. The reaction mixture was diluted with H,O and extracted
with EtOAc. The organic layer was washed with brine, dried (Na,SO,) and evaporated.
The residue was chromatographed on a silica-gel column (hexane-EtOAc 4/1 to EtOAc)
to afford the Horner-Emmons reagent (24) {methyl « -(dimethoxyphosphinyl)
glycolate rbutyl dimethylsilylether} (60 g, 32% in 3 steps).

To a solution of 24 (0.61 g, 1.95 mmol) in THF was added LHMDS (1.0 M THF
solution, 1.8 mL) at —78 °C; the mixture was stirred for 20 min. A solution of 18 (0.65
g, 1.63 mmol) in THF (30 mL) solution was added dropwise over 20 min at —78 °C; the
mixture was stirred for 2 h. The mixture was diluted with Et,0 and washed with H,O
and brine, dried (Na,SO,) and evaporated. The residue was chromatographed on a
silica-gel column (hexane-EtOAc 7/1) to afford 25 (0.90 g, 95%) as a colorless oil;
IR(film) 2952, 1734, 1631 cm™; '"H NMR 6 0.18 (6H, s), 0.96 (9H, s), 3.67 (3H, s), 3.90
(3H, s), 4.91 (2H, s), 6.31 (1H, s), 7.36 (6H, complex); "C NMR § —4.7, 18.3, 25.5,
51.9, 60.7, 75.3, 77.2, 112.2, 113.7, 114.2, 127.7, 128.2, 128.3, 132.7, 136.2, 143.5,
153.7, 154.1, 164.7. HRMS found m/z 526.9557, caled for C,,H,,”’Br,05Si: M-7Bu,
526.9535.

3-(2-Benzyloxy-3,5-dibromo-4-methoxy-phenyl)-2-hydroxyimino-propionic  acid
methyl ester (26):
A mixture of 25 (293 mg, 0.50 mmol) and NH,OH<HCI (600 mg, 10.0 mmol) in MeOH

(2.5 mL) was stirred at refluxing temperature for 10 h. The reaction mixture was
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diluted with H,O and extracted with EtOAc. The organic layer was washed with brine,
dried (Na,SO,) and evaporated to afford 26 (222 mg, 91%) as a colorless solid; IR
(KBr) 3300, 1732, 1464 cm™; '"H NMR & 3.73 (3H, s), 3.88 (3H, s), 3.96 (2H, s), 5.06
(2H, s), 7.26 (1H, s), 7.40 (5H, complex), 8.80 (1H, br); "C NMR § 25.4, 52.9, 60.7,
74.7,112.9, 114.6, 128.0, 128.1, 128.2, 128.4, 131.9, 136.5, 150.6, 153.9, 154.2, 163 4.

3-(3,5-Dibromo-2-hydroxy-4-methoxy-phenyl)-2-hydroxyimino-propionic acid
methyl ester (8):

A mixture of 26 (50 mg, 0.102 mmol) in 1,4-dioxane-AcOH (5:1 3 mL) in the presence
of a catalytic amount of 10% Pd/C under H, atmosphere was stirred for 7 h. After
filtration, the filtrate was evaporated, and the residue was chromatographed on a silica-
gel (hexane-EtOAc 3/1) to afford 8 (35 mg, 87%) as a colorless solid: IR (KBr) 3508,
3292, 1732, 1221, 1132 cm™; '"H NMR 6 3.85(3H,s), 3.90 (3H, s), 3.93 (2H, s), 7.41 (1H,
s); "C NMR § 25.6, 53.5, 60.6, 107.5, 119.3, 133.3, 149.6, 151.4, 153.6, 164.3. HRMS
found m/z 394.8974, calcd for C,;H,,”Br,NO,: M, 394.9003.

General procedure of anodic oxidation of phenol derivatives

All anodic oxidation was conducted using HSV-100 (Hokuto Denko) or HA-301
(Hokuto Denko) as porentiostat/galvanostat, a glassy carbon beaker as an anode, a
platinum wire as a cathode, and a standard calomel electrode as a reference electrode.

A solution of a phenol derivative in a solvent containing an electrolyte was electrolyzed.
Work up procedure: a mixture was partitioned between EtOAc or CHCIl; and H,O.
The organic layer was washed with brine, dried (Na,SO,), and then evaporated to give a

crude product, which was purified by preparative TLC.

Anodic oxidation of 8:

a) Neutral condition (MeOH): Electrolysis of 8 (32.7 mg, 0.082 mmol) in MeOH (25
ml) containing an electrolyte (0.5 g, LiClO,) [C.C.E.: +1010 — +1290 mV vs SCE]
provided 9°° (3.6 mg, 11%), 27 (2.6 mg, 8.3%), 16> (12.1 mg, 41%).

b) Diluted condition (MeOH): Electrolysis of 8 (6.9 mg, 0.017 mmol) in MeOH (25 ml)
containing an electrolyte (0.5 g, LiClO,) [C.C.E.: #1100 — +1290 mV vs SCE]
provided 9 (1.2 mg, 18%), 27 (0.8 mg, 12%), 16 (0.8 mg, 14%).
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c) C.P.E. condition (MeOH): Electrolysis of 8 (27.4 mg, 0.069 mmol) in MeOH (25 ml)
containing an electrolyte (0.5 g, LiCIO,) [CP.E.: +1300 mV vs SCE] provided 9 (5.3
mg, 19%), 27 (4.4 mg, 17%), 16 (3.5 mg, 14%) and recovered 8 (5.6 mg, 20%).

d) Neutral condition (CH,CN): Electrolysis of 8 (24.2 mg, 0.061 mmol) in CH;CN (25
ml) containing an electrolyte (1.5 g, nBu,NCIO,) [CP.E.: +1600 mV vs SCE] provided
9 (10.7 mg, 49%), and recovered 8 (1.6 mg, 7%).

e) Diluted condition (CH;CN): Electrolysis of 8 (10 mg, 0.025 mmol) in CH,CN (25 ml)
containing an electrolyte (1.5 g, nBu,NCIO,) [CP.E.: +1600 mV vs SCE] provided 9
(6.7 mg, 68%).

3-(5-Bromo-3,3,4-trimethoxy-6-oxo-cyclohexa-1,4-dienyl)-2-hydroxyimino-
propionic acid methyl ester (27): IR (film) 3417, 1651 cm™; '"H NMR § 3.30 (6H, s),
3.73 (2H, s), 3.87 (3H, s), 4.30 (3H, s), 6.13 (1H, s). HRMS found m/z 377.0113, calcd
for C,;H,,”"BrNO,: M, 377.0109.

1-Allyloxy-3-methoxybenzene (29):

A mixture of m-methoxyphenol (28.5 g, 0.23 mol), K,CO, (60 g, 0.46 mol) and
allylbromide (24.8 mL, 0.29 mol) in DMF (200 mL) was stirred at room temperature
overnight. The mixture was diluted with H,O and extracted with EtOAc. The
organic layer was washed with brine, dried (Na,SO,), then evaporated. The crude oil
was chromatographed on a silica-gel column (hexane-EtOAc 10/1) to afford 29 (37.1 g,
98%) as a colorless oil: IR (film) 2939, 1595, 1493, 1265 cm™; '"H NMR 8 3.79 (3H, s),
4.52 (2H, d, J= 4.9 Hz), 5.28 (1H, dd, J= 1.5, 10.7 Hz), 5.41 (1H, dd, J= 1.5, 16.6 Hz),
6.05 (1H, m), 6.50 (3H, complex), 7.17 (1H, t, J= 7.8 Hz); "C NMR § 55.1, 68.7, 101.1,
106.3, 106.7, 117.4, 129.7, 133.1, 159.6, 160.6. HRMS found m/z 164.0842, calcd for
C,;H,s”Br,0,: M, 164.0837.

2-Allyl-5-methoxyphenol (30):
29 (10.0 g, 60.9 mmol) was stirred at 225 °C without solvent for 1.5 h. The reaction

mixture was chromatographed on a silica-gel column (hexane-EtOAc 10/1) to afford 30
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(6.6 g, 66%) as a colorless oil: IR (film) 3419, 1284 cm™; "H NMR 6 3.35 (2H, d, J= 6.6
Hz), 3.77 (3H, s), 5.12 (1H, s), 5.17 (1H, d, J= 6.6 Hz), 6.00 (1H, m), 6.41- 6.47 (2H,
complex), 6.99 (1H, d, J= 7.8 Hz); "C NMR 6 34.4, 55.3, 102.0, 106.2, 116.0, 117.5,
130.7, 136.7, 154.8, 159.3. HRMS found m/z 164.0836, calcd for C;H,,’Br,0,: M,
164.0836.

6-Allyl-2,4-dibromo-3-methoxyphenol (31):

To a solution of 30 (2.17g, 13.2 mmol) in CH,CI, (70 mL) was added a solution of
Py*HBr; (8.45 g, 26.4 mmol) in pyridine (30 mL) at 0 °C; the mixture was stirred at
room temperature for 2 h. The reaction mixture was diluted with CHCl,, and washed
with H,O, sat. ag. Na,S,0,, and brine. The organic layer was dried (Na,SO,), and
evaporated. The crude oil was chromatgraphed on a silica-gel column (hexane-EtOAc
8/1) to afford 31 (4.13 g, 97%) as a colorless solid: IR (KBr) 3500, 1473 cm™; '"H NMR
d 3.38 (2H, d, J= 6.8 Hz), 3.86 (3H, s), 5.09 (1H, m), 5.13 (1H, m), 5.68 (1H, s), 5.94
(1H, m), 7.26 (1H, s); "C NMR 6 34.3, 60.6, 106.7, 107.2, 116.6, 124.5, 132.2, 135.1,
150.3, 152.1. HRMS found m/z 319.9092, calcd for C,,H,,”’Br,0,: M, 319.9058.

1-Allyl-2-benzyloxy-3,5-dibromo-4-methoxybenzene (32):

A mixture of 31 (4.13 g, 12.8 mmol), K,CO; (3.54 g, 25.6 mmol) and benzyl bromide
(1.53 mL, 12.8 mmol) in DMF (60 mL) was stirred at room temperature overnight.
The reaction mixture was diluted with H,O and extracted with EtOAc. The organic
layer was washed with brine, dried (Na,SO,), then evaporated. The crude oil was
chromatographed on a silica-gel column (hexane-EtOAc 10/1) to afford 32 (4.48 g,
85%): mp 74-75 °C (needles, EtOAc-hexane); IR (KBr) 2941, 1464 cm™; 'H NMR &
3.36 (2H, d, J= 6.4 Hz), 3.89 (3H, s), 4.94 (3H, s), 5.10 (2H, complex), 5.85 (1H, m),
7.33-7.53 (6H, complex); “C NMR & 34.0, 60.6, 75.1, 112.8, 114.5, 117.0, 128.0, 128.3,
128.4, 132.3, 132.7, 135.7, 136.4, 153.4, 154.0. HRMS found m/z 409.1517, calcd for
C,;H,;”Br,0,: M, 409.1517.

3-(2-Benzyloxy-3,5-dibromo-4-methoxy-phenyl)-propane-1,2-diol (33):
A mixture of 32 (1.13 g, 2.7 mmol), NMO (0.4 g, 3.4 mmol) and OsO, (0.04 M, ‘BuOH
solution, 0.7 mL) in acetone-H,O (1:1 40 mL) was stirred at room temperature

overnight. After treatment with sat. agq. Na,SO; for 30 minutes, the mixture was
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diluted with H,O and extracted with Et,0. The organic layer was washed with 1M
HCI, H,0, sat. aq. NaHCO,, and brine, dried (Na,SO,) and evaporated. The crude oil
was chromatographed on a silica-gel column (hexane-EtOAc 1/3) to afford 33 (1.27 g,
quant.) as a colorless solid: IR (KBr) 3294, 3163, 2935, 1059, 978 cm™; "H NMR § 2.15
(1H, br), 2.49 (1H, d, J= 4.6 Hz), 2.71 (2H, d, J= 6.6 Hz), 3.38 (1H, m), 3.52 (1H, m),
3.82 (1H, m), 3.90 (3H, s), 4.95 (2H, d, J= 10.2 Hz), 5.00 (2H, d, /= 10.2 Hz), 7.40 (6H,
complex); "C NMR § 34.2, 60.7, 65.7, 72.2, 75.4, 113.1, 114.5, 128.2, 128.5, 128.6,
130.3, 133.6, 136.0, 153.8, 154.5. HRMS found m/z 443.9580, calcd for C,,H,;"’Br,0,:
M, 443.9572.

(2-Benzyloxy-3,5-dibromo-4-methoxy-phenyl)-acetaldehyde (34):

A solution of 33 (1.19 g, 2.7 mmol) and NalO, (0.75 g, 3.5 mmol) in MeOH-H,O (5:1
30 mL) was stirred at room temperature for 3 h. The reaction mixture was diluted with
H,O and extracted with Et,0. The organic layer was washed with brine, dried
(Na,S0O,) and evaporated. The crude oil was chromatographed on a silica-gel column
(hexana-EtOAc 3/1) to afford 34 (0.97 g, 88%) as a colorless solid: IR (film) 2940,
1724, 1467 cm™; '"H NMR & 3.57 (2H, d, J= 1.8 Hz), 3.92 (3H, s), 4.96 (2H, s), 7.26-
7.44 (6H, m), 9.58 (1H, d, J= 1.8 Hz); "C NMR & 44.6, 60.6, 75.1, 112.9, 114.6, 125.0,
128.1, 128.4, 128.4, 133.5, 135.7, 154.5, 154.6, 197.8. HRMS found m/z 411.9338,
caled for C,(H,,””Br,0,: M, 411.9310.

(2-Benzyloxy-3,5-dibromo-4-methoxy-phenyl)-acetaldehyde oxime (35):

A mixture of 34 (493 mg, 1.2 mmol) and NH,OH*HCI (165 mg, 2.4 mmol) in EtOH (12
mL) was stirred at room temperature overnight. The reaction mixture was diluted with
H,O and extracted with EtOAc. The organic layer was washed with brine, dried
(Na,S0O,) and evaporated. The crude oil was chromatographed on a silica-gel column
(hexana-EtOAc 3/1) to afford 35 (340 mg, 67%) as a colorless solid: IR (KBr) 3403,
3192, 1468 cm™; '"H NMR & 3.44 (1H, d, J= 6.1 Hz), 3.65 (1H, d, J= 5.4 Hz), 3.90 (3H,
s), 4.96 (1H, s), 4.98 (1H, s), 6.74 (0.5H, t, J= 5.4 Hz), 7.35-7.58 (6H, m), 8.10 (0.5H,
s); "C NMR § 26.2, 30.2, 60.7, 75.2, 75.3, 111.3, 113.0, 114.7, 128.3, 128.4, 128.5,
128.5, 128.7, 129.0, 132.8, 132.8, 136.0, 136.0, 149.1, 149.3, 154.0, 154.2, 154.3.
HRMS found m/z 409.9435, calcd for C,,H,,”’Br,NO,: M-OH, 409.9392.
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(3,5-Dibromo-2-hydroxy-4-methoxy-phenyl)-acetaldehyde oxime (28):

A mixture of 35 (94 mg, 0.22 mmol) in 1,4-dioxane-AcOH (5:1 2.4 mL) in the presence
of a catalytic amount of 10% Pd/C under H, atmosphere was stirred for 30 min.  After
filtration, the filtrate was evaporated, and the residue was chromatographed on a silica-
gel (hexane-EtOAc 3/1) to afford 28 (69 mg, 93%) as an oil: IR (film) 3427, 2852, 1475
cm; '"H NMR (CD,0D) 6§ 3.41 (1H, d, J= 6.3 Hz), 3.60 (1H, d, J= 5.4 Hz), 3.76 (3H, s),
6.71 (0.5H, t, J= 5.4 Hz), 7.22 (0.5H, s), 7.27 (0.5H, s), 7.41 (0.5H, t, J= 6.3 Hz); °C
NMR (CD,0D) 6 27.6, 31.5, 60.8, 107.6, 107.7, 108.3, 108.4, 124.3, 124.4, 133.3,
133.6, 149.5, 149.6, 153.8, 153.9, 154.4, 154.5. HRMS found m/z 319.8923, calcd for
C,H;”Br,NO,: M-OH, 319.8922.

Anodic oxidation of 28:

Electrolysis of 28 (10 mg, 0.022 mmol) in MeCN (25 mL) containing nBu,NCIO, (1.5
g) [CPE: +1600 mV vs. SCE] provided 36 (2.7 mg, 28%) as a colorless oil: IR (film)
1645 cm™; '"H NMR 6 3.10 (1H, dd, J= 1.8, 17.6 Hz), 3.43 (1H, dd, J= 1.8, 17.6 Hz),
4.16 (3H, s), 6.75 (1H, s), 7.18 (1H, t, J= 1.8 Hz); "C NMR § 46.8, 62.0, 82.8, 107.1,
119.6, 137.4, 144.4, 163.2, 190.0. HRMS found m/z 334.8827, calcd for
C,H,”Br,NO;: M, 334.8797.

Anodic oxidation of 8 by flow-cell system:

Electrolysis of 8 (1 g, 2.5 mmol) using flow-cell (HX-201 Hokuto Denko, flow rate 2.4
mL/min) in MeCN (500 mL) containing nBu,NCIO, (10 g) [CPE: +5000 mV vs. SCE]
provided 9 (503 mg, 50%).
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2. Synthesis of aeroplysinins by new ring-opening access and
their biological evaluation

Reduction of 36:

To a solution of 36 (320 mg, 0.96 mmol) in CH,Cl, (5§ mL) was added Zn(BH,),
(ethereal solution, 2 mL) at room temperature; the reaction mixture was stirred for 10
min. After the addition of H,O (0.4 mL) and stirring for 20 min, MgSO, was added.
The resulting mixture was filtered, and the filtrate was evaporated. The residue was
chromatographed on a silica-gel column (hexane-EtOAc 5/1 to 3/1) to afford 39 (89 mg,
28%) and 40 (10 mg, 4%).

(H)-(55*%, 65%)-7,9-Dibromo-8-methoxy-1-oxa-2-aza-spiro[4.5]deca-2,7,9-trien-6-ol
(39): IR (film) 3357, 1581 cm™'; "H NMR & 2.78 (1H, dd, J= 1.6, 18.1 Hz), 3.73 (1H, dd,
J= 1.6, 18.1 Hz), 3.76 (3H, s), 4.39 (1H, s), 6.31 (1H, s), 7.17 (1H, t, J= 1.6 Hz); °C
NMR & 40.7, 60.1, 74.1, 88.5, 112.1, 120.5, 132.0, 146.4, 146.5. HRMS found m/z
336.8934, calcd for C;H,’Br,NO,: M, 336.8949.

(®)-(55*%, 6R*)-7,9-Dibromo-8-methoxy-1-oxa-2-aza-spiro[4.5]deca-2,7,9-trien-6-ol
(40): IR (film) 3398, 1577 cm™'; '"H NMR & 3.07 (1H, dd, J= 1.8, 18.3 Hz), 3.28 (1H, dd,
J= 1.8, 18.3 Hz), 3.76 (3H, s), 4.33 (1H, s) 6.34 (1H, s), 7.21 (1H, t, J= 1.8 Hz); °C
NMR 6§ 44.9, 60.1, 74.9, 85.2, 112.4, 121.1, 131.2, 146.6, 148.2. HRMS found m/z
338.8967, calcd for CoH,”Br*' BrNO,: M, 338.8930.

(H)-(55*%, 65%)-7,9-Dibromo-10-(zert-butyl-dimethyl-silanyloxy)-8-methoxy-1-oxa-2-
aza-spiro[4.5]deca-2,6,8-triene (41):

A solution of 39 (89 mg, 0.26 mmol), 2,6-lutidine (0.24 mL, 2.0 mmol) and TBSOTf
(0.24 mL, 1.0 mmol) in CH,Cl, (5 mL) was stirred at 0 °C. The reaction mixture was
diluted with H,O, and extracted with CHCI,. The organic layer was washed with brine,
dried (Na,SO,), and evaporated. The residue was chromatographed on a silica-gel
column (hexane-EtOAc 10/1) to afford 41 (84 mg, 90%) as a colorless oil: IR (film)
1577 em™; '"HNMR & 0.13 (3H, s), 0.18 (3H, s), 0.90 (9H, s), 2.68 (1H, dd, J= 1.5, 17.8
Hz), 3.68 (1H, dd, J= 1.8, 17.8 Hz), 3.71 (3H, s), 4.72 (1H, s), 6.38 (1H, s), 7.09 (1H,
dd, J= 1.5, 1.8 Hz); "C NMR 6 4.3, -3.9, 18.3, 26.0, 40.0, 59.7, 73.6, 88.7, 115.1,
118.0, 134.4, 146.0, 147.5. HRMS found m/z 372.0625, caled for C,sH,,”’BrNO,Si:
M-Br, 372.0629.
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()-2-[(65*,1R*)-3,5-Dibromo-1-hydroxy-4-methoxy-6-(1,1,2,2-tetramethyl-1-
silapropoxy)cyclohexa-2,4-dienyl]ethanenitrile (43):

Method A: A solution of 41 (16.6 mg, 0.037 mmol) and EtMgBr (0.1 mL, 1.0 M THF
solution) in THF (1 mL) was stirred at =78 °C for 4 h. The reaction mixture was
diluted with sat. ag. NH,Cl, and extracted with Et,0. The organic layer was washed
with brine, dried (Na,SO,), and evaporated. The residue was chromatographed on a
preparative TLC (hexane-EtOAc 2/1) to afford 43 (8.4 mg, 55%) as a colorless oil.

Method B: A solution of 41 (7.7 mg, 0.017 mmol) in Et;N-MeOH (1:1 0.6 mL) was
stirred at refluxing temperature for 1 h. The reaction mixture was diluted with H,O
and extracted with EtOAc. The organic layer was washed with brine, dried (Na,SO,)

and evaporated. The residue was chromatographed on a preparative TLC (hexane-
EtOAc 2/1) to afford 43(7.4 mg, 97%) as a colorless oil.

43: TR (film) 3433, 2260 cm™; '"H NMR § 0.21 (3H, s), 0.23 (3H, s), 0.92 (9H, s), 2.75
(2H, ), 3.75 (3H, s), 4.45 (1H, s), 6.36 (1H, s); *C NMR § 4.3, -3.7, 18.4, 25.2, 26.0,
59.8,75.2, 78.0, 113.5, 116.6, 120.6, 132.3, 148.1. HRMS found m/z 372.0648. calcd
for C,sH,;*BrNO,Si: M-Br, 372.0629.

(£)-Aeroplysinin-1 (4):

A solution of 43 (5.0 mg, 0.011 mmol) and TBAF (0.1 mL, 1.0 M THF solution) in THF
(0.3 mL) was stirred at 0 °C for 1 h. The mixture was diluted with H,O, and extracted
with EtOAc. The organic layer was washed with brine, dried (Na,SO,) and evaporated.
The residue was chromatographed on a preparative TLC (hexane-EtOAc 1/1) to afford
aeroplysinin-1 (4) (4.2 mg, 84%) as a colorless oil: IR (film) 3390, 2260 cm™; '"H NMR
(CD,CN) & 2.71 (2H, s), 3.65 (3H, s), 4.03 (1H, d, /= 7.8 Hz), 4.22 (1H, d, J= 7.8 Hz),
4.29 (1H, s), 6.29 (1H, s); °C NMR (CD,CN) & 26.6, 60.4, 74.4, 78.3, 113.5, 118.2,
120.9, 133.3, 148.4. HRMS found m/z 336.8938, calcd for CyH,”Br,NO;: M,
336.8949.

(£)-Methyl (108*,5R*)-7,9-dibromo-8-methoxy-10-(1,1,2,2,-tetramethyl-1-
silapropoxy)-4-oxa-3-azaspiro[4.5]deca-2,6,8-triene-2-carboxylate (45):
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A solution of 10 (350 mg, 0.88 mmol), 2,6-lutidine (1.0 mL, 8.8 mmol) and TBSOTf
(1.0 mL, 4.4 mmol) in CH,CI, (5 mL) was stirred at 0 °C overnight. The reaction
mixture was diluted with H,O, and extracted with CHCl;. The organic layer was
washed with brine, dried (Na,SO,), and evaporated. The residue was chromatographed
on a silica-gel column (hexane-EtOAc 10/1) to afford 45 (585 mg, quant.) as a colorless
oil: IR (film) 2954, 1728, 1597, 1255 cm™; '"H NMR 8 0.09 (3H, s), 0.16 (3H, s), 0.86
(9H, s), 2.85 (1H, d, J= 18.1 Hz), 3.69 (3H, s), 3.85 (3H, s), 3.87 (1H, d, J= 18.1 Hz),
4.77 (1H, s), 6.41 (1H, s); "C NMR § -4.3,-3.9, 18.3,25.9, 37.7, 52.9, 59.8, 73.4, 94.1,
115.3, 118.6, 133.1, 147.5, 151.3, 160.3. HRMS found m/z 430.0626, calcd for
C,,H,5”BrNO;Si: M-Br, 430.0684.

()-(108*,5R*)-7,9-Dibromo-8-methoxy-10-(1,1,2,2,-tetramethyl-1-silapropoxy)-4-
oxa-3-azaspiro[4.5]deca-2,6,8-triene-2-carboxylic acid (46):

To a solution of 10 (20 mg, 0.038 mmol) in MeOH (0.5 mL) was added 6M NaOH (3
drops) at room temperature; the reaction mixture was stirred for 30 min. The mixture
was neutralized with 1M HCI and extracted with EtOAc. The organic layer was
washed with brine, dried (Na,SO,), and evaporated to afford 46 (20 mg, quant.) as a
colorless oil: IR (film) 3440, 1724 cm™; '"H NMR § 0.12 (3H, s), 0.19 (3H, s), 0.90 (9H,
s), 2.89 (1H, d, J= 18.5 Hz), 3.71 (3H, s), 3.90 (1H, d, J= 18.5 Hz), 4.81 (1H, s), 6.44
(1H, s); "C NMR & -4.3, -3.9, 18.3, 25.9, 37.1, 59.8, 73.4, 95.1, 115.2, 118.9, 132.7,
147.6, 151.2, 162.4. HRMS found m/z 496.9689, calcd for C,H,,”Br*'BrNO,Si: M,
496.9691.

Synthesis of (+)-aeroplysinin-1 (4) by decarboxylation:
A solution of 46 (2.7 mg, 5.4 wmol) in DMF (0.5 mL) was stirred at 60 °C for 2 h. The

reaction mixture was evaporated to afford 4 (2.3 mg, 93%) as a colorless oil

(£)-2-((15%*,25%)-3,5-dibromo-1,2-dihydroxy-4-methoxycyclohexa-3,5-
dienyl)acetamide (47):

A solution of 4 (175 mg, 0.55 mmol), K,CO; (200 mg, 1.5 mmol) and 35% H,0, (1.5
mL) in DMSO (5 mL) was stirred at room temperature for 3 h, the reaction mixture was

diluted with H,O and extracted with EtOAc. The organic layer was washed with brine,
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dried (Na,SO,) and evaporated. The residue was chromatographed on a silica-gel
column (hexane-EtOAc 1/1 to EtOAc) to afford 47 (154 mg, 83%): mp 143-145 °C
(needles, EtOAc-hexane); IR (film) 3435, 1641 cm™; '"H NMR (CD,0D) 6 2.46 (1H, d,
J=14.6 Hz), 2.54 (1H, d, J= 14.6 Hz), 3.61 (3H, s), 4.05 (1H, d, J/= 1.0 Hz), 6.31 (1H, d,
J= 1.0 Hz); "C NMR (CD,0D) & 41.9, 60.1, 75.7, 79.2, 114.0, 120.0, 135.0, 148.8,
175.9. HRMS found m/z 354.9050, calcd for C,H,,””Br,NO,: M, 354.9055. Analysis
calcd. for C,H,,Br,NO,: C: 30.28, H: 3.11, N: 3.92; found: C: 30.06, H: 3.28, N: 3.57.

(£)-aeroplysinin 2 (5):

A mixture of 47 (70 mg, 0.2 mmol) and CuCl,*2H,0 (38 mg, 0.2 mmol) in THF (2 mL)
was stirred at 40 °C for 6 h. The reaction mixture was diluted with H,O and extracted
with EtOAc. The organic layer was washed with brine, dried (Na,SO,) and evaporated.
The residue was chromatographed on a silica-gel column (hexane-EtOAc 3/1t 1/1) to
afford 5 (54 mg, 80%): mp 105-106 °C (needles, hexane-EtOAc); IR (film) 3408, 1774
cm™; 'TH NMR & 2.50 (1H, br), 2.87 (1H, d, J= 17.6 Hz), 2.98 (1H, d, J= 17.6 Hz), 3.81
(BH, s), 5.18 (1H, s), 6.37 (1H, s); "C NMR 8 42.1, 60.5, 75.6, 88.1, 105.8, 119.8, 132.1,
149.5, 172.1. HRMS found m/z 337.8793, caled for C,H,”Br,0,; M, 337.8790.
Analysis calcd. for C,H¢Br,0,: calcd: C: 31.80, H: 2.37; found: C: 32.02, H: 2.42.

Bioassay”:

Antimicrobial activity against 15 species of microorganisms was measured by the agar
diffusion method using paper disks (i.d. 6 mm, ADVANTEC). The microorganisms
were as follows; Bacillus subtilis PCI 219, Staphylococcus aureus FDA 209P,
methicillin-resistant S. aureus K-24 (a clinical isolate, MRSA), Micrococcus luteus PCI
1001, Mycobacterium smegmatis ATCC 607, Escherichia coli NIHI], Pseudomonas
aeruginosa P-3, Xanthomonas campestris pv. oryzae KB 88, Bacteroides fragilis ATCC
23745, Acholeplasma laidlawii PG 8, Pyricularia oryzae KF 180, Aspergillus niger
ATCC 6275, Mucor racemosus IFO 4581, Candida albicans ATCC 64548 and
Saccharomyces cerevisiae. Media for microorganisms were as follows: GAM agar
(Nissui Seiyaku Co.) for B. fragilis; Bacto PPLO agar (Difco) supplemented with 15%
horse serum, 0.1% glucose, 0.25% phenol red (5 mg/mL) and 1.5% agar for 4.
laidlawii; Mueller- Hinton broth (Difico) and 1.5% agar (Shimizu Shokuhin Co.) for
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MRSA; Taiyo agar (Shimizu Syokuhin Kaisya Ltd.) for the other bacteria; a medium
composed of 1.0% yeast extract, and 0.8% agar for fungi and yeasts. A paper disk
containing 10 ug of a sample was placed on an agar plate. Bacteria except X. oryzae
were incubated at 37 °C for 24 hours. Yeasts and X. oryzae were incubated at 27 °C
for 24 hours. Fungi were incubated at 27 °C for 48 hours. Antimicrobial activity was
expressed as diameter (mm) of the inhibitory zone. MRSA (2.0 x 10 7 CFU)
was spread on the HMA medium in a plastic plate (10 x 14 cm, Eikiken Kizai Co)
containing Mueller-Hinton broth and 1.5% agar plate with or without imipenem at 10
ug/mL (HMA+IMP plate or HMA plate, respectively), which concentration has no
effect on MRSA growth. Paper disks (Advantec) containing a sample (10 ng) were
placed on the HMA+IMP and HMA plate, and incubated at 37 °C for 20 hours. Anti-
MRSA activity was expressed as diameter (mm) of the inhibitory zone on the plates.
If the sample potentiates the imipenem activity, larger inhibitory zone is observed on
the HMA-+IMP plate than on the HMA plate.
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3. Synthesis, revised structure and biological evaluation of
calafianin

Reduction of 9:

Method A: To a solution of 9 (900 mg, 2.3 mmol) in CH,Cl, (5§ mL) was added
Zn(BH,), (ethereal solution, 4 mL) at room temperature; the mixture was stirred for 10
min. After the addition of H,O (0.4 mL) and stirring for 20 min, MgSO, was added.
The resulting mixture was filtered, and the filtrate was evaporated. The residue was
chromatographed on a silica-gel column (hexane-EtOAc 5/1 to 3/1) to afford 10 (367
mg, 41%) and 17 (354 mg, 39%).

Method B: A solution of 9 (1.3 g, 3.2 mmol) and NaBH, (60 mg, 1.6 mmol) in CH,Cl,-
MeOH (3:1 40 mL) was stirred at room temperature for 10 min.  After the addition of
H,O (0.6 mL) and stirring for 30 min, MgSO, was added. The resulting mixture was
filtered, and the filtrate was evaporated. The residue was chromatographed on a silica-
gel column (hexane-EtOAc 5/1 to 2/1) to afford 17 (950 mg, 74%).

Method C: A solution of 9 (2.2 g, 5.5 mmol), CeCl;*7H,0 (3 g, 8.3 mmol) and NaBH,
(100 mg, 2.8 mmol) in CH,Cl,-MeOH (1:1 50 mL) was stirred at room temperature for
10 min.  After the addition of H,O (0.5 mL) and stirring for 30 min, MgSO, was added.
The resulting mixture was filtered, and the filtrate was evaporated. The residue was
chromatographed on a silica-gel column (hexane-EtOAc 5/1 to 2/1) to afford 10 (1.07 g,
49%) and 17 (1.03 g, 47%).

(£)-Methyl (65*,10S*,11R*)-8-bromo-7-0xo0-12-oxaspiro[4,5-dihydroisoxazole-5,5’-
bicyclo[4.1.0]heptane]-8-ene-3-carboxylate (49):

A solution of 17 (680 mg, 1.7 mmol) in AcOH (20 mL) was stirred at refluxing
temperature for 6 h. After evaporation, the mixture was submitted to the next step
without further purification.

A mixture of the crude and DBU (0.4 mL) in CH,Cl, (20 mL) was stirred for 1 h; the
mixture was diluted with H,O, and extracted with CHCl,. The organic layer was

washed with brine, dried (Na,SO,), and evaporated. The crude oil was
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chromatographed on a silica-gel column (hexane-Et,O 1/1) to give 49 (166 mg, 32%), 8
(224 mg, 32%) and 51 (52 mg, 8%)).

49: mp 159-160 °C (needles, EtOAc-hexane); IR (KBr) 1705, 1603 cm™; '"H NMR §
3.41 (1H, d, J= 17.5 Hz), 3.45 (1H, d, J= 17.5 Hz), 3.74 (1H, d, J= 3.6 Hz), 3.83 (1H,
dd, J= 2.6, 3.6 Hz), 3.93 (3H, s), 6.99 (1H, d, J= 2.6 Hz); "C NMR & 43.0, 51.5, 53.2,
54.9, 86.6, 121.0, 141.9, 150.5, 159.5, 185.2. HRMS found m/z 300.9580, calcd for
C,Hy”BrNOs: M, 300.9585.  Analysis caled. for C,;H{BrNOs: calcd: C: 39.76, H: 2.67,
N: 4.64; found: C: 39.47, H: 2.71, N: 4.50.

Synthesis of Calafianin (proposed structure) (6):

A solution of 49 (78 mg, 0.26 mmol) and 1M KOH (0.5 mL) in 1,4-dioxane-H,O (5:2
5.6 mL) was stirred at 0 °C for 1 h. After treated with Amberlite IR-120B (H"), the
mixture was filtered and evaporated to afford 52 (77 mg, quant.) as a colorless solid: 'H
NMR (CD;0D) 6 3.38 (1H, d, J= 18.0 Hz), 3.49 (1H, d, J= 18.0 Hz), 3.68 (1H, d, J=
4.0 Hz), 3.93 (1H, dd, J= 2.4, 4.0 Hz), 7.16 (1H, d, J= 2.4 Hz); "C NMR (CD,0D) 6
45.3,53.1, 56.6, 86.9, 121.1, 145.4, 157.3, 164.8, 187.2.

A mixture of 52 (77 mg, 0.26 mmol) and pivaloyl chloride (32 uL, 0.26 mmol) in
CH,Cl, (4 mL) and pyridine (1.6 mL) was stirred at —10 °C for 10 min, and then 1,4-
diaminobutane (13 uL, 0.13 mmol) was added. After being stirred further 1 h, the
mixture was diluted with H,O, and extracted with EtOAc. The organic layer was
washed with brine, dried (Na,SO,), and evaporated. The residue was purified by
preparative TLC (hexane-acetone 1/ 1) to give 6 (33 mg, 41%) as a colorless solid: IR
(KBr) 3375, 1703, 1666 cm™; '"H NMR (DMSO-d,) 6 1.52 (4H, br), 3.19 (4H, br), 3.41
(2H, d, J= 18.4 Hz), 3.56 (2H, d, J= 18.4 Hz), 3.81 (2H, d, J= 4.0 Hz), 4.12 (2H, d, J=
2.8, 4.0 Hz), 7.29 (2H, d, J= 2.8 Hz), 8.61 (2H, t, J= 6.0 Hz); "C NMR (DMSO-d,)
026.3, 38.5, 43.3, 51.8, 55.0, 85.4, 119.7, 144.2, 154.6, 159.7, 185.8. HRMS m/z
629.9620, calcd for C,,H,,*' Br,N,O;: M, 629.9614.

(£)-Methyl (6R*,105*,115%*)-8-bromo-7-0xo0-12-oxaspiro[4,5-dihydroisoxazole-5,5’-
bicyclo[4.1.0]heptane]-8-ene-3-carboxylate (55):

A solution of 10 (331 mg, 0.83 mmol) in AcOH (10 mL) was stirred at refluxing
temperature for 4 h. After concentration of the mixture, the residue was diluted with

CH,CI, (10 mL), and then DBU (0.4 mL) was added at room temperature. After being
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stirred for 1 h, the mixture was diluted with H,O, and extracted with CHCI,. The
organic layer was washed with brine, dried (Na,SO,), and evaporated. The residue
was purified by silica-gel column chromatography (hexane-EtOAc 4/1) to afford 55
(165 mg, 66%): mp 156-158 °C (needles, EtOAc-hexane); IR (KBr) 1708, 1608 cm;
'H NMR & 3.43 (1H, d, J= 17.6 Hz), 3.74 (1H, d, J= 17.6 Hz), 3.78 (1H, d, J= 3.4 Hz),
3.80 (1H, dd, J= 2.4, 3.4 Hz), 3.95 (3H, s), 6.93 (1H, d, J= 2.4 Hz); "C NMR  43.7,
53.28, 53.29, 57.0, 85.2, 125.1, 140.8, 151.2, 159.6, 184.3. HRMS: m/z 300.9575,
caled for C,,H;”BrNO,: M, 300.9585. Analysis calcd. for C,,H;BrNO;: calcd: C:
39.76, H: 2.67, N: 4.64; found: C: 39.57, H: 2.90, N: 4.42.

Synthesis of Calafianin (revised structure) (11):

Method A: Hydrolysis of 85 (98 mg, 0.33 mmol) in 1,4-dioxane (5 mL), H,O (2 mL)
and 1M KOH (0.6 mL) was undertaken by essentialy the same procedure as in the case
of 52 gave 56 (97 mg, quant.) as a colorless solid: 'H NMR (CD,0OD) § 3.48 (1H, d, J=
18.0 Hz), 3.66 (1H, d, J= 18.0 Hz), 3.74 (1H, d, J= 3.6 Hz), 3.93 (1H, dd, J= 2.4, 3.6
Hz), 7.22 (1H, d, J= 2.4 Hz); "C NMR (CD,OD) & 46.0, 54.5, 57.4, 85.3, 124.4, 144.6,
157.1, 165.0, 187.1.

Condensation of 56 (97 mg, 0.33 mmol) with 1,4-diaminobutane (16 uL, 0.17 mmol) as
in the case of 6 afforded 11 (40 mg, 39%) as a colorless solid: IR (KBr) 3410, 1701,
1670 cm™; 'H NMR (DMSO-d,) 6 1.48 (4H, br), 3.20 (4H, br), 3.60 (2H, d, J= 18.0 Hz),
3.67 (2H, d, J= 18.0 Hz), 3.92 (2H, d, J= 3.6 Hz), 4.12 (2H, dd, J= 2.4, 4.0 Hz), 7.48
(2H, d, J= 2.4 Hz), 8.64 (2H, t, J= 6.0 Hz); "C NMR (DMSO-d,) § 26.3, 38.5, 43.3,
52.9, 56.8, 83.9, 122.7, 143.7, 154.8, 158.2, 185.9. HRMS m/z 650.9520, calcd for
C,,H,,”Br*'BrN,O¢Na: M+Na, 650.9527.

Method B: A solution of aerothionin (1) (55 mg, 0.068 mmol) and MsOH (0.5 mL) in
CH,CI, (1 mL) was stirred at 0 °C for 1 h. The reaction mixture was diluted with H,O,
and extracted with CHCl,. The organic layer was washed with brine, dried (Na,SO,),
and evaporated. The residue was diluted with CH,Cl, (1 mL), and then DBU (0.1 mL)
was added at room temperature. After being stirred for 1 h, the mixture was diluted
with H,0, and extracted with CHCI;. The organic layer was washed with brine, dried

(Na,S0O,), and evaporated. The residue was chromatographed on a silica-gel column
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toluene-acetone 2/1) to afford 11 (4 mg, 11%).
( ) (4 mg, )

-87-



4. Asymmetric synthesis of aerothionin employing optically
active spiroisoxazoline derivative

Esterification of 10:

A solution of 10 (126 mg, 0.32 mmol) and (—)-camphanic chloride (100 mg, 0.48 mmol)
in pyridine-CH,Cl, (1:9 3 mL) was stirred at 0 °C for 10 min. The reaction mixture
was diluted with H,O and extracted with EtOAc. The organic layer was washed with
brine, dried (Na,SO,) and evaporated. The residue was chromatographed on a silica-
gel column (hexane-EtOAc 2/1) to afford 12 (85 mg, 47%) and 13 (83 mg, 46%).

12: IR (film) 1795, 1749 ecm™; '"H NMR 8 0.97 (3H, s), 1.09 (3H, s), 1.11 (3H, s), 1.71
(1H, m), 1.93 (1H, m), 2.11 (1H, m), 2.38 (1H, m), 3.03 (1H, d, J= 18.0 Hz), 3.67 (1H,
d, J= 18.0 Hz), 3.78 (3H, s), 3.91 (3H, s), 6.12 (1H, s), 6.42 (1H, s); "C NMR 8 9.7,
16.6, 16.8, 29.0, 31.3, 39.2, 53.2, 54.5, 54.8, 60.2, 60.3, 74.3, 90.9, 107.2, 120.7, 130.8,
149.8, 151.5, 159.8, 166.3, 177.5. HRMS found m/z 574.9778, calcd for
C,,H,;”Br,NOg: M, 574.9790.

13: IR (film) 1792, 1747 cm™; '"H NMR 6 1.02 (3H, s), 1.05 (3H, s), 1.12 (3H, s), 1.68
(1H, m), 1.93 (1H, m), 2.06 (1H, m), 2.45 (1H, m), 3.06 (1H, d, J= 18.5 Hz), 3.60 (1H,
d, J= 18.5 Hz), 3.78 (3H, s), 3.91 (3H, s), 6.07 (1H, s), 6.40 (1H, s); C NMR (100
MHz) 6 9.7, 16.6, 16.9, 29.0, 31.0, 39.5, 53.1, 54.6, 55.0, 60.2, 60.3, 74.7, 90.8, 106.8,
121.2, 130.6, 150.1, 151.6, 160.0, 166.5, 177.8. HRMS found m/z 574.9780, calcd for
C,,H,;”Br,NO;: M, 574.9790.

Synthesis of (-)-10:

A solution of 12 (40 mg, 0.07 mmol) and K,CO; (19 mg, 0.14 mmol) in MeOH (2 mL)
was stirred at O °C for 10 min. The reaction mixture was diluted with sat. aq. NH,Cl
and extracted with EtOAc. The organic layer was washed with brine, dried (Na,SO,)
and evaporated. The residue was chromatographed on a silica-gel column (hexane-
EtOAc 2/1) to afford (-)-10 (25 mg, 90%) as a colorless oil: [a]*°, —210° (¢ 0.1,

benzene).

Synthesis of (+)-10:
A solution of 13 (31 mg, 0.05 mmol) and K,CO; (14 mg, 0.1 mmol) in MeOH (2 mL)
was stirred for 10 min at O °C in the same way as the case of (-)-10 to afford (+)-10 (18

- 88 -



mg, 91%) as a colorless oil: [a]*’, +217° (¢ 0.1, benzene).

Synthesis of 9R:

A solution of (-)-10 (4 mg, 0.01 mmol) and DMP (10 mg, 0.02 mmol) in CH,Cl, (0.5
mL) was stirred at O °C for 10 min. The reaction mixture was diluted with H,O and
extracted with EtOAc. The organic layer was washed with brine, dried (Na,SO,) and
evaporated. The residue was chromatographed on preparative TLC (hexane-EtOAc
2/1) to afford 9R (3 mg, 75%) as a colorless oil.

Synthesis of 95
A solution of (+)-10 (4 mg, 0.01 mmol) and DMP (10 mg, 0.02 mmol) in CH,Cl, (0.5
mL) was stirred at 0 °C for 10 min in the same way as the case of 9R to afford 9S(3 mg,

75%) as a colorless oil.

Optical analysis of 9 by HPLC:

Column: CHIRALPAK AD-H (DAICEL, 4.6 X250 mm)
HPLC pump: TRI ROTAR-V (JASCO)

Eluent: 100% EtOH

Flow rate: 5 mL/min

HPLC UV spectrophotometer: UVIDEC-100-V (JASCO)
Detection: UV 280 nm

Chart recorder: RC-228 (JASCO)
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5. Synthetic studies on zamamistatin

5-{4-[3,5-Dibromo-4-methoxy-2-(phenylmethoxy)phenyl]but-2-enyl}-1,3-dibromo-
2-methoxy-4-(phenylmethoxy)benzene (63):

A mixture of 32 (20.1 g, 0.049 mol) and Grubbs cat. (400 mg, 1 mol%) in CH,Cl, (70
mL) was stirred at refluxing temperature for 20 h. The reaction mixture was exposed
air for 2 h and evaporated. The residue was chromatographed on a silica-gel column
(hexane-EtOAc 15/1) to afford 63 (18.0 g, 93%) as a colorless oil: IR (film) 2937, 1464
cm’; 'TH NMR 6 3.29 (2H, d, J= 5.1 Hz), 3.88 (3H, s), 4.91 (2H, s), 5.49 (0.6H, m), 5.59
(0.4H, m), 7.33- 7.46 (12H, m); "C NMR § 27.5, 32.8, 60.6, 60.6, 75.0, 112.8, 112.8,
114.4,114.5, 127.9, 128.0, 128.2, 128.3, 128.4, 128.5, 128.6, 129.8, 132.1, 132.5, 132.5,
132.5, 136.2, 136.3, 153.3, 153.3,153.9, 153.9. HRMS found m/z 712.9506, calcd for
C;,H,¢”’Br;0,: M-Br, 712.9537.

1,4-bis[3,5-Dibromo-4-methoxy-2-(phenylmethoxy)phenyl]butane-2,3-diol (64):

A mixture of 63 (18.0 g, 22.6 mmol), NMO (3.9 g, 33.9 mmol) and OsO, (0.04 M
tBuOH solution, 5 mL) in acetone-H,O (10:1 330 mL) was stirred at room temperature
overnight. After treatment with sat. aq. Na,SO; for 1 h, the mixture was diluted with
H,O and extracted with Et,0. The organic layer was washed with 1M HCI, H,O, sat.
aq. NaHCO,, and brine, dried (Na,SO,), and evaporated. @ The residue was
chromatographed on a silica-gel column (hexane-EtOAc 2/1) to afford 64 (19.0 g, 99%)
as a colorless oil: IR (film) 3504, 2938, 1467 cm™; '"H NMR § 2.39- 2.70 (4H, m), 3.51
(2H, m), 3.89 (3.75H, s), 3.90 (2.25H, s), 4.94 (2.5H, s), 4.96 (1.5H, s), 7.34- 7.44 (12H,
m); "C NMR § 32.9, 34.6, 60.6, 73.4, 74.4, 75.3, 75.4, 113.0, 114.3, 114.3, 128.1, 128.3,
128.5, 128.5, 128.5, 130.6, 130.8, 133.5, 133.7, 135.8, 135.9, 153.6, 153.6, 154.3, 154.3.
HRMS found m/z 808.8752, calcd for C;,H,,”’Br,NO;: M-OH, 808.8749.

1,4-bis[3,5-Dibromo-4-methoxy-2-(phenylmethoxy)phenyl]-3-(1,1,2,2-tetramethyl-
1-silapropoxy)butan-2-ol (65):

A solution of 64 (35 mg, 0.021 mmol), imidazole (29 mg, 0.43 mmol) and TBSCI (32
mg, 0.21 mmol) in DMF (1 mL) was stirred at 0 °C for 7 h. The reaction mixture was
diluted with H,O and extracted with EtOAc. The organic layer was washed with brine,

dried (Na,SO,) and evaporated. The residue was chromatographed on a silica-gel
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chromatography (hexane-EtOAc 4/1) to afford 65 (35 mg, 87%) as a colorless oil: IR
(film) 3533, 2935, 1466 cm™; '"H NMR § —0.35 (3H, s), —0.11 (3H, s), 0.82 (9H, s),
2.30- 2.86 (4H, m), 3.54 (1H, m), 3.77 (1H, m), 3.87 (3H, s), 3.89 (3H, s), 4.84- 4.99
(4H, m), 7.30- 7.48 (12H, m); "C NMR & -5.5, 4.9, 4.8, 4.5, 17.9, 18.1, 25.8, 25.9,
32.0, 33.1, 34.1, 34.2, 60.6, 60.7, 73.4, 74.7, 74.8, 74.9, 75.2, 75.2, 75.6, 112.5, 112.7,
112.8, 114.3, 114.4, 127.9, 128.0, 128.2, 128.3, 128.3, 128.4, 128.5, 128.5, 130.8, 131.2,
131.6, 133.2, 133.3, 134.3, 134.7, 136.1, 136.2, 136.3, 153.4, 153.7, 154.4, 154.5, 154.6,
154.7. HRMS found m/z 848.9094, calcd for C;,H,,”"Br,0,Si: M-Bn, 848.9095.

1,4-bis[3,5-dibromo-4-methoxy-2-(phenylmethoxy)phenyl]-3-(1,1,2,2-tetramethyl-
1-silapropoxy)butan-2-one (66):

A solution of 65 (3.5 g, 3.6 mmol) and DMP (3.0 g, 7.2 mmol) in CH,Cl,-pyridine (6:1
35 mL) was stirred at 0 °C for 15 min. The reaction mixture was diluted with H,O and
extracted with CHCI;. The organic layer was washed with brine, dried (Na,SO,) and
evaporated. The residue was recrystallized from EtOAc-MeOH to afford 66 (3.5 g,
quant.): IR (KBr) 2937, 1734, 1466 cm™; '"H NMR & —0.56 (3H, s), —0.27 (3H, s), 0.71
(9H, s), 2.37 (1H, dd, J= 9.7, 13.8 Hz), 2.82 (1H, dd, J= 3.5, 13.8 Hz), 3.50 (1H, d, J=
18.0 Hz), 3.77 (3H, s), 3.80 (3H, s), 3.84 (1H, d, J= 18.0 Hz), 4.17 (1H, dd, J= 3.5, 9.7
Hz), 4.74 2H, t, J= 11.2 Hz), 4.95 (2H, d, J= 10.7 Hz), 7.14-7.44 (12H, complex); °C
NMR 6 -5.8, -5.1, 18.0, 25.7, 35.8, 39.2, 60.7, 75.1, 75.4, 76.5, 77.0, 77.5, 78.1, 112.4,
112.8, 114.2, 114.4, 126.8, 127.8, 128.3, 128.5, 129.6, 133.9, 134.6, 136.0, 136.3, 154.1,
154.6, 154.7, 208.6.

1,4-bis[3,5-dibromo-4-methoxy-2-(phenylmethoxy)phenyl]-3-hydroxybutan-2-one
(67):

A solution of 66 (2.00 g, 2.10 mmol) and TBAF (1.0 M THF solution, 4.0 mL) in THF
(20 mL) was stirred at 0 °C for 40 min. The reaction mixture was diluted with H,O
and extracted with EtOAc. The organic layer was washed with brine, dried (Na,SO,)
and evaporated. The residue was chromatographed on a silica-gel column (hexane-
EtOAc 3/1) to afford 67 (1.86 g, quant.) as a colorless solid: IR (KBr) 3481, 2941, 1720,
1466 cm™; '"H NMR 6 2.59 (1H, dd, J= 7.9, 14.5 Hz), 2.90 (1H, dd, J= 3.8, 14.5 Hz),
3.48 (1H, d, /= 17.5 Hz), 3.58 (1H, d, J= 17.5 Hz), 3.91 (3H, s), 4.20 (1H, m), 4.85 (1H,
d, J=10.5 Hz), 4.92 (1H, d, J= 10.5 Hz), 4.98 (2H, s), 7.15 (1H, s), 7.35- 7.47 (11H, m);
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3C NMR § 25.6, 34.1, 39.4, 60.6, 60.6, 75.2, 75.5, 112.7, 112.9, 114.1, 114.2, 126.0,
127.8, 127.9, 128.3, 128.5, 128.5, 128.6, 128.6, 128.8, 131.7, 133.2, 133.6, 133.8, 136.0,
136.1, 141.6, 154.1, 154.3, 154.3, 154.6,207.7. HRMS found m/z 822.8536, caled for
C,,H,,Br,0,: M-H, 822.8541.

1,4-bis[3,5-dibromo-4-methoxy-2-(phenylmethoxy)phenyl]-3-
[(phenylmethoxy)amino]butan-2-ol (68):

A solution of 67 (497 mg, 0.60 mmol) and NH,OBn*HCI (600 mg, 3.60 mmol) in EtOH
(10 mL) was stirred at room temperature overnight. The reaction mixture was diluted
with H,O and extracted with EtOAc. The organic layer was washed with brine, dried
(Na,S0O,) and evaporated. The mixture was submitted to the next step without further
purification.

A mixture of the crude and NaBH,CN (520 mg, 7.20 mmol) in EtOH-TFA (1:1 24 mL)
was stirred at room temperature overnight. The reaction mixture was neutralized with
6M NaOH, diluted with H,O and extracted with EtOAc. The organic layer was
washed with brine, dried (Na,SO,) and evaporated. The residue was chromatographed
on a silica-gel column (hexane-EtOAc 4/1) to afford 68 (475 mg, 85%) as a colorless
oil: IR (film) 3511, 2938 cm™; 'H NMR § 2.50-3.00 (5H, m), 3.85-3.95 (7H, m), 4.50-
5.00 (6H, m), 7.20-7.45 (17H, m). HRMS found m/z 853.8925, calcd for
C;;H;,””Br,NO,: M-Ph, 853.8952.

1,4-bis[3,5-dibromo-4-methoxy-2-(phenylmethoxy)phenyl]-3-
[(phenylmethoxy)amino]butan-2-one (69):

A solution of 68 (414 mg, 0.44 mmol), iPr,NEt (1 mL, 5.7 mmol) and SO,*py (560 mg,
3.52 mmol) in CH,CL,-DMSO (1:1 40 mL) was stirred at room temperature for 30 min.
The reaction mixture was diluted with H,O and extracted with CHCl,. The organic
layer was washed with brine, dried (Na,SO,) and evaporated. The residue was
chromatographed on a silica-gel column (hexane-EtOAc 9/1) to afford 69 (289 mg,
70 %) as a colorless oil: IR (film) 2926, 1727, 1466 cm™; 'H NMR & 2.55 (1H, dd, J=
8.9, 14.5 Hz), 2.75 (1H, dd, J= 5.3, 14.5 Hz), 3.53 (1H, d, J= 17.6 Hz), 3.66 (1H, d, J=
17.6 Hz), 3.90 (3H, s), 3.91 (1H, m), 4.45 (1H, d, /= 12.2 Hz), 4.52 (1H, d, J= 12.2 Hz),
4.83 (2H, s), 4.85 (1H, d, J= 10.5 Hz), 4.93 (1H, d, J= 10.5 Hz), 7.10- 7.42 (17H, m);
"C NMR 6 29.3, 42.0, 60.6, 60.7, 68.2, 75.2, 75.3, 76.0, 112.9, 114.4, 114.5, 126.6,
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128.0, 128.1, 128.2, 128.3, 128.4, 128.5, 128.6, 128.7, 129.9, 133.7, 133.9, 136.1, 136.4,
137.2, 1154.2, 154.3, 154.6, 154.7, 207.7.

(3-[3,5-Dibromo-4-methoxy-2-(phenylmethoxy)phenyl]-1-{[3,5-dibromo-4-
methoxy-2-(phenylmethoxy)phenyl]methyl}-2-
(hydroxyimino)propyl)(phenylmethoxy)amine (70):

A solution of 69 (345 mg, 0.37 mmol) and NH,OH*HCI (257 mg, 3.7 mmol) in
pyridine-EtOH (1:1 10 mL) at room temperature overnight. The reaction mixture was
diluted with H,O and extracted with EtOAc. The organic layer was washed with brine,
dried (Na,SO,) and evaporated. The residue was chromatographed on a silica-gel
column (hexane-EtOAc 6/1) to afford 70 (300 mg, 86%) as a colorless oil: IR (film)
3263, 2939, 1466 cm™; '"H NMR § 2.73 (2H, m), 3.30- 3.87 (9H, m), 4.40 (2H, m),
4.90- 4.98 (4H, m), 7.06- 7.40 (17H, m).

Debenzylation of 70:

A solution of 70 (14 mg, 0.014 mmol) in MsOH-CHCI, (1:5 0.4 mL) was stirred at 0 "C
for 1 h. The reaction mixture was diluted with H,O and extracted with CHCIl,. The
organic layer was washed with brine, dried (Na,SO,) and evaporated. The residue was
chromatographed on a preparative TLC (CHCI;-MeOH 20/1) to afford 72 (9 mg, 79%)
as a colorless oil: IR (film) 3497, 3231, 1466 cm™'; 'H NMR § 2.60- 2.95 (2H, m), 3.67-
3.86 (9H, m), 4.73 (2H, m), 7.00- 7.39 (7H, m).

1,4-bis|3,5-dibromo-4-methoxy-2-(phenylmethoxy)phenyl]-3-[(1,1,2,2-tetramethyl-
1-silapropoxy)amino]butan-2-ol (73):

A solution of 67 (183 mg, 0.67 mmol) and NH,OH*HCI (466 mg, 6.7 mmol) in
pyridine-EtOH (1:1 2 mL) was stirred at room temperature under for 9 h. The reaction
mixture was diluted with H,O and extracted with CHCIl;. The organic layer was
washed with brine, dried (Na,SO,) and evaporated. The mixture was submitted to the
next step without further purification.

A mixture of the crude and NaBH,CN (208 mg, 3.3 mmol) in EtOH-TFA (1:1 4 mL)
was stirred at room temperature for 20 min. The reaction mixture was neutralized with
6M NaOH, diluted with H,O and extracted with Et,0. The organic layer was washed

with brine, dried (Na,SO,), and evaporated. The mixture was submitted to the next
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step without further purification.

A solution of the crude, imidazole (126 mg, 1.92 mmol) and TBSCI (65 mg, 0.43 mmol)
in DMF (1 mL) was stirred at 0 °C for 1 h. The reaction mixture was diluted with H,O
and extracted with EtOAc. The organic layer was washed with brine, dried (Na,SO,),
and evaporated. The residue was chromatographed on a silica-gel column (hexane-
EtOAc 8/1) to afford 73 (150 mg, 70%) as a colorless oil:

73a: IR (film) 3496, 1468 cm™; '"H NMR & —0.08 (3H, s), —0.06 (3H, s), 0.78 (9H, s),
2.58-2.72 (5H, m), 3.08 (1H, m), 3.61 (1H, m), 3.80 (3H, s), 3.81 (3H, s), 4.77 (1H, d,
J=10.7 Hz), 4.84 (2H, s), 4.92 (1H, d, J= 10.7 Hz), 5.25 (1H, br), 7.20-7.35 (12H, m);
"C NMR & -5.5,-3.3, 17.9, 25.7, 26.2, 29.7, 35.1, 60.6, 65.6, 72.4, 75.1, 75.3, 112.7,
112.8, 114.2, 114.3, 128.0, 128.1, 128.2, 128.4, 128.4, 128.5, 131.2, 131.4, 133.5, 133.8,
136.1, 136.3, 153.4, 153.6, 154.4, 154.6.

73b: IR (film) 3497, 1467 cm™; '"H NMR & -0.16 (3H, s), —0.12 (3H, s), 0.73 (9H, s),
2.45-2.65 (SH, m), 2.81 (1H, m), 3.80 (3H, s), 3.82 (3H, s), 3.89 (1H, m), 4.78 (1H, d,
J=10.8 Hz), 4.79 (1H, d, J= 10.8 Hz), 4.87 (1H, d, J= 10.8 Hz), 4.89 (1H, d, J= 10.8
Hz), 5.12 (1H, br), 7.21-7.30 (7H, m), 7.34-7.38 (5H, m); "C NMR § -5.6, 3.5, 17.9,
25.7, 26.2, 26.7, 33.9, 60.6, 66.4, 71.5, 75.2, 75.5, 112.7, 112.8, 114.3, 114.4, 128.1,
128.3, 128.3, 128.5, 128.5, 128.5, 131.4, 131.5, 133.4, 133.8, 136.0, 136.3, 153.5, 153.6,
154.5, 154.5.

1,4-bis|3,5-dibromo-4-methoxy-2-(phenylmethoxy)phenyl]-3-[(1,1,2,2-tetramethyl-
1-silapropoxy)amino]butan-2-one (74):

A solution of 73 (17 mg, 0.018 mmol), iPr,NEt (0.05 mL, 0.29 mmol) and SO,*py (23
mg, 0.14 mmol) in CH,CL,-DMSO (1:1 1 mL) was stirred at room temperature for 30
min. The reaction mixture was diluted with H,O and extracted with EtOAc. The
organic layer was washed with brine, dried (Na,SO,), and evaporated. The residue was
chromatographed on a silica-gel column (hexane-EtOAc 5/1) to afford 74 (15 mg, 85%)
as a colorless oil: IR (film) 2937, 1724, 1466 cm™; '"H NMR 6 —0.14 (3H, s), -0,11 (3H,
s), 0.73 (9H, s), 2.48 (1H, dd, J= 8.8, 14.2 Hz), 2.66 (1H, dd, J= 5.4, 14.2 Hz), 3.52 (1H,
d, /= 17.1 Hz), 3.58 (1H, d, J= 17.1 Hz), 3.75 (1H, dd, J= 5.4, 8.8 Hz), 3.89 (6H, s),
4.82-4.99 (4H, m), 7.17 (1H, s), 7.31- 7.46 (11H, m).

(3-[3,5-Dibromo-4-methoxy-2-(phenylmethoxy)phenyl]-1-{[3,5-dibromo-4-

-94 -



methoxy-2-(phenylmethoxy)phenyl]methyl}-2-(hydroxyimino)propyl)(1,1,2,2-
tetramethyl-1-silapropoxy)amine (75):

A solution of 74 (22 mg, 0.023 mmol) and NH,OH*HCI] (37 mg, 0.53 mmol) in
pyridine-EtOH (1:1 4 mL) was stirred at refluxing temperature for 2 h. The reaction
mixture was diluted with H,O and extracted with EtOAc. The organic layer was
washed with brine, dried (Na,SO,), and evaporated. The residue was chromatographed
on a silica-gel column (hexane-EtOAc 5/1) to afford 75 (20 mg, 89%) as a colorless oil:
IR (film) 3272, 2929, 1466 cm™; '"H NMR & —0.06 (1.2H, s), —0.04 (1.2H, s), 0.00 (3.6H,
s), 0.85 (3.6H, s), 0.87 (5.4H, s), 2.80-2.86 (2H, m), 3.40-3.80 (3H, m), 3.98 (3.6H, s),
4.01 (2.4H, s), 5.00 (4H, m), 7.27-7.58 (12H, m); "C NMR & -5.7, -5.6, -5.6, 5.6,
18.0, 26.2, 26.2, 26.6, 29.3, 30.6, 60.6, 64.8, 75.0, 75.0, 75.1, 75.4, 76.7, 77.0, 77.2,
77.3, 112.4, 112.6, 112.9, 113.0, 114.1, 114.2, 114.2, 114.4, 127.9, 128.0, 128.1, 128.2,
128.2, 128.2, 128.3, 128.4, 128.5, 128.7, 130.6, 130.8, 132.9, 133.5, 133.5, 136.1, 136.1,
136.2, 136.3, 153.6, 153.6, 153.6, 153.9, 154.0, 154.1, 154.4, 154.4, 157.3, 159.6.

Deprotection of 75:

A solution of 75 (18 mg, 0.018 mmol) and TBAF (1.0 M THF solution, 0.05 mL) in
THF (0.5 mL) was stirred at room temperature for 10 min. The reaction mixture was
diluted with H,O and extracted with Et,0. The organic layer was washed with brine,
dried (Na,SO,) and evaporated. The residue was chromatographed on a preparative
TLC (hexane-EtOAc 2/1) to afford 77 (8.2 mg, 53%) as a colorless solid: IR (film) 3384,
1425 cm™; "H NMR 8 3.88 (6H, s), 4.01 (4H, s), 5.00 (4H, s), 7.09 (1H, s), 7.34 (3H, m),
7.53 (2H, m); "C NMR & 23.9, 60.6, 74.7, 113.0, 114.5, 128.1, 128.3, 128.5, 129.0,
131.3, 136.5, 153.4, 154.0, 154.8.

1,4-bis[3,5-dibromo-4-methoxy-2-(phenylmethoxy)phenyl]-2,3-
di(hydroxyimino)butane (78):

A mixture of 77 (10.8 mg, 0.013 mmol) and a catalytic amount 10% Pd/C in 1,4-
dioxane-AcOH (1:1 2 mL) was stirred at room temperature under H, atmosphere for 2 h.
After filtration, the filtrate was evaporated and the residue was chromatographed on a
preparative TLC (hexane-EtOAc 2/1) to afford 78 (3.9 mg, 46%) as a colorless solid: IR
(KBr) 3660 cm™; '"H NMR (acetone-d,) § 3.66 (6H, s), 3.87 (4H, s), 7.29 (2H, s); °C
NMR (acetone-d,) 6 25.0, 60.6, 107.2, 122.2, 133.6, 153.4, 154.2, 155.2.
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()-(55%,108*)-[7,9-Dibromo-10-(ter-butyl-dimethyl-silanyloxy)-8-methoxy-1-oxa-
2-aza-spiro[4.5]deca-2,6,8-trien-3-yl]-methanol (81):

A mixture of 45 (585 mg, 1.14 mmol) and LiBH, (154 mg, 7.1 mmol) in THF (5 mL)
was stirred at room temperature for 1 h. The reaction mixture was diluted with H,O
and extracted with Et,0. The organic layer was washed with brine, dried (Na,SO,),
and evaporated. The residue was chrmatographed on a silica-gel column (hexane-
EtOAc 4/1 to 2/1) to afford 81 (363 mg, 85% in 2 steps) as a colorless oil: IR (film)
3398, 2931, 1577, 1471 cm™; '"H NMR & 0.13 (3H, s), 0.19 (3H, s), 0.88 (9H, s), 2.74
(1H, d, J= 17.8 Hz), 3.69 (3H, s), 3.71 (1H, d, J= 17.8 Hz), 4.38 (2H, s), 4.73 (1H, s),
6.43 (1H, s); "C NMR & -4.3, 4.0, 18.3, 25.9, 39.3, 58.0, 59.7, 73.6, 90.8, 115.1, 117.9,
134.3, 147.4, 158.6. HRMS found m/z 481.9976, calcd for C,,H,,"Br,NO,Si: M+H,
481.9997.

(®)-(55%,105*)-7,9-Dibromo-10-(tert-butyl-dimethyl-silanyloxy)-8-methoxy-1-oxa-
2-aza-spiro[4.5]deca-2,6,8-triene-3-carbaldehyde (82):

A solution of 81 (503 mg, 1.04 mmol), Et;N (2.3 mL, 16.0 mmol), and SO,*py (1.3 g,
8.0 mmol) in DMSO-CH,CI, (1:1 12 mL) was stirred at room temperature for 2 h. The
reaction mixture was diluted with H,O and extracted with Et,0. The organic layer was
washed with brine, dried (Na,SO,) and evaporated. The residue was chromatographed
on a silica-gel column (hexane-EtOAc 5/1) to afford 82 (452 mg, 90%) as a colorless
oil: IR (film) 2931, 1697, 1579 cm™; '"H NMR & 0.10 (3H, s), 0.17 (3H, s), 0.86 (9H, s),
2.76 (1H, d, J= 11.5 Hz), 3.70 (3H, s), 3.79 (1H, d, J= 11.5 Hz), 4.80 (1H, s), 6.41(1H,
s), 9.84 (1H, s); "C NMR & 4.3, -3.9, 18.2, 25.8, 34.6, 59.8, 73.4, 95.1, 115.2, 118.9,
132.6, 147.5, 159.2, 184.8. HRMS found m/z 447.9600, calcd for C,;H,,” ’Br,NO,Si:
M-OMe, 447.9579.

(£)-{(tert-Butyl-dimethyl-silanyloxy)-[(55%,105%)7,9-dibromo-10-(zert-butyl-
dimethyl-silanyloxy)-8-methoxy-1-oxa-2-aza-spiro[4.5]deca-2,6,8-trien-3-yl]-
methyl}-phosphonic acid dimethyl ester (80):

A solution of 82 (452 mg, 0.94 mmol), Et;N (0.39 mL, 2.8 mmol), and dimethyl
phosphite (0.13 mL, 1.4 mmol) in CH,Cl, (10 ml) was stirred at room temperature for 1
h. The reaction mixture was diluted with H,O and extracted with CHCIl;. The
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organic layer was washed with brine, dried (Na,SO,) and evaporated. A solution of the
residue, TBSCI (1.42 g, 9.4 mmol) and imidazol (1.28 g, 18.8 mmol) in CH,Cl, (20 mL)
was stirred at room temperature overnight. The reaction mixture was diluted with H,O
and extracted with EtOAc. The organic layer was washed with brine, dried (Na,SO,)
and evaporated. The residue was chromatographed on a silica-gel column (hexane-
EtOAc 10/1 to 3/1) to afford 80 (587 mg, 89% in 2 steps) as a colorless oil: IR (film)
2954, 1579, 1471 cm™; '"H NMR 6 0.03-0.09 (12H, m), 0.80-0.83 (18H, m), 2.80 (0.5H,
dd, /= 2.4, 18.1 Hz), 2.97 (0.5H, dd, J= 3.3, 17.8 Hz), 3.57 (0.5H, dd, J= 3.3, 17.8 Hz),
3.62-3.75 (10H, m), 4.41 (0.5H, s), 4.53 (0.5H, s), 4.90 (0.5H, d, J= 13.6 Hz), 4.93
(0.5H, d, J= 13.8 Hz), 6.22 (0.5H, s), 6.24 (0.5H, s); "C NMR 6 -5.2, -5.1, 4.4, 4.1,
3.8, 18.2, 18.4, 18.5, 25.5, 25.6, 25.9, 38.9, 39.5, 53.6, 53.9, 54.1, 54.2, 59.6, 65.3,
67.1,73.2,74.6,90.1,91.0, 113.3, 114.7, 118.6, 119.4, 128.2, 133.5, 133.9, 147.5, 148.0,
156.9, 157.1. HRMS found m/z 704.0913, caled for C,H,;”Br,NO,PSi,: M+H,
704.0837.

(¥)-3-[2-(2-Benzyloxy-3,5-dibromo-4-methoxy-phenyl)-1-(fert-butyl-dimethyl-
silanyloxy)-vinyl]-(55%,105%)-7,9-dibromo-10-(tert-butyl-dimethyl-silanyloxy)-8-
methoxy-1-oxa-2-aza-spiro[4.5]deca-2,6,8-triene (79):

To a solution of 80 (300 mg, 0.42 mmol) in THF (2 mL) was added dropwise LHMDS
(1.0M THF solution, 0.46 mL) at —78 °C; the reaction mixture was stirred for 30 min.
A solution of 18 (201 mg, 0.50 mmol) in THF (0.6 mL) was added; the reaction mixture
was stirred for 1 h.  The reaction mixture was diluted with sat. aq. NH,Cl and extracted
with EtOAc. The organic layer was washed with brine, dried (Na,SO,), and
evaporated. The residue was chromatographed on a silica-gel column (hexane-EtOAc
15/1) to afford 79 (193 mg, 47%) as a colorless oil: IR (film) 3035, 1461 cm™'; '"H NMR
6 0.02-0.20 (12H, m), 0.74-0.96 (18H, m), 2.35 (0.3H, d, J= 16.5 Hz), 2.42 (0.7H, d, J=
17.1 Hz), 3.46 (0.7H, d, J= 17.1 Hz), 3.55 (0.3H, d, J= 16.5 Hz), 3.66 (2.1H, s), 3.74
(0.9H, s), 3.90 (2.1H, s), 3.92 (0.9H, s), 4.63-5.04 (3H, m), 5.83 (0.3H, s), 6.03 (0.7H, s),
6.34 (0.3H, s), 6.37 (0.7H, s), 7.31-7.51 (6.7H, m), 8.23 (0.3H, s); "C NMR & 4.4, 4.3,
-4.2,-4.1, -3.9, -3.3, 3.2, 18.3, 18.4, 18.6, 25.6, 25.9, 26.0, 38.6, 40.0, 59.7, 59.8,
60.7, 60.8, 73.5, 75.2,90.9, 92.0, 108.5, 109.6, 112.6, 114.4, 114.6, 118.0, 128.0, 128.2,
128.4, 128.5, 128.6, 132.8, 134.0, 132.3, 136.1, 136.4, 143.4, 144.1, 147.5, 153.4, 153.8,
153.9, 154.8, 155.9.
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(¥)-3-[2-(2-Benzyloxy-3,5-dibromo-4-methoxy-phenyl)-1-(fert-butyl-dimethyl-
silanyloxy)-vinyl]-(55%,105%)-7,9-dibromo-10-(tert-butyl-dimethyl-silanyloxy)-8-
methoxy-1-oxa-2-aza-spiro[4.5]deca-2,6,8-triene (83):

A solution of 79 (275 mg, 0.31 mmol) and TBAF (1.0 M THF solution, 0.5 mL) in THF
(4 mL) was stirred at 0 °C for 30 min. The reaction mixture was diluted with H,O,
extracted with EtOAc. The organic layer was washed with brine, dried (Na,SO,), and
evapotation. The residue was submitted to the next step without further purification.

A mixture of the crude and NH,OH*HCI (215 mg, 3.1 mmol) in MeOH (4 mL) was
stirred overnight. The mixture was diluted with H,O, and extracted with EtOAc. The
organic layer was washed with brine, dried (Na,SO,), and evaporated. The residue
was chromatographed on a silica-gel column (hexane-EtOAc 3/1 to 1/1) to afford 83E
(160 mg, 67%) and 83Z (65 mg, 27%).

83E: IR (film) 3387 cm™; '"H NMR § 2.38 (1H, d, J= 5.8 Hz), 2.90 (1H, d, J= 18.1 Hz),
3.74 (3H, s), 3.84 (1H, d, J= 18.1 Hz), 3.89 (3H, s), 4.01 (1H, d, J= 15.1 Hz), 4.05 (1H,
d, J=15.1 Hz), 4.34 (1H, d, J= 5.8 Hz), 6.21 (1H, s), 7.22 (1H, s), 7.35-7.43 (3H, m).
7.55 (2H, d, J= 6.8 Hz), 8.08 (1H, s); "C NMR § 25.7, 38.6, 60.1, 60.7, 74.1, 74.6, 90.5,
112.2, 112.9, 114.6, 120.6, 128.0, 128.3, 128.5, 128.6, 131.5, 131.6, 136.4, 148.0, 151.3,
153.6, 154.1, 156.0. HRMS found m/z 761.8222, caled for C,H,,”Br,N,O.: M,
761.8211.

83Z: IR (film) 3421 cm™; '"H NMR § 2.35 (1H, d, J= 4.9 Hz), 3.13 (1H, d, J= 18.6 Hz),
3.76 (3H, s), 3.84 (2H, s), 3.90 (3H, s), 3.99 (1H, d, J= 18.6 Hz), 4.29 (1H, d, J= 4.9
Hz), 4.98 (2H, s), 6.24 (1H, s), 7.34-7.51 (6H, m). 8.23 (1H, s); "C NMR 6 32.7, 42.1,
60.2, 60.8, 74.1, 75.0,90.3, 112.2, 112.9, 114.7, 120.8, 128.1, 128.3, 128.5, 129.2, 131.3,
132.9, 136.3, 147.0, 148.0, 151.9, 153.9, 154.3. HRMS found m/z 761.8232, calcd for
C,sH,,”Br,N,O: M, 761.8211.

(£)-2-(2-Benzyloxy-3,5-dibromo-4-methoxy-phenyl)-1-((55*,1058%)-7,9-dibromo-10-
hydroxy-8-methoxy-1-oxa-2-aza-spiro[4.5]deca-2,6,8-trien-3-yl)-ethanone = oxime
(84):

A mixture of 83 (245 mg, 0.32 mmol) and a catalytic amount of Pd-black in 1,4-
dioxane-AcOH (1:4 15 mL) was stirred at room temperature under H, atmosphere for

30 min.  After filtration, the filterate was evaporated, and the residue was

-08 -



chromatographed on a silica-gel column (hexane-EtOAc 2/1) to afford 84 (190 mg,
88%) as a colorless oil: IR (film) 3368 cm™; '"H NMR § 2.24 (1H, d, J= 5.4 Hz), 2.94
(1H, d, J=18.1 Hz), 3.76 (3H, s), 3.86 (3H, s), 3.89 (1H, d, J= 18.1 Hz), 3.93 (1H, d, J=
14.2 Hz), 4.00 (1H, d, J= 14.2 Hz), 4.43 (1H, d, J= 5.4 Hz), 6.33 (1H, s), 7.48 (1H, s);
"C NMR § 25.3, 38.3, 60.2, 60.5, 74.0, 90.8, 107.7, 112.2, 120.1, 121.1, 131.1, 133.3,
135.5, 148.1, 150.9, 151.7, 153.7, 156.6. HRMS found m/z 670.7666, calcd for
C,sH,5”Br,N,O4: M, 670.7664.

Anodic oxidation of 84:

Electrolysis of 84 (15 mg, 0.022 mmol) in MeCN (22 mL) containing nBu,NCIO, (1.5
g) [CPE: +1600 mV vs. SCE] provided 85 (5.2 mg, 35%) as a colorless oil: IR (film)
3458, 1680 cm™; "H NMR § 3.06 (0.5H, d, J= 14.0 Hz), 3.11 (0.5H, d, J= 14.0 Hz), 3.37
(0.5H, d, J= 17.6 Hz), 3.38 (0.5H, d, J= 17.6 Hz), 3.63 (0.5H, d, J= 17.6 Hz), 3.64
(0.5H, d, /= 17.6 Hz), 3.74 (3H, s), 3.97 (0.5H, d, J= 14.0 Hz), 4.02 (0.5H, d, J= 14.0
Hz), 4.20 (3H, s), 4.39 (0.5H, s), 4.41 (0.5H, s), 6.31 (0.5H, s), 6.38 (0.5H, s), 6.80
(0.5H, s), 6.82 (0.5H, s); °C NMR & 38.7, 39.0, 44.4, 60.2, 62.2, 73.8, 86.1, 86.2, 91.2,
91.3, 106.4, 106.5, 112.4, 112.5, 120.3, 121.0, 121.6, 130.5, 131.0, 136.4, 136.5, 147.8,
147.9, 149.4, 150.3, 163.2, 189.3. HRMS found m/z 652.7577, calcd for
C,sH,;”Br,N,05 M-OH, 652.7559.

Zn reduction of 85:

To a solution of 85 (74 mg, 0.11 mmol) in CH,Cl, (1.1 mL) was added Zn(BH,),
(ethereal solution, 0.3 mL) at room temperature under an argon atmosphere: the mixture
was stirred for 10 min. After the addition of water (0.3 mL), the mixture was stirred
for another 20 min, then MgSO, was added. The resulting mixture was filtered, and
the filtrate was evaporated.

A solution of the crude and Et,NH (0.1 mL, excess) in CH,Cl, (1 mL) was stirred at
room temperature overnight. The reaction mixture was diluted with H,O and extracted
with CHCI;. The organic layer was washed with brine, dried (Na,SO,), and evaporated.
The residue was purified by silica-gel column chromatography (hexane-EtOAc 2/1) to
give 14 (20 mg, 26%) and 86 (17 mg, 23%).

14: IR (film) 3434 cm™; "H NMR 6 2.29 (2H, d, J= 8.3 Hz), 3.03 (2H, d, J= 17.6 Hz),
3.76 (6H, s), 4.00 (2H, d, J= 17.6 Hz), 4.44 (2H, d, J= 8.3 Hz), 6.33 (2H, s); "C NMR §
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38.6, 60.2, 73.9, 91.0, 112.3, 121.1, 131.0, 148.0, 150.9. HRMS found m/z 654.7735,
caled for C,H,s”’Br,N,O: M-OH, 654.7715.

86: IR (film) 3436 cm™; '"H NMR (acetone-d,) 6 3.23 (2H, d, J= 17.6 Hz), 3.72 (6H, s),
3.87 (2H, d, J= 17.6 Hz), 4.15 (2H, d, J= 8.3 Hz), 5.44 (2H, d, J= 8.3 Hz), 6.51 (2H, s);
"C NMR (acetone-d,) & 39.7, 60.2, 75.1, 91.3, 113.7, 122.1, 132.0, 148.6, 151.9.
HRMS found m/z 671.7712, caled for C,;H,,”Br,N,O,: M, 671.7682.

MTPA esterification of 86:

A solution of 86 (2.5 mg, 3.7 umol), pyridine (50 uL, excess), DMAP (cat.), and (S)-
MTPACI (25 uL, excess) in CH,Cl, (0.5 mL) was stirred at 0 °C for 3 h. The reaction
mixture was diluted with H,O and extracted with EtOAc. The organic layer was
washed with brine, dried (Na,SO,), and evaporated. The residue was chromatographed
on a preparative TLC (hexane-EtOAc 3/1) to afford 87 (3.2 mg, 78%) as a colorless oil:
'H NMR 6 2.69 (1H, d, J= 18.0 Hz), 2.95 (1H, J= 18.0 Hz), 3.23 (1H, d, J= 18.0 Hz),
3.49 (3H, s), 3.55 (1H, d, J= 18.0 Hz), 3.59 (3H, s), 3.78 (6H, s), 6.01 (1H, s), 6.17 (1H,
s), 6.18 (1H, s), 6.43 (1H, s), 7.40-7.52 (10H, m).

MTPA esterification of 14:

A solution of 14 (2.1 mg, 3.1 umol), pyridine (50 uL, excess), DMAP (cat.), and (S)-
MTPACI (25 uL, excess) in CH,Cl, (0.5 mL) was stirred at 0 °C for 3 h. The reaction
mixture was treated with essentially the same procedure as in the case of 87 to afford 88
(1.5 mg, 45%) and 89 (1.5 mg, 43%).

88: 'H NMR § 2.86 (2H, d, J= 18.0 Hz), 3.24 (2H, d, J= 18.0 Hz), 3.59 (6H, s), 3.76
(6H, s), 6.03 (2H, s), 6.23 (2H, s), 7.42-7.55 (10H, m).

89: 'H NMR & 3.06 (2H, d, J= 18.0 Hz), 3.44 (6H, s, 3.58 (2H, d, J= 18.0 Hz), 3.76 (6H,
s), 6.12 (2H, s), 6.36 (2H, s), 7.41-7.64 (10H, m).

(£)-1-[4-(2-Benzyloxy-3,5-dibromo-4-methoxy-benzyl)-furazan-3-ylmethyl]-3,5-
dibromo-4-methoxy-cyclohexa-3,5-diene-1,2-diol (90):

A mixture of 837 (185 mg, 0.24 mmol) and NaBH,CN (75 mg, 1.2 mmol) in EtOH-
TFA (1:1 10 mL) was stirred at 0 °C for 10 min. The reaction mixture was neutralized
with 6M NaOH, and extracted with Et,0. The organic layer was washed with brine,

dried (Na,SO,), and evaporated. The residue was chromatographed on a silica-gel
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column column (hexane-EtOAc 2/1) to afford 90 (175 mg, 95%) as a colorless oil: IR
(film) 3380, 1660 cm™; '"H NMR 8 2.30 (1H, s), 2.49 (1H, d, J= 14.6 Hz), 2.83 (1H, d,
J=14.6 Hz), 3.02 (1H, d, J= 14.6 Hz), 3.72 (3H, s), 3.91 (3H, s), 3.98 (1H, d, J= 6.8
Hz), 4.01 (1H, d, J= 15.6 Hz), 4.06 (1H, d, J= 15.6 Hz), 5.01 (1H, d, J= 10.7 Hz), 5.03
(1H, d, J= 10.7 Hz), 6.07 (1H, s), 7.38-7.48 (6H, m); "C NMR § 23.5, 29.0, 60.1, 60.7,
75.5,75.7, 77.2, 111.89, 113.5, 114.6, 120.2, 127.8, 128.3, 128.7, 128.8, 132.7, 133.1,
135.9, 147.9, 150.6, 154.0, 154.1, 154.6. HRMS found m/z 761.8224, calcd for
C,sH,,”Br,N,O: M, 761.8211

(£)-Carbonic acid 6-[4-(2-benzyloxy-3,5-dibromo-4-methoxy-benzyl)-furazan-3-
ylmethyl]-2,4-dibromo-6-tert-butoxycarbonyloxy-3-methoxy-cyclohexa-2,4-dienyl
ester fert-butyl ester (91):

A solution of 90 (32 mg, 0.04 mmol), Et;N (47 uL, 0.32 mmol), and Boc,O (39 uL, 0.16
mmol) in CH,Cl, (1 mL) was stirred at 0 °C overnight. The mixture was diluted with
H,O and extracted with EtOAc. The organic layer was washed with brine, dried
(Na,S0O,), and evaporated. The residue was chromatographed on a silica-gel column
column (hexane-EtOAc 2/1) to afford 91 (39 mg, 96%): mp 97-98 °C (needles, EtOAc-
MeOH), IR (film) 1757 cm™; '"H NMR § 1.44 (9H, s), 1.48 (9H, s), 3.09 (1H, d, J= 15.1
Hz), 3.27 (1H, d, J= 15.1 Hz), 3.67 (3H, s), 3.92 (3H, s), 3.95 (2H, s), 3.98 (1H, d, J=
6.8 Hz), 4.01 (1H, d, J= 15.6 Hz), 4.98 (1H, d, J= 11.2 Hz), 5.01 (1H, d, J= 11.2 Hz),
6.25 (1H, s), 6.34 (1H, s) 7.34-7.41 (6H, m); "C NMR § 24.0, 26.1, 27.6, 27.7, 60.0,
60.7,74.9, 75.4, 83.4, 83.9, 109.0, 113.1, 114.7, 117.6, 128.1, 128.5, 128.6, 131.3, 132.9,
136.0, 148.7, 150.8, 151.8, 153.8, 154.4, 154.6. HRMS found m/z 961.9250, calcd for
C;5H;5”°Br,N,O,: M, 961.9260.
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AT

AWFEZITOICHIZD, EHEOHEIEEZL D £ U BEERARFH T
I8 BRICHESBEH#H WL ET,

AWFEZITOICHIZD ., ARBEEEZEZT X L BEERARFH T A J
Bd— B, BEZSBRFH A PHE 20%, BERARZH T, 7
e — 2 BIRITR S EH WL E T,

WoEeichz0, @YRHEZ2HE XL ZBERARFH T2 48
B BB, BIEFRBRFZH T N0 BIFITESEH WL ET,

EYREMERE 217> TIHE X Lt ERFZRZAE fEHEE BRI < By
ELUET,

X MGG 217> TIHE £ LZBIERBA R CFEE REGK BURITHE
<EGHW=L £T,

NAARY MIVEHIE L THZ X LAEBAERKRICGEEH V=L £,

BRAZRHEICHEEL THRHEHER L TIHE, WREEZFEDZNDHDOELT
HEE LA — BLITERE#H N ZL £,

B2 < OMBIE. WHiFE. HELEE £ U BERRARFHE T AR A
o AR, FALRFEHAE BHSE Z%. AHL T LR <E#HNE
LXx9,

EEMFRITBWTHIRE RN R/ B LICR<EHNZL XTI,

INRTIE DHERIC/2 0 R UfOKER] BHICESBEH#H WL EXT,

BE<oMBEZHEXLmAEY BLITREHNZLET,

BREBICEEZ < DM 2 HITHATENWD X LAERTFRBER, TEEHEK, /h
JRRHEG, SIS RERIC, /NERER, HESKK, mEEK PR FHIRTR.
KGR, € OMMEREERA L AHITE DT L TR BE#H WL ET,

2005 4 11 A
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